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High Performance, Low Power 8-Bit LGT8XM Microcontroller Family
#id RISC #42

Advanced RISC Architecture

131 %464, 80% LA LA 2 i AT

131 Powerful Instructions — Most Single Clock Cycle Execution
32x8 B LIEafras

32 x 8 General Purpose Working Registers

32MHz TAEm &l % 32MIPS FIHAT 2R

Up to 32 MIPS Throughput at 32MHz

P 0 B 313 1: 75 (8x8)

Internal single cycle multiplier (8x8)

IF 5 SRR PP 5 B A7 i 2 )

High Endurance Non-volatile Memory Segments

32Kbytes Fr ERI{EL i FLASH T2 17 ik 4%

32KBytes of In-System Self-Programmable Flash program memory
2Kbytes & SRAM

2KBytes Internal SRAM

" 4ike E2PROM BHUE M, SCRp 1y il

Programmable E2PROM analog interface, support access in byte
ABRORR T I v, AR PRI 4

New programming Encryption Algorithm, ensure of user code security

Vgt

Peripheral control

PIA B BL TR AR 1) 8 MBI 8, Sz R FAed AR =X

Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode

P EA L TR ATES 1 16 BT 3%, SCRE R SOR Lo et th

Two 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture Mode
WHE 32KHz TR RC 4% % & SEBLSE i o B3 The

Internal 32KHz is calibrated, Real Time Counter with Separate Oscillator

R AR 9O % PWM faith, =20 B ANA] i FEAE X 17 1



Max. 9 PWM Channels output, 3 sets complementary programmable dead time control
12 JlIHE 12 7 w545 (ADC)

12-channel 12-bit high speed anlogy-digital-converter (ADC)

12-bit high speed ADC

- AW, AMES K

Internal and external voltage for option

- TR 25 (X1/8/16/32) 2 TR f N\ JH3E

input channel for Programmable gain (X1/8/16/32) differential amplifier
- B3 B

Automatic threshold voltage monitor mode

PRI B 35 (AC), STRERE ADC St B E N &

2 channel Analog Comparator, support expansion of input channel from ADC
IS 1.024V/2.048V/4.096V +1% 1] 1 #E 2 % o i I

Internal calibrated reference voltage source :1.024V/2.048V/4.096V *1%
—A 8 LAl 4ifE DAC, W] T =A% H R

8-bit programmable DAC can generate reference voltage source
WA [ ER S (WDT)

Programmable Watch Dog timer

W EE L AT D (USART/SPD

Programmable USART/SPI

D454 1(SPY), ATgnfE 32/ M TAERI

Master/Slave SPI Serial Interface

MR B ATH C(TWI), FifE% 12C 3

TWI, Master/Slave 12C compatible

16 M FIa H N G(DSC), SCRFEHE 16 A AR 17 BT 1]

16-Bit DSC, support 16-bit data access

C RPRAC PR AR Th e

Special Microcontroller Features

SWD & L & 7= 2

SWD dual line on-chip debug/Mass production interface

SRR 11O BT AR AL R I SR

Supporting external interrupt source and I/O pin level change interrupt
PWE S M (POR) S5l EAMHE (LVD)

Internal POR and programmable LVD

P 1% HE 32MHz RC #R% %%, SR

Internal calibrated 1% 32MHz RC oscillator, support frequency doubling output
WE 1%n 1 32KHz RC R 4%

Internal calibrated 1% 32MHz RC oscillator

SR HE 32.768KHz LA K 400K~32MHz @b A

Support external oscillator input of 32.768KHz and 400K~32MHz

6x K HLFHENLIRS 10, L HFEE PWM R

6x big current driven 10, support high speed PWM application.



I/10 5#1%: QFP48/32L, SSOP20L

1/Q and Package:

RICIIAE: 1uA@3.3V

QFP48/32L, SSOP20L

Min. power: 1JuA@3.3V

AR

Working environment:
TAEHE: 1.8V ~55V

Working voltage:

1.8V ~ 5.5V

TAESZE: 0 ~32MHz

Working frequency: 0 ~ 32MHz
TAEIREE:  -40C ~ +85C

Working temperature: -40C ~ +85C
HBMESD: >4K

System Frame:

i 16Kx16bit 2KxEbit E2001L
FLASH SRAM
‘ PORTE
| semenc |
U | swo PORTC
i I > Gen LGT8X/RISC
XOUT [ Rt
PORTD
16bit | | ™I spI USART e
= THMRZ | TMR3 o - -
PORTF
gb" ADC DAP
[ aa B AR
Module Name | Function
SWD Debug module, on-line debugging and ISP at the same time
LGT8X 8 bit high performance RISC core
E29CTL Data flash access interface controller
PMU Power management module, manage to switch working state
PORTB/C/D/IEIF | General programmable input and output
DSC 16-bit DSC
ADC 8-bit 12 channel ADC
DAP Programmable gain differential amplifier

IVREF

1.024V/2.048V/4.096V internal reference
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ACO0/1 analog comparator
TMRO0/1/2/3 8/16 bit timer/counter, PMW control
WDT Watch dog reset module
SPI M/S Mater/Slave SPI controller
TWI M/S TWI, Master/Slave 12C compatible
USART USART/SPI
DAC 8-bit ADC
Package:
@ 2 2
8. Ff gaic
BER ﬁggﬁ x=8
SSSEZizEzzEs
LR REEREEIER
OC2B/NTI/PDZ [T 3] PCLJADCIAPPL
L e i 5 %] POO/ADCO/APPO
OCOAPEd [T 5] PEIfADCT/ACIN
DC3IC/OCOBPFY [ & I PE2/SWD
ICP3/OCIB/PFY |5 B AGHD
viC = LGTBF328P | E]  CVREF
GND m:p4m_ | 3| PES/ADCLOJAVREF
OC1IAfPFS  [TH 3] PEDJSWCAPNA
OC2A/T3/PFE [T - v
XTALO/PRE  [11] | PEF/ADCIL
XTALLPEY [ 28] PESJACLP/SPX
SEEEEEEEL L EE
1,1 ] =
HHHINL
BEsEiEgE ¢
= E’E ‘s
= 5B
=




PO SINTO/OC3B
POL,TXD/OC3A

PO0/RXD
PC3/ADC3/APNL
PC2ADC2/APND

PO /ADCS/SCL
PLA/ADCA SDA

132 ]
E
|
7% POG/RSTN
F
FA
=]

OC2B/NTL/PD3 [T 28]  PCI/ADCL/APPL
XOK/TO/DAO/PDS [ 7 s ‘7| PCO/ADCO/APPD
OC1B/OCOA/PE4 [ 3] 22| PE3/ADCT/ACIN
v LGTBF328P 71| PE2/SWD
GND : QFP32L "20]  PEG/ADCLOJAVREF
ACLOfOCIAMPES [ 6 | 15| PEL/ADCE/ADKP
XTALO/PB6 [ 7 18] PED/SWC/APNA
XTALYPBT [1 T7] PBS/SOK/ACLP
dlEEEE SRS
eppegRetd
= L, -
EEEES = % e
g g 3 £ g
=] = L
2 3
(=
— N
Reservjocapes [ 1 () @] PCS/ADCS/SCL
ACOO/INTO/OC3B/PD2 [ 2 | 1] PC4/ADC4/SDA
!
DAO/INTL/ICP3/0C1B/PD3 [ 3 ’E PC1/ADCL
vee -| PCO/ADCO/OCOA
aND LGT8F328P ' PE2/ADCT /ACLN/AVREF /SWD
| .
0SC1/0C1A/PBG [ 6 550P20 |35 | PEO/ADCG/ACKP/SWC
0s(2/PBT [ 7 : [14 | PBS/SCK/ACLP
OCOB/T1/RXD/PDS | & | 1| PBA/MISO
— B
0COA/OC3A/ACOP/TXD/PDG | ° 2] pB3/MOSI/0CIB/OCA
0c28/A0MN/PD7 | 10 | 1| PBI/ICP1/CLKO/OCIA/SPSS
S

Pinout Configuration



LGT8FX8P R3|it%er, QFP4SL 33| HAMTIM. i3 h7E QFP48 Hal L Z AW 10 48 Bl— A 51 Er=4E . e B 5 M He5)
R TSI AR5 HRR e i 5L

For packing of LGT8FX8P, QFP48L packing leads out all pins. Other packages is to bundle several internal I/0
to one pin based on QFP48. Please pay high attention to pin out configuration.

Below tables illustrate pin bundle of all kinds of packing:

QFP48 QFP32 | SSOP20 | Comment

01 01 03

PD3: programmable interface D3
INT1: external interrupt input 1
OC2B: timer 2, compare and match output B

02 02

PD4: programmable interface D4

DAO: internal DAC output

TO: Timer0, external clock input

XCK: USART synchronization clock transmission

03

o
w
]

PE4: programmable interface E4
OCOA: Timer 0, compare and match output A

04 - -

PF3: programmable interface F3
OC3C: Timer 3 compare and match output C
OCOB: Timer 0 compare and match output B

05 03 03

PF4: programmable interface F4
OC1B: Timer 1 compare and match output B
1CP3: Timer 3 Capture input

06 04 04

<

cC

07 05 05 ND

)]

08 06 -

PE5: programmable interface E5
C10: Analog Comparator AC1 output
CLKO: system clock output

09 06

PF5: programmable interface F5
OCIA: Timer 1 compare and match output A

10 - -

PF6: programmable interface F6
T3: Timer 3, external clock input
OC2A: Timer 2, compare and match output A

11 07 06

PB6: programmable interface B6
XTALO: oscillator 10 output interface

12 08 07

PB7: programmable interface B7




XTALI: oscillator 10 output interface

13

09

08

PD5: programmable interface D5

RXD: USART Data receive (option)

T1: Timer 1, external clock input

OCOB: Timer 0, compare and match output B

14

15

10

09

PD6: programmable interface D6
TXD: USART Data sending (option)
OCOA: Timer 0, compare and match output A

ACOP: analog comparator 0 positive input
OC3A: Timer 3, compare and match output A

16

1"

17

10

PD7: programmable interface D7

AXCN: analog compactor 0/1 public negative input

PF7: programmable interface F7
OC2B: Timer 2, compare and match output B

18

12

19

13

11

PBO0: programmable interface B0
ICP1: Timer 1, capture input

PB1: programmable interface B1
OC1A: Timer 1, compare and match output A

20

14

12

PB2: programmable interface B2
OC1B: Timer 1, compare and match output B
SPSS: SPI Slave mode chip select

21

(]

ND

22

<

cc

23

15

12

PB3: programmable interface B3
MOSI:SPI Master Output/Slave Input
OC2A: Timer 2 compare and match output A

24

16

13

PB4: programmable interface B4
MISO: SPI Master Output/Slave Input

25

17

14

PB5: programmable interface B5
SPCK: SPI Serial Clock
AC1P: analog comparator 1 positive input

26

PE7: programmable interface E7
ADC11: ADC analog input channel 11




27

AVCC: internal analog circuit power

28

18

29

19

15

PEO: programmable interface EQ
SWC: SWD debug interface clock
APN4: differential amplifier reverse input channel

I'h

PE1: programmable interface E1

ADCG6: ADC analog input channel 6

ACXP: analog comparator 0/1 public positive
input

30

10

16

PE6: programmable interface E6
ADC10: ADC analog input channel 10
AVREF: ADC external reference input

31

CVREF: ADC reference voltage output
Only used to connect 0.1uF filter capacitor
externally

32

AGND: internal analog circuit ground

33

21

34

22

16

PE2: programmable interface E2
SWD: SWD debug interface cable

PE3: programmable interface E3
ADC7: ADC analog input channel 7
AC1N: analog comparator, negative input

35

23

17

PCO0: programmable interface C0
ADCO0: ADC analog input channel 0
APPQO: differential amplifier, forward input channel

36

24

18

I°

PC1: programmable interface C1
ADC1: ADC analog input channel 1
APP1: differential amplifier, forward input channel

37

25

I-‘

PC2: programmable interface C2
ADC2: ADC analog input channel 2
APNO: differential amplifier, reverse input channel

38

26

I°

PC3: programmable interface C3
ADC3: ADC analog input channel 3
APN1: differential amplifier, reverse input channel




39 27

19

I-‘

PC4: programmable interface C4
ADC4: ADC analog input channel 4
SDA: 12C controller cable

40 28

20

PC5: programmable interface C5
ADC5: ADC analog input channel 5
SCL: 12C control clock cable

4 29

PC6: programmable interface C6
RESETN: external reset input

42 -

PC7: programmable interface C7
ADCS8: ADC analog input channel 8
APN2: differential amplifier, reverse input channel

IN

PF0: programmable interface FO
ADC9: ADC analog input channel 9
APNZ3: differential amplifier, reverse input channel

44 30

Iw

PDO: programmable interface DO
RXD: USART Data receive input

45 31

46

PD1: programmable interface D1
TXD: USART Data sending output

PF1: programmable interface F1
0C3A:Timer 3, compare and match output A

47 32

48

PD2: programmable interface D2
INTO: external interrupt input 0
ACO00: analog compare 0 output

PF2/0C3B

PF2: programmable interface F2
0C3B: Timer 3 compare and match output B

LGT8XM pyi%
LGT8XM Core
C fEERt

Low power design
€ ERCE RISC 2

Enhanced RISC architucture




16 4z LD/ST §/&(uDSU % H)

16-bite LD/ST expansion (especial for uDSU)
130 %384, b 80%LL BN

130 pcs instructions , more than 80% are single circle
C RIRFEERIAR(OCD)SR

Support Embed on-chip debugging

HWER Overview

AT EEHIAR LGTEXM PIAZMARITHAE. WL MCU KK, R FIEER KIERH

PAT, BN BB AR EIRAT I E, RIS B DR ST o

Overview

This chapter will mainly descript core frame and function of LGT8XM. Core, brain of MCU, is in charge of right
executive of software. So it is a must for core to be able to accurately execute algorithm, control external
device and deal with all kinds of interrupt.

LGT8XM Core Construction Frame

Instruction e ] NPL -
Buffer v B Generator =

Instruction
Pre-execute

|

Pipaline
Controd

&
Register
File

=
S
=
=¥}
E
£
=
n
S
j
=

Bbit
LD/ST

8bit

16bit LO/ST ‘ INfOUT

16bit ub5U

Bf16bit SRAM Peripherals

N EBERRREMNAATEE, LGT8XM WECRAMIEMA — Bor B 2%,

BLBE MR RTREIAT, WRRAKREBHMSRALRPIEERLHNE, WD TX FLASH BFF#HSRNTTRE, FHLw U RARE
THIThFE. FR LGT8XM WZERIES MR Z TN T4 EF (WURANEF 2 %184 , BEERESRBENBBPATER, H—PBRD> T
FLASH TP 0 R, 2XENR, LGT8XM v DL LLH Ak RIS LI B> 41 50%% FLASH 5, KARMET RENIBITII#E.

In order to maximize performance and parallelism, the AVR uses a Harvard architecture — with separate buses
for program and data.

Instructions in the program memory are executed with a double level pipelining, double level pipelining can
reduce qty of invalid instruction in pipeline, and reduce page view to FLASCH memory, so that core power
consumption is reduced. Meanwhile LGT8XM core add an instruction cache in the previous instruction-
fetching ( can cache 2 instruction at the same time), via pre-executive module of instruction-fetching cycle, it
can further reduce page view frequency to FLASH program memory. After large scale testing, LGT8XM can



reduce 50% page view to FLASH compare with other core of same architecture, which reduce system power
consumption.

LGT8XM A AH 324~ 8 Ariid iy i i@ A L% 78%(Register file), HEITLIHH

PREREHEZH(ALY). —KERT, ALU BERBENMRESORE 5ERA LSS, ALUBHERNEREE - NMEIBHABA
F|HFEB M. 32 MBS TEFFRETR 6 MNATHEREAHREA 16 ALF/8E, AT REIS MRS, BT RS EAE
ZEUL K& FLASH 22 iE . LGT8XM TR 16 L HEARZHE, WAKRE T HEFAKIBE. LGT8XM A HX=MEFERK
16 PLEFFFREBAEN X, Y, Z H78, BERTMEANH.

The fast-access Register File contains 32 x 8-bit general purpose working registers; this allows single-cycle
Arithmetic Logic Unit (ALU) operation. In a typical ALU operation, two operands are output from the Register
File, the operation is executed, and the result is stored back in the

Register File — in one clock cycle.

Six of the 32 registers can be used as three 16-bit indirect address register pointers for Data Space
addressing — used to look up external space and FLASH program memory.

LGT8XM support single clock 16-bit ALU—enabling efficient indirect address calculations. These added
function registers are the 16-bit X-, Y-, and Z-register, described later in this section.

ALU XRFFBRZAIUREHEFERZANERSRZE, ENFERIBHEETUE ALU BH1T. ALUBHTRE, BHEERNABRRSHZ
WMEHBREFHFH/T(SREG). BFHREHIET FARTRABEAAALI, USSP ANERF KR, K2 LGT8XM 1844 16 fiL. MR
Pt 2= [ % B —A 16 ALERE 32 ALf) LGT8XM 84 WMMPHsRTFREFEAE, BEMUL(PCBEFAMERER . ERESEERLAN—
YA SRAM 1, USRI /AMUSZIRT RS H SRAM [IK/NFI R o e et o o s
[BB), sP LB 10 VA . g SRAM TLUER 5 FAR FTFHARZ 1. LGT8XM Iy Py 3B 7Ef4 2 M A5 B R M M it Bl — AN G — I 52 1]
BEESEFEENNB.

The ALU supports arithmetic and logic operations between registers or between a constant and a register.
Single register operations can also be executed in the ALU. After an arithmetic operation, the Status Register
is updated to reflect information about the result of the operation.

Program flow is provided by conditional and unconditional jump and call instructions, able to directly address
the whole address space. Most LGT8XM instructions have a single 16-bit word format. Every program
memory address contains a 16- or 32-bit LGT8XM instruction.

During interrupts and subroutine calls, the return address Program Counter (PC) is stored on the Stack. The
Stack is effectively allocated in the general data SRAM, and consequently the Stack size is only limited by the
total SRAM size and the usage of the SRAM. All user programs must initialize the SP in the Reset routine
(before subroutines or interrupts are executed). The Stack Pointer (SP) is read/write accessible in the 1/0
space. The data SRAM can easily be accessed through the five different addressing modes. The memory
spaces in the AVR architecture are all linear and regular memory maps. Detailed description please refer to
chapter for Storage

LGT8XM W& T —ARIEH T EHEHES, TR LB REFERTH— &
R sRbr . BTA B B — ML P TR PETEIRAS S TR IR RSR R, N, PR R .

A flexible interrupt module has its control registers in the 1/O space with an additional Global Interrupt Enable
bit in the Status Register. All interrupts have a separate Interrupt Vector in the Interrupt Vector table. The
interrupts have priority in accordance with their Interrupt Vector position. The lower the Interrupt Vector
address, the higher the priority.



VO Z[EEAT 64 AFLUET IN/OUT B BRI I FHFB TN . XEFFRIE
PIALIES DL RIRS S 758, SPI DL ILAR VO SMERIIEHIThEE . X422 ] LLED INJOUT 84 E 7, W DU M kst 2183 Ak R = MK
HihEi Rl 0x20 — 0X5F)o

The 1/0 memory space contains 64 addresses for CPU peripheral functions as Control Registers, SPI, and
other I/0 functions. The I/0 Memory can be accessed directly, or as the Data Space locations following those
of the Register File, 0x20 - 0x5F.

54, LGT8FX8P A B /0 =6, fATHmis BIBIEAFA525H 0x60 — OxFF, 3XH H AL ST/STS/STD L& LD/LDS/LDD $E4Vi.
Additionally, LGT8FX8P also have extended 1/0, they are mapped to Data Space 0x60 - OxFF, and
instructions can only be accessed via ST/STS/STD and LD/LDS/LDD

ISR LGT8XM WIZIZEH AL , fBOWATRTHINT 16 AL LD/ST ¥ /&, Ik 16 AL LD/ST ¥R A 16 HFBHINEAT(UDSU) TIE, LI
¥ 16 ALEHHESE . FE BN RAM =[] 16 AV R 887 . K1k 16 £ LD/ST ' FEF] LATE uDSU, RAM, AR TAEFFAFH82 F{LiE 16 ALlK
. BBATESE QB mER =Y.

To improve algorithm of LGT8XM ACR, 16-bit LD/ST expension, which combines with 16-bit Digital Algorithm
Accelerator unit (uDSU) to acheive highly efficient 16-bit data operaton, is increased to command line.
Meanwhile core increase 16-bit access to RAM. So 16-bit LD/ST can transfer 16-bit data in uDSU, RAM and
registers. For details, refer to section of “Algorithm Accelerator ”

HEARBHIZHET (ALD

ALU - Arithmetic Logic Unit

LGT8XM WY —A 16 AL ABEZBE BT, BBE—NRAPAZER 16 HEEE

MEARZE. HEM ALV 5 32 MEF TEFERIEE. B E— AT RN AR EE F RS S8 MMEARBEZE. ALU NEES N
= BER, BEUREH.

LGT8XM has a 16-bit ALU, within a single clock cycle can finish 16-bit arithmetic operations. The high-
performance ALU operates in direct connection with all the 32 general purpose working registers. Within a
single clock cycle, arithmetic operations between 2 registers and an immediate are executed. The ALU
operations are divided into three main categories — arithmetic, logical, and bit-functions.

FIR ALU $843-th A8 T — A R AR AR, SBE— AL 8 I EREENA R SRELA SEE . FSEHLSEHHILAN
A

Meanwhile part of ALU also provide a single cycle hardware multiplier, that support signed/unsigned
multiplication in a single cycle between 8 bit registers. See the “Instruction Set” section for a detailed
description.

REHFHFR (SREG)

Status Register

REFEBTEERE T FIITRIE—K ALU BETF~ANERERE. XEELAT

BHEFRTRE. REFHEBRLE ALU BETEEREES, XA ST AR SRS, THUHREINESERMNARLEI. REF
FEERIRELLE W B2 P WA B R I A 2 BRI, X RESR A= 303

The Status Register contains information about the result of the most recently executed arithmetic



instruction. This information can be used for control program execution flow.

Status Register is updated after all ALU operations, this will in many cases remove the need for using the
dedicated compare instructions, resulting in faster and more compact code.

The Status Register is not automatically stored when entering an interrupt routine and restored when
returning from an interrupt. This must be handled by software.

SREG #HF#EX
SREG Rgister Definition
CBAEOGFOGH  mEee
Bit 7 6 5 4 3 2 1 0
fame | 1 | T | B | s | v | N[ Z | ¢
RW | RW | RW | RW  RW  RW | RW | RW  RW

(0) C B, RERREERESBT M, BAESHHOHE

The Carry Flag C indicates a carry in an arithmetic or logic operation. See the
“Instruction Set Description” for

detailed information.

(1) V4 FhE, ErERREBBHNGERAT, HFSERSGERES
The Zero Flag Z indicates a zero resultin an arithmetic or logic operation. See the
“Instruction Set Description” for detailed information.

(2) N filE, RAIFRREBEHTET MK, HSHHRLHRES
The Negative Flag N indicates a negative result in an arithmetic or logic operation.
See the “Instruction Set Description” for detailed information

(3) \' BHFE, R HHMIEEERARY, HSHRSHRES
The Two’s Complement Overflow Flag V supports two’s complement arithmetic.
See the “Instruction Set Description” for detailed information.

(4) S L, FHT N EVIRRREEER, AGESEHSHNRES

The S-bit is always an exclusive or between the Negative Flag N and the Two’s
Complement Overflow Flag V. See the “Instruction Set Description” for detailed
information

(5) H FRhrinE, £ BCD BRI HEH, RAFWBHETAT Mt
Half Carry Flag :The Half Carry Flag H indicates a Half Carry in some arithmetic
operations. Half Carry Is useful in BCD arithmetic.

(6) T AL, AL %) (BLD)FIALAEGE(BST)IRS A, T AoifA— MIse MFEtEAn, Ik m A BoE & 48
HE—ALfE. BAEESERSEHRES

Bit Temporary Copy Storage: The Bit Copy instructions BLD (Bit Load) and BST
(Bit Store) use the T-bit as source or destination for the operated bit temporarily. A
bit from a register in the Register File can be copied into T. See the “Instruction
Set Description” for detailed information

(7) | ERTREERELL, AR BRI 1 A RRATRE A WIS BB . R IF] T R R B SL AR b . 2R
Wi B b R R WS S ARG —ERRE. | e AR R A T B R B3R, AT RETR
EI#54(RETI)E H3)EAr. | fral BUEA SEI Il CLI 184 3%E, HSEIMSMBRHS

The Global Interrupt Enable bit must be set as 1 for the interrupts to be enabled.




The individual interrupt enable control is then performed in separate control
registers. If the Global Interrupt Enable Register is cleared, none of the interrupts
are enabled independent of the individual interrupt enable settings. The I-bit is
cleared by hardware after an interrupt has occurred, and is set by the RETI
instruction to enable subsequent interrupts. The I-bit can also be set and cleared
by the application with the SEIl and CLI instructions, as described in the
instruction set reference.

BRI AR

General Purpose Register File

BATEFAHRRIE LGTSXM 8 EMAuIL. AT RS WEHIT BE MR RiEH,

LGT8XM P& (K& A LAE S 288 ST — T J LA D [ =

O —A 8 ALATIRFR —4 8 AL E R/

C WA 8 ALATIRER —4 8 AL E R

C WA 8 ALATIRFER —4 16 AL S HAE

O —A 16 MLRFAR —A 16 AL F i

The Register File is optimized based on LGT8XM Enhanced RISC instruction set. In order to achieve the
required performance and flexibility, the following input/output schemes are supported by the Register File:
" One 8-bit output operand and one 8-bit result input

Two 8-bit output operands and one 8-bit result input

" Two 8-bit output operands and one 16-bit result input

" One 16-bit output operand and one 16-bit result input

7 0 Addr.

Ox00
0x01
Ox02

B8 o &k 7 H 3B e

0x1A  XFESHEFD
0x1B  XFFREEFTD
0ac  YHFGEFREFTD
0x10  YEHFERBFTD
Ox1E  IFFREFT
baF IHFEEEETT

RERFEL RS HEV B S RER TSRS, MK, BRRERMES. W EETR, 8- aFai N MR SR T, X



WA TESFR RS ZBEE R . RPN RARIERFET SRAM 1, HIXFME—BUE NFMARS TR
REAIHER T MR RIEE. XIYIZ FEBT MENRH RIBMENBAFFS.

Most of the instructions operating on the Register File have direct access to all registers, and most of them
are single cycle instructions. As shown above, each register is also assigned a data memory address,
mapping them directly into the Data Space. Although not being physically implemented as SRAM locations,
this memory organization provides great flexibility in access of the registers, as the X-, Y- and Z-pointer
registers can be set to index any register in the file.

XIYIZ 554

The X-register, Y-register, and Z-register

A% R26...R31 AILAHBAA, HWR=A 16 AIFFE. X=4 16 ALFFAREER FHEI I HBiERe, XYz FHEREHNT:

The registers R26...R31, grouping between two of them, is used as three 16-bit register. The three indirect
address registers X, Y, and Z are defined as described as below:

15 XH XL 0
X-registar 17 of7 o
R27 (0x1B) R26 (0x1A)
15 YH YL 0
Y-registar I [ K o
R29 (0x1D) R28 (0x1C)
15 ZH ZL 0
Z-register 17 0 17 0 |
R31 (0x1F) R30 (0x1E)

EARRIHRAT, REFESRAEE RS, B30REUREBERNHILES, REAWESERIMRETLS.
In the different addressing modes, these address registers have functions as fixed displacement, automatic
increment, and automatic decrement (see the instruction set reference for details).

HetkFast

Stack Pointer

WA T MR EEE, R R R W TR AR E k. FESHERR

2, MR AR R AR . HEARTRET AR (SP) B A TR MIMEAR M TNER . HEAR

TRETIE YR SRAM FIENEEE, XEFRTFEFRPEERLIANERTE. PUSH BOKLS BRI R,

The Stack is mainly used for storing temporary data, for storing local variables and for storing return
addresses after interrupts and subroutine calls. Note that the Stack is implemented as growing from higher to
lower memory locations. The Stack Pointer Register always points to the top of the Stack. The Stack Pointer
points to the data SRAM Stack area where the Subroutine and Interrupt Stacks are located. A Stack PUSH
command will decrease the Stack Pointer.

HEERTE SRAM Hr AL B U AE FHEF 347 3R P W B 2 T AR AR IER 0 BB . — RIS T R R R ISET AR KT8 5] SRAM IRt AL . HEdRgET
DB AL SRAM Fifitiih. SRAM 72 RS HEE 204 WL il & 2% RE BI04 .

The Stack in the data SRAM must be defined by the program before any subroutine calls are executed or
interrupts are enabled. Initial Stack Pointer value equals the last address of the internal SRAM and the Stack
Pointer must be set to point above start of the SRAM. Mapping address of SRAM in data storage pls. refers to
“storage set” section.



Instruction | Stack pointer Description

PUSH Decremented by 1 | Data is pushed onto the stack

CALL Return address is pushed onto the stack with a subroutine call or
ICALL Decremented by 2 | interrupt

RCALL

POP Incremented by 1 Data is popped from the stack

RET Incremented by 2 Return address is popped from the stack with retum from

RETI subroutine or return from interrupt

HEERIREH A ECTE VO [ WA 8 AL AFFEas AR HARTRET N SER KB B R STIIM

K. 7E LGTOXM BN Mls jy ey, BmZEadeH A, UETUN SPL BAEHE FIFE, XMIHER T, SPH FFSHETSHIL.

The AVR Stack Pointer is implemented as two 8-bit registers in the /O space. The number of bits actually
used is implementation dependent. Note that the data space of LGT8XM in some implementations of the AVR
architecture is so small that only SPL is needed. In this case, the SPH Register will not be present.

SPH/SPL Stack Pointer Register

SPH: 0x3E (0x5E | Default value: RAMEND

SPL: 0x3D

(0x5D)

SP SP[15:0]

R/W R/IW

Location define

[7:0] SPL Stack Pointer lower than 8 bit
[15:8] SPH Stack Pointer higher than 8 bit
BEPITINF

Instruction Execution Timing

FE—BTRIRR A PATI— B S . LGT8XM PIi% HH P I%ES 8l (CLKcpu)BE3, X ANEd

SHEER A 5 RGN MRIEF R . TERR T RIS YOED) #8388 WK RPATR . KRR I AR IR IMIPS/
MHz 34T 3R K ARIE .

This section describes the general access timing concepts for instruction execution. The LGT8XM CPU is
driven by the CPU clock clkCPU, directly generated from the selected clock source for the chip. No internal
clock division is used. Below picture shows the parallel instruction fetches and instruction executions
enabled by the Harvard architecture and the fast-access Register File concept. This is the basic pipelining
concept to obtain up to 1 MIPS per MHz

with the corresponding unique results for functions per cost, functions per clocks, and functions per power-
unit.

= AU ATAY AWAWAN

¥ o | W x| )
F = cor | X cx )
FErI (o X @ yb—

MEBETLUE S, F—RRSHHATHE AR 4R DR _KBHAIITIHE, ANNSEHBE=ZFES IEEBRMUTHIE, IR



FERNEIIRSTERBUMO

A, WNRAKLRLEE, ST SMNE—PIT—FESRRE.

As shown above, 1% instruction execute meanwhile 2™ instruction is fetched. When 2™ instruction enters into
execution, 3™ instruction is fetched at the same time. In a whole execution cycle, no extra cycle is needed for
instruction execution and fetch. Viewing from the pipeline, one cycle for one instruction is efficiently
achieved.

TERREATEFFROE R, E—NAEA, ALU BMERAIIRAFFRIER
WS, FHEXANAYNE ALU MTERBA B BIRFERT.
Below picture shows the internal timing concept for the Register File. In a single clock cycle an ALU operation

using two register operands is executed, and the result is stored back to the destination register.
Single Cycle ALU Operation

ke, — N 1 A

CPU

Total Execution Time ——X Y,

1
T
1 1
Register Operands Fetch 4 > .
] 1
ALU Operation Execute : 4 b :
] 1
Result Write Back —— O
I
1

S5 Ak 3

Reset and Interrupt Handling

LGT8XM 3L HEE A~ HR Wi o 336 4 o 7 A R 2457 [ e 1A 3 23 ) 5t B — MO (AR P T BN e — MR 5, BT 0 R s S it A i o 245
TN, AR TN AR RIS, YA BN RLIX A I

The AVR provides several different interrupt sources. These interrupts and the separate Reset Vector each
have a separate program vector in the program memory space. All interrupts are assigned individual enable
bits, which must be written logic one together with the Global Interrupt Enable bit in the Status Register in
order to enable the interrupt.

SR AR AR 7 25 TR BRI B A S LUK AR I 1) B (X dak . LGTBFX8P SR ) 5e BE I Hh T #1115 5 5 h T S 1T AR o IXANSI R RIS R R T AN TE IR (1 £
S [ ERAR (K T I, XL e T AR e il . AL (RESET) A AT I MR 564, SRJG 2 INTO — SME ik 0. sl R ik dn bl (2
Rl RRAN ) AT LAY 3 5 SCRUTAT 256 7 54 7 HIFFEG 4L, 7 3@t MCU 4l 47 77 2 (MCUCR)H ) IVSEL £z Ll IVBASE [ 3 bt b1l 25 778 52
Mo

The lowest addresses in the program memory space are by default defined as the Reset and Interrupt
Vectors. The complete list of vectors is shown in ”Interrupts”section. The list also determines the priority
levels of the different interrupts. The lower the address the higher is the priority level. RESET has the highest
priority, and next is INTO — the External Interrupt Request 0. The Interrupt Vectors can be moved to the start
of any 256 byte alignment by setting the IVSEL bit in the MCU Control Register (MCUCR) and setting the
IVBASE vector address Register.

LIRS, AR TR B | R B hE bR B AT LA R | AR AR SEI TR R o SRR TR RS A 1 v B 2 e 2 e e
BRSSART o | RLEPAT TR [E1 48 4 (RETI)E E B AL, A AT LA LE 5 i S A5 R A 1) Hh 17 o

When an interrupt occurs, the Global Interrupt Enable I-bit is cleared by hardware automatically The user
software can write logic one to the I-bit to enable interrupt nesting. All enabled interrupts afterwards can then
interrupt the current interrupt routine. The I-bit is automatically set when a Return from Interrupt instruction —



RETI - is executed, than interrupt afterwards can be enabled as normal.

AREEA P PR AR R, ISR AR BT AR E AL X T X R, AR SRR, 4TI PC A E
B SEERI P [k, BAAT RS IR S PR, RIS S B s TR S AL TR AL AT LA s WA AL B 1 .
RAERAEPWIRT, hEREA SRR, PR SO R S B LSS T SR SRR I AR S, X AT T R i B R

FIRE, W RAE WK AR, AR rh WA RE AL (SERG.)BIG KR, XML s Wi bR A7t B B LA p Wi i, 2]/ W R ik B)E, XU
23 ) P K 22 I R AR SR R AT

S AP SR Y rh W S — ELAETERS, T — B X TN R P WA AL A SR T SRR P TR R B 2R, XA T R R 245 3
M )8

There are basically two types of interrupts. The first type is triggered by an event that sets the Interrupt Flag.
For these interrupts, the Program Counter is vectored to the actual Interrupt Vector in order to execute
corresponding interrupt handling subroutine, and hardware clears the corresponding Interrupt Flag. Interrupt
Flags can also be cleared by writing a logic one to the flag bit position(s) to be cleared. If an interrupt
condition occurs while the corresponding interrupt enable bit is cleared, the Interrupt Flag will be set and
triggered until the interrupt is enabled.

Similarly, if one or more interrupt conditions occur while the Global Interrupt Enable bit is cleared, the
corresponding Interrupt Flag(s) will be set and triggered until the Global Interrupt Enable bit is set, and will
then be executed by order of priority.

The second type of interrupts will trigger as long as the interrupt condition is present. These interrupts do not
necessarily have Interrupt Flags. If the interrupt condition disappears before the interrupt is enabled, the
interrupt will not be triggered.

M LGT8XM WIZ M RS AT IR G, HATHAESRESIERT P EERTP PIT—KBULKIELSE, 7 e N H A 25 A5 10 i R .
When the AVR exits from an interrupt subroutine, it will always return to the main program and execute one
more instruction before any pending interrupt is served.

FEEENR, ROEURSHHFRSREG)EFNTWIIRES R IHASEAANRE, WAREN FRRGIRESBERE . EBAH R ST

Note that the Status Register is not automatically stored when entering an interrupt routine, nor restored
when returning from an interrupt routine. This must be handled by software.

L CLIFaA45E P E, IRK s BIAS . #E CLI #8242 J5 RAERIFT CATR IR A 2AR IR . BIE— A CLI F8 24 AT [y & AL g i, s
ARegmiRL, R AEF U6 Bl CLI k% P IWTT L EEPROM [ 5 I 7

When using the CLI instruction to disable interrupts, the interrupts will be immediately disabled. No interrupt
will be executed after the CLI instruction, even if it occurs simultaneously with the CLI instruction. The
following example shows how this can be used to avoid interrupts during the timed EEPROM write sequence

e O 2 1]

Interrupt Response Time

LGT8XM Pkt xt shii SEHEAT T AR AL, SEAAT AT R U4 4 A RGEN BRI — 15 30 WS 4 RGNS E IS, RS TR AT R 101
TEIX 4 NIRRT, I RTH PC R NMERE,  RGAT TORRIbEE 30 o 07 1 BT 2 TR S PR o Bep TR AEAE — A2 RIIR A HT I, Ptk
P BRAIE 24 BT A ERR AT o R W R A 7E RGEAL T PRIRIRAS T (SLEEP), b W70 7 75 4S04 A JE B S5 89 0 e e 39 PR A i
PRI PRBRAS S T R R 20 00 . PRBRBE S F FLPA R, 1% 5 % TR BT F M S 2545,

ER BT AR 5 TR cp R ] T 2 2 AN L. 63K 2 MR I, PC MR KA, MERRIRENIN 2, 3F E B A A R

LGT8XM optimize its interrupt in order that any interrupt can be responded within 4 clock cycles.
After 4 clock cycles interrupt handling subroutine is executed. During this four clock cycle period, the
Program Counter is pushed onto the Stack.



Execution flow is normally a jump to interrupt handing routine corresponding to interrupt vector. If interrupt
occurs during execution of a multi-cycle instruction, current instruction will be guaranteed executed rightly
by AVR.

If an interrupt occurs when the MCU is in sleep mode, the interrupt execution response time is increased by
four clock cycles. This increase comes in addition to the start-up time from the selected sleep mode. Details
about sleeping mode, please refer to power consumption section.

A return from an interrupt handling routine takes 2 clock cycles. During these 2 clock cycles, the Program
Counter (two bytes) is popped back from the Stack, the Stack Pointer is incremented by two, and Global
Interrupt Enable bit is automatically enabled.

At

Memories

REIR

Overview

AFAT LR LGT8FX8P RA A HAFIMAEMHE R IT. LGTEXM 4L STRFF Al L ) Py &

AR, o3 R B A7 i 2 IRV R PP A7 2 () . LGT8FX8P Pt & T 4dfs FLASH, e Py 3 2 2% T LLSE I EEPROM $2 L 1 U #7662
fit. J34h, LGT8FX8P R & THRMAME AT, AT HABRGRE RS LS 104 Rk % 5 (GUID).

This section describes the different memories of LGT8FX8P series. The LGT8XM architecture has two main
memory spaces, the Data Memory and the Program Memory space. LGT8FX8P internally has data Flash, by
internal controller, it can realize EEPROM Memory for data storage. Besides, LGT8FX8P has special memory
which is used to storage system configuration and GUID of chip.

LGT8FX8P R ¥ AL 7 LGT8F88P/168P/328P VU A [l (i 555 DUAH IR 5 fry 415 LA %

B TEAHA, PIRRZ FLASH 27 A7k 25 10 LUK N 350E SRAM, R THIHO M LU BS 2E (AR T LGTBFX8P RIS F AN [l (47 fi 2 [T i & «
LGT8FX8P series contain 4 types: LGT8F88P/168P/328P. Peripheral design and package of these 4 types are
compatible, only FLASH program space and internal DATA SRAM are different, below table descript the
different memory configuration of LGT8FX8P series chips:

DEVIE FLASH | SRAM EZPROM Interrupt vector

LGT8F88P 8KB 1KB 2KB 1 instruction word
LGT8F168P | 16KB 1KB 4KB 2 instruction word
LGT8F328P | 32KB 2KB 0/1/2/4/8KB are available (share with FLASH) | 2 instruction word

LGT8F328P %A M L A T84l E2PROM #: O f] FLASH % H]; F T4l E2PROM Hi7

fE R 5 FLASH 38, AP UURER TR, SHEAEMEE. BT E2PROM SO RANESII, RAFEFMLHET FLASH 2R
. E2PROM ff42 ], thinxfF LGT8F328P, IR FELE T 1KB ¥ E2PROM % H, ¥&H 2KB FHHNBEFERBMAE, #T 30KB #
FLASH Z R FH#ER.

There is no independent FLASH space for analog ERPROM interface, which is shared with program FLASH,
so user should choose suitable configuration as per individual demand.

Because of this special method for analog E2PROM interface, system need 2 times program FLASH space to
analog E2PROM storage space. Taking LGT8F328P as example, if user choose s 1KB for E2PROM, 2KB
program space will be kept, the rest 30KB of FLASH space will be used as program storage.

LGT8F328P /7 FLASH 5 E2PROM XA ER:




FLASH VS E2PROM configuration of LGT8F328P:

DEVICE FLASH E2PROM
LGT8F328P 32KB 0KB
30KB 1KB
28KB 2KB
24KB 4KB
16KB 8KB
ARG A 42 FLASH BF {5800

In-System Reprogrammable Flash Program Memory

LGT8FX8P RFIHEEH# W ¥4 HIEHE 8K/M6K/32K Ty EAEL T 4ifE FLASH P

FEETG. FEFF FLASH BBREZ /> 100,000 bl EF#EEEM. LGTSFX8P 4R FLASH 0448, S Scile RAMA(SP)AIREFE T
F TN . AAESSIMTTESERFIERT FLASH B OGS R . BF 2 REa Ul LPM #54 B85 (BH), XM DASEIR AR
HIHBERR . AR FLASH REFF2 A A BUN B R SRR A= RN, F~ AT DAEA LD/LDD/LDS SEELXS FLASH ZE MBIV . FER 2 R
BIHIEAAE IR 0x4000 FFAGHIHIBETE R . I B AT AR :

LGT8FX8P series microcontroller contains 8K/16K/32K on-chip In-System Reprogrammable Flash memory for
program storage. The Flash memory has an endurance of at least 10,000 write/erase cycles. Through FLASH
interface cotroller, LGT8FX8P can upgrade In-system programming and program by itself. Details please refer
to section of “FLASH Interface Controller”.

Program space can be access ( read and fetch) through LPM instruction, this feature can realize constant
table of relevant application.

Meanwhile program space maps into data storage space, so user can access FLASH space by LD/LDD/LDS.
Program space is mapped into data storage space addressing starting from 0x 4000.

Ox0000 0x0000
E Ox0D20
3
Ox1FFF EXT /0 —
§ 0x0100
5 _1f78
E Bbit/SRAM 0x0900
OX3FFF 3
—— 2100
0x2900
S
E 0x4000
Re-mapped
BKB EFLASH
OxTFFF
LPM 0x5FFF
Re-mapped
BKB EFLASH
OxTFFF
Re-mapped
16KE EFLASH
0xBFFF
LD/LDD/LDS
SRAM H#E#£f #7T

SRAM Data Memory



LGT8FX8P RZFIBUEH AR — PN ERMBEEHEE, B HARBRMAIE, X

B S RS A TETE 64 A 10 FAEREM K. W EESE INJOUT 18415 . 55 —tesMR K #eth) 87 77-88 4} R7E 0x60 ~ OxFF Xigpy, BT
Sy RS BB =R 9, R ABIER ST/STS/STD LK LD/LDS/LDD &34Vl .

LGT8FX8P is a complex microcontroller with more peripheral units than can be supported within the 64
locations reserved in the Opcode for the IN and OUT instructions. For the Extended 1/0 space from 0x60 -
O0xFF in SRAM, only the ST/STS/STD and LD/LDS/LDD instructions can be used.

LGT8FX8P M REHIFEAM MM 0 uILFFIG, 4RI TER LIEFFRCH, 110 =

WM, 3R VO ZEEI LR A EEEE SRAM 25l BIFH 32 NI HbbXT B LGT8XM pi% 32 MBI TAE %7288 S TR 64 Mthhb R T DOE IN/
OUT #&4 EHE:V5 M AR 110 Z[A]. ZA/F 1 160 Mk ZY R 110 FH, EHETRARRL 2K FHHEGE SRAM. M 0x4000 FF4:2] 0xBFFF 453
HIX RS20, WU T FLASH BRI ET.

LGT8FX8P data memory location address from 0, mapping general register files, /O memory, Extended 1/O
memory, and the internal data SRAM. The first 32 byte locations address the 32 Register Files, the next 64
location are the standard I/O memory, which can be directly access through IN/OUT instruction, the following
160 locations is extended 1/0 memory, afterwards are max. 2K byte DATA SRAM. Space starting from 0x4000
to 0OXBFFF map FLASH program storage.

RZA 1KI2K F15 SRAM #4- BIBS BB 2. M 0x0100 FFEH3] 0x0900 £53R[¥iX

A EPFAZL 8 ALFTFHREILES. M 0x2100 F4AD] 0x2900 L5HGXAXIRA 16 ALFEERIVF HIZEH]. R4 RAM HETE] 0x2100 F4A K& At
HEEEHFREE uDSU B TR, LIRS 16 AEEEAM . EHREN, ¥FEN 8 ArFutEMbin F 0x2000 MifmB &, BIA %3] 16 ArifH
R

1/2K byte SRAM address to 2 spaces. Space from 0x0100 to 0x0900 is read at 8 bit wide, while space from
0x2100 to 0x2900 is ready at 16 bit wide. High location, RAM mapping to 0x2100, is used to work with uDSU to
achieve enhanced 16 bit DATA storage. Adding normal 8 bit addressing vetor with 0X2000 Displacement,
access mode is changed to 16 bit

REHRE 5 AR FHAAR T VB R DA SER =M. HEURN, R HNIEER

W, [RIEEVTIE, VR AT R I, VR (B ) . B TS AR R26 3 R31 TR M s bRt . RIS DA AR
BANBRAM TR H Rl 5 M fe S LB YIZ FAE R A R IE 63 M bbhEE .

The five different addressing modes for the data memory cover: Direct, Indirect with Displacement, Indirect,

Indirect with Pre-decrement, and Indirect with Post-increment. In the Register File, registers R26 to R31

feature the indirect addressing pointer registers. The indirect addressing reaches the entire data space. The

Indirect with Displacement mode reaches 63 address locations from the base address given by the Y- or Z-

register.

i I SR B BRI BRI AT A AR B I, LA SR XIYIZ SRV R E

Bi//E B3 EASEIREN . BARESERASEHRIS . 16 ALFFR XIYIZ UREZARRN BT U GEY. 3BIR), 7 16 A BER T HAEEE
WEEMNER. 16 Ay BT DUER LDIST KBl idmils, S HREN A30EH. BRIt XMEESREN SRR T BHRERN, HERTR
BAEIESE QT B R INER (uDSU) R ET

When using register indirect addressing modes with automatic pre-decrement and post-increment, the

address registers X, Y, and Z are decremented or incremented automatically by hardware. For details please

refer to section of “instruction”, 16 Register X/Y/Z and related automatic addressing mode( increment,

decrement) plays an important role in 16 bit Extend mode. 16 bit Extend mode can use the increment /

decrement of LD/ST, to achieve automatic increment or automatic decrement with variable. This model is very

useful for arithmetic array operation. For details, please refer to section of “uDSU”



M VO Fa

LGT8FX8P ¥ /O Z=[6FH =& /0 #F73 GPIOR2/1/0, X=A#F#80 DUMER INJOUT #5415, FHFFRAF B e 8.

General I/0 Register

LGT8FX8P I/0 space has 3 general I/O register GPIOR2/1/0, which can be access via IN/OUT instruction and is
used to storage user-defined data.

SR EFFEER

Peripheral register space

VO Z=RIHEIE X, ES% LGTSFX8P Fif Tt A &4,

Regarding detailed definition of 1/O space, please refer to section of “Register Overview” of LGT8FX8P data
sheet.

LGT8FX8P JFLARIST BA M/ ACR) 10 2/l FrA i /0 23 M #hht#K T LAg% LD/LDS/LDDD

DR STISTSISTD #8475 . 1 i MEEEERED 32 MEA LIEFA#REE. 78 0x00 ~ 0x1F Z R /O #7788 o LB AL ubf8 4 SBI Al CBI 15
i, TEXELFARY, E—AALMETT MEM SBIS fI SBIC 244 M, FUSHIEFHITHE. BEESERLEMRTES .

All peripheral s of LGT8FX8P are placed in the /O space. All /0 locations may be accessed by the
LD/LDS/LDD and ST/STS/STD instructions, transferring data between the 32 general purpose working
registers and the I/O space. /0 Registers within the address range 0x00 - 0x1F are directly bit-accessible
using the SBI and CBI instructions. In these registers, the value of single bits can be checked by using the
SBIS and SBIC instructions. Refer to the instruction set section for more details.

ZfEF INJOUT 38415 1A /O #r4E88Rf, D613k 0x00 ~ Ox3F Z A fydthiit. 4EH LD Bt ST 38451 /0 AR, BHUER 10 EREREHER
FEAR G — W2 ) () s HichiE 7 ) (B 0x20 [ifmEs). Hfb—iesFRfES /R 110 ZE M5 % 735 (0x60 ~ OXFF), R BB ST/STS/STD A1 LD/
LDS/LDD #4145 H. N T SRREBERE, BREMESRERNURAS 0. FEERHK V0 ZFH LT BHE, —HEFFRTARETRSEE, BE
WE 1 ARES. FEERNRE, CBIM SBI UK EMAL, Hik CBIUSBI t R #E TAETEA- S X EIREIREN FE58 1. Bilbz 55, CBISBI
184 RBETAEZE 0x00 2] Ox1F X/ b3t P9 R 577 2%

When using IN/OUT instruction access to /0 register, must address location between 0x00 and 0x3F. When
addressing 1/0 Registers as data space using LD and ST instructions to access I/O memory, 0x20 must be
added to these addresses.

For the Extended /O space from 0x60 - OxFF in SRAM, only the ST/STS/STD and LD/LDS/LDD instructions can
be used.

For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved 1/O
memory addresses should never be written. Some register include status flag, which are cleared only by
writing a logical one to them. Note that, the CBI and SBI instructions will only operate on the specified bit, and
can therefore be used on registers containing such Status Flags. The CBI and SBI instructions work with
registers 0x00 to 0x1F only.

FLASH ###%(E2PCTL)

LGT8FX8P PPl MR 7 — N RIEW K EFLASH B5#H3%, WURHRSTERWEEE FLASH MR, LT R RS RN,
LYK E2PROM IFMMH; E2PROM R RAEEHENEEE, WELKEER FLASH AR BMRS 1 54, RBIRIE 100,000 KEL
EREEES.

LGT8FX8P internally integrate a flexible and reliable EFLASH read & write controller, it can use current data
FLASH memory, to realize storage space accessed by byte read and write, similar to E2PROM storage.
E2PROM interface analog adopt erase balancing algorithm, which can increase the lifespan of data FLASH for
1 time and can ensure more than 100,000 write/eras cycle.



E2PCTL #tl2 se T % FLASH BBFEENE LB S HRMAE, WLESHRA-EIEL A3 AR EFTIRE . &g FLASH #3315 2 FLASH 2
P, RSCRRTTH#ER(1024 739) DA K 32 AL EE IR B i A«

E2PCTL controller also features in-system write/erase operation to FLASH program space, with function of in-
system automatic upgrade via software. If FLASH controller access program FLASH memory, read and write
access of page erase (1024 byte) and 32 bit wide is supported.

LG6TEFEB0/1680 E2PCTL #7475 = 10E

16bit

B 16K
Program FLASH

2Kk
Data FLASH

E2PCTL ##l E2PROM ZhREVS ¥dE FLASH SRR, TTLRASCHRE 8 4. 32 ALt SR . Vi FLASH Z RN, XETUERM 32 MEdERS. H
T LGT8FX8P Wi FLASH KB/ NMFMERILHN 32 i, FMENA 32 AR, RN TERIE. 32 Ao MRS REMBER, BHRT
fR47* FLASH #f& ST S H .

When E2PCTL access data FLASH memory by analog E2PROM, it support 8 bit, 32 bit wide. When access to
FLASH memory, support page erase and 32 bit data read and write. Because of the min. FLASH storage unit
of LGT8FX8P is 32 bit, we suggest to use 32 bit access, especially for write, 32 bit read and write access is not
only highly efficient, but also well protect erase/write lifespan of FLASH memory unit.

LGTEF328P F2P(TL (75510

16bit

LGT8F328P A L AHIYIR FLASH. Fik, LGT8XM Pii%5 E2PCTL $tEAEE 32K 547 FLASH %%, FATLURIGERE, % 32K +3
FLASH ZHERISHNEFZRAMLYETE. ELEE E2PCTL #i8%, 7B E2PROM M2 E K. E2PCTL {1 f TR Heti e P
E2PROM B4, By (1K )R8 A. FbED 1K =351 E2PROM &), FHENH 2K F3 FLASH FE, DU, ST 4K =351
E2PROM, FHE5H 8K T35l FLASH Z[f. B4 AR, #5% E2PCTL HELIMHER.



There is no extra data FLASH in LGT8F328P, so its ARU and E2PCTL share 32 byte FLASH memory, as per
individual demand, user can divide 32 byte FLASH memory into program memory and data memory. Analog
E2PROM memory size can be set-up via E2PCTL configuration. E2PCTL analog E2PROM logic by using page
exchange mode, the algorithm unit is page (1 byte). So to analog 1K byte E2PROM memory, it need 2K byte
FLASH memory, similarly, for 4K byte E2PROM, it need 8K byte FLASH memory. Detailed method please refer
to section of “E2PCTEL Algorithm”

E2PCTL $iE &7

E2PCTL Data Register

E2PCTL 48 WEEE 4 MF1 MEIREH (E2PD0~3), Bt 4 FHINEFHMBLAV N FLASH [ 32 ArficdisEr. 2 E2PCTL B8 T/EE S
RSN, EEDR ENBREFTHEMNOE D, E2PCTL F i EEARL[1:0]fHbL(E B NS ¥in B IR I EdR ST, R840 FLASH Bizi
WRBEEAF RS EATH Y, BARA S MR 32 AEEEES B FLASH #.

E2PCTL controller has 4 byte data cache internally(E2PD0~3), this 4 byte cache consist of 32 bit data interface
of final access to FLASH memory. When E2PCTL controller work in mode of byte read & write, EEDR is used
as the data interface for byte read and write.

Adding E2PCTL and address info of EEARL[1:0], load data to correct data cache, based on current FLASH
target address to complete other 3 byte data, finally complete 32 byte data will be updated to FLASH.

¥4 E2PCTL T/ETE 32 AL BT, it 3R W L{#FH EEDR FEREN— AR BEIEED, & EEARL[1:0ME NI T Py BIRER, &
Bt E—A 280 32 fBdRE. WAh, BT NEBAHEERSERNE 10 RN SAEREE H(E0~3). E2PCTL TIEE 8 it B ¥
PR EE:

When E2PCTL work in pattern of 32 byte read and write, EEDR register here still can be used as public data
interface.

Addressing internal data cache via EEARL[1:0] location, a complete 32 byte data is finished. Besides, directly
using data cache to map to register direct access of IO memory. When E2PCTL is working in pattern of 8 byte
read and write, its data access routine shows as below:



E2PCTL T 8 U= HiRSEANNEERORESE:

U /ST S

E2PCTL T{FE 32 IFRERIANAEELHOREE:

FHERATH THRE LGT8FX8D M7 LSRR, LGT8FX8P ¥ E FLASH & 32 i O AE, fH 32 hrit SHEK A RS2 FLASH Iy
BEHEMIRIR WL, FIgN A 32 Ar 5.

Byte pattern of LGT8FX8D features downwards compatible byte read and write mode. LGT8FX8D internal
intergrated FLASH is in the wide of 32 bit, which greatly benefit read/ write efficiency and FLASH erase/ write
lifespan, we highly recommend 32 byte pattern.

E2PCTL ##l E2PROM #: M85k
E2PCTL analogy E2PROM interface algorithm

RAVEIE, FLASH FREBTES Z AT LAUCHER, TMHEREERURE A . LGT8FX8P A E FLASH FMB— NI ANA 1K F45. B
TEFRESH—MFHEE, BREECEREENRENEE, KNEEH ARgeE, RS R P s, BAREMUGE
W, R SRE BIRRS R R B XU .

All know that Flash register must be erased before write, and erase operation unit is page. Internal FLASH
register is 1K byte per page. So to update 1 byte data in one page, before update target address data it is a
must to erase date of the whole page, meanwhile resume other byte data of the page. Such operation is not
only time-consuming, but also risk data loss caused by power cut-off.

E2PCTL MR AT H B LI E2PROM . TAZ BB A MRERE ST TR R IRIERT, PR ARMERIMENL SBURTHIRM ER. H
I B BIEA ] 2 NI R N HE T A B,  iin T Bl E2PROM 2= 8] (¥4 Al A iy o

EMETE, E2PCTL HHSLI T — MBS EFEN, WO THREEFIFRFROERESIR. ELIHH, E2PCTL W REH
WEE, JFEH—ARERE 2 NN RERESHEL . FLHAPEERRT 1K ) E2PROM BRI, REMERBIEN 1K 2 MR8
H., RN 1K ZANEE 2 M0 RE% E2PCTL A, HPTEMNX 2 A3 2 RBHT IER RS .



E2PCTL use page exchange algorithm to analog E2PROM, this kind of algorithm ensure that original data will
not loss because of accidents such as power off during page erase operation. Meanwhile page exchange
algorithm alternatively use 2 page space, which increase the lifespan of analog E2PROM memory.

In the aspect of efficiency, E2PCTL controller features a continuous data update pattern, this can reduce
repeated erase/write because of repeated data update. In aspect of execution, E2PCTL manage individual
page, taking up the last 2 byte of one page as page status information. Note that user must skip 1K memory
when E2PROM analog is bigger than 1K. Because the last 2 byte of each 1K memory is kept for E2PTCL, so
user cannot read and write this 2 byte memory as normal.

TER E2PCTL BT RS ERE R EE:

Current Page Swap Page

Update —

1
' page flag
Magic byte

WERTR, E2PCTL A A 2 A BT S — AN TUE K/ ) E2PROM 28 o X AN TUIT —/Mbiic A il 00, 734 A3 #:00. E2PCTL 48 DUTEI B
J& 2 ANFAAEAETURS B o 24 AT B I P IR — AN, Leln B A0 1Y B g, BRATANSEBR AR T, TR MR HTL. AR5 K
LRI TUE 409 3 AN . 56— AE AO ZHTHIEUE, AT X #4r = M CPO, )52 A0 Z G MR, X4/ CP1.

E2PCTL SRAEAHFHEL B, ¥ CPO Xt B[R 5 I 2158 e TR xd Bttt , 48 /5 4 75 B2 0007 10 50R 5 3203 TUGE LI ik B (BO), it Ja =2 & il CP1
IR AT, e ERERER, BOR CA 5 MAcH, EIFRA ER DR o LI RAE I 2 BT R AL B sl Al R 7, AR R R R A 0%
BIER, ZRTEAR A SRR, (RE T 548 et WR—VIRA], E2PCTL &7E CP1 cHldR M s, K 5B 1 TUIRIRAS S B2 81 1038
DU IS S, e A T k. Sbf5, SRS,  E2PCTL WA 4 T B R (1->2->3->4):

As above shown, E2PCTL use 2 page to analog 1 page 2EPROM memory . One page is marked as current
page, one is swap page. E2PCTL use the last 2 byte to store page information. When we need to update some
byte of the page, saying A0 byte as above picture, firstly we will erase swap page instead of current page. We
make 3 operations for current page. For data before A0, we name it CP0, data after A0 is CP1. Based on user
configuration , E2PCTL copy data in CPO to corresponding location in swap page, than to write data, that
need to be updated, in corresponding location (B0) in swap page, at last is to copy data in CP1 to swap page.
After the above operation, data exchange is finished, but page status is not yet updated. If power off or other
abnormal situation happen before page update, the update operation is actually not yet finished, while the
odd data is not damaged, complete data is ensured.

If everything goes well, after data swap of CP1, updated page status will be written in previous swap page,
than exchange of current page is finished, afterwards sway page is current page.



Current Page Swap Page

HAGHECE K E2PROM BAUE AR T 1K I, E2PCTL i AU Jyfe /N AL S B E2PROM 2 (A RIS . ELanan i BCE T 2K ) E2PROM
X3, Sebr b E2PCTL M 5 4 NTUIH (4K 2. b 2 AT —41, F T SEBUSH — AN U /M E2PROM =5[]

If E2PROM analog memory assigned by system is smaller than 1K, E2PCTL will still use page as unit to
realize analog algorithm of E2PROM. For example, user assign 2K for E2PROM, actually E2PCTL will take up 4
page memory (4K), among which 2 page is one group to be used to analog 1 page of E2PROM memory.

Current Page Swap Page

256x32
(1KByte)

256%32
(1KByte)

OX7FF

TEER MR P ECE K 2K 75 E2PROM 2 (A H AN ELE, FOAEEATURERS 2 A Z 1088 S A R O TUPIR A5 B
Note that 2K byte of E2PROM assigned by user is not continuous, because the last 2 byte of each page is
used to save page status information.

E2PCTL 44

E2PCTL Continuous programming mode

Hi T il E2PCTL SEHi & SRR ACHe,  TUHIASHid 2 ol o0t S0 B DUSEAT R, TUHE BRONUREIY .t R 223880 FLASH 5 dnffg ke, Rt
E2PCTL 0 7 4. /Eias Bk, /LSS HE# E2PROM X Ik, HAEESEMIEEIG, A ST FOS Bt X7 & ahear s
B BYHIRI R, ST IN AL

HELRTER N E2PCTL #£1 %7 /7 4% ECCR 1 SWM fiffifit. HELARAMEAEIE, L5 (0K EE SUR S 220 5000 Rk 1, 76 SWM Bt
T, BEERSIAT CPO/M XA R EHIHERAIE. 75 RJE— 101, BHEE SWM ZERESR, SREHITE, ILF E2PCTL 44317 58 %1
CPO/1 S #AE, FHEHTHPRSER.

Using E2PCTL to update will cause page swap, during which swap page will be erased. Page erase is not only
time consuming, but also reduce lifespan loss of FLASH. So continuous write mode is featured. In this mode,
user can update E2PRROM area continuously, page swap operation is only executed at the last of continuous
location.Continuous mode is more useful for continuous update of a whole lot data. Continuous programming



mode, E2PCTL control register ECCR enable SWM-bit. Enable bit after continuous mode, following write
operation will directly write data in corresponding location of swap page. In SWM mode, write operation will
not copy CP0/1 data. Before writing the last byte, software will prohibit continuous mode through SWM, than
to execute write operation. Afterwards E2PCTL will execute complete copy of CP0/1, while update page status
information.

E2PCTL 35 FLASH 225 H @it E2PCTL #:#48, DSBS FLASH ZAMESYiH. Sl E2PROM AFI £, &id E2PCTL X#2
FF FLASH ZRIIV e & B ER ARG SHROT: 1. EREFERNE, EFHfdiSE s8R RN, TEtibhEs EEAR FHE4 H. X
FLASH THE MR &L, %5% EECR FHSME L 2. SR FLASH ZRAALL 32 A B/ NafL. Bid E2PDO~3 B EHHE; 3. Hinth
3k EEAR H7884H, Hilk EEAR[1:014 &4 20,

BT E2PCTL S5FF FLASH %], WIUUSCBIZEREFEH(1AP)TIRE, E—RBEIY EHR S LA BERM B L EFHREAT, 3k
HHEH.

E2PCTL read and write FLASH program memory. Via E2PCTL controller, it features read/write access to
program FLASH memory. Different from analog E2PROM, this access depend completely on software. Steps
as belows:

1: Erase target page. Before data update, it is a must to erase target page, page location is provided by EEAR
register. About erase instruction control on FLASH page, please refer to definition of EECR register.

2: The min. Unit of programming FLASH memory writing must be 32 byte. Setting data via E2PDO~3.

3: Target location is provided by EEAR register, location EEAR[1:0] will be ignored.

By using E2PCTL to read/write programming FLASH memory, in-system programming system function is
realize. This is very useful for situation that need on-spot application data updating and self-definition
updating must be provided.

E2PCTL BN #IEHE

E2PCTL ### R LI ZEN 4 MFFREI, 478 E2PCTL &#PRFE% 7% EECR. ECCR; ¥{#E% 7% EEDR(E2PD0~E2PD3) Ll K itk %
7£7% EEAR(EEARL/EEARH).

ECCR #7285 H THRE E2PCTL MITIBRA, K¥FSIRAFELE E2PCTL TIERTRESRR, X MIE—BERSHLTEP L.

ECCR #8110 SWM ALH TAEREELEHEN, XMEHATEELHELSREIETRE.

EECR HF8H THHIGHRERE, HTEFRRERS, LRES. BERad.

EEDR # %43 H T 8 ArTiBis# N, E2PD0~3 HTF 32 AR 5 3fE;

EEAR #EBHTHRER, SRR, SHTRETERBENTEE. b2 ERMAARMXFH, —TIRNN 1IKFT, FELE EEAR
o Mk 2 i k.

E2PCTL Interface Operation Flow

E2PCTL register feature 4 register, that is E2PCTL status register EECR, ECCR; Data register
EEDR(E2PD0~E2PD3) and address register EEAR(EEARL/EEARH)

ECCR register is used to set up status of E2PCTL. Most status must be set up before E2PCTL start to work.
This process is realized normally during system initiation.

SWM bit of ECCR register is used to enable continuous write model. This control bit must be set up during
continuous write.

EECR register is used to choose operation type, operation instructions such as set up write, erase
instruction.

EEDR register is used in 8 bit byte mode interface,E2PD0~3 is used for 32 bit read/write operation.

EEAR register is used to set up target address for read and write, also used to set up page address for page
erase operation. Page address is aligned by unit of page, one page is 1 K byte, note that appointed address



by EEAR is byte address.

i E2PCTL #1 1517 FLASH 2% 2[H):

EiE E2PCTL #: O LLSZIA FLASH R4 i S AR . A FLASH 2 [E KRB £ 32 frih M. WHRRETARA, SRR
1K F37(256x32).

75 FLASH BREZERZ A, HEER ERFENRE. E2PCTL 5 FLASH BFZEN AXREEER, AP RERRFTRERME. UThE
5 FLASH F2/7 73 | (H fi e :

Access to FLASH programming memory via E2PCTL interface

Through E2PCTL interface, it features read/write and erase FLASH programming memory. Read/write of
FLASH memory support only access of 32 bit wide. Erase operation take page as unit, each page is 1K byte
(256x32).

Before writing FLASH programming memory, at first page of target address must be erased. Continuous
mode is not supported when E2PCTL write FLASH programming memory, user need to finish write operation
by order. Below is the flow of erase FLASH programming memory:

1. FEFF FLASH W R C

o  #tE EEAR[4:0DNTHEMIRIN BARTUHME, R FLASH —TUR/NA 1K 515, Bk EEAR[14:10P#¥/E 9 Tk, EEAR[9:01%ERN 0 ©

®  #tE EEPM[3:0] = 1X01, 3+ EEPM[2]A/ &N O H 1 C

e HtEEEMPE=1, [Wif EEPE=0C fEN/AMN, #E& EEPE =1, H3IEF FLASH HERRE

1. Erase FLASH page

{ Set EEAR[14:0] as target page address that need to be erased, programming FLASH page is 1K byte. So
to set EEAR[14:10] as page address, EEAR[9:0] as 0

[ ) Set EEPM[3:0] = 1X01, EEPM[2] can be 0 or 1

[ ) Set EMPE = 1 while EEPE =0,

{ In 4 clock cycles, set EEPE = 1, enable programming FLASH erase flow.

2. 2% FLAS H $if&iuk ©

5 E2PD0~3, #:4%& 32 frémfasids ¢

BE EEAR N HFsHIE, MibHiibl 4 FHXF C

B & EEPM[3:0] = 1X10, 3 EEPM[2]T/ &R 05k 1
E EEMPE =1, [ EEPE=0C

EPIA AN, BB EEPE =1, JB3) FLASH %f2iE

3. FLASH Programming operation

® Write E2PD0~3, prepare 32 bit programming data

® Set EEAR as target address, here address should be 4 byte aligned
® Set EEPM[3:0] = 1X10, EEPM[2] can be 0 or 1

® Set EEMPE = 1 while EEPE =0

® In 4 clock cycles, set EEPE = 1, enable FLASH programming flow

Bt E2PCTL #:1 57 E2PROM i3, Z=[H]:

Access to E2PROM analog memory via E2PCTL interface

E2PCTL #thi#hE il E2PROM 2 384875 [ $diE FLASH 2=/ #%#), E2PROM SR 8 fiL. 16 ALPAK 32 AR RERRE V. 8 Aryiiika
% E2PROM £ M AH B IFHseA e, 32 ARG RITIREFMAEMN FLASH HfER%E4d, Fik 32 AigB#HR AR iS5 R. E2PROM ]
BOXESESEN, EFE—REFSMELMINBHRENAS, R $HEE, BUCRH.



E2PCTL controller logic access to data FLASH memory by analog E2PROM. Analog E2PROM support
read/write access in wide of 8 bit, 18 bit and 32 bit. 8 bit byte mode is highly compatible with E2PROM
interface. 32 bit mode is useful to enhance storage efficiency and FLASH lifespan. So 32 bit read/write mode
is recommend. E2PROM analog interface support continuous read/write mode and in case that need to update
several continuous address at one time, E2PROM analog interface is of more advantage and recommend.

*+F LGT8F88P/168P, ¥k FLASH AN IR A, K% ilid ECCR 7R MM g FLASH HiE S A. LGT8F328P J:-¥ A My M%E
FLASH Z=/d, ##E FLASH 572 FLASH 3t X 32K =9 FLASH #[H. HZ@ ECCR F# s FLASH 4 XThgE, @il ECCR #H7#
#3¥) ECS[1:0ArAC B4 FLASH K/, MEARR, HbfEAT 5 LGT8F88P/168P M.

For LGT8F88P/168P, data FLASH is dependant storage memory, no need to configure and enable FLASH data
memory through ECCR register. While LGT8F328P has no dependant storage memory, so data FLASH and
program FLASH share 32K memory. DATA flash partitioning function is enabled by ECCR register, and data
FLASH volume is configured by ECS[1:0] bit of ECCR register. Once configuration is effected, other usage is
same as LGT8F88P/168P.

FLASH Z#[Z87ES291 E2PROM #OK, AMBLEI T ELER BEREEE FLASH 1 23, iUl EPROM BRa&RERE, XM MrSRE
P RERRPATERIRIE A .

When FLASH controller features E2PROM interface, logic of automatically data FLASH erase when necessary
is realized internally. So EPROM erase instruction is optional, which is only used when user need to execute
erase exclusively.

EECR #7832 FLASH RIS /7, SHEFEF FLASH Al E2PROM. EARERIERTITEE T EECR #F/F 1K EEPME fl EEPM[3:0]i% €. Xt
E2PROM iRtk LR 22,

ERER B AER/E, 5 EERE RLENHK B 7 EE R 32 Ardf i FLASH #tl88 Wi, AW LUE if EEDR A8 EBUBMBITT .
FLASH i 333 847 SEPX P FLASH Z[RIEERME, AP WUHFERMER LPM 5EEIRSF FLASH FEL0EE 4 — W == 8 k4 A
LD/LDD/LDS $54HL.

FLASH Erase/write timing of EECR register controller include program FLASH and E2PROM. Specific
operation type need to be set up via EEPME and EEPM[3:0] of EECR register. Read operation of E2PROM is
very simple,

After setting up target address and pattern, write EERE bit will read 32 bit data of target address into FLASH
controller, than user can read and fetch interesting byte via EEDR register.

FLASH controller do not execute read operation to program FLASH memory, it is convenient for user by using
LPM or via locations where program FLASH map in DATA mapping memeory to read and fetch LD/LDD/LDS
instruction.

1. 8 frix, %FE E2PROM

o C EHFHILE EEARH/L F7%

o O WEHINEIT EEDR FHE

e C ¥ EEPM[3:1] =000, EEPM[O]FT# &% 0 5% 1

e C ¥EEEMPE=1, [Jff EEPE=0

o O ENAEMA, BE EEPE =1

LR BEERSE, FLASH #8885 shmiEERlE, RIEHIE CPU BRIFELITNIRL
ik b, HBBRMESREA SSSET. ERESET, WRFEEBREIE FLASH,
FLASH #8844 4 B 3h R 3R .

1. 8 byte mode, programming E2PROM

® Set target address to EEARHI/L register

® Set new data to EEDR register

® Set EEPM[3:1] =000, EEPM[0] can be 0 or 1



® Set EEMPE =1 while EEPE =0
® In 4 clock cycles, set EEPE =1

32 fir#is, %72 E2PROM
i E2PD0~3, #E4% 32 fr¥dE
B E Biriiit 3] EEARH/L 7785 RIXERFINFT M, FLASH #4385/ EEAR[15:21/E 517 W FLASH (3.
B EEPM[3:1] = 010, EEPM[O]TT#:E X 0 2 1
#*E EEMPE=1, [FBf EEPE=0
TEPANAIAN, B8 EEPE =1
32 bit mode, programming E2PROM
Prepare 32 bit data via E2PD0°3
® Set target address to EERAH/L. Note that here it is the address of byte alignment. Flash controller
use EEAR[15:2] as address access to FLASH.
® Set EEPM[3:1] =010, EEPM[0] can be 0 or 1
Set EEMPE = 1 while EEPE =0
® In 4 clock cycles, set EEPE =1

MY Y Y Y "N

. 8 fufix, i E2PROM
VE Hbrihhk 3] EEARH/L 277788
% E EEPM[3:1] = 000
% E EERE = 1 j53)) E2PROM iL4f
L85 2 ANEAE FUTFIA NOP #:4F)
F A ke B2 IR S4B 4 SE B 8] EEDR % 47 4%
8 bit mode, read E2PROM
® Set target address to EEARHI/L register
Set EEPM[3:1] = 000
Set EERE = 1, enable E2PROM read operation
Wait for 2 cycles( execute two NOP operation)
Data corresponding to target address is updated to EEDR register.

W 5" " " Y YW

4. 32 fiE=, i E2PROM
C 1 E EEARH/L JyHbriht, Hhhity 4 455
C B EEPM[3:1]= 010, JF/d 32 fud st
C %H EERE =1, JH3) E2PROM BH
C B2 N RGN (BATHA NOP #74)
4. 32 bit mode, read E2PROM
® Set EEARH/L as target address, address is 4 byte alignment
® Set EEPM[3:1] = 010, open 32 bit interface mode
® Set EERE =1, enable E2PROM read operation
® Wait for 2 system clock cycle (execute two NOP instruction)

E2PCTL Uil Bl E2PROM #[Hl, SCRpIESEGAERIN, JEL5 B0 T/ 2 O — MRS AR F =2, A M T3 FLASH 1)
75 o SRR AN SR 32 7 B8 FE RO BE g PR R A o SELL YT MBSl S ECCR A7 4317 SWM {7 fE. SWM fife/s, # Mkl E2PCTL 5
KA, E2PROM 2% [l () R AR BB AESE B AR 5. AEE SR AR N, E2PCTL il 48 AR df H bxiuhk o1 80 15 100 B AL B 01 o (EL7E I S g e i =i
R IR B, S E g e, AN B3k CPOM DS HE A H, WA SR IELR.

LR RIS — RERAEHT, EIEE SWM A% LESgFERE, SRU54EAR SWM BT E sl s — e, Miftgims, E2PCTL2H3)



s CPOM XIS RIS BT, FEEH A HIUNE S, ORI, I T8 R L P

E2PCTL access to analog E2PROM memory, and support continuous programming mode, which is very
useful in case a data module need to be updated 1 time, and also can increase the lifespan of FLASH.
Continuous programming mode only supports 32 bit wide data programming operation. SWM bit of ECCR
register enable continuous access mode, after that under continuous programming mode to write analog
E2PROM memory via E2PCTL.

Under continuous programming mode, E2PCTL controller will handle page sway automatically according to
data of target address, if page swap, controller will neither automatically swap data in CP0/1, nor update page
information.

Before the last operation of continuous programming, continuous programming mode is closed by clearing
SWM bit. Than under non-SWM mode, enable the last programming operation. After programming, E2TCTL
will automatically copy data of CP0/1 to swap page and update swap page information, so that it can become
current page, than a complete continuous programming operation is finished.

5. EamBEEIRIERE:
1. 3&id ECCR FEE¥E FLASH X/, 485 SWM fi
2. fEH 32 A AR E2PROM X5,
3. MRARBRE—KEME, BRPR 2 RERET— MR
4. WMEEBBE—YHEE, WeEN swm besEER, REHERAPE 2 FHRERETRRE —REE
5. Flow of continuous programming mode
1. Via ECCR to configure data Flash volume, enable SWM bit
2. Via 32 bit mode, programming to analog E2PROM area
3. If not the last operation, return to step 2 to continue programming next data
4. If it is the last operation, prohibit continuous programming mode via SWM, than to finish the last
programming by using step 2.

E2PCTL Hi%k FLASH ¥dR&®E

E2PCTL il 88k T LR asmiE i, WA LUEN ECCR S8R CPO/1 Arn T 32 i FRdedE 3 e & il AT AT 454l . ECCR #F778%18) CPO/1 43
B TR TR Bl 72 Ao F LRI E H CPO/M KRB 3 B AE

HE CPOM A, ERAZHIBARALTBYBIT A X RO BdE . RTREN—FRBEENE, BER Xt

7€ FLASH B EH R Y, BvEnt iR AT TERERE. FLRATET A FH—FB KRR/ N SRR B SR &, HRREA
ENE, BRESFNERE. SERMRG—MSEHE, BHTETERRERUEEEN:

1. BEH PR RSN EEEIR, BURHR/N 4 AT

2. BREEEFHLSEF A 2B R

3. HERERRT AR EIE, EEEFRR—AREERGR

E2PCTL enhanced FLASH data management

E2PCTL controller features continuous programming mode and it independently control on the swap and
copy of data via CP0/1 page sway of EECR register. CP0/1 of ECCR register are separately used to control
data swap operation of current page CP0/1 during page swap.

If clearing CP0/1 bit, it will not swap data in corresponding area of current page. In this section we introduce
an efficient method to make use of this feature.

During FLASH data updating, the most time consuming operation is to erase swap page. So we have to
address a data management method to reduce swap page erase time as much as possible, which is not only
efficient and also increase lifespan. So here we provide a reference algorithm, that is suitable for data



management based on data block.

1. Assuming user data is only a complete data block, size of data block is times of 4 byte
2. Each data update will update a complete data block

3. Data block info save not only user data, but also block management info.

PDLE=A%MT, RATATUSESFIA E2PCTL BYESSRENAN A ST HA LN, LH—AF3EK FLASH FiREEI . mTREXKEF LN
N MHFARADFERER, I LSEREEEATRAT R T SRRt E 8, BRI DR E SRR #H R F49af2 FLASH, TH#
CPO/M B R il . FR f TERAREFEMB - EERIKIR, BASRETER. SHMSERE R, LEWEBERN T —REmX B
Rt WEBRESISHMAE, E2PCTL HLE3I—RTNEREE, HEFHLEINE.

Based on above 3 conditions, we can achieve a high efficient FLASH data management by making use of
E2PCTL continuous programming mode and automatic page swap. We can program FLASH by order of
address in each data updating, no need to copy data of CP0/1, because data to be updated each time is data
block of same size and each data construction save address to appoint next data block.

Meanwhile each data update is to an area that has been erased, so page will not be erased. When write the
last data block, its construction information appoint to the next data area which return to page starting
address. Afterwards for each data write operation, E2PCTL will enable one page erase, and update current

page.

FLASH B:fERRSH# 1

R VCC HEMIE, FLASH MESHAET RS FE N E MR R EHR. FLASHEERERE TS RIEERTREEMIER.

B4, EWEK FLASH B#BEREFRE—BNIEHRE, KRTXMEE BEESRETSBBHRREER. EoANRE, RARSITEE—FHET,
HREBE—MR/NEER, SRTFEXME, BEIBIROPITHE, AR FLASH WiRfEREMSR. AT DUE T &8 M5 Bas a3 el
*&:

e B RRUERR, ERGEHBAEALRE . X7 DUBE R B A IR ER I HEE(VDT) L. 1R VDT RWBI LA W T EETRENRE, VDT
KoM —AEAES. R VDT WREREBENANEE, WJLBREIHN— AR .

Protection measurement for FLASH operation

If VCC voltage is too low, FLASH erase/ write operation will be wrong. Flash/Data corruption can be caused by
two situations when the voltage is too low

First, a regular FLASH write/erase sequence requires a minimum voltage to operate correctly. Secondly, the
CPU itself can execute instructions incorrectly, if the supply voltage is too low. FLASH data corruption can
easily be avoided by following this design recommendation:

Keep the AVR RESET active during periods of insufficient power supply voltage. This can be done by
enabling the internal low voltage detection circuit (VDT). If the VDT detect voltage level is lower than designed
threshold value, VDT send out a RESET signal. If VDT threshold voltage cannot meet demand, we recommend
a external RESET circuit.

TSR

Register Description
FLASH Hiht % 774%- EEARH/EEARL

EEARH and EEARL — The EEPROM Address Register

EEARH/EEARL

EEARH: 0x22 (0x42) | Default value: 0x0000




EEARL: 0x21 (0x41)

bits EEAR[15:0]

R/W R/W

Bit definition

[7:0] EEARL EFLASH/E2PROM access address 8 bit lower
[14:8] EEARH EFLASH/E2PROM access address 7 bit higher
[15] - Kept as blank, no use

L E2PCTL #4l43Ui MFEFF FLASH Xiit, EEAR[14:2]EV5 I LL 4 FHXF R MEF 2 . EEAR[1:01 R £V i $0lE % /7 4% EEDR I
. BEES% THEXT EEDR $URFARINRIE. E2PCTL 43550k 8/16/32 A=, bR, JLibi EEAR HRUFITXFIL.
When using E2PTL controller to access programming FLASH memory, EEAR[14:2] access the whole

programming memory aligned with 4 byte. EEAR[1:0] is only used when access to data register EEDR. For

details, please refer to description about EEDR data register. E2PCTL controller support 8/16/32 bit mode,

whatever mode, EEAR address via byte alignment.

FLASH %3 # ##4%- EEDR/E2PD0
FLASH data register- EEDR/E2PDO0

EEDR/E2PDO0 — FLASH/E2PROM data register 0

EEDR/E2PDO: 0x20 | Default value: 0x00
(0x40)
bits EEDR[7:0]
R/W R/W
Bit definition
[7:0] EEDR E2PCTL Data register
E2PDO0 When in 16/32 bit mode, used to save lowest byte

FLASH $#E %788~ E2PD1

FLASH data register- E2PD1

E2PD1 - E2PCTL- data register 1

E2PD1: 0x5A Default value: 0x00

bits EEDR1[7:0]

R/W R/W

Bit definition

[7:0] E2PD1 For 16 bit mode, used to save high 8 bit of 16 bit data

data

For 32 bit mode, used to save high 8 bit that is smaller than 16 bit

FLASH ¥ % 17 4¢- E2PD2

FLASH data register- E2PD2

E2PD2 - FLASH data register 2

E2PD2 : 0x57 Default value: 0x00

bits E2PD2 [7:0]

R/W R/IW

Bit definition

[7:0] | E2PD2 | For 32 bit mode, used to save low 8 bit that is higher than 16




bit data

FLASH %47 % 77-83- E2PD3

FLASH data register - E2PD3

E2PD3 - FLASH data register 3

E2PD3 : 0x5C Default value: 0x00

bits E2PD23[7:0]

R/W R/W

Bit definition

[7:0] E2PD3 For 32 bit mode, used to save high 8 bit that is higher than 16

bit data

FLASH A f2H # 77 4%- ECCR
FLASH mode control register - ECCR

ECCR - FLASH/E2PROM configuration register

ECCR: 0x36 (0x56)

| Default value: 0x0C

bits WEN EEN ERN SWM CP1 CPO ECS1 ECS0
R/W R/IW R/W R/W R/W R/W R/W R/W R/W
Initial 0 0 0 0 1 1 0 0
value
Bit definition
[7] WEN ECR write enable control
Before modify ECCR, must write WEN as 1, than within 6ycles, UPDATE ECCR
register
[6] EEN E2PROM enable, only is valid for LGT8F328P
1: Enable E2PROM analog, will reserve partial space from 32KFLASH
0: Prohibit E2PROM analog, all 32KFLASH used for program memory
[5] ERN Write 1 to reset E2PCTL controller
[4] SWM Continuous write mode, only suitable to analog E2PROM controller operation
[3] CP1 Page SWAP CP1 Enable control
[2] CPO Page SWAP CP0 Enable control
[1:0] ECS[1:0] | E2PROM memory configuration
00: 1KB E2PROM, 30KB programming FLASH
01: 2KB E2PROM, 28KB programming FLASH
10: 4KB E2PROM, 24KB programming FLASH
11: 8KB E2PROM, 16KB programming FLASH

FLASH i [ #2 % 7788 - EECR
FLASH access control register-EECR

EECR - FLASH/E2PROM control register

ECCR: 0x1F (0x3F)

| Default value: 0x00

bits EEPM3 EEPM2 EEPM1 EEPMO EERIE EEMPE EEPE EERE
R/W R/IW R/IW R/W R/IW R/W R/IW R/W R/IW
Initial 0 0 0 0 0 0 0 0
value




Bit definition

[7:4] EEPM[3:
0]

ECR write enable control

[3] [2] [1] [0] Mode description

8 bit mode read/write E2PROM ( Default)

16 bit mode read/write E2PROM

32 bit mode read/write E2PROM

ERPROM Erase ( optional)

Program FLASH Erase (page erase)

Of=]O X [X |X

Program FLASH programming

_m a2 l0l00
X | X | X |=|O|O

X 1 1 Reset E2PROM/FLASH controller

[3] EERIE

FLASH/E2PROM ready interrupt enable control. Write 1 enable, write 0 disable.
If EEPE is automatically cleared by hardware, E2PROM ready interrupt is valid.
During period of EPROM operation, interrupt will not be done.

[2] EEMPE

FLASH/E2PROM programming operation enable control

EEMPE is used to control if EEPE is valid or not. When set EEMPE as 1 while EEPE
as 0, than after 4 cycles, set EEPE as 1, programming operation is activated.
Otherwise programming operation is invalid.

4 cycles later, EEMPE will be cleared automatically

[1] EEPE

FLASH/E2PROM programming operation enable bit

[0] EERE

E2PROM write enable bit, data becomes valid within 2 cyles

JBF 110 & 47%83- GPIOR2

General 1/0 register- GPIOR2

GPIOR2 — General /O register- 2

GPIOR2: 0x2B (0x4B) Default value: 0x00

Bits GPIOR2[7:0]

R/W R/W

Initial value 0x00

Bit definition

[7:0] GPIOR2 General /O register- 2, used to save user-defined
data

JBEH 10 %775 - GPIOR1

General 1/O register- GPIOR1

GPIOR1 — General /O register- 1

GPIOR2: 0x2A (0x4A) Default value: 0x00

Bits GPIOR1[7:0]

R/W R/W

Initial value 0x00

Bit definition

[7:0] GPIOR1 General 1/O register- 2, used to save user-defined
data

i@ 110 %473 - GPIORO




General 1/0O register- GPIORO

GPIORO — General I/O register- 0

GPIOR2: 0x1E (0x3E) Default value:
0x00
Bits GPIORO0[7:0]
R/W R/W
Initial value 0x00
Bit definition
[7:0] GPIORO General 1/0O register- 2, used to save user-defined
data
RGN SEE
System Clock and Clock Options
RGP A

Clock Systems and their Distribution

LGT8FX8P XHRFEZ MMM . RET UL TAEE=FEEIRSHNE, S0RMFE 32KHz TTEHE RC #R54%, WHS 32MHz W RC % # ARS8
400KHz ~ 32MHz B34\ . B LGT8FX8P ¥t R445 M, CMU RENMHERKF L, ARG, AR KBS 4HhsT iKet5h
DA B st AT E 4 . — RIS, HARAREER WS RN TE, ATRDREDH, REFERRIMA ORISR, XHARAEHRY
TP B o

BRI, ESETREEMRET.

LGT8FX8P support input of several clock. AVR can work with 3 main clock source, internal 32KHz adjustable
RC oscillator, internal 32MHz adjustable oscillator and external 400KHz~32MHz crystal oscillator input. Below
picture show distribution of LGT8FX8P clock.

CMU is the center of the whole clock system, in charge of frequency divider of clock system, make individual
clock for different module and execute control on clock.

Normally, not all clock is required to work at the same time, to reduce system power consumption, power
management start sleep mode as demand, to close clock that is not of use, detailed operation method,
referring to section of power consumption management.
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AT SLEEP 843t ERIRMENE, ARS8 o

The CPU clock is routed to parts of the system concerned with operation of the LGT8XM AVR and SRAM .
Examples of such modules are the General Purpose Register File, the Status Register. Halting the CPU clock
inhibits the core from performing general operations and calculations. AVR execute sleep instruction and
enter into sleep mode, AVR clock is closed.

Peri_clk

BTSRRI MR, L1488, SPI, USART 4. 10 By St F TIRZISMB H Wikt A4MBtntoh RRERTTZIEE, JEm DU T BE 7
G AME IR TAEAEMSL I PP Lhd TWI (bR 5 Th B2 VT DA R R ER A RIRAR R, SRt B bR B3R 4 TARE R P

Is used to drive most peripheral module, for example Timer/Counter, SPI, USART, etc. 10 Clock is also used to
drive external interrupt module. When external clock is halted because of sleep, some peripherals, that can
use wake up system, can work with independent clock or Async mode. For example, TWI Address identify
function, which work under Async mode, can wake up most sleep mode.

E2P clk

E2P_clk I 8hfH Fr=4 FLASH £ O35 HINF. E2P_clk =435 E2PCTL ¥ FLASH ¥ OB F. E2P_clk [EE3H W# 32MHz HFRC #R% 52
(1 32 4 H(1MHz).. R 2 B EER E2PCTL BRI W FLASH BLEB#E FLASH Z/8], FERBIMEREAES 32MHz 5.
E2P_clk clock is used to generate FLASH access timing sequence. E2P_clk generate timing sequence for
access to E2PCTL and FLASH. E E2P_clk is eternally from 32 frequency divider (1MHz) from 32MHz HFRC
oscillator. If user need to use EOPCTL module to read internal programming FLASH or data FLASH memory, it
is a must to enable internal 32MHZ oscillator in advance.

Asy clk

S RE I AT .

Asynchronous Timer Clock

SERFITHEES AT DA B e F AR i A B IR (32.768K) IRk Bl . X FPASL I SRR, W AE RS EARIRE RN, &
I BT R FRIZAT .

The Asynchronous Timer clock allows the Asynchronous Timer/Counter to be clocked directly from an
external

clock or an external 32kHz clock crystal. The dedicated clock domain allows using this Timer/Counter as a
real-time counter even when the device is in sleep mode.

WDT _clk

WEE 1N 2SR, TTUARCELHENES 32KHz LFRC #R¥% 8, &K H M#8 32MHz HFRC ) 16 4441l (2MHz) . R4 BHE, BRI
$HJEN 32KHz LFRC ¥ 5%.

Internal Watch Dog Timer clock source, can be set up to choose internal 32KHz LFRC oscillator, or 16
frequency divide of 32MHz HFRC (2MHz). After power on., default clock source of WDT is 32KHz LFRC
oscillator.

I iR ik 3%

LGT8FX8P X#F 4 Rl MR, F /T LT PMCR H /288 SE PN B SRR A aefath] DARSERER S UI#:. T2 PMCR 451 &
Clock Source Choice

LGT8FX8P support 4 clock source, user can enable clock source via PMCR register, and realize swap of mater
clock. Below picture shows PMCR control structure:
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Clock Source
PMCR]0] 32MHz RC Enable control, 1 enable, 0 close
PMCRI[1] 32MHz RC Enable control, 1 enable, 0 close
PMCR][2] 400K ~ 32MHz OSC mode enable, 1 enable, 0 close
PMCRJ3] 32K ~ 400K OSC mode enable, 1 enable, 0 close

LGT8FX8P A% Hi)5, BRIMEF] 32MHz RC 15y RGih B, PURZ TARSER 409K 1Y 8 4 JH(4MHz). FH /- FT LB % B PMCR 7 77.4% LA & R G0 i
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When LGT8FX8P is power on, 32MHZ RC is considered as system clock source by default, core work at 8
frequency division domain (4MHz) of clock source. User can change default configuration via PMCR register
and system clock prescaler register(CLKPR).

If user need to change configuration of master clock source, it is a must to ensure that clock source should
be under stable working status before such change. Before change the clock source, to enable clock source
via PMCR[3:0], only start to change till clock is stable.

When user switch master clock to external oscillator, it is possible that crystal oscillator cannot start to work
even external crystal oscillator is enabled, reason could be configuration error or crystal oscillator is out of
work, in this case if user switch to external crystal oscillator, system will stop working. So in consideration of
stability, we suggest to activate watch dog timer and to avoid such issue from the aspect of software design.




Till clock source is enabled and stable, user can switch master clock via PMCR[6:5]. PMCR[5] is used to
decide internal RC oscillator or external crystal oscillator, PMCR][6] is used to decide high speed or low speed
clock source.

(alibrated RC R(32M
32MHz 0SCM

Calibrated RC RC32K
32KHz

32K~ 32MHz 0SCK
05C

| ul
T ‘l XKW _“l E

Master Clock Source

PMCR[6] PMCR[5] Master Clock Source

0 0 Internal RC oscillator ( system default)

0 1 External 400K ~ 32MHz high speed oscillator
1 0 Internal 32KHz RC oscillator

1 1 External 32K ~ 400KHz low speed oscillator

B RS B

SHIRY PMCR FAABHRIMEN, X PMCR FAS MBI T B2 2354 B M k4T . PMCR 37288 B &AL (PMCRI7]) A T sc8lr izl . Fi P
1Ef&EL PMCR HAhfr2 5, %40E %EH PMCR[7IE 1, £E 1 #(E/FH 6 MWK, Fii PMCR HMFHFBME. 6 MNAYIZ J5,  PMCR#)
HEBBCHRK.

Clock source timing sequence control

To protect PMCR register from modification by accident, modification to PMCR register should follow strictly
timing sequence appointed. Highest bit (PMCR[7]) of PMCR register is used for timing sequence control. User
must write PMCR[7] bit as 1 before modification of its other bit, than change value of other PMCR register
within 6 cycles. After this 6 cycles, modification on PMCR will become invalid.

THEURISNEFESRAR, FHBRNKEREDE.

(1) fERERRIR

% PMCR[7] =1

EAMNIHN, RE PMCR[2] =1, {HE85MEFm BRI B ERE C

R IR E (SR R BRAETAR, —& us ZEAHIT)

(2) iR hR C

%E PMCR[7] =1

EANMEABN, 18 PMCR[6:5] = 01, R TIERS B3RS H R C
PATJLA NOP #4E, mfase tE(TiERIE)

[ER]: ZULTHRENSRED, BERIESITRANSNER LE, EUHRISMNES RUUG, 4 TESKHAZATAE RC HRE%GH.




Taking example of switching to external high speed crystal oscillator, recommend steps is as below:

(1) Enable clock source

Set PMCRJ[7] =1

Within 6 cycles, set PMCR[2] = 1, enable external high speed mode, external crystal oscillator

Wait till external crystal oscillator is stable (waiting period is different as crystal oscillator type, normally US
level is enough)

Switch master clock source

Set PMCRJ[7] =1

Within 6 cycles, set PMCR[6:5] = 01, system will switch working clock automatically to external crystal
oscillator.

Execute several NOP operation, to improve stability (optional operation)

Note: Must ensure current system clock work normal when executing the above operation of switching
master clock operation. Can only close previous internal RC oscillator after switching to external crystal
oscillator,

RER PRI
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System Clock Prescaler

LGT8FX8P has a system clock prescaler, and the system clock can be divided by setting the "CLKPR - Clock
Prescale Register”. This feature can be used to decrease the power consumption when the requirement for
processing power is low. This can be used with all clock source options, and it will affect the clock frequency
of the CPU and all synchronous peripherals. When switching between different prescaler settings, the
System Clock Prescaler ensures that no glitches occurs in the clock system. It also ensures that no
intermediate frequency is higher than neither the clock frequency corresponding to the previous setting, nor
the clock frequency corresponding to the new setting.

Prescaler swtiching is immediate once change is done on register. System clock will change to new prescaler
clock no longer than 2~3 current system clock cycles.

To avoid unintentional changes of clock frequency, a special write procedure must be followed to change the
CLKPR:

1. Write the Clock Prescaler Change Enable (CLKPCE) bit to one and all other bits in CLKPR to zero.

2. Within four cycles, write the desired value to CLKPS while writing a zero to CLKPCE.

3. Interrupts must be disabled when changing prescaler setting to make sure the write procedure is not
interrupted

P RC HR& B RHE

LGT8FX8P PI#ASH AR RC 8%, LRWRE, BiAB1%LLAIREE. i 32MHz RC BRAHT R4 TR 4. LGT8FX8P HiF=H,
IS8 32MHz HFRC #I 32KHz LFRC #J#4T 7&K, HERBEBAR 4RESEXR. RALHIES, RERBEESBRADINBETESES,
B RS Pl RC SIRMERRE. REFFRMLT 10 it %=H, APFEFTURES . X THRGSHRFRIMA, T BT Bsikiirs
RN EAR G R . B S ERASKE N EER B, RAEY LRRE AP A NRE L EFMRRE, RS EREsRE
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RC Oscillator Calibration

LGT8FX8P has two RCC oscillator to be calibrated, its tolerance can be within £1%. 32MHz RC is used on
system working clock by default. Before delivery, 32MHz HFRC and 32KHz LFRC have been calibrated, and
calibration value has been written into system configuration. In power-save mode, these calibration values

will be read into internal register, than re-calibrate RC frequency via register. Calibration register locate 10

address memory, user program can be read and write. For special requirement on frequency, to change

register calibration method, frequency output of oscillator can be adjusted. While factory default is not

changed by changing calibration register. Calibration register will restore factory default when system is re-

start or user reload configuration bit.

FHEEX

32MHz HFRC 1R %28 #3777 85 - RCMCAL

Registration Definition
32MHz HFRC Oscillator Calibration Register- RCMCAL

RCMCAL - 32MHz HFRC Calibration Register

RCMCAL: 0x66

Default value: factory default

Bits RCCAL[7:0]

R/W R/W

Bit definition

[7:0] RCCAL Once power on, RC calibration value of system configuration

will replace register value

32KHz RC #% #KeH & #7#%- RCKCAL
32KHz RC Oscillator Calibration Register- RCKCAL

RCKCAL - 32KHz RC Oscillator Calibration Register

RCKCAL: 0x67

Default value: factory default

Bits RCKCAL][7:0]

R/W R/W

Bit definition

[7:0] RCKCAL Writing calibration value to RCKCAL register to calibrate

32KHz RC Oscillator

i SR E R 4748 - PMCR

Clock management register-PMCR

PMCR Clock management register

PMCR: 0xF2 Default value: 0x03

Bits PMCE CLKFS/ WCLKS | OSCKEN | OSCMEN | RCKEN RCME
CLKSS

R/W R/W R/W R/W R/W R/W R/W R/W

Bit definition

[0] RCMEN Internal 32MHz RC Oscillator enable control, 1 enable, 2 disable

[1] RCKEN Internal 32KHz RC Oscillator enable control, 1 enable, 2 disable

[2] OSCMEN | External high frequency crystal oscillator enable control, 1 enable, 0 disable

[3] OSCKEN | External low frequency crystal oscillator enable control, 1 enable, 0 disable




[4]

WCLKS

WDT Clock source choices:
0- Internal 32MHz HFRC oscillator 16 frequency division
1- Internal 32KHz LFRC oscillator

[5] CLKSS Master clock source choice, for clock source type, referring to section of clock
source

[6] CLKFS Master source frequency control, for clock frequency contro, referring to section of
clock source

[7] PMCE PMCR Register Change Enable bit, this bit must be set firstly before other bits. The

other bits value should be set within 4 cycles.

ERHTHI I 8- CLKPR

Master Clock Prescale Register

CLKPR Master Clock Prescale Register

CLKPR: 0x61 Default value: 0x03
Bits WCE CKOEN1 CKOENO | - PS3 PS2 PS1 PS0
R/W R/W R/W R/W - R/W R/W R/W R/W
Bit Definition
[3:0] CLKPS Clock Prescaler Select Bits
PS3 PS2 PS1 PSO division factor
0 0 0 0 1
0 0 0 1 2
0 0 1 0 4
0 0 1 1 8(default value)
0 1 0 0 16
0 1 0 1 32
0 1 1 0 64
0 1 1 1 128
1 0 0 0 256
Other value reserved
[4] - Kept for no use
[5] CKOENO To set if system clock is output from PBO pin
[6] CKOEN1 To set if system clock is output from PE5 pin
[7] WCE Use Clock Prescale to change clock control
Before changing other bits of CLKPR register, must first set CKWEN to one, than to
set other bits in the following 4 cycles. After 4 cycles, CKWEN is clear automatically.
TFEEE
Power Management
R
Overview
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Sleep modes enable the application to shut down system clock and clock modules, thereby saving power.
The LGT8FX8P provides various sleep modes and module controller allowing the user to tailor the power
consumption to the application’s requirements.

In sleep modes, LGT8FX8P will not automatically disable function of analog module, such as ADC, DAC,
AC(analog comparator ), LVD (low voltage detector) and so son. As per requirement, software will disable
unused analog function and resume to correct status after system wake up before going into sleep mode.

LGT8FX8P support several sleep modes, including ADC Noise Reduction which is used to reduce interrupt to
ADC power by digital part during the period of ADC conversion. Other modes are power consumption control
mode, there are 5 modes as below:

Sleep Function

IDLE Only disable core clock, other peripheral work as normal. Idle mode enables the MCU to wake up
from valid interrupts

SAVE Same as DPS0, save mode keep compatible with LGT8FX8D

DPS0 Same as SAVE mode, supported wake-up source include:

Level change of all pins
Watch dog timer wake-up
TMR2 wake up of Asynchronous mode

DPS1 Disable all external oscillator, supported wake-up source include:
External level change of all pins

External interrupt 0/1

Watch dog timer that works with 32K LFRC

DPS2 Disable core power, lowest power consumption mode, supported wake-up source include:
External rest

PORTD pin level change

LPRC Timer wake-up (128ms/256ms/512ms/1s)

LGT8FX8P THHAKIMIR DPS2, ZEZMEAT, RLANH LDO ATHARE, WHEHASR, FESEHEUL SRAM S8 THERE, H
BRSNS RTF. FLASH A fn it FHRERS, Hik DPS2 MRAEBER R RN Th#E. HEME AT LLEd % 0 D(PORTD) S| HIE &L
WeBE, W LLEHE 5 G AR, A TUEER) DPS2 RIEm St TR, WEE 15%Ah, REGATHEBREENRRENA. REN
DPS2 #HAMMEE, «¥4HE LDO, XAEEM EREEMER. SH¥PTEEM EREMEEE, MREERR, K5 NEALH R ML
BATERF. Bk DPS2 DISMIHAIES, AakmNEmE, ERRSEY, FETESEEUE RAMBEHIEER. WEEE, WEMMRIRITKRE
JE—RRASREPAT.

LGT8FX8P support deep sleep DPS2, under this mode, system internal LDO is under power down status, also
core register, all peripheral register and SRAM are all under power down status, while data will not be kept.
FLASH storage unit is also under power down status, so power consumption is the lowest under DPS2 mode.
a pin change interrupt of D(PORTD) can wake up power-down mode, so can 5-level timer can wake up power-
down mode. Timer used to wake up DPS2 does not support calibration with tolerance of 15%, so it is only
suitable for timer wake up application that requires low accuracy.

When system wake up from DPS2 mode, it will enable LDO firstly, this procedure is same as power-on. Chips




will execute complete power on and re-set, load configuration, than execute programming at address pointing
to reset vector. Except DPS2, other mode will not enable internal power. During sleep mode, all register info
and RAM data does not loss. After wake-up, core continues to execute programming starting from the last
instruction before sleep mode.
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As shown above, LGT8FX8P mainly control system power consumption via SMU (Sleep mode unit) and
CMU(Clock mode unit), From level of power-save, we can classify power consumption into below 4 levels:
Level 1: to control module working clock via PRR register. Disable clock that does not use module in order to
save dynamic power consumption of system running. In general, power save consumption of this level is not
obvious.

Level 2: switch master clock source to low frequency clock , and disable unused clock rouse module and
other analog module, level 2 can achieve obvious power save consumption for system running and sleep
mode.

Level 3: make system enter into power-down mode (DPS1), when in this mode, LGT8FX8P can achieve
extremely low stand-by power consumption, after wake up from power-off mode, software can read and fetch
status before reset via MCUSR register.

Level 4: Power-down mode (DPS2), in this mode, core power will be disable to achieve the lowest power
consumption. Under this mode, all data will be lost. Once wake up, a process of power- on while re-set will be



immediately executed, system re-start from reset vector.

AWSON HijFEH
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AWSON Power Management

Compare with LGT8FX8D, power-down mode DPS2 is a total new power consumption mode, it is used for
application with very high requirement on sleep power consumption. When enter into DPS2 mode, system
only keep a static module (AWSON) under working status, other circuit are under complete power-down
status.

AWSON module is exclusively used to take care of sleep and wake up control of DPS2. It is consisted of IP
wake-up control logic and a LPRC with low power consumption. Software can control AWSON via IOCWK
register and DPS2R register.

IOCWK register is used to control wake-up of PD0~7 level change. DPS2R register is to control DPS2 mode
and LPRC function mode. Detailed info, refer to section of register definition at the end of this chapter.

Before enabling DPS2 mode, set up IOCWK via software to enable wake-up 10, or enable LPRC via DPS2R
register while set up timer wake up cycles, than enable DPS2 mode via DPS2EN bit of DPS2R register. After all
these set up, software need to set up DPS2 sleep mode via SMCR register, onwards execute sleep instruction
to enter into sleep.

PRARAE A 5 R BER

LGT8FX8P St 5 FiRiRME=, F PP LURIESH FREFAEIMRIRIER. SMCR FHHREE TR MIEHBRE, YT SLEEP #84)5, W&
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Sleep mode and wake-up source

LGT8FX8P support 5 sleep mode, users can choose suitable one as per application requirement. SMCR
register include set-up of sleep mode. After sleep instruction, core enters into sleep mode. Note that to
achieve much better sleep power consumption, it is recommend to disable all unused clock and analog
module before core enter into sleep mode. Also note of wake up source that need to be generated via working
clock, in this case please keep related clock source under working status if you have to use such kind of
wake up source

PRIRAE R SRR -
Sleep mode and wake up mode:

| Sleep mode Activate clock Wake up source
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To enter any of the five sleep modes, the SE bit in SMCR must be written to logic one, enable sleep mode
control and a SLEEP instruction must be executed. The SM2, SM1, and SMO0 bits in the SMCR Register select
which sleep mode will be activated by the SLEEP instruction. See below description.

When MCU is under sleep mode, if wake source is effective, MCU will wake up in 4 cycles, and continue to
execute instruction. If interrupt keep effective, interrupt will re-start immediately and enter into interrupt
subroutine.

If system reset under sleep mode, MCU can also wake up and start to execute from reset vector.

When MCU is under power/off mode, system can wake up via external interrupt INT0/1, and then MCU
continue to execute from location before sleep.

Z R (IDLE)
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IDLE Mode
When the SM2...0 bits are written to 000, the SLEEP instruction makes the MCU enter Idle mode, stopping the

core clock, while other peripherals work as normal. Idle mode can wake up via external interrupt and internal
interrupt. If do not use comparator and ADC as wake up source ,suggest to disable them. Idle mode do not

decrease power consumption obviously because only core clock is stopped. In idle, core will stop executing
and fetching instructions, so power consumption for running programming flash can be decreased. Idle has




flexible wake-up, to achieve better power consumption, user can decrease system master clock and disable
unnecessary module.
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2 SM2...0 BtE 5 001, $44T SLEEP #84)5, MCU ¥t ADC MRitlfi=l. MR, WU KREAIMERFILTIE, ADC, SR,
TWI HEUCAE, WDT DK TAEZER i 4hER T e i 408 2 #W BLIER THE.

ADC W —ERREEHTH ADC BALRM—A BIFH TS, MRS S

ERMEHTIR. BAXMER)E, ADC ¥ ASNE SRR, BB AES ADC i

FAHBE, ADC HHLRPELE MCU M ADC IR e,

ADC Noise Reduction Mode

When the SM2...0 bits are written to 001, the SLEEP instruction makes the MCU enter ADC Noise Reduction
mode, stopping the core and most peripheral but allowing the ADC, the external interrupts, TWI address
match, WDT as well as Timer/Counter2 under asynchronous clock mode to continue operating.

This improves the noise environment for the ADC, reducing high frequency interrupt of digital module to
analog converter. (Enabling higher resolution measurements). If the ADC is enabled, a conversion starts
automatically when this mode is entered, swap data save in ADC data register. After ADC swap disable
interrupt, MCU wake up from ADC Noise Reduction Mode

4 B (Save)
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Power SAVE Mode:

When the SM2...0 bits are written to 011, the SLEEP instruction makes the MCU enter Power-save mode.
Under this mode, system disable working clocks of all module, so can only wake up via asynchronous mode.
External interrupt, TWI address match as well as WDT working under independent clock source mode can all
generate wake up source for this mode.

Under this mode, all modules except master clock source can be disabled. To achieve perfect running power
consumption, it is recommend to switch system master clock to internal 32KRC or external 32KHz low
frequency crystal oscillator, than to disable all unused clock source and analog modules before entering into
this mode.

H A DPSO
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Power-down mode DPS0

When the SM2...0 bits are written to 010, the SLEEP instruction makes the MCU enter DPS0 mode.

In this mode, except internal 32KHz RC, all other clock source disable. This mode can wake up from external
interrupt INTO/1. If enable interrupt of WDT, it can also wake up on time via WDT.

FHHEA DPS1
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Power down mode DPS1
When the SM2...0 bits are written to 011, the SLEEP instruction makes the MCU enter DPS1 mode. In this
mode, all system clock source are stopped. This mode can wake up via IP level change and watch dog.

HHEMEN DPS2
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Power down mode DPS2

When the SM2...0 bits are written to 111, while enable AWSON module via DPS2EN of DPSR2 register, the
SLEEP instruction makes the MCU enter DPS2 mode. In this mode, system disables core power. All register
and RAM data will loss. Wake up from DSP2 and power-on while reset is identical. In DPS2 mode, because of
core voltage disable and register data lost, interface control status all resume to input status, all |0 output
drive and pull-up will disable.
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FLASH power control and quick wake up

When in sleep mode, instructions will not be executed by core, FLASH power can be off to achieve lower
standby power consumption, which can be done via enable FPDEN bit of MCUCR register. In power-down
mode, system can use external interrupt or WDT wake up. To get rid of possible interference from external
signal, there is a filter circuit, that can be set-up, in the internal wake up circuit. User can choose suitable filter
width according to specific requirement. Set-up of filter circuit can be done via FWKPEN of MCUCR register.
MCUCR[FWKPEN] filter width control as below:

FWKPEN Filter Width

0 260us ( by default)
1 32us

AR

PRERAE A F2 ] #F #7488 - SMCR

Register Description

Sleep mode control register-SMCR

SMCR- Sleep mode control register

SMCR: 0x33(0x53) Default value: 0x00

Bits SM2 SMO SM1 SE

R/W - R/W R/W R/W R/W

Bit definition

[0] SE Sleep mode enable bit, after write to logic 1, execute sleep instruction, core
enter into sleep mode. SE bit protects system from entering into sleep mode
by accident. After wake up, suggest to clear SE bit.




[3:1] SM Sleep Mode Selection
SM2 SMA1 SMO Mode description
0 0 0 IDLE
0 0 1 ADC Noise reduction
0 1 0 Save mode
0 1 1 DPS1
1 1 0 DPSO0
1 1 1 DPS2
Others Kept for no use
[7:4] - Kept for no
use
2 it 4 85- PRR
Power Reduce Register
Power Reduce Register -PRR
PRR: 0x64 Default value: 0x00
PRR PRTWI PRTW2 PRTWO PRTIM1 PRSPI RUARTO0 | PRADC
R/W R/W R/W R/W R/W R/W R/W R/W
Bit definition
[0] PRADC | Writing a logic one to this bit ,shuts down ADC by stopping the clock to the module
[1] RUART | Writing a logic one to this bit shuts down the USART by stopping the clock to the
0 module
[2] PRSPI Writing a logic one to this bit, shuts down the Serial Peripheral Interface by stopping
the clock to the module.
[3] PRTIM1 | Writing a logic one to this bit shuts down the clock to the Timer/Counter1 module.
- Kept for no use
[5] PRTWO0 | Writing a logic one to this bit shuts down the clock to the Timer/Counter0 module
[6] PRTW2 | Writing a logic one to this bit shuts down the clock to the Timer/Counter2 module
[7] PRTWI | Writing a logic one to this bit shuts down the TWI by stopping the clock to the module.
Bit definition

4 riEfl A PRR1

Power Reduce Register-PRR1

Power Reduce Register-PRR1

PRR1: 0x65 Default value: 0x00

PRR1 PRWDT - PRTIM3 PREFL PRPCI -

R/W R/W - R/W R/W R/W -

Bit definition

[0] - Reserved for no use

[1] PRPCI Write to logic one, shut down external pin change and clock to external interrupt
module

[2] PREFL Write to logic one, shut down clock to FLASH controller interface

[3] PRTIM3 Write to logic one, shut down clock to TIM3 controller




[4]

Reserved for no use

[5]

PRWDT

Write to logic one, shut down clock to WDT Counter

[7:6]

Reserved for no use

MCU #fil % 474%- MCUCR
MCU control register-MCUCR

MCU control register-MCUCR

MCUCR: 0x35(0x55)

Default value: 0x00

MCUCR FWKEN FPDEN EXRFD PUD IRLD IFAIL IVSEL WCE
R/W R/W R/W R/W R/W w/O R/O R/W R/W
Bit definition
[0] WCE MCUCR update enable bit. Before update MCUCR, must write this bit, than update
MCUCR register within 6 cycles.
[1] IVSEL Interrupt vector selection bit, write this bit to logic one, interrupt vector address map
into new address based on IVBASE Register value
[2] IFAIL Fail to load bit for system configuration bit
0= pass configuration calibration
1= fail configuration calibration
[3] IRLD Write logic one to re-load system configuration
[4] PUD Global pull up forbidden bits
0= enable global pull up forbidden bits
1= shut down all pull up resister of IO
[5] EXRFD External Reset Filter Forbidden Bit
0= Enable external reset digital filter (190us)
1= Disable external reset digital filter circuit
[6] FPDEN Flash Power/Down Enable control
0= When system in sleep mode, FLASH is under power on status
1=When system in sleep mode, FLASH is under power off status
[7]1 FWKEN Quick Wake Up Mode Enable Control, only effective for Power/Off Mode
0: 260us filter delay
1: 32us filter delay

PD 4H F8 P22 (L RR ] 5 77 3%~ IOCWK
PD Group Level Change Wake Up Register IOCWK

PD Group Level Change Wake Up Register

IOCWK: 0xAE Default value: 0x00

Bits I0CD7 I0CD6 I0CD5 I0CD4 I0CD3 I0CD2 10CD1 10CDO0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit definition

[7:0] | IOCWK | Write 1 to corresponding bit, enable wake up of 10 pin level change of PD group

DPS2 #= ¥ & 775 - DPS2R

DPS2 Mode Control Register- DPS2R

DPS2 Mode Control Register- DPS2R

DPS2R: 0xAF

Default value: 0x00




Bits - - - - DPS2E LPRCE TOS1 TOSO

R/W - - - - R/W R/W R/W R/W
Bit definition
[1:0] TOS LPRC Timer Wake Up Configuration:
00 = 128ms
01 = 256ms
10 = 512ms
M=1s
[2] LPRCE LPRC Enable Control

0 = Disable LPRC Timer
1 = disable LPRC Timer [

[3] DPS2E DPS2 Mode Enable Control
0 = Disable DPS2 Mode
1 = Enable DPS2 Mode

[7:4] - Reserved
R 5H2 A

System Control and Reset
R
Introduction

RGRENUE, FrEH V0 FESHABRENEIIRAIGHE, BFEAEMARLTTE 4T, LGTSFX8P KhirmEiit £, BAH—4 RIMP -
FAXTBERIE O R BIE A A B P REFRAERRITE, RAEMERTEE, THRERRASEER, HiTRRXIE s DR RER A R
FEARES.

During reset, all /0O Registers are set to their initial values, and the program starts execution from the Reset
Vector.

For LGT8FX8P the instruction placed at the Interrupt Vector address must be a RIMP — Relative Jump -
instruction to the reset handling routine. If the program never enables an interrupt and an interrupt source,
the Interrupt Vectors are not used, and regular program code can be placed at these locations.

EHRAFRUE, FA 10 3 OB BATRATERE . KES 10 KIATBARE M Froc B i b s fH . FHMMATIRER V0, AT A%
= /0 Thek.

The I/0O ports are immediately reset to their initial state when a reset source goes active. This does not require
any clock source to be running. Initial status of most I/O is to input while shut down internal pull-up resistor.
There are 1/0 with analog input function and with digital I/O function.

LEMBATH)E, LGTSFX8P WK EN A 1hE, ATREEM. BELL 55 K% EHATRIERZ I RIFEL R $hESRBEN B
ERRE.

Once reset is disable LGT8FX8P internal timer start to activate and used for widening reset, which ensure
system power and clock modules stable operation.

BANE
Reset Source
LGT8FX8P L3 A FhE A




LGTS8FX8P support below 6 reset sources:

O EHEAL: BRGEWITAEHEREAR POR I E A RER, bHEMHR.

C ANREAL: B IANREALS I E— 2 TR IR R, SNSRI

C EBIRELL: EREIVOBEE, mREIAENEEN, RAKLEELL.

C RHEESA: LGT8FX8P WA —MEHEERIBIR(LVD), HRLETIEHERET LVD

BEMEALRER, MCU & HE L.

C BREHEA: LGT8FX8P F¥A — LN AMRNEMFFS, HFwLESXA

FABMERN Z AL MCU.

C OCD £fi: OCD SALRHERBHRA M, HFEESEA MCU A,

Power-on Reset: The POR is activated whenever system working voltage is below the threshold reset level of
internal POR module

External Reset: The POR is activated if there is low level pulse on external reset pin

Watch dog Reset: Enable watch dog module, when watch dog time out, system is reset

Low voltage reset: LGT8FX8P has a LVD (low voltage defection), when system power is lower than designed
reset threshold, MCU is reset

Software reset: LGT8FX8P has a reset register specially triggered by software. User can reset MCU via this
software.
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Clock Sources
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Power on Reset

A Power-on Reset (POR) pulse is generated by an On-chip detection circuit. The POR is activated whenever
VCC is below the detection level. For power on reset detection threshold, please refer to section of electric
data sheet. Power-on Reset circuit ensure chip is reset during period of power on and start to run from a
known stable status. Power-on Reset (POR) pulse can be widen by chip internal counter, so that all kinds of
internal analog module such as RC oscillator can enter into stable working status.
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External Reset

External rest is activated once a low level is applied on external reset pin (RESTN). Reset pulses longer than
the minimum pulse width will generate a reset, even if the clock is not running.

When power on, chip takes External Reset as default. Via shut down of external rest by write on register,
LGT8FX8P external reset pins can be used as general 10. Details please refer to section of IOCR register.
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LVD Reset (Low Voltage Detection)

LGT8FX8P includes a programmable LVD circuit. Different from power-on reset, LVD not only defect VCC
voltage but also voltage threshold. User can choose different voltage thresholds directly via VDTCR register.
LVD has a delay of #10mV~+50mV to filter VCC voltage fluctuate. Enable LVD, LVD reset is activated if VCC is
lower than designed reset threshold. If VCC is higher than reset threshold, reset widen circuit is activated,
reset will be widen for at least 1 millisecond.
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Watchdog Reset

When the Watchdog times out, it will generate a reset pulse of one CK cycle duration if watchdog reset is
enable. Watchdog reset pulse is also widen by internal delay counter. Details on operation of the Watchdog
Timer is as below.

—p 4— 1K Cycle
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Software Reset, OCD Reset

Software Reset is triggered via operation at 6th big of VDTCR register, its timing sequence is the same as
watchdog reset. Reset pulse is widen by 16us. OCD Reset is generated and controlled by internal debugger, it
cannot be triggered by software.
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Watch dog timer

® Clock can select internal 32KHz RC or 16 frequency division (2MHz) of 32MHz RC

® Support interrupt, reset and reset interrupt mode

® Timer time out max. To 8 seconds

LGT8FX8P has an enhanced Watch Dog Timer module. Its clock can be internal 32KHz RC oscillator or 16
frequency division of 32MHZ RC oscillator. When WDT time out, it will output interrupt or system reset signal.
In normal operation mode, it is required that the system uses the WDR - Watchdog Timer Reset - instruction
to restart the counter before the time-out value is reached. If the system doesn't restart the counter, an

interrupt or system reset will be issued.

PMCR[4]

Oscillator Watch Dog Prescaler

32MHZ RC
Osdillator

64K cycdles
128K cycles

256K cycles
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In Interrupt mode, the WDT gives an interrupt when the timer expires. This interrupt can be used to wake the
device from sleep-modes, and also as a general system timer. . One example is to limit the maximum time
allowed for certain operations, stopping current task during time-out. In System Reset mode, the WDT gives a
reset when the timer expires. This is typically used to prevent system hang-up in case of runaway code. The
third mode, Interrupt and System Reset mode, combines the other two modes by first giving an interrupt and
then switch to System Reset mode. This mode will for instance allow a safe shutdown by saving critical
parameters before a system reset.

To prevent WDT from disable by accident, WDT Enable operation must follow timed sequences. The sequence
for clearing WDE is as follows, note that in the below example interrupt has been disable, than the whole
process is not interrupted.

FHBREX
% IEAS I (LVD)$ i #7758 - VDTCR



Register Definition
LVD Control Register-VDTCR

VDTCR -LVD Control Register

VDTCR: 0x62 Default value: 0x00
Bits WCE SWR - VDTS2 VDTS1 VDTSO0 VDREN VDTEN
R/W R/W W/R - R/W R/W R/W R/W R/W
Bit definition
[0] VDTEN LVD module enable control, write one to enable, 0 to disable
[1] VDREN LVD Reset enable control, write one to enable, 0 to disable
[4:2] VDTS Low voltage testing threshold configuration bit
000 = 1.8V
001 =2.2V
010 = 2.5V
011 =2.9V
100 = 3.2V
101 = 3.6V
110 = 4.0V
111 = 4.4V
[5] - Reserved for no use
[6] SWR Software reset enable bit, clear this bit to generate software reset
[7] WCE VDTCR Value Change Enable Bit
Must write this bit logic one before change the value of VDTCR register, than to
change other bits of VDTCR in the following 6 clock cycles. After 4 cycles, WCE is
clear automatically and update operation to VDTCR register become invalid

10 ThEE R H %7588 PMX2

10 Reset Register-PMX2

10 Reset Register-PMX2

PMX2: 0xFO Default value: 0x00

Bits WCE STSC1 STSCO - - XIEN EGEN C6EN

R/W R/W R/W R/W - - R/W R/W R/W

Bit definition

0 C6EN By default PC6 pin is taken as reset, write logic one to this bit to disable external
reset, than PC6 is used as normal I/O

1 EGEN By default PEG6 is taken as analog input, write logic one to this bit to disable
analog input, than this pin can be used as GPIO

2 XIEN External clock input enable control

4:3 - reserved

5 STSCO Low speed oscillator enable control

STSC1 High speed oscillator enable control
7 WCE IOCR value change enable bit

Must write logic one to this bit before changing value of IOCR register, in
following 6 clock cycles, change other bits of IOCR. After 4 cycles WCE is clear
automatically, by than update operation to IOCR register becomes invalid.




MCU Status Register- MCUSR

MCUSR - 10 Special Function Control Register

MCUSR: 0x34(0x54)

By default: 0x00

Bits SWDD - PDRF OCDRF WDRF BORF EXTRF PORF

R/W R/W - R/W R/W R/W R/W R/W R/W

Bit definition

[0] PORF Power on reset flag, write logic zero to clear

[1] EXTRF External reset flag, automatic clear once power on rest, or write logic zero to clear

[2] BORF Low voltage testing reset, automatic clear once power on rest, or write logic zero
to clear

[3] WDRF Watch dog reset flag, automatic clear once power on rest, or write logic zero to
clear

[4] OCDRF OCD Debugger Reset flag, automatic clear once power on rest, or write logic zero
to clear

[5] PDRF Wake up flag from Power/off mode, details refer to section of power consumption
management.

[6] - reserved

[7] SWDD SWD port disable bit. Write logic one to shut down SWD port. After shut down of
SWD port, debug and ISP operation is not possible.
If SWD is shut down in user program, internal program should disable to execute
via pull-down RESET during power on, than debug and ISP operation can be
executed.
When SWD port is shut down, 2 I/O, taken up by SWD, can be used as general I/O.
To avoid SWDD mistake operation, in 4 cycles after first update on SWDD bit, use
must write SWDD bit again.

[EFARR]:

NTENEFERREREMFERE, B REEEFNVIBAITIEREMRER FRHER.
Note: To use reset flag information more accurate, it is recommend to clear it only after user read and fetch

reset flag in the initialization period.

B EHIREHFFH- WDTCSR

Watch dog control status register- WDTCSR

WDTCSR — WDT Control and Status Register

Location: 0x60 By default: 0x00

Bit 7 6 5 4 3 2 1 0

Name | WDIF wDlI | WDP | WDTO | WDE | WDP | WDP | WDP
E 3 E 2 1 0

R/W R/W R/W | RIW R/W R/W | RIW R/W R/W

Bit Name Description

[7] WDIF WDT Interrupt Flag

If WDT is in interrupt mode and overflow occurs, WDIF is set.
If WDT Interrupt enable WDIE to logic one and is changed to global interrupt, WDT
interrupt will be generated.




WDIF bit will be cleared during execution of WDT interrupt, or write logic one to
WDIF

[6] WDIE WDT v i B 5 iz
L E WDIE f5“1”, BA&RTREMN, WDT hiliifist. H%E WDIE A9“0” K, WDT Hliztit.
WDIE fizfl WDE fi—EHe & TN TERK, mTEFsw.
WDT interrupt enable control bit
If write WDIE bit to logic one, and global interrupt is set, WDT interrupt is enable.
If write WDIE bit as logic zero, WDT interrupt is disable.
WDIE and WDE in combine to determine the working mode of watch dog, see below
WDE WDIE Mode Action after time out
0 0 Stop No
0 1 Interrupt mode Interrupt
1 0 Reset mode Reset
1 1 Interrupt reset mode | Reset after intterupt

[5] WDP3 | WDT Prescale factor selection control 3 bit.
WDP[3] and WDP[2:0] consist of WDT Presale factor choose bit WDP[3:0], used to
configure WDT time out cycle.

[4] WDTO | WDT <4 R R4

E LB WDE friE%h, WDTOE fiZEfr, %W WDT A&k,

% WDTOE fr# /s, W7 4 MTSAR/ETES WDTOE fir
WDT shut down enable control bit
If clear WDT bit, WDTOE must be set, otherwise WDT will not be shut down.
When WEDOT bit is changed, hardware will clear WEDTOE bit in 4 clock cycles.

[3] WDE WDT Enable control bit
If write logic one to WDE, WDT is enable. If write logic zero to WDE, WDT is disable.
WDE can be clear only if WDTOE Bit is set. To shut down WDT that is enable, must
follow the below operation by sequence:

1. Setting WDTOE and WDE bit at the same time, even WDE bit has
been written, must write logic one to WDE before shut down
operation

2. Write logic zero to WDE in the following 4 clock cycles. This will
shut down WDT

If WDE bit is logic one, and WDT overflow reset system, WDT reset system flog WDRF
(in MUSR register )is reset. When WDREF is set, WDE is set. So to clear WDE, must
clear WDREF bit.

[2:0] WDP WDT Prescale choose control
Used to configure WDT time out cycle. Suggest to change WDP value before WDT
start to count. Unexpected WDT time out will occur if changing WDP value during
counting.

EIATFEFEIIR

Watch dog prescale list:

WDP3 | WDP2 WDP1 WDPO Watchdog Timer Time-out Cycle 32KHz Clock | 2MHz Clock

0 0 0 0 2K cycles 64ms 1ms




0 0 0 1 4K cycles 128ms 2ms

0 0 1 0 8K cycles 245ms 4ms

0 0 1 1 16K cycles 512ms 8ms

0 1 0 0 32K cycles 1s 16ms
0 1 0 1 64K cycles 2s 32ms
0 1 1 0 128K cycles 4s 64ms
0 1 1 1 256K cycles 8s 128ms
1 0 0 0 512K cycles 16s 256ms
1 0 0 1 1024K cycles 32s 512ms
1 0 1 0

1 0 1 1

1 1 0 0 reserved

1 1 0 1

1 1 1 0

1 1 1 1
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Interrupt and Interrupt Vector

28 Interrupt source

Programmable vector start address

Interrupt source of LGT8F88P/168P/328P are in general the same. Main difference is: LGT8F88P interrupt
vector is 1 instruction word(16bits) while LGT8F168P/328P is 2 instruction words

LGT8F 88 P i1 EFIE

LGTB8F88P Interrupt Vector List

Vector Vector Address Interrupt Source Interrupt Source Description

No. Pulse

1 0x0000 RESET External reset, Power-on reset, watchdog reset, SWD
calibration reset, low voltage reset

2 0x0001 INTO External Interrupt Request 0

3 0x0002 INT1 External Interrupt Request 1

4 0x0003 PCIO Pin Change Interrupt Request 0

5 0x0004 PCI1 Pin Change Interrupt Request 1

6 0x0005 PCI2 Pin Change Interrupt Request 2

7 0x0006 WDT Watchdog Time-out Interrupt

8 0x0007 TC2 COMPA Timer/Counter2 Compare Match A

9 0x0008 TC2 COMPB Timer/Counter2 Compare Match B




10 0x0009 TC2 OVF Timer/Counter2 Overflow

1" 0x000A TC1 CAPT Timer/Counter1 Capture Event

12 0x000B TC1 COMPA Timer/Counter1 Compare Match A
13 0x000C TC1 COMPB Timer/Coutner1 Compare Match B
14 0x000D TC1 OVF Timer/Counter1 Overflow

15 0x000E TCO COMPA Timer/Counter0 Compare Match A
16 0x000F TCO COMPB Timer/Counter0 Compare Match B
17 0x0010 TCO OVF Timer/Counter0 Overflow

18 0x0011 SPI STC SPI Serial Transfer Complete

19 0x0012 USART RXC USART Rx Complete

20 0x0013 USART UDRE USART, Data Register Empty

21 0x0014 USART TXC USART, Tx Complete

22 0x0015 ADC ADC Conversion Complete

23 0x0016 EE_RDY EEPROM Ready

24 0x0017 ANA_COMP Analog Comparator

25 0x0018 TWI 2-wire Serial Interface

26 0x0019 ANA_COMP1 Analog Comparator 1

27 0x001A - Reserved

28 0x001B PCI3 Pin Change Interrupt Request 3

29 0x001C PCl4 Pin Change Interrupt Request 4

30 0x001D TC3_INT Timer/counter 3

LGT8F168P/328P i [n] & 71| 3%
LGT8F168P/328 Interrupt Vector List

Vector Vector Address Interrupt Source Interrupt Source Description

No. Pulse

1 0x0000 Reset External reset, power on reset, watchdog reset, SWD
calibration reset, low voltage reset

2 0x0002 INTO External Interrupt Request 0

3 0x0004 INT1 External Interrupt Request 1

4 0x0006 PCI0 Pin Change Interrupt Request 0

5 0x0008 PCI1 Pin Change Interrupt Request 1

6 0x000A PCI2 Pin Change Interrupt Request 2

7 0x000C WDT Watchdog Time-out Interrupt

8 0x000E TC2COMPA Timer/Counter2 Compare Match A

9 0x0010 TC2COMPB Timer/Counter2 Compare Match B

10 0x0012 TC2 OVF Timer/Counter2 Overflow




1" 0x0014 TC1 CAPT Timer/Counter 1 capture event

12 0x0016 TC1 COMPA Timer/Counter 1 Compare Match A
13 0x0018 TC1 COMPB Timer/Counter 1 Compare Match B
14 0x001A TC1 OVF Timer/Counter1Overflow

15 0x001C TCO0 COMPA Timer/Counter0 Compare Match A
16 0x001E TCO COMPB Timer/Counter0 Compare Match B
17 0x0020 TCO OVF Timer/CounterO Overflow

18 0x0022 SPI STC SPI Serial Transfer Complete

19 0x0024 USART RXC USART Rx Complete

20 0x0026 USART UDRE USART Data Transfer Emptys

21 0x0028 USART TX USART Tx Complete

22 0x002A ADC ACD Conversion Complete

23 0x002C EE_RDY EEPROM Ready

24 0x002E ANA_COMP Analog Comparator

25 0x0030 TWI 2 Wire Serial Interface

26 0x0032 ANA_COMP1 Analog Comparator 1

27 0x0034 - reserved

28 0x0036 PCI3 Pin Change Interrupt 3

29 0x0038 PCl4 Pin Change Interrupt 4

30 0x003A TC3_INT Timer/Counter 3 Interrupt

LGT8FX8P [ & fir i & Mt 0x0000 JFAAFAAT . BREALFIEA, Mot S bl AT Ll
i MCUCR #7784 111 IVSEL LK IVBASE 247 2 B € [ B 512 15X 55 AL df ik«

LGT8FX8P reset vector start to execute starting from 0x0000. Other vector address, via setting IVSEL of
MCUCR register and IVBASE register, are re-appointed to start address of 512 byte aligned

o 1] A R

TR L LGT8F88P Jufil, I T Ut B AL LA Pl e, (X Ht5%.

Interrupt Vector Handling

Below codes are taking LGT8F88P as example, used to descript programming of reset and interrupt vector for
your reference:

Programming Code Example: LGT8F88P

Address Code Comments

0x000 RJMP RESET Reset vector handler

0x001 RJMP EXT_INTO External interrupt 0 handler
0x002 RJMP EXT_INT1 External interrupt 1 handler
0x003 RJMP PCINTO Pin Change Interrupt 0 handler
0x004 RJMP PCINT1 Pin Change Interrupt 1 handler




0x005 RJMP PCINT2 Pin Change Interrupt 2 handler
0x006 RJMP WDT Watchdog timer interrupt handler
0x007 RJMP TIM2_COMPA | Timer/Counter 2 Compare Match A interrupt handler
0x008 RJMP TIM2_COMPB | Timer/Counter 2 Compare Match B interrupt handler
0x009 RJMP TIM2_OVF Timer/Counter 2 Overflow handler
0x00A RJMP TIM1 CAPT Timer/Counter 1 Capture handler
0x00B RJMP TIM1_COMP A | Timer/Counter 1 Compare Match A interrupt handler
0x00C RJMP TIM1_COMP B | Timer/Counter 1 Compare Match B interrupt handler
0x00D RJMP TIM1_OVFR Timer/Counter 1 Overflow handler
0x00E RJMP TIMO_COMP A | Timer/Counter 0 Compare Match A interrupt handler
0x00F RJMP TIMO_COMP B | Timer/Counter 0 Compare Match B interrupt handler
0x010 RJMP TIMO_OVFR Timer/Counter 0S Overflow handler
0x011 RJMP SPI_STC SPI Transfer Complete Handler
0x012 RJMP USART_RXC USART Rx Complete handler
0x013 RJMP USART UDRE | USART Date register empty handler
0x014 RJMP USART_TX USART Tx complete handler
0x015 RJMP ADC ADC Conversion complete handler
0x016 RJMP EE_RDY EEprom ready handler
0x017 RJMP ANA_COMP Comparator handler
0x018 RJMP_TWI TWI Handler
0x019 NOP Reserved address
0x01A NOP Reserved address
0x01B RJMP PCI3 Pin change interrupt handler
0x01C(RESET®© | LDI r16, Main programming start

high(RAMEND)
0x01D OUT SPH, r16 Set stack pointer to top of RAM
0x01E LDI r16,

ow(RAMEND)

0x01F OUT SPL, r16
0x020 SEI Enable globe interrupt
0x021 | ......
TP E X

MCU %% 77-43- MCUCR

Register Definition: MCU Control register-MCUCR

MCUCR-MCU Control Registe

MCUCR: 0x35(0x55)

Default value: 0x00s

MCUCR FWKEN FPDEN EXRFD PUD IRLD IFAIL IVSEL WCE

R/W R/W R/W R/W R/W wi/0 R/O R/W R/W

Bit definition

[0] WCE MCUCR Update enable bit, before any update, must set this bit, than within 6
cycles to update MCUCR register

1] IVSEL Interrupt vector selection. When set this bit to one, interrupt vector address will be




mapping to new address according to IVBASE register value

[2] IFAIL System configuration bit fail to load flag
0=configuration info verification pass
1=configuration info loading fail

[3] IRLD Write logic one to re-load system configuration info

[4] PUD Globe pull up disable bit
0=enable globe pull up control
1=shut down all 10 pull-up resistance

[5] EXRFD External reset filter disable bit
O=enable digital filter of external reset
1=disable digital filter circuit of external reset

[6] FPDEN Flash power/down enable control
0: When system is sleep, flash is still under POWER-ON
1: When system sleep, flash is under power off

[7] FWKENS | Quick wake up mode enable control, only valid for Power/Off mode
0: 260us filter delay
1: 32us filter delay

T 16 4 4 1 95 47-9% — IVBASE
Interrupt vector base register

IVBASE- Interrupt vector base register

IVBASE:0X75 Default value: 0x00

IVBASE IVBASE[7:0]

R/W R/W

Bit definition

[7:0] IVBASE If IVSEL is logic one, interrupt vector (except reset vector), taking IVBASE

as base address, re-map in 512-byte page
After mapping, IVBASE is: (IVBASE<<8) + corresponding vector address

in list 1

A1 7
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External Interrupts

2 external interrupt sources

Pin level change that can be configurable or edge trigger source
Can be used as wake up source under sleep mode

Overview:

SMESFITET INTO AT INTA SR . REESME Rl e, BIMEX 2 A5 IEC B A% A B iR R IT o 30T LU SR P A 3 o 7 o S0 e b7 ol DA el b7
W PR SRR, BN TR S F E% EICRASRECE . MBI A IF HECE V- FalcR (A INTO FINTA SUED B, R
SR, i — B, INTO AT INTA 51 B i sl B s W R 75 22 10 I b IE 6 LA, Tl INTO T INT A 5] TR HRL P fik e o 0 A S
K. BT SR, TR N 10 AR 1 TR, BRIk, 3R 2 ANAMES T T P AR B 23 R A 2 A A 8 AR 5 Fr e B«




A T R e I A 4 R AR S (RIS B, SRR RSP A AR R — S RN )R MCU, - BABEAR MCU X I 75 R U A . SR IK P I AR KR 2 08
KA MCU 25 MBI R, SR fil R S o T o
The External Interrupts are triggered by the INTO and INT1 pins, Observing that, if enabled, the interrupts will

trigger even if the INTO and INT1 or PCINT23...0 pins are configured as outputs. This feature provides a way

of generating a software interrupt. The External Interrupts can be triggered by a falling or rising edge or a

low level. This is set up as indicated in the specification for the External Interrupt Control Registers — EICRA.

When the external interrupt is enabled and is configured as level triggered (has only INTO and INT1 pin), the

interrupt will trigger as long as the pin is held low. Rising or falling edge of INT 0 and INT 1 interrupt can only

be trigger in case 10 clock work normally, while Low level interrupts on INT 0 and INT 1 are detected

asynchronously. The I/O clock is halted in all sleep modes except Idle mode. This implies that these

interrupts can be used for waking the part also from sleep modes other than Idle mode.

If a level triggered interrupt is used for wake-up from Power-down, changed lever must be held for some

time to wake up MCU in order to reduce MCU sensibility degree to noise. The required level must be held

long enough for the MCU to complete the wake-up to trigger the level interrupt .

Register Definition

Register list

Register Address Default value Comments

EICRA 0X69 0X00 External interrupt control register A
EIMSK 0X3D 0X00 External Interrupt Mask Register
EIFR 0X3C 0X00 External interrupt flag register

External interrupt control register A-- EICRA

External interrupt control register A-- EICRA

Address: 0X69

Default value: 0X00

Bit 7 6 5 4 3 2 1 0

Name - - - - ISC11 ISC10 ISCO1 1ISC00

R/W - - - - R/W R/W R/W R/W

Bit Name Comment

7:4 - reserved

3 ISC11 INT1 pin interrupt trigger mode: control high bit (Bit 1)

2 ISC10 INT1 pin interrupt trigger mode: control low bit. (bit 0)
Le)RPUTEMN H GICR S48 AR R BT BRI A B AL, AMERr T 1 i INT1 51 BIBUR.
When globe interrupt and corresponding mask control bit of GICR register are set,
external interrupt 1 is triggered by INT1.
Triger mode of interrupt refer to description in the list. Before edge is detected, The
value on the INT1 pin is sampled. If edge or level change trigger mode is selected,
pulses that
last longer than one clock period will generate an interrupt. Shorter pulses are not
ensured to generate an interrupt. If low level interrupt is selected, the low level must
be held until the completion of the currently executing instruction to generate an
interrupt.

1 ISCO01 INTO pin interrupt trigger mode: control high bit (bit 1)

0 ISCO00 INT1 pin interrupt trigger mode: control low bit. (bit 0)
L2 RF W EAH GICR FAF3% HIARRL b W Rl RO B ALY, SMEE BT 1 B INT1 5] EIBUR .




When globe interrupt and corresponding mask control bit of GICR register are set,
external interrupt 0 is triggered by INTO. Triger mode of interrupt refer to description
in the list. Before edge is detected, the value on the INTO pin is sampled. If edge or
level change trigger mode is selected, pulses that last longer than one clock period
will generate an interrupt. Shorter pulses are not ensured to generate an interrupt. If
low level interrupt is selected, the low level must be held until the completion of the
currently executing instruction to generaste an interrupt.

External Interrupt 1 Trigger Mode as below table:
External interrupt 1 trigger control:

ISC1[1:0] Comments

0 Triggered by low level of external pin INT1

1 Triggered by rising or falling edge of external pin INT1
2 Triggered by falling edge of external pin INT1

3 Triggered by rising edge of external pin INT1

External Interrupt 0 Trigger Mode as below table:
External interrupt 0 trigger control:

ISC1[1:0] Comments

0 Triggered by low level of external pin INTO

1 Triggered by rising or falling edge of external pin INTO
2 Triggered by falling edge of external pin INTO

3 Triggered by rising edge of external pin INTO

External Interrupt Mask Register--EIMSK

External Interrupt Mask Register--EIMSK

Address: 0X3D Default value: 0X00

Bit 7 6 5 4 3 2 1 0

Name - - - - - - INT1 INTO

R/W - - - - - - R/W R/W

Bit Name Comment

7:2 - reserved

1 INT1 External pin 1 interrupt enable control bits
When the INT1 bit is set (one) and globe interrupt is set, external pin one is enable
and wake up is enable. Activity on the pin will cause an interrupt request even if
INT1 is configured as an output. When set INT1 to zero, external pin 1 interrupt is
disable, so is wake up disable.

0 INTO External pin 0 interrupt enable control bit

When set INTO to logic one and globe interrupt is set, external pin 0 interrupt and
wake up are enable. Activity on the pin will cause an interrupt request even if INT1

is configured as an output. When set INTO to zero, external pin 0 interrupt is disable,
so is wake up disable.

External Interrupt Flag Register--EIFR




External Interrupt Flag Register--EIFR

Address: 0X3C Default value: 0X00

Bit 7 6 5 4 3 2 1 0

Name - - - - - - INT1 INTO

R/W - - - - - - R/W R/W

Bit Name Comment

7:2 - reserved

1 INTF1 External pin 1 interrupt flag bit
When an edge on the external pin 1 pin triggers an interrupt request, INTF1
becomes set. While if a low level on the external pin 1 triggers an interrupt, INTF1
will not be set. At this moment if external pin 1 interrupt enable INT1EN bit to logic
one and globe interrupt flag is set, external pin 1 interrupt will be generated. By this
interrupt execution or write logic one to INTF1, INTF1 will be clear automatically.

0 INTFO External pin 0 interrupt flag bit

When an edge on the external pin 0 pin triggers an interrupt request, INTFO
becomes set. While if a low level on the external pin 0 triggers an interrupt, INTF1
will not be set. At this moment if external pin 0 interrupt enable INTOEN bit to logic
one and globe interrupt flag is set, external pin 0 interrupt will be generated. By this
interrupt execution or write logic one to INTFO0, INTFO will be clear automatically.

JEHNE 22 (uDSC)
16 {7 f7-fit x0(LD/ST)

32 Az 2N (DX)

L 16 fzaiEAs(MUL)

32 fr AR IS S H.IC(ALY)

16 f7HIf0iZ 2(SD)
8 JE 32/16 [&ikas

AL {3 I/ 3fe i iE 5 (MAC/MSC)

Algorithm Accelerator (uDSC)

Hik

16 bit storage mode (LD/ST)

32 bit Accumulator (DX)

Single cycle 16-bit multiplier (MUL)

bit algorithm logic operation unit (ALU)

bit saturated algorithm

8 cycle 32/16 divider

Single cycle multiply&plus / multiply&minus algorithm (MAC/MSC)
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4. 32 fir ALU (] BASBL 16/32 Arffihnik, skl A ALE )
5. 16 Mz U TRESHESRIFE R RAM = [H)D

6. 32/16 [Rikds, 8 MHNINEHIEH

Digital Arithmetic Accelerator (uDSC), an co-processor arithmetic module of LGT8XM, in combined with 16 bit
LD/ST mode, features as a 16 bit digital pulse processing unit. It can deal with most control digital pulse.
uDSC internal function as below:

16 bit operand register DX/DY

32 BIT accumulator register DA

Single circle 17 bit multiplier (feature 16 bit multiply algorithm with/without symbol)

32 bit ALU (feature 16/32 bit plus, minus and shift operation)

16 bit saturation arithmetic ( to save algorithm result to RAM memory)

o e~ wN=

32/16 divider, algorithm within 8 cycles

LERRES: e
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16 fir LD/ST TAEMER

¥t uDSC ALE R BRI H AR, LGT8XM W% SEEl—ANE ) 16 £ LD/ST f7-fiiliE, w] LA#H LDD/STD 4 = iI7E uDSC 5 SRAM
VLS FH 27 A 88 SO 2 T EAT 16 A8 e 4t

N T AR IR LDIST $54 A%, LGT8XM M SRAM % i E Wi 4f £ 0x2100~0x28FF .

18] LD/ST 54 M 0x2100~0x28FF Z=[ij7 il SRAM i, W% EITF)E 16 fir LD/ST Zhg, T7F SRAM 5 uDSC Z i 7 uEE. TrRA
LGT8XM P 4% 1) 4k 7 [ Hb bk 4317 «

16 bit LD/ST operation mode:

To increase the efficiency of uDSC to operate big volume data, LGT8XM core features a special 16bit LD/ST
storage channel, using LDD/STD instruction to operate 16 bit data switch between uDSC and SRAM as well as
general register.

To not damage the normal LD/ST instructions system, LGT8XM core maps SRAM memory into
0x2100~0x28FF. When using LD/ST instruction to access SRAM via 0x2100~0x28FF space, LGT8XM core
enable 16 bit LD/ST automatically, and open the direct storage channel between SRAM and uDSC. Below
shows distribution of data memory address LGT8XM core:



n FEATR, LGT8XM W% LUt/ LD/ST #64, 7£ uDSC /] DX/DY/DA 77 17#5 5 SRAM ZJH] ELIEHEAT 16 ALHIEHE /- A7 B Vi . [RI uDSC
FAI P BT EF 7 A WS B 1/O 18], V1] uDSC A7 A7 47> A 8/16 P K.

As shown above, LGT8XM ,using LDD/STD instruction, features 16 bit data access and storage directly
between DX/DY/DA register of uDSC and SRAM. Meanwhile internal register of uDSC map into I/O space. Two
modes, 8/16, can be access to uDSC register.

ubDSC W ikk v HI T2 51/ DX/DY/DA Zif7dssh, W& 15k 2 /> 8 fiiarf74%: uDSC RS F 74 CSR LAKIZHIEL % 774% IR. CSR/IR
HAgdEE 10 A MILAF A5 AL Yiii): Vil DX/DY/ALAH I 16 fr=. nJBAMEH IN/OUT L% LD/ST/LDD/STD/LDS/STD 45 54 1ilil .

UDSC ISR HIR A LK B 27 77 S5 W AT B 10 2200, ELIRAEH] IN/OU #54-TF-hk, W RAE— MBI 52K 8/16 Az RIEHE 7 il .

CSR I T#%# uDSC HI TAERI L S 3 247 uDSC ST HMPIREHRE AL IR Fth] uDSC ST BARIZ 5. uDSC SIS IR # AL — A
WA TER, BRBBATHRSE 7 AR AW, WAL CSR aF 77 & RIER A7 0 W 224 i ) BRididi A 02 15 58 Bl e

PRUERT LD/ST 54 LGT8XM WS FIE M AR % A2 ds 0y LD/ST f%cdin, A X/Y/Z 105 Hbrttuht. 2 HARihky% £ 16 £ SRAM B == R
SLRS LD/ST 484 B AR E & SUA Bl Horh XIYIZ 5584 0 Bt , @ A AR &5 47 38 S0 & SURYE uDSC WUl B UK AR Ak 3877 X
uDSC MU R AE AT T 0x2100~0x28FF HuhiAr sl M 1 CSR W 774514 6 A (MM)BLE .

16 fi LD/ST 30T, #54"LDD Rn, Z+q" Fon 2 IE[Z] bk 16 A28 in# 2] uDSC 1 il drfras b, AR H Z MEHIn—Muie R g". it
Rn (& LS BUHR CSRIMM]IISE R 41K

Except DS/DY/DA register for arithmetic, uDSC has another two 8-bit register: uDSC control status register
(CSR) and arithmetic instruction register (IR). CSR/IR can only be access in unit of byte via I/O space, and it is
16-bit mode when access to DX/DY/AL/AH,which can be access via INJOUT and LD/ST/LDD/STD/LDS/STD
instructions, and so on.

uDSC related control status register and data register are mapped into 10 space, addressing directly via
IN/OU instruction and featuring 8/16 bit data access in one instruction cycle.

CSR is used to control working mode of uDSC and record status flag of current arithmetic executed by uDSC.
IR is used to control specific arithmetic executed by uDSC. Arithmetic, supported by uDSC can be finished
mostly in one cycle, while division operation need 7 waiting cycles. It is also possible t use flag of CSR
register to judge if current division is finished or not.

Standard LD/ST instruction uses general working register of internal LGT8XM as LD/ST data while X/Y/Z as



target address. When target address locate in 16-bit SRAM mapping space, the meaning of LD/ST instruction
operand will change accordingly, while X/Y/Z are still target address. According to uDSC mapping mode, there
are 2 handling methods for meaning of general working register addressing. Note that uDSC mapping mode
works only for storage access to 0x2100~0x28FF. Mapping mode is configured via the 6rd bit(MM) of CSR
register.

In 16-bit LD/ST mode, instruction “LDD Rn, Z+q” indicate that 16-bit data of [Z] address is loaded to uDSC
data register, and add an offset “q” to Z value. Here the relationship between Rn meaning and mapping mode
CSR[MM] is as below:

LDD Rn, Z/Y+q

CSR[MM] [Z+q] Opcode Operations
LDD RO, Z+q DX =[Z]; Z = I + q; RO kept unchanged
0 052 100~0x28FF LDD R1, 7+q DY =[Z]; 7= + q; R1 kept unchanged
LDD R2, Z+q AL = [Z]; Z=Z + q; R2 kept unchanged
LDD R3, 7+q AH = [Z]; Z=7 + q; R3 kept unchanged
{Rn} address for DX/DY/AL/AH in I/0 region
1 0x2100~0x28FF LDD Rn, Z+q [DX/DY/AL/AY] = [Z]; Z=2+q
Rn keep unchanged
STD Z+q, RO [Z] = DX; Z =7 + q; RO kept unchanged
STD Z+q, R1 [Z] =DY; Z =17 + q; R1 kept unchanged
0 0x2100~0x28FF STD Z+q, R2 [Z] = AL; Z =7 + q; R2 kept unchanged
STD 7+q,R3 [Z] = AH; Z = 7 + q; R3 kept unchanged
STD 7+q, R4 [Z] =SD; 7 =7 + q; R4 kept unchanged
{Rn} address for DX/DY/AL/AH/SD in I/0 region
1 0x2100~0x28FF | STD Z+q, Rn [Z] = [DX/DY/AL/AH/SD] addressed by {Rn}
Rn keep unchanged

LGT8XM #5441 LD/ST, LDS/STS #f ] LAV [ 3] 0x2100~0x28FF [X ik, {H)& LDD/STD ¥ Y/Z+q F-htJ7 sV A %k LDD/STD 75 A F-hkHe T
—A ML, FRATAT M Y/Z WE D RAM PR F Bk, 3@ id i LDD/STD #8418 Y/Z+q S5, W LAZE—Na ST 48 2077 B,
T kA B SRSB4 B brdhk.

LGT8XM WHZATE ] LDD/STD 54 (1 Y/Z+q fiks FHLA, 52 PATREY/Z+q)fF 0y 8 MRl $UTSERUE YIZ BHEIFAIE . S
LDD/STD T4k 0x2100~0x28FF [X[a] Hyituhikitf, LDD/STD HI4RAAT KNS : $RAPATH, MEHIY/ZIE)y 16 s Fhbitht, $UT)E, YIZ /)
R He e A & . XFPRE ] DR IR ATE S TR, i K q=2" v LASEILES: 16 Ar &R K- 4t

LD/ST and LDS/STS of LGT8XM instruction set are both able to access to 0x2100~0x28FF area, but it is more
effective to use Y/Z+q addressing method of LDD/STD. Addressing via LDD/STD based on a base address, in
this case we can set Y/Z as base address of RAM data. By using LDD/STD instruction for Y/Z+q addressing,
instruction execution and data storage & fetch can be done in one cycle, and address pointer will be moved to
next target address automatically.

Y/Z+q Offset addressing mode of LDD/STD instruction use [Y/Z+q] as 8-bit data addressing during instruction
execution, after that Y/Z value will not increase. When using LDD/STD to address 0x2100~0x28FF area,
instruction of LDD/STD will change. During instruction execution, [Y/Z] is used as 16-bit data addressing
location, after instruction execution, value of Y/Z is increased by offset indicated by “q”. Because of such



feature, continuous addressing becomes more efficient. If setting “q=2", we can achieve continuous
addressing of 16-bit data.

s
LDD/STD Rn, Z+2
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LGT8XM y 8 frab#ids, Hdf sl LA 9 8h. LGT8F328P & 2K =5 BB 4% 1A] o 3 #0543 2% (] 4 WS %1 0x0100~0x08FF bk . C/C++4i i
B 2 AL E] 0x0100~0x08FF 2], WARIA T CICH++HIE LI —A> 16 AL EA R ZAEH uDSC #HATIZS, Mias 2 Sl 2L R HhhEms
#| 16 £z LD/ST V5 [ (¥ 3tudik [X 35(0x2100~0x28F F). J7 AR 1 8, A i 2Kt AS bk 4% 0x2000 F A% & B AT o

Mapping between Variable address and 16-bit mode address

LGT8XM is a 8-bit processor with unit of byte for data access. LGT8F328P features 2K data memory internally,
this space is mapped into address of 0x0100~0x08FF. C/C++ programming assign variant automatically to
0x0100~0x08FF. If a 16-bit array, defined by C/C++, need to use uDSC for arithmetic, it is a must to map the
address of this variant into 0x2100~0x28FF, that is access to by 16-bit LD/ST. This is very easy: only need to
increase variable address by 0x2000 offset.

uDSC B854k 4 5E X

B BT uDSC 1 IR F A7 A E LI ERAE . uDSC AT A IZ 5 AE#R7E DX/DY/DA Z[M#E47. T LLAEA 16 fiz LD/ST i@iE7E DX/DY/DA
PAK SRAM B2 PR 1) 32 e B ois

uDSC Arithmetic Instruction Set

Software uses IR register of uDSC to appoint desired operations, all arithmetic operations of uDSC are done
between DX/DY/DA. Via 16-bit LD/ST channel, users can make quick data swap in DX/DY/DA and SRAM.




0 0 $t 0 0 1 0 1 | DA=DX+DY

0 0 st 0 0 0 0 1 | DA=DX-DY

0 0 0 1 1 1 0 1 | DA=DY
ADD/SUB

0 0 3 1 1 0 0 1 | DA=-DY

0 0 3 1 0 1 1 1 | DA=DA+DY

0 0 st 1 0 0 1 1 | DA=DA-DY

0 1 §12 | 802 0 1 0 0 | DA=DX*DY

0 1 §12 | S0? 0 0 0 0 | DA=-DX*DY

0 1 §12 | S02 1 1 0 0 | DA=(DX*DY)>>1

0 1 §12 | S0? 1 0 0 0 | DA=(-DX*DY)>>1
MAC/MSC

0 1 §12 | S0? 0 1 1 S | DA=DA+DX*DY

0 1 §12 | S0° 1 1 1 S | DA=(DA+DX*DY)>>1

0 1 §12 | S02 0 0 i | S | DA=DA-DX*DY

0 1 512 | SO¢ 1 0 1 S | DA=(DA-DX*DY)>>1
MISC 1 0 0 0 0 0 0 0 | DA=0

1 0 0 0 0 1 0 S | DA=NEG(DA)

1 0 0 0 1 0 0 S | DA=DX"2

1 0 0 0 1 0 1 S | DA=DY~2

1 0 1 0 0 0 0 S | DA=ABS(DA)

1 0 1 1 0 0 0 0 | DA=DA/DY

1 0 1 1 0 0 0 1 | DA =DA/DY, DY = DA%DY

1 1 0 0 N3 | N2 | NI | NO | DA=DA<<N
SHIFT

1 1 S 1 N3 | N2 | NI | NO | DA=DA>>N

UUE

1. S R HRBHERAN SBHIERT 5IEH

2.81 #) DX £ENERFSH

S2 %R DY B AA R 5H

3.N3...0 AR frfrdl, WL 15 s frffE

4. - FORMATEMEARTRE S MBS 0 801, @iiERN O

Note that:

® S indicate if current arithmetic is with symbol or not.

® S1 indicate if DX is with symbolic number, while S2 indicate if DY is with symbolic number.
® N3...0 shift amount of 4-bit, can make 15-bit shift operation the most.
® - does not indicate “no meaning ” bit, it can be set to zero or one, we suggest zero.
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Register Definition

Name 10 address Comments

DCSR 0x20(0x00) uDSC control status register

DSIR 0x21(0x01) Arithmetic instruction register

DSSD 0x22(0x02) Result of 16-bit saturation arithmetic of accumulator DSA
DSDX 0x10(0x30) Operands DSDX, 16-bit read and write access

DSDY 0x11(0x31) Operands DSDY, 16-bit read and write access

DSAL 0x38(0x58) 32-bit accumulator DSA[15:0], 16-bit read and write access
DSAH 0x39(0x59) 32-bit accumulator DSA[31:16, 16-bit read and write access

DSCR - ZHlRA&HFEH
DSCR---Control Status Register

DS CR — uDSC --Control Status Register

Address: 0x20 (0x00) Default value: 0010_xxxx

Bit 7 6 5 4 3 2 1 0

Name DSUEN MM D1 DO - N V4 C

R/W R/W R/W R/W R/W - R/W R/W R/W

Bit Name Description

7 DSUEN uDSC module enable control: 1= enable,; 0=disable

6 MM uDSC register mapping mode, for details referring to introduction on 16-bit working
mode

0=quick access mode; 1= 10 mapping mode

5 D1 Division arithmetic, 1= done

DO BRIEIB R 0 fREAL

Division arithmetic by zero flag

Unimplemented

3
2 N Arithmetic result is minus flag
1 z Arithmetic result is zero flag
0 C 32 ik AR HEALMEALAR 5

32 Adder carry/borrow

DSIR - 25154 75 17 4
DSIR- Arithmetic Instruction Register

DSIR- Arithmetic Instruction Register

Address: 0x21 (0x01) Default Value: 0000_0000

Bit 7 |6 E |4 3 2 1 0

Name DSIR[7:0]

R/W R/W

Bit Name Description

7:0 IR uDSC arithmetic instruction, referring to section of “arithmetic instruction definition”




DSDX - #:{f: #2174 DSDX
DSDX- Operands Register

DSDX- uDSC Operands Register- DX

Address: 0x30 (0x10)

Default value: 0000_0000

Bit 15 |14 |13 |12 |11 |10 ]9 |8 |7 |6 |5 |4 |3 12 |1 |o
Name DSDX[15:0]

R/W R/W

Bit Name Description

15:0 DSDX 16-bit Operands Register

DSAL - 32 iz Zin#s DA 1% 16 fif
DSAL- Low 16-bit of 32-bit Accumulator DA

DSAL — uDSC operands register DSA low 16-bit

Address: 0x58 (0x38)

Default value: 0000_0000

Bit 15 12 |13 J12 [11 [10 |9 |8 |7 |6 |5 |4 |3 |2 |1 |o
Name DSA [15:0]

RW |RW

Bit Name Description

15:0 | DSAL | DSAL- Low 16-bit of 32-bit Accumulator DA

DSAH - 32 fi 2 n#% DA i 16 fif
DSAH- High 16-bit of 32-bit accumulator DA

DSAH — uDSC operands register DSA high 16-bit

Address: 0x59 (0x39)

Default value: 0000_0000

Bit 15 14 13 |12 |11 |10 ]9 |8 |7 |6 |5 |4 |3 |2 |1 |o
Name DSA[31:16]

RIW RIW

Bit Name Description

15:0 DSAH High 16-bit of 32-bit accumulator DA

DSSD - DA HIAIE 5 % 17 2
DSSD—DA Saturation Arithmetic Register

DSSD- 16-bit DA Saturation Arithmetic Result

Address: 0x22 (0x02)

Default value: 0000_0000

Bit 15 |14 |13 |12 |11 |10 ]9 |8 |7 |6 |5 |4 |3 12 |1 |o
Name DSSD[15:0]

R/W R/W

Bit Name Description

15:0 DSSD 16-bit DA Saturation Arithmetic Result of 32-bit Accumulator DSA

uDSC ¥ H 541
B EARESIEH




T AN B FFEF(AVRGCC), SEBL—A 16 Ariffeikiasy, iRIE 32 frdhiR.:

uDSC Case Study:

Case 1: Basic Configuration and Arithmetic

Below is a very simple subroutine (AVRGCC), featuring a 16-bit multiply arithmetic while return a 32-bit result:

unsigned long dsu_xmubuu (unsigned short dy, unsigned short dx);

UTRZ (RSO RTRIE:

#indude “udsc_definc” - pprode definitions

.global dsu_xmuluu . declare for called from C/C++ code
dsu_xmuluu:

out DSDX, r24 - load DX

out DSDY, r22 - load DY

Idi r20, XMULUU : load opcode

out DSIR, r20 - do multiply

in r22, DSAL {r23,r22} = AL

in r24, DSAH «{r25, r24} = AH

ret

I A ] g H (GPIO)

iR

B #T LGT8XM Pi% RFISHLA MCU #EA /O 3t iE-i-5 WAk . XM, HE— AN O ACIRAE T UET SBI AT CBI 154 S B 2s, iAS:
SR B AT AT /O, [EIRE, B0 — U LA [f B 42 e 0 bty el Lt T DA dtt

LGT8FX8P KR4 1/O A R AIBREFE 1, B JREh R U KA IR . 1O B R IREhAE 1, JH 7 nl ARSI AL 1/O HIBRENAE 1. 1/O HIBRSh
fiE 7R L3RRS — 28 LED.

LGT8FX8P [y K4 I/O nJ LABKZ =ik 30mA 8, nl B3 T3R8 BS LED. ATA 1Y /O ¥y VCC Al GND BLIE#A MLl ESD fRH" ik, &
&/l LUK Eik 5000V ) ESD kit

IO S5 3h i E:

General programmable port GPIO

Overview

MCU, based on LGT8XM core, features Read-Modify-Write when used as 1/0 port, this signify that status of
some port can be changed by SBI and CBI instruction alone, while other 1/0 will not be influenced. This can
be also applied to change some port’s direction or its pull-up resistance.

Most 1/0 of LGT8FX8P features symmetric driving characteristics and can drive or absorb big current. I/O has
two level driving capability, both can be controlled by user individually. I/O driving capability can drive some
LED.

Most I/0 of LGT8FX8P can drive currency up to 30mA, can drive directly segment code LED. VCC and GND of
all I/0s have its individual ESD protection diode, such design can withstand 5000V ESD pulse at least.

Below is I/O equivalent circuit:



Rpu @ '-7
f“‘" @ Logi

AE T A FFaRAE a7, ANEGEYCFRm LT RF 54, NSRRI S . (AR o L AR A28, AU
HER R AP A7 284 7. Liin PORTBS, ‘B3R PORTB W& =z, XHNMG—H PORTxn FoR. /O MXFHFMRMIVEME XL, HSHFHERIMIRMT .
FEAIG DA =A VO F A, ENA: i D EEH & A4 (PORTX), it L1 77 1) %5 4745 (DDRX), - 3iit L B4 N\ 37 A7 45 (PINX). 31 I EUE S
T R A 4 o B i o A28 S5 30 L 7 [ A A2 s Tt T A S

MCUCR Zrf7 841 PUD £z, HIT##ITA /O B EaiafH, =5 PUD foh 1 1, &R ERTLL 1O f Ehi .

KERSY VO Bk T RA @A e, i RAD AN B hRE. BRI R DIREE S5 5 T i L Dh e R B &y

TEE MR, HAR S O S This A SR X s e 11O (. Wi H R FTh bt T A 5 BLE I 110 25 4725 5 il 1 (K4 A /4 e
Tl FARRI BB R AR AT R SO A4

In this section we descript all register the same way, small “x” indicate alphabetic serial number, small “n” for
bit number of 1/0. However accurate register name must be used during programming. For example, PORTB3
indicate the 3™ bit of PORTB, in this case we adopt a unit way: PORT xn. For detailed definition of I.O related
registers, please refer to section of register.

Each port is assigned 3 I/0O register memory: port data output register( PORTXx), port direction register (DDRXx),
port data input register (PINx). Port data input register is read-only, while port data output and port direction
register are both readable and writable.

PUD bit of MCUCR register is used to control pull-up resistance of all I/O. Write logic one to PUD bit to disable
pull-up resistance of all I/O.

Except for input/ output, most /O can be reused for peripheral, for details please refer to section about port
reuse.

Note that to enable reuse of some port, digital I/O function will not be influenced. Moreover some reuse
functions need to pass through input/output of 10 register control port. Specific setting will be introduced in
each reuse module

P N 3

YEJIBH /O I, 3 XU RIRED /O 3, A EEW gife Lf

TFECAE VO 3 B S AR

General Input/output Port:

When it is used as general I/O, I/O port is bidirectional driving, pull-up can be done by programming internally.
Below is an equivalent circuit of general 1/0 port:
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i oy

106K

L
PUD:  PULLUP DISABLE Wi WRITE DDRx
SLEEP: SLEEP (ONTROL Rz READ DORx
10_CLE: 1/0 CLOCK Wi WRITE PORTX
RR: READ PORT REGISTER
AP READ PORTX PIN
WPx: WRITE PINx REGISTER

Ui P FH T B

TG O =AZFE 804 4]: DDxn, PORTxn 1 PINxn. 3 DDxn JH-F Al LLif3d DDRx #F #7451 13, PORTxn f LLifjd PORTx 27 77 2%V i,
PINxn 1] LUES PINx 27 7785510 . DDRxn 257 30 F 8 B o O A A4 7 i) W0 DDxn 24 1, Pxn S k4 B oy — Mo A . R
DDxn & &N 0, Pxn miaic & — AN

Port Configuration:

Each port is controlled by 3 register: DDxn, PORTxn and PINxn. DDxn can be access via DDRXx register,
PORTxn via PORTx REGISTER, and PINxn via PINx register. Register bit of DDRxn is used to design input/
output direction. When DDxn is set to 1, Pxn port is set to be one output port, while DDxn is set to 0, one
input port is set to Pxn.



CPU_CLE

Sync Latch
PEHKD
nr D00 >< O
= 3
Hoememeen
Todumin

A PORTxn A5 1, [FI XA DA BRI 1, 3 ) B A R s RAR AR b D) b di i, PORTxn 4405 04 0 Bl HiX
AN TG B o s 1 o i D AR RS RS, BRI RL
PORTxn B4 1, (71X Ao 450 B i bt 1, Ao LK S BERBl o . iR PORTxn BN 0, i I 4 3R Z ik

If PORTxn bit is written to 1 and this port is set to be an input port, pull-up resistor becomes valid. If user
want to disable pull-up resistor of port, must write PORTxn to 0 or set this port as output. Reset Initial status
of port is input, pull-up resistor is invalid.

Setting PORTxn to 1 and this port as output, external port will be driven as high-level. While setting PORTxn
to 0, port will be driven as low-level.

LTPNE T R7)E S

4 1/0 R A7E = A([DDxn, PORTxn]) = 0b0O0) ATk i 2 1 ¥ ([DDxn, PORTxN] = 0b11) 2 [E AT, 4523 B — AN 1L 450 550 e (1 o PR
R, RRCREAWREEEZR, FAE NI, WK m A LR X AR RARXREN, W RUET MCUCR 274735 1)
PUD £z ¢ it i F i) Ehr e .

[ERE, 78 LR RERHN S AR 2 PR, s HBLERER R, F P 2 404% A =25 ([DDxn, PORTxn] = 0b00) &k # #ii tH % ([DDxn, PORTxn]
= 0b1)fE A AR

Input/output Switch

When 1/O status switch between 3 status ([DDxn, PORTxn]) = 0b00) and output high-level ([DDxn, PORTxn] =
0b11), a intermediate status, port pulled up or low output, will happen. Normally pull-up resistance is
acceptable because difference between high drive and pull-up does not matter under conditions of high
resistance. Otherwise pull-up can be disable via PUD bit of MCUCR register.

Similarly, the same thing will occur for switch between pull-up enable input and output low level.

So users must use 3 status([DDxn, PORTxn] = 0b00) or high output ([DDxn, PORTxn] = 0b11) as intermediate
status.

Port Configuration List

DDxn PORTxn PUD Port Status | Pull-up Comment

0 0 Input Disable Tri-Status(High Z)

0 1 0 Input Enable Input+ internal pull up mode
0 1 1 Input Disable Tri--Status(High Z)




1 0 X Output Disable Low output (fan-in)

1 1 X Output Disable High output (fan-out)

B A

Foie s F 7 1A DDxn W58, #SAT LI PINn 25 77 85 O B30 E A AR . it S Bl O 7= AR EARAS,  PINXn F 77 83 Ao 14
AN BRI F B — AN BT B A — AT B R, Uk PINXn BB 24 R 1 2 (0 — MR /NIAEIR o X ANEIR S RN 1R 5 28 A7 75
MEER, R R Z N 1 ARG,

FAURE RGN RGBSR —A FREH IR, BUFERRTER AR AR SR, By m R BB 938, LR RS FoR. 76
AP HPRE, i DRI, I HAE T — B e i AR A 45 2 PINxn 37245 . LB Tpd,max P Tpd,min i 1 &8 1 55 R e/
R, A 1.5 IR 0.5 .

IR B R AR i B R D E . FR A 1O IS AT SR — N RIS (NOP). I 0 R B R:

Read Port Value
No matter how to set port direction bit DDxn, current status of port can be read via PINxn register bit. PINxn
register bit is the result, that is from port going through a synchronizer, in order to avoid metastable from
direct reading port.

The synchronizing unit is consisted of a latch and a register, so there is a very tiny delay between PINxn value
and current port, such delay, resulted from synchronizer, is no more than 1 and a half system cycle.
Assuming that system cycle start from the 1% falling edge of system clock, data is locked in the latch when
clock is low. While when clock is high, data goes through latch, for which referring to the shallow part of
above picture.

When clock is at low level, port data is latched and is save in PINxn register in the rising edge of the next
clock. As shown above, Tpd,max and Tpd,min are the largest and smallest delay of port data, individually 1.5
and 0.5 cycle.

To read port value set by software, a no-op instruction (NOP) should be inserted in write- and read -byte
support of /0. Timing sequence is shown as below:

netuctions ><Wl Nﬂu15>< NOP >< IN 17, PINX >< ><

Sync Latch

17 £ana >< OHFF

T AT B A R i B RS 01 Sy, 23 MK, 8 XTI 4~7 oI BLAERE TSI 6. 7 ) b RE . SRS SR (A R B A LIRS




frash, AZHRZ AR, 7SR H AT EHSEN T — 4 NOP 454,

The following code example shows how to set port B pins 0 and 1 high, 2 and 3 low, and define the port pins
from 4 to 7 as input with pull-ups assigned to port pins 6 and 7. The resulting pin values are read back again,
but as previously discussed, a nop instruction is included to be able to read back the value recently assigned
to some of the pins.

; Define Puli-ups and set outputs figh
: Define directions for port pins
LDI r16, (L<<PB7)|(1<<PB6)|(1<<PB1)|1=<PB0)
LDIr17, (1<<DDB3)|(1<<DDB2}|(1<<DDB1)|(1<=<DDB0O)
OUT PORTB, r16
OUT DDRB, r17
- Insert nop for synchronization
NOP
= Read port pins

' INr16, PINB ,
unsigned char [;
J¥ Define pull-ups and set outputs high */
/* Define directions for port pins */
PORTB = (1<<PBT7)|(1<<PB6)|(1<<PB1)|(1<<PB0);
DDRB = (1<<DDB3)|(1<<DDB2)|{1<<DDB1)|(1<<DDBO);
¥ Insert nop for syndhronization */
__no_operation();
/* Read port pins */

| 1=PINB;

AT B 5 PR AR

MO 5 R E B rh AT AE B, B AN AT LLAE SLEEP {3 S0 R i A Bt o . SLEEP 155 th MCU FOPRARA% 1l 4% LA K & F pRIRAR 2
Pl CRER] DARIETEREANARIRSG . RGEAS S DR Ayt 1 N 337 2 T 3 J 0 o

Ui 1 ¥) SLEEP #thifE A 24 A R Wi hRE AR . AN SR CAL, SLEEP 420548 vl LURRAE . SLEEP Fihil Dk th 2 bl oAb — 2038 —1hRk
R, B 225 RT3 138 —The N4

Input enable and sleep control

As shown in 1/0 equivalent circuit, the digital input signal can be clamped to ground under the control of
SLEEP signal. SLEEP signal is set by MCU Sleep Controller and all kinds of sleep mode, to avoid currency
leakage if some input signals are left floating during sleep status.

SLEEP of port is overridden by external interrupt pins. If the external interrupt request is not enabled, SLEEP
is active also for these pins. SLEEP is also overridden by various other alternate functions as described in
”Alternate Port Functions” as below.

PR I LR

U CORAS BB A 9 10, T LAE I PORTN %7774 S0 [URAS . R T 3B AT 3 CUROM RS, 3% 5 20 JE RO 0 RS PINX, 4R
JRHUR IS 5 PORTN 2547 4 58 MBS . LGT8FX8P 24t 53 4h—Fh o i ity B FEss LIRS, it FLBE) PINX 2947 885 1 BV AT STl 9652 s
FERABE . HRA1S PINB[3IA 1, BINISTHLKS PB3 (3 LURAS G . 6h T 227 A B O R FIT o, SRy ;A3 1 S

Quick Flip Port Status



Setting port status as output 10, port status can be changed via PORTn register. To flip current port output
status, in general at first need to read current port status PINx, than write return to PORTn register. LGT8FX8P
provide another more efficient mehod to flip status of appointed port, that is writing logic one directly to PINx
regsiter. For example: if we write PINB[3] as logic one, PB3 status will be flipped. For application in need of
output clock, this is very pratical.

B A o 1

LGT8FX8P #543iii F AKAE I REIR & S AU H o bR P934 DAC [¥iiit PD4 4b, HARR AN FE AN ik ORI RE IR,
TR D E NN, R ARYE RO I L, USRI . DIDRO~2 788 T o0 R & Thaksm H 84\ iliE, B
8 G AL N R e O i R IHFER R . DIDRX A2 56l 11 B4 H TR«

Digital/ Analog Alternative port

Som of LGT8FX8P ports are hybrid alternate ports with digital and analog function. Except for DAC output
PD4, other hybrid port are all used as analog input. When ports are used as analog, software has to set it as
input and shut down internal pull-up to avoid influence on analog input. DIDR0~2 register is used to shut
down digital input of multiplex ports to avoid extra power consumption caused by analog input to digital
circuit. DIDRx does not shut down port digital output.

K LR IR 2 o 11

LGT8FX8P 3LHixt £ 6 Bt KLyt HAf sk 11, TRk 80mA IR IRS) . BB K VCC I ol i /BRI, AR RN TS 6 B AR
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Large currency push-pull drive port

LGT8FX8P supports no more than 6 circuits of large currency push-pull drive ports , and 80mA push-pull the
most. Considering the currency limit of VCC for chip, it is not recommended to open 6 circuts of large
currency driving simutanniously. Especially in case of QFP32 packing with only one power port, it is
suggested not to open and drive 4 ciurcuits with large currency load at the same time.

Normal port is driven by 12mA, large currency drive of port can be set by software via HDR register. Ports
with large currency drive capability are as below:

HDR port | QFP48 QFP32 HDR Comments

PD5 PD5 PD5 HDRJO0] N/A

PD6 PD6 PD6 HDRI[1] N/A

PF1 PF1 PD1 HDR[2] PD1 of QFP32 package equals to parallel between PD1 and PF1
PF1 of QFP48

PF2 PF2 PD2 HDR[3] PD2 of QFP32 package equals to parallel between PD2 and PF2
PF2 of QFP48

PF4 PF4 PE4 HDR[4] PE4 of QFP32 package equals to parallel between PE4 and PF4
PF4 of QFP48

PF5 PF5 PES5 HDR[5] PE5 of QFP32 package equals to parallel between PE5 and PF5
PF5 of QFP48
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Free Port Handling

If port is not used, it is suggested to drive them to a fixed level. In any case, pins left floating will cause more
power comsumption and make system unstable under strong interferrence. An easiest method of giving port
a fixed level is to open its pull-up resistor. Note that: pull-up resistor is disabled during power-on reset. Pull-
up resistor will causee extra electricity leagkage, so we suggest use external pull-up or pull-down resistor for
connection. Direct connecting port with power or groundd is not recommended, because if these pins are set
output, destructive influence will occur on chips, resulting from possible large currency going through port.
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Port Multiplex

Most ports has Alternate function, below equivelent circuit show how port is controlled by port multiplex.
These port alternate functions do not all exist in all port pins.

PUDExn

P i
P PUD
N

DDOExn
DDOVxn




PUOExn:
PUOVXN:
DDOBxn:

DDOVxn:

PYOExn:
PYOVxn:

DIEOExn:
DIEOVxn:

SLEEP:
PTOEXn:

Pxn PULL-UP OVERRIDE ENABLE PUD: PULLUP DISABLE

Pxn PULL-UP OVERRIDE VALUE WDx: WRITE DDRx

Pxn DATA DIRECTION OVERRRIDE ENABLE RDx: READ DDRx

Pxn DATA DIRECTION OVERRIDE VALUE RRx: READ PORTx REGISTER

Pxn PORT VALUE OVERRIDE ENABLE WRx: WRITE PORTx

Pxn PORT VALUE OVERRIDE VALUE RPx: READ PORTx PIN

Pxn INPUT-ENABLE OVERRIDE ENABLE WPx: WRITE PINx

Pxn INPUT-ENABLE OVERRIDE VALUE 10 CLK:  1/0 CLOCK

SLEEP CONTROL DIxn: INPUT PIN n ON PORTx

Pxn PORT TOGGLE OVERRIDE ENABLE AlOxn:  ANALOG I/0 PIN n ON PORTx

S DR RIS 5 — ik
Generic Description of Overriding Signals for Alternate Functions

Signal Name Comments
PUOE Pull-up Override If this signal is set, the pull-up enable is controlled by the PUOV signal. If
Enable this signal is cleared, the pull-up is enabled when {DDxn, PORTxn, PUD} =
0b010.
PUOV Pull-up Override If PUOE is set to 1, the pull-up is enabled, if it is set to zero to disabled pull-
Value up
DDOE Data Direction If this signal is set, the Output Driver Enable is controlled by the DDOV
Override Enable signal. If this signal is cleared, the Output driver is enabled by the DDxn
Register bit.
DDOV Data Direction If DDOE and DDOV are set to 1, the Output of PIN is enabled, otherwise
Override Value disable
PVOE Port Value Override | If this signal is set to 1 and the Output Driver is enabled, the port value is
Enable controlled by the PVOV signal. If PVOE is cleared, and the Output Driver is
enabled, the port Value is controlled by the PORTxn Register bit
PVOV Port Value Override | Referring to section of PVOE
Value
PTOE Port Toggle If PTOE is set to 1, the PORTxn Register bit is inverted.
Override Enable
DIEOE Digital Input Enable | If this bit is set to 1, the Digital Input Enable is controlled by the DIEOV
Override Enable signal. If this signal is cleared, the Digital Input Enable is determined by MCU
state
DIEOV Digital Input Enable | If DIEOE is set, the Digital Input is enabled/disabled when DIEOV is
Override Value set/cleared, regardless of the MCU state.
DI Digital Input This is the Digital Input to alternate functions. In the figure, the signal is
connected to the output of the Schmitt Trigger but before the synchronizer.
If this singal is connected with peripheral modules, these modules make
syschrnonized handling as per demand.
AlO Analog Input This is the Analog Input/output. The signal is connected directly to the pad,
and can be used bidirectionally. This singal is connected directly with port of




internal ADC, Compator and other analog modules.
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The following subsections shortly describe the alternate functions for each port, and related control signals.
Port B Pins Alternate Functions

PB7 XTALI/ITOSC2 (External Master Oscillator pin XI)
PCINT7 (Pin Change Interrupt 7)

PB6 XTALO/TOSC1 (External Master Oscillator pin X0)
PCINT6 Pin Change Interrupt 6)

PB5 SCK (SPI Bus Master clock Input)
PCINT5 (Pin Change Interrupt 5)

PB4 MISO (SPI Bus Master Input/Slave Output)
PCINT4 (Pin Change Interrupt 4)

PB3 MOSI (SPI Bus Master Output/Slave Input)

OC2A (Timer/Counter2 Compare Match A Output)
PCINT3 (Pin Change Interrupt 3)

PB2 SSN (SPI Bus input from device) SPI 528 \ ¥t & A
OC1B (Timer/Counter1 Compare Match B Output)
PCINT2 (Pin Change Interrupt 2)

PB1 OC1A (Timer/Counter1 Compare Match A Output)
PCINT1 (Pin Change Interrupt 1)
PBO ICP1 (Timer/Counter1 Capture Input)

CLKO (System Clock Output)
PCINTO (Pin Change Interrupt 0)

XTALI/TOSC2/PCINT7 — %1 B 3} 7

XTALIL: SME@HEEIH XI. ZHERRHNSMESH, X435 HRAREMEN 10 f£H.

TOSC2: sERFESMERIRTIH 2. L3 RC M BN H LTINS, AT FbE ST RE(ASSR FAHME), I HR/E N Erf SR04
RS . &5 ASSR A AS2 #iIRE Y 1, EXCLK NREN 0, AT et /i4Es 2 M RIRKR SR I8, PB7 %53 /0 5
AW, BOAWRIREBORBRR G . XHERT, SSERS 5 TR,

PCINT7: 3| PERMHl 7. PB7 NSMEPWiE. R PB7 A FRI%5H, DDB7,PORTB7 fl PINB7 HEMSRAEME L.

XTALI/TOSC2/PCINT7 —Port B Pin 7

XTALI: external oscillator pin Xl. Used as clock signal for crystal Oscillator the pin cannot be used as an 1/0
pin.

TOSC2: Timer external Oscillator pin 2. Used only if internal RC is selected as master working clock, and the
asynchronous timer is enabled by the correct setting in ASSR register. When the AS2 bit in ASSR is set (one)
and the EXCLK bit is cleared (zero) to enable asynchronous clocking of Timer/Counter2 using the Crystal
Oscillator, PB7 is disconnected from the port, and becomes the inverting output of the Oscillator ampilifier. In
this mode, external crystal Oscillator is connected to this pin.

PCINT7: Pin Change Interrupt 7. The PB7 pin can serve as an external interrupt source.

If PB7 is used as a crystal oscillator pin, DDB7, PORTB7 and PINB7 will all read 0.

XTALO/TOSC1/PCINT6- 31 B 3[f§ 6




XTALO: #MB&d% 31 XO.

TOSCA: ERFSESMRREIRTI B 1. 2930 RC W E Nt METAERoh, JREMERET Rb it SR ThRE(ASSR AR E), Wh3lH1Ey e SBmst
BRI, 24 ASSR HE80 AS2 I E ) 1, EXCLK AREN 0, R T 43R 2 RSN IR RSB TI8E, PB6 #5310
WO, BRAPNERGRABIMASI . XFERT, SRR S5 TR,

PCINT6: 5IHFRL Tl 6. PB6 JNSMEHHIR. 1R PB6 #H T &4%5I /4, DDB6,PORTB6 Fil PINB6 [{EM A EME .

XTALO/TOSC1/PCINT6- Port B Pin 6

XTALO: external crystal oscillator pin XO

TOSC1: Timer external Oscillator pin 1. Used only if internal RC is selected as master working clock, and the
asynchronous timer is enabled by the correct setting in ASSR register.

When the AS2 bit in ASSR is set (one) and the EXCLK bit is cleared (zero) to enable asynchronous clocking of
Timer/Counter2 using the Crystal Oscillator, PB6 is disconnected from internal I/O port, and becomes the
input pin of the Oscillator ampilifier. In this mode, external crystal Oscillator is connected to this pin.

PCINT6: Pin Change Interrupt 6. The PB6 pin can serve as an external interrupt source. If PB6 is used as a
crystal oscillator pin, DDB6, PORTB6 and PINB6 will all read 0.

SCK/PCINT5- 311 B 5l 5

SCK: SPI &8 LA ohHH, ABREARPFRA. 2 SPI BB EN—MNBRE, XNIHRBEREN—MIATIH, T3 DDBS [f#il. %
SPI ISR B AL W&, X5 MK E DDBS5 £, ZiXA 5 itk SPIBE MG, AT LB PORTBS Az 1-hi ki fH.

PCINTS: 5l PRAHET . PBS5 5B,

SCK/PCINT5 - Port B, Bit 5

SCK: Master Clock output, Slave Clock input pin for SPI channel. When the SPI is enabled as a Slave, this pin
is configured as an input regardless of the setting of DDB5. When the SPI is enabled as a Master, the data
direction of this pin is controlled by DDB5. When the pin is forced by the SPI to be an input, the pull-up can
still be controlled by the PORTBS5 bit.

PCINT5: Pin Change Interrupt 5. The PB5 pin can serve as an external interrupt source.

MISO/PCINT4- %M1 B 5| 4

MISO: SPI ¥ L WA HIRMA, ARERIEME. X SPIWRENERE, XM5IHESBEEN AR, 7% DDB4 [{#H]. 4 SPIEN—M
B&R, X5 SR H B DDB4 #fil. 4iXAN5| Bt SPI Ehls Rt AN S, ‘&6 E 3SR T L& PROTBA il

PCINT4: 5l PRAHTET . PB4 MBI,

MISO/PCINT4 — Port B, Bit 4

MISO: Master Data input, Slave Data output pin for SPI channel. When the SPI is enabled as a Master, this pin
is configured by fource as an input regardless of the setting of DDB4. When the SPI is enabled as a Slave, the
data direction of this pin is controlled by DDB4. When the pin is forced by the SPI to be an input, the pull-up
can still be controlled by the PORTB4 bit.

PCINT4: Pin Change Interrupt source 4. The PB4 pin can serve as an external interrupt source.

MOSI/OC2A/PCINT3- 311 B 71 3

MOSI: SPI il 3 =& Hdn M, NREEIEMA. 2 SPIERENNRE, XA S HHSBIREINA, JFA52 DDB3 M. & SPI &l
BEENERE, X5 P:H DDB3 #til. 2ixA5| i SPI & mRE NN, 4R LLiEiT PORTB3 #i &y b s fH.

OC2A: FER/THEE 2 i A AL ILEHH . PB3 B DENERHH4EE 2 LWRILI S84t . B %0853 DDB3 K5I it E vt . R,
OC2A 28 2 [t PWM A=k 5.



PCINT3: SR FB . PB3 NSMEHMIIE.

MOSI/OC2A/PCINT3 - Port B, Bit 3

MOSI: SPI Master Data output, Slave Data input for SPI channel. When the SPI is enabled as a Slave, this pin
is configured as an input regardless of the setting of DDB3. When the SPI is enabled as a Master, the data
direction of this pin is controlled by DDB3. When the pin is forced by the SPI to be an input, the pull-up can
still be controlled by the PORTB3 bit.

OC2A: Timer/Counter 2 Compare Match Output A. The PB3 pin can serve as an external output for the
Timer/Counter2

Compare Match. The PB3 pin has to be configured as an output (DDB3 set (one)) to serve this function. The
OC2A pin is also the output pin for the PWM mode timer function.

PCINT3: Pin Change Interrupt source 3. The PB3 pin can serve as an external interrupt source.

SSN/OC1B/PCINT2- 3 B 5l 2

SSN: SPI A& s\ . 25 SPI BB B N B, XASI I SBREIDVHN, A5 DDB2 M. fEh— AN Bt#&, SPI#EHI#7E SSN
BIRS AR R 24 SPI EeihlASAL BN LB, XA T 77 15 B DDB2 5l . 233X A5l i SPI 28 B NN S, 437 L& PORTB2
] L e pL.

OC1B: R/ 1 ¥ B ALK ILEHH. PB2 7 DME N 1 WRILR S35 . W XFUB5 DDB2 #5I Mg E v . Fbt,
OC1B 2 Er 5 1 i) PWM =5 H 5.

PCINT2: 5l PRAHET . PB2 4B,

SSN/OC1B/PCINT2 - Port B, Bit 2

SSN: Slave Select input. When the SPI is enabled as a Slave, this pin is configured as an input regardless of
the setting of DDB2. As a Slave, the SPI is activated when this pin is driven low. When the SPI is enabled as a
Master, the data direction of this pin is controlled by DDB2.When the pin is forced by the SPI to be an input,
the pull-up can still be controlled by the PORTB2 bit.

OC1B: Timer/Counter 1 Compare Match Output B. The PB2 pin can serve as an external output for the
Timer/Counter 1. The PB2 pin has to be configured as an output (DDB2 set (one)) to serve this function. The
OC1B pin is also the output pin for the PWM mode of Timer 1.

PCINT2: Pin Change Interrupt 2. The PB2 pin can serve as an external interrupt source.

OC1A/PCINT1- %11 B 5 1

OC1A: EHH/THEE 1 1 A 4L ILR%EH . PB1 7 DMEANE I 4038 1 IR s 85 H . M B FUEE DDB1 3| it B vkl . Fst,
OC1A 2R 8% 1 (¥ PWM A=k 5.

PCINT1: SIBHPRMAHE . PB1 5B,

OC1A/PCINT1 - Port B, Bit 1

OC1A: Timer/Counter 1 Compare Match Output A. The PB1 pin can serve as an external output for the
Timer/Counter 1 . The PB1 pin has to be configured as an output (DDB1 set (one)) to serve this function. The
OC1A pin is also the output pin for the PWM mode of Timer 1 function.

PCINT1: Pin Change Interrupt. The PB1 pin can serve as an external interrupt source.

ICP1/CLKO/PCINTO- 31 B B[ 0

ICP1: SERTEE3 1 K2R B

CLKO: R4 T{Ent4iiat, 2 CLKPR HAE#F K CLKOE AL~ 1, XA S HESBERGI NG H, 152 DDBO W], MHMEANUITRAMTE
PR .



PCINTO: 5B F B . PBO NSMEHMIIE.

ICP1/CLKO/PCINTO - Port B, Bit 0

ICP1: Input Capture Pin of Timer/Counter 1

CLKO: System Clock Output. If CLKOE of CLKPR register is set to 1, this pin will be forced to output
regardless of the setting of DDBO0. Output frequency is that of working clock of current system

PCINTO: Pin Change Interrupt. The PBO0 pin can serve as an external interrupt source.

Port C Alternate Function

Pin Alternate Function

PC7 ADCS8 (ADC input channel 8)
APN2 (DAP invert input 2)
PCINT15 (Pin change input 15)

PC6 RESETEN (Output reset input)
PCINT14 (Pin change input 14)
PC5 ADCS5 (ADC input channel 5)

SCL (TWI clock wire)
PCINT13 (Pin change input 13)

PC4 ADC4 (ACD input channel 4)
SDA (TWI data cable)
PCINT12 (Pin change input 12)

PC3 ADC3 (ACD input channel 3)
PCINT11 (Pin change input 11)
PC2 ADC2 (ACD input channel 2)
PCINT11 (Pin change input 10)
PC1 ADC1 (ACD input channel 1)
PCINT9 (Pin change input 9)
PCO ADCO (ACD input channel 0)

PCINT8 (Pin change input 8)

ADCB8/APN2/PCINT15- #tH C 3|/ 6

ADC8: ADC s \ & 8

APN2: ZEZBCKBEIRIFMAMRH 2

PCINT15: 3| BIFEFAibrhli. KA I HKAMEEARATIGRIE, PCT AT DUSCRSM R BE.

ADC8/APN2/PCINT15- Port C Pin 6

ADCS8: ADC external input channel 8

APN2: inverting input port 2 of differential amplifier

PCINT15: pin change interrupt. If shut down the external reset input of this pin, PC7 can be used as external
interrupt source.

RESETN/PCINT14- i C 31 6

RESETN: SMEEAMASI . EREAE, X5 HBRIAASMBEAITIAE. 7T LUET IOCR FAAR KM R AL TBE . RIS E AL TR R, X451
TAEJER VO . EREERKE, ELRMIARAERES, XA, FrilaR - RERAZIXA5 HEKGEM V0 Zitk, s
RSB BNE L AR AL R, B UCRIXAN S B B v Rt ThRE K 11O, FHFEAMERIN—AME X i B A,




PCINT14: 5|JHEFRMLPN. XAXASIHRINTRAEATIREE, PC6 W] LUMB SR R

RESETN/PCINT14- Port C Pin 6

RESETN: External Reset Input Pin. When power on reset, this pin is set to external reset by default, which can
be disable via IOCR register. After disable, pin can be used as general 1/0. Note that: During power on and
reset, the pin is configured as reset input by default, if use need to use general I/O of pin and external circuit
cannot have effect power-on and reset of chips, it is recommend to configure the pin as 1/0 output and add a
suitable external pull-up resistor.

PCINT14: Pin change interrupt. To disable external reset input of this pin, PC6 can be used as external
interrupt source.

SCL/ADC5/PCINT13- 31 C 3l 5

SCL: TWI # O R455. TWCR FAF88 T/ TWEN A28 1 /5, AR TWI B0, PCS5 K TWI Hstil, By TWI BEOHERES.

ADC5: ADC #I\iB1H 5. DIDR #7238 FRASEREH /0 ¥FThae, DUBafriman Sl uiifgm. B4Es% ADC HRET.
PCINT13: 3|BiHFRMLHHT 13

SCL/ADC5/PCINT13- Port C Pin 5

SCL: TWI interface clock signal. Set TWEN of TWCR register to 1.enable TWI interface, PC5 is to be controlled
by TWI and becomes TWI interface clock signal.

ADC5: ADC input channel 5. DIDIR register is used to disable digital function of Digital/ Analog Alternate I/O to
avoid influence from digital part to analog circuit. For details please refer to sections related to ADC

PCINT13: Pin change interrupt 13.

SDA/ADC4/PCINT12- %M C 5l 4

SDA: TWI #0055 . TWCR HFF# T TWEN ALE 1 /5, 6 TWI B0, PC4 M TWI ], By TWI BEOHEEES

ADC4: ADC i \JE3E 4. DIDR %73 A T XRASUES A 10 MEFIIRE, DUBSHTFHANEREERNEH. B4ES% ADC HKRE.
PCINT12: 3] F24L i 12

SDA/ADC4/PCINT12- Port C Pin 1

SDA: TWI interface digital signal. Set TWEN of TWCR register to 1. Enable TWI interface, PC4 is controlled by
TWI and become digital signal of TWI interface.

ACD4: ACD input channel 5. DIDIR register is used to disable digital function of Digital/ Analog Alternate I/O to
avoid influence from digital part to analog circuit. For details please refer to sections related to ADC

PCINT12: Pin change interrupt 12.

ADC3/APN1/PCINT11- %[ C 31§ 3

ADC3: ADC #I\iB1H 3. DIDR ##3 A TRASEREH /0 H¥FIhae, DUBariman Sl uiifgm. B4 Es% ADC HRET.
APN1: Z4TCRBRERA 1

PCINT11: B[ P24 AT 11

ADC3/APN1/PCINT11- Port C Pin 3

ACD3: ACD input channel 3. DIDIR register is used to disable digital function of Digital/ Analog Alternate I/O to
avoid influence from digital part to analog circuit. For details please refer to sections related to ADC

APN1: Differential amplifier inverting input 1

PCINT11: Pin change interrupt 11.

ADC2/APNO/PCINT10- %31 C 5[ 2



ADC2: ADC 3 \JBIE 2. DIDR H7F8H TRMEUEEH 110 WEFIheE, DUB RSB il mim. BkiEs% ADC HREH.
APNO: E4BORE K HEA 0
PCINT10: 3|fH-FZ/L 3T 10

ADC2/APNO/PCINT10- Port C Pin 2

ACD2: ACD input channel 2. DIDIR register is used to disable digital function of Digital/ Analog Alternate I/O to
avoid influence from digital part to analog circuit. For details please refer to sections related to ADC

APNO: Differential amplifier inverting input 0

PCINT10: Pin change interrupt 10.

ADC1/APP1/PCINT9- 31 C Bl 1

ADC1: ADC i \Eif 1. DIDR F7E8H FRMBHEEH 10 WEFIhRe, UBRBTHANED R M. B4iES% ADC k&Y.
APP1: EZBORBEMHA 1

PCINTO: 3| fIe-F34tHMi 9

ADC1/APP1/PCINT9- Port C Pin 1

ACD1: ACD input channel 1. DIDIR register is used to disable digital function of Digital/ Analog Alternate I/O to
avoid influence from digital part to analog circuit. For details please refer to sections related to ADC

APP1: Differential amplifier non-inverting input 1

PCINT9: Pin change interrupt 9.

ADCO/APPO/PCINTS- 30 C 3f# 0

ADCO: ADC #IN\iB1 0. DIDR ##3H TRASEREH /0 ¥FIhae, DUBASriman Sl uiifgm. B4 Es% ADC HRET.
APPO: E4BOKARIERFA 0

PCINTS: 5l s P2 (L7l 8

ADCO/APPO/PCINT8- Port C Pin 0

ACDO: ACD input channel 0. DIDIR register is used to disable digital function of Digital/ Analog Alternate I/O to
avoid influence from digital part to analog circuit. For details please refer to sections related to ADC

APPO: Differential amplifier non-inverting input 0

PCINT8: Pin change interrupt 8.

Port D Alternate Function

Pin Alternate Function

PD7 ACXN ( analog comparator 0/1 public negative terminal input)
PCINT23 (Pin change interrupt 23)

PD6 ACOP (QFP32: analog comparator 0 positive terminal input)

OCOA (Timer/Counter 0 Compare match output A)
OC3A (QFP32: Timer/Counter 3 Compare match output A)
PCINT22 (Pin change interrupt 22)

PD5 T1 (Timer/Counter 1 external counting clock input)
OCOB (Timer/Counter 0 Compare match output B)
PCINT21 (Pin change interrupt 21)

PD4 XCK (USART external clock input/output)
DAO (internal 8-bit DAC analog output)




TO (Timer/Counter 0 external counting clock input)
PCINT20 (Pin change interrupt 20)

PD3 INT1 (external interrupt input 1)
OC2B (Timer/ Counter 2 compare match output B)
PCINT19 (Pin change interrupt 19)

PD2 INTO (external interrupt input 0)

ACO00( Comparator 0 output)

0C3B (QFP32: Timer/counter 3, compare match output B)
PCINT18 ( Pin change interrupt 18)

PD1 TXD ( USART Data output)
OC3A (QFP32: Timer/ Counter 3 compare match output A)
PCINT17 ( Pin change interrupt 17)

PDO RXD (USART Data input)
PCINT16 ( Pin change interrupt 16)

ACXN/OC2B/PCINT23- 30 D 5§l 7

ACXN: MRS 0/1 AF SN

OC2B: e/ 2 i B B ILECHE . PD7 W LMENER /AR 2 WRILAERSMEE H . So 0408 DDD7 ¥ 3 M E Al . FE,
OC2B 2 Em 8 2 i PWM R4y 51,

PCINT23: 5| F2/k iy 23

ACXN/OC2B/PCINT23- Port D Pin7

ACXN: Analog Comparator 0/1 public negative terminal input

OC2B: Time/Counter 2 compare match B. When PD7 is used as external output of Timer/ Counter 2 compare
match, pin must be set to output via DDD7. OC2B is also output pin of Timer 2 PWM mode.

PCINT23: Pin change interrupt 23

ACOP/OCOA/PCINT22- %% D 5If#i 6

ACOP: LB 0 IEFHIA -

OCOA: EMN/THH# 0 11 A AN ILEMH . PD6 A DMERER/THEEE 0 LWRIILE SRS . ki 25 408d DDD6 ¥ 5| B vt . Fi,
OCOA B B35 0 ) PWM Bz 511

PCINT22: 3| Atk i 22

ACOP/OCOA/PCINT22- Port D Pin 6

ACOP: analog comparator 0 positive terminal input

OCOA: Timer/ Counter 0 compare match output A. When PD6 is used as external output of Timer/ Counter 0
compare match, pin must be set to output via DDD6. OCOA is also output pin of Timer 0 PWM mode.

PCINT23: Pin change interrupt 22

T1/0COB/PCINT21- % D 5| 5

T1: ERATEER 1 KNS THRE S

OCOB: ENf/iT%# 0 i B ZLHLEILEHIH. PD5 7] DMENER 7143 0 LN RIS 3R%r it . s 6 JiiE
DDD5 # 5| I B A% . FEf, OCOB th2Eh 2% 0 K PWM Bz i 5]

PCINT21: 5| -FA24L T 21

T1/0CO0B/PCINT21- Port D Pin 5




T1: Timer/ Counter 1 external counting clock input

OCOB: Timer/ Counter 0 compare match output B. When PD5 is used as external output of Timer/ Counter 0
compare match, pin must be set to output via DDD5. OCOB is also output pin of Timer 0 PWM mode.

PCINT23: Pin change interrupt 21

XCKITO/DAO/PCINT20- 31 D Bl 4
XCK: FIB#R USART HSBRTEHE S
TO: SERFATHEE 0 FSMBIHB S
DAO: W 8 iz DAC BiftlrH
PCINT20: 5] P34k 18 20

XCKI/TO/DAO/PCINT20- Port D Pin 4

XCK: external clock signal of USART in synchronize mode
TO: Timer/Counter 0 external counting clock input

DAO: internal 8-bit DAC analog output

PCINT20: Pin change interrupt 20

INT1/0OC2B/PCINT19- 31 D 3} 3

INT1: SR BT 1

OC2B: R 2 i B ALLKILEHH. PD3 B MR 2 RGN . A U408 DDD3 #5IIB viaH . FT,
OC2B 2 Er 5 2 Ity PWM 5 51

PCINT19: 3| B PR 19

INT1/0C2B/PCINT19-Port D Pin 3

INT1: external interrupt input 1

OC2B: Timer/ Counter 2 compare match output B. When PD3 is used as external output of Timer/ Counter 2
compare match, pin must be set to output via DDD3. OC2B is also output pin of Timer 2 PWM mode.

PCINT19: Pin change interrupt 19

INTO/OC3B/ACOO/PCINT18- M D 713 2

INTO: SMEBH BTN 0

OC3B: Ehfil%# 3 LR ILEHH B. N7 QFP32 $f3kh, PD2 5 QFP48/PF2 &3 R—4 10, Kk PF2 L) OC3B Thfstiki M PD2 L
AC00: L 0 Wis REEHH . 1 ACOFR #7384t

PCINT18: 3| B PR 18

INTO/OC3B/ACOO/PCINT18- Port D Pin 2

INT1: external interrupt input 1

OC3B: Timer/ Counter 3 compare match output B. Only in QFP32 packing, PD2 and QFP48/PF2 are combined
to one 10, and OC3B on PF2 is output from PD2

PCINT18: Pin change interrupt 18

TXD/OC3A/PCINT17- 30 D 3 1

TXD: fE5¥EE(USART idifi). USART RIZBMFAR/S, PD1 KRN vkt , 552 DDD1 fyfth]

OC3A: Ehil-%8E 3 LR ILEHH A. NFE QFP32 Hf3&h, PD1 5 QFP48/PF1 &3 —4 10, Kk PF1 1) OC3A Thekt# M\ PD1 i
PCINT17: 3|BIHFRMANHT 17



TXD/OC3A/PCINT17- Port D Pin 1

TXD: Data transfer (USART data output). When USART transmitter is enable, PDI is forced to output
regardless of setting of DDD1.

OC3A: Timer/ Counter 3 compare match output A. Only in QFP32 packing, PD2 and QFP48/PF1 are combined
to one 10, and OC3A on PF1 is output from PD2

PCINT17: Pin change interrupt 17

RXD/PCINT16- %% D 5If# 0

RXD: &% (USART $dEHN). USART BB MR/, PDO KRS NS, 52 DDDO Mkl 251l USART BHAMANG, bR
B4R T LA3EIE PORTDO il

PCINT16: 3|HIHFRMLTHT 16

RXD/PCINT16- Port D Pin 0

RXD: Data transfer (USART data input). When USART receiver is enable, PDO0 is forced to input regardless of
setting of DDDO. If pin is forced to input by USART, pull-up resistor is still control by PORTDO0

PCINT16: Pin change interrupt 16

Port E Alternate Function

PIN Alternate Function Description
PE7 ADC11 (ADC input channel 11)
PCINT31 (Pin change interrupt 31)
PE6 AVREF (QFP32: ADC external referrence voltage)

ADC10 ( ADC input channel 10)
PCINT30 (Pin change interrupt 30)

PES CLKO (system clock output)
AC10 (Analog Comparator 1 output)
PCINT29 (Pin change interrupt 29)

PE4 OCOA (Timer/ Counter 0 Compare Configuration Output A)
PCINT28 (Pin change interrupt 28)
PE3 ADC7 ( ADC input channel 7)

AC1N (Analog Comparator 1 Negative Terminal Input)
PCINT27 (Pin change interrupt 27)

PE2 SWD (SWD Debugger Data Cable)
PCINT26 (Pin change interrupt 26)
PE1 ADCG6 ( ADC input channel 6)

ACXP (Analog Comparator 0/1 Public Positive Ternimal Input
PCINT25(Pin change interrupt 25)

PEO SWC (SWD Debugger Clock Input
APN4 (Differential Amplifier Inverting Input 4)
PCINT24(Pin change interrupt 24)

ADC11 /PCINT31 -3 EB||H 7
ADC11: ADC 4B \iEiE 11
PCINT31: 3| {5 FAS (k. lT 30




ADC11 /PCINT3 1 -PortE Pin7
ADC11: ADC external input channel 11
PCINT31: Pin change interrupt 30

A VREF/ ADC10 / PCINT30 - 3% 1 E 3/ 6

AVREF: ADC SMBS35 HiFmA, FIEEBITiaEn, FERXMBIET 10 WENBA, HOCH ERiEHEE, DUBGRH T MBS B A T30
ADC10: ADC A& N\ EE 10

PCINT30: 5254k HlT 30

A VREF/ ADC10 / PCINT30 - Port E Pin 6
AVREF: ADC external reference voltage input. If used for analog, corresponding digital I/0O should be set to
input and shut down pull-up to avoid intervene of digital circuit on analog circuit.

CLKO/ AC10 / PCINT29 - 317 E 314 5

CLKO: itThét 5 PBO [ CLKO ThekidF. TI{EJy PBO/CLKO [f&H 31
AC10: D LS 1 S

PCINT29: 5|24k H T 29

CLKO/ AC10/PCINT29 - Port E Pin 5

CLKO: function is same as PB0 of CLKO, can used as copy pin of PBO/CLKO
AC10: Analog Comparator 1 output

PCINT29: Pin change interrupt 29

OCOA/PCINT28 - 31 E 5|} 4

OCOA: ZRf/it3ia 0 /9 A AL ILTESH . PE4 T AN e 4588 0 LR UCER MSRaa e o Bkt 04U IE DDE4 #1.5| i BN . B, OCOA
TR RERES 0 [ PWM B2 XA H B

PCINT28: 5|24k ikt 28

OCOA/PCINT28 - Port E Pin 4

OCO0A: Time/Counter 0 Compare Match Output A. If set PE4 as external output of Timer/Counter 0 compare
match, pin must be set to output via DDE4. Meanwhile OCOA is output pin of Timer 0 PWM mode.

PCINT28: Pin change interrupt 28

ADC7/ ACIN/ PCINT27 - 3% 0 E 3| 3

ADC7: ADC i \JE3E 7. DIDR #F3 A T XASMEEH 10 MHFIhRE, DUBSHTFH SXENRBENEm. B4iES% ADC fHRET

AC1N: I LLE AR 1 S

PCINT27: 5 i #1234k it 27

ADC7/ AC1IN/ PCINT27 - Port E Pin 3

ADCT7: ADC input channel 7. DIDR register is used to shut down digital function of digital moducle alternate I/
O, in order that digital part do not influence analog circuit. For details please refer to related section about
ADC

AC1N: Analog comparator 1 negative ternimal input

PCINT27: Pin change interrupt 27

SWD/PCINT26 - 37 E 5/l 2
SWD: SWD HiR5e803E4 . PE2 BRIAH SWD Thas. F /8 D@ MCUSR &-728% SWDD A28 1 355 SWD A58 Thee. SWD #:60)5, ERTh



B ARRESEF
PCINT26: 3| i FAS (Ll 26

SWD/PCINT26 - Port E Pin 2

SWD: SWD Debugger data cable. PE is set to SWD function by detault. Write logic one to SWDD bit of MCUSR
register to shut down SWD debugger function, than debug function can not be used.

PCINT26: Pin change interrupt 26

ADC6/ ACXP / PCINT25 - 3 11 E 3 1

ADC6: ADC #iI\iBETH 6. DIDR A3 TRALAEH 110 WECFIIEE, PLBAETH XS migtgm. BEE5% ADC HREY
ACXP: Hf LR 0/1 AH IESRIMA

PCINT25: 5| s P24k T 25

ADC6/ ACXP / PCINT25 - PORT E Pin 1

ADCG6: ADC input channel 6. DIDR register is used to shut down digital function of digital moducle alternate I/
O, in order that digital part do not influence analog circuit. For details please refer to related section about
ADC

ACXP: Analog comparator 0/1 public positive ternimal input

PCINT25: Pin change interrupt 25

SWC/ APN4 /| PCINT24 - 3% 1 E 31 0

SWC: SWD X8 i4h 4. PEO BRi\>N SWC Bifit. BT LUEIE ¥ MCUSR #7758 SWDD {2 & 1 55 SWD BiXaThak. SWD #XF/E, kD)
BRI R

APN4: ZATHRER R RN 4

PCINT24: 5| P24k kT 24

SWC/APN4 /PCINT24 - Port E Pin 0

SWC: SWD debugger clock cable. PEO is set to SWC by default. SWD debugger is shut down if write logic one
to SWDD bit of MSUSR register, than debug function cannot be used.

APN4: Differential amplifier inverting input 4

PCINT24: Pin change interrupt 24

Terminal E Alternate Function

Pin Alternat Function Description

PF7 OC2B ( Timer/Counter 2 compare match output B)
PCINT39 ( Pin change interrupt 39)

PF6 T3 (Timer/ Counter 3 external clocj input)

OC2A (Timer/Counter 2 compare match output A)
PCINT38 ( Pin change interrupt 38)

PF5 OC12A (Timer/Counter 1 compare match output A)
PCINT37 ( Pin change interrupt 37)
PF4 OC1B ( Timer/Counter 1 compare configuration output B)

ICP3 (Timer/ Counter 3 external capture input)
PCINT36 ( Pin change interrupt 36)

PF3 OCOB ( Timer/Counter 0 compare configuration output B)




PCINT35 ( Pin change interrupt 35)

PF2 OC3B ( Timer/Counter 3 compare configuration output B)
PCINT34 ( Pin change interrupt 34)

PF1 OC3A ( Timer/Counter 3 compare configuration output A)
PCINT33 ( Pin change interrupt 33)

PFO ADC9 (ADC external input channel 9)

APN3 (Differential Amplifier Inverting Input 3)
PCINT32 ( Pin change interrupt 32)

OC2B /PCINT3 9 - 31 F 5| 7
OC2B: EATHas 2 WA TLEHiH B, Hil%#EZ PMX1 FHHEH
PCINT39: 5| i FAE (kM7 39

OC2B /PCINT3 9 - Port F Pin 7
OC2B: Timer/Counter 2 compare match output B, output is decided by PMX1 register
PCINT39 ( Pin change interrupt 39)

OC2A/T3/PCINT3 8 - % F 5} 6

OC2A: MR 2 WEILEHIE A. HHEEREZ PMX1 T 473550
T3: B AT 3 SRS

PCINT38: 5| jis8FA (ki 38

OC2A/T3/ PCINT3 8 - Port F Pin 6

OC2A: Timer/Counter 2 compare match output A, output is decided by PMX1 register
T3: Timer/Counter 3 external clock input

PCINT38 ( Pin change interrupt 38)

0C1A/PCINT 37 -% O F S} 5
OC1A: T ATHH28 1 L LEC Y A, %S PMXO0 S 7783
PCINT37: 5| s FAE (ki MT 37

0C1A / PCINT 37 - Port F Pin 5
OC1A: Timer/Counter 1 compare match output A, output is decided by PMXO0 register
PCINT37: ( Pin change interrupt 37)

ICP3/OC1B/ PCINT 36 - 3 0 F 3/} 4

OC1B: i A+¥#% 1 1 B L HEILE . k3 PMX0 FHHEH
ICP3: ER[TH438 3 SMEEIRIRIAN

PCINT36: 5| s FAfk i 36

ICP3/ OC1B/ PCINT 36 - Port F Pin 4

OC1B: Timer/Counter 1 compare match output B, output is decided by PMXO0 register
ICP3: Timer/Counter 3 external capture input

PCINT36: ( Pin change interrupt 36)




OC3C /OCOB / PCINT 35 - %31 F 5[l 3

OCOB: 2B /i1-4#% 0 (¥ B AL ILIEH . MHEEZ PMX0 &880

OC3C: R H¥5% 3 1) C AL H
PCINT35: 3| i FAS (L i 35

OC3C /0OCO0B / PCINT 35 - Port F Pin 3

OCO0B: Timer/Counter 0 compare match output B, output is decided by PMXO0 register

OC3C: Timer/Counter 3 compare match output C
PCINT35: Pin change interrupt 35

OC3B /PCINT 34 - %0 F 5] 2
OC3B: R38R 3 (1) B AL H H
PCINT34: 5| fi a3 (Ll 34

OC3B /PCINT 34 - Port F Pin 2
OC3B: Timer/Counter 3 compare match output B
PCINT34: Pin change interrupt 34

OC3A/PCINT 33 - 531 F 5] 1

OC3A: 2B /H1-4% 3 (¥ B A LLERILIEH . MHEESZ PMX1 F8%H

PCINT33: 3| i HFAS (L T 33

OC3A/ PCINT 33 - Port F Pin 1

OC3A: Timer/Counter 3 compare match output B, output is decided by PMX1 register

PCINT33: Pin change interrupt 33

ADC9/APN 3 /PCINT 32 - 31 F 31 0
ADC9: ADC SMEIREINEY 9

APN3: Z KB R FHA 3

PCINT32: 5| P24k st 32

ADC9/APN 3/PCINT 32 - Port F Pin 0
ADC9: ADC external mode input channel 9
APN3: Differential amplifier inverting input 3
PCINT32: Pin change interrupt 32

Register Definitioin
Port B output data register-PORTB

Port B output data register-PORTB

PORTB: 0x05(0x25)

Default Value: 0x00

Bit PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
R/W R/W R/W R/IW R/W R/W R/W R/W R/W
Bit definition

[7:0] | PORTB Port B output register




Port B direction register-DDRB

Port B direction register-DDRB

DDRB: 0x04(0x24)

Default Value: 0x00

DDRB DDB7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit definition

[7:0] | DDB | Port B direction register;1=output, 0= input

Port B Input Data Register- PINB

Port B Input Data Register- PINB

PINB: 0x03(0x23) Default Value: 0x00

PINB PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINBO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit definition

[7:0] PINB Port B status register. By reading PINB to get current port status directly. Write logic
one to PINBn to flip output status of PORTBn

Port C Output Data Register-- PORTC

Port C Output Data Register-- PORTC

PORTC: 0x08(0x28)

Default Value: 0x00

PORTC | PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Bit definition

[7:0] | PORTC | Port C output register

Port C direction register--DDRC

Port C direction register--DDRC

DDRC: 0x07(0x27)

Default Value: 0x00

DDRC DDC7 DDC6 DDC5 DDC4 DDC3 DDC2 DDCA1 DDCO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit definition

[7:0] | DDC | Port C direction control bit, 1= output, 0= input

Port C input data register--PINC

Port C input data register--PINC

Default Value: 0x00

PINB: 0x06(0x26)

PINC PINC7 PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINCO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit definition

[7:0] | PINC | Port C direction control bit, 1= output, 0= input

Port D output data register-PORTD

Port D output data register-PORTD




PORTD: 0x0B(0x2B)

Default Value: 0x00

Bit PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit definition
[7:0] | PORTD | Port D output register
Port D dirction register- DDRD
Port C input data register--PINC
DDRD: 0x0A(0x2A) Default Value: 0x00
DDRD DDD7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit definition
[7:0] | DDD Port D output direction control register
Port D input data register- PIND
Port D input data register- PIND
PIND: 0x09(0x29) Default Value: 0x00
PIND PIND7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit definition
[7:0] PIND Port D status register
Reading PIND to get current port level staus
Write logic one to PINDn to flip corresponding bit status of PORTDn
Port E output data register--PORTE
Port E output data register--PORTE
PORTE: 0x0E(0x2E) Default Value: 0x00
Bits PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit definition
[7:0] | PINC | Port E output register
Port E direction register-- DDRE
Port E direction register-- DDRE
DDRE: 0x0D(0x2D) Default Value: 0x00
DDRE DDE7 DDE6 DDE5 DDE4 DDE3 DDE2 DDE1 DDEO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit definition
[7:0] | DDE | Port E direction control register
Port E input data register--PINE
Port E input data register--PINE
PINE: 0x0C(0x2C) Default Value: 0x00
PINE | PINE7 | PINE6 PINES PINE4 PINE3 PINE2 PINE1 PINEO




R/W | R/W R/W R/W R/W R/W R/W R/W R/W
Bit definition
[7:0] PINE Port E status register
Reading PINE to get current port level
Write logic one to PINEN to flip status of PORTEn bit
Port F output register- PORTF
Port F output register- PORTF
PORTF: 0x14(0x34) Default Value: 0x00
Bit PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit definition
[7:0] PINE Port F status register
Port of input mode, write one to enable internal pull-up
Port of output mode, write one to drive output high level
Port F direction control register--DDRF
Port F direction control register--DDRF
DDRF: 0x13(0x33) Default Value: 0x00
Bit DDF7 DDF6 DDF5 DDF4 DDF3 DDF2 DDF1 DDFO0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit definition
[7:0] | DDF | Port F directioon control register
Port F status register--PINF
Port F status register--PINF
PINF: 0x12(0x32) Default Value: 0x00
Bit PINF7 PINF6 PINF5 PINF4 PINF3 PINF2 PINF1 PINFO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit definition
[7:0] DDF Port F status register
Reading PINF to get current port F level
Write logic one to PINFn to flip status of PORTFn bit
Port drive control register—HDR
Port drive control register—HDRO
HDR: 0xEO Default Value: 0x00
Bit - - HDR5 HDR4 HDR3 HDR2 HDR1 HDRO
R/W - - R/W R/W R/W R/W R/W R/W
Bit definition
[7:0] - Reserved
5 HDR5 PF5 output drive control; 1=80mA drive, 0=12mA drive
4 HDR4 PF4 output drive control; 1=80mA drive, 0=12mA drive




3 HDR3 PF2 output drive control; 1=80mA drive, 0=12mA drive
2 HDR2 PF1 output drive control; 1=80mA drive, 0=12mA drive
1 HDR1 PF6 output drive control; 1=80mA drive, 0=12mA drive
0 HDRO PF5 output drive control; 1=80mA drive, 0=12mA drive

Port Alternate Control Register—0-PMXO0

Port Alternate Control Register—0-PMX0

PMXO0: OxEE

Default Value: 0x00

Bit

WCE

C1BF4 C1AF5 COBF3 COACO SSB1 TXD6 RXD5

R/W

R/W

R/W R/W R/W R/W R/W R/W R/W

Bit definition

7

WCE

PMX0/1 update enable; before update, must write logic one to WCE, in the following
6 system clock update will be finished.

C1BF4

OC1B Auxiliary output control
1=0C1B output to PF4
0=0C1B output to PB2

C1AF5

OC1A Auxiliary output control
1=0C1A output to PF5
0=0C1A output to PB1

COBF3

OC1B Auxiliary output control
1=0CO0B output to PF3
0=0CO0B output to PD5

COACO

OCOA Auxiliary output control

OCOA is co-controlled by COACO bit and TCCROB register COAS bit.
{ COACO, COAS} =

00=0OCOA output to PD6

01=0COA output to PE4

10=0COA output to PC0

11=0COA simultaneous output to PE4 and PC0

SSB1

SPSS Auxiliary output control
1= SPSS output to PB1
0= SPSS output to PB2

TXD6

Serial port TXD Auxiliary output
1=TXD output to PD6
0= TXD output to pd1

RXD5

Serial port RXD Auxiliary output
1=RXD input from PD5
0= RXD input from PD0

Port Multiplex Control Register T—PMX1

Port Multiplex Control Register 1—PMX1

PMX1: OxED Default Value: 0x00
Bit - - - - - C3AC C2BF7 C2AF6
R/W - - - - - R/W R/W R/W




Bit definition

[7:3] - Reserved

2 C3AC OC3A Auxiliary output control
1=0C3A output to QFP48/ACOP
0=0C3A output to PF1

1 C2BF7 OC2B Auxiliary output control
1=0C2B output to PF7
0=0C2B output to PD3

0 C2AF6 OC2A Auxiliary output control
1=0C2A output to PF6
0=0C2A output to PB3

Remarks:

PMX0/1 share PMXO0[7], register update protection control bit. How to update PMX1, please refer to section
about PMXO register control to PMXO0[7]

Port Multiplex Control Register 2—PMX2

Port Multiplex Control Register 2—PMX2

PMX2: 0xFO0 Default Value: 0x00

Bit WCE STSC1 STSCO - - XIEN EGEN C6EN

R/W R/W R/W R/W - R/W R/W R/W

Bit definition

[7:3] - Reserved

[7] WCE OC3A Auxiliary output control
1=0C3A output to QFP48/ACOP
0=0C3A output to PF1

[6] STSC1 High speed crystal oscillator 10 enable circuit control
When PMCR enable high speed oscillator, STSC1 is enable automatically. When
system clock switch to external high speed oscillator, STSCI is clear automatically.
When crystal oscillator is stable, software can clear STSC1 manually, shut down
crystal oscillator power-on circuit to save power consumption.

[5] STSCO Low speed crystal oscillator 10 enable circuit control
When PMCR enable low speed oscillator, STSCO is enable automatically. When
system clock switch to external low speed oscillator, STSCO is clear automatically.
When crystal oscillator is stable, software can clear STSC0 manually, shut down
crystal oscillator power-on circuit to save power consumption.

[4:3] - reserved

[2] XIEN Enable external clock input meanwhile enable external crystal oscillator

[1] EGEN Enable general 10 of PE6, PEG6 is set AVREF by default

[0] C6EN Enable general 10 of PC6, PC6 is set external reset by default

51 B HSF AR AL i

40 A5 HRTAR H HR

C 5AFEEAD
R
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Pin Change Interrupt
40 pcs pin change interrupt source
5 pcs interrupt inlet

Overview:

The External Interrupts are triggered by PBn, PCn, PDn, PEn and PFn. Observe that, if enabled, the
interrupts will trigger even if these pins configured as outputs, this feature provides a way of generating a
software interrupt. The pin change interrupt PCI0 will trigger if any enabled PBn pin toggles. The pin change
interrupt PDn will trigger if any enabled PC12 pin toggles. The pin change interrupt PC13 will trigger if any
enabled PEn pin toggles. The PCMSK0~4 Registers control enable of each pin change interrupt. All pin
change interrupts are detected asynchronously. This implies that these interrupts can be used for waking the
part also from sleep modes.

Register Definition

Register | Address Default Value Comments

PCICR 0x68 0x00 Pin Change Interrupt Control Register
PCIFR 0x3B 0x00 Pin Change Interrupt Flag Register
PCMSKO | 0x6B 0x00 Pin Change Mask Register 0

PCMSK1 | 0x6C 0x00 Pin Change Mask Register 1

PCMSK2 | 0x6D 0x00 Pin Change Mask Register 2

PCMSK3 | 0x73 0x00 Pin Change Mask Register 3

PCMSK4 | 0x74 0x00 Pin Change Mask Register 4

PCICR- Pin Change Interrupt Control Register

PCICR- Pin Change Interrupt Control Register

Address: 0x68 Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
Name - - - PCIE4 PCIE3 PCIE2 PCIE1 PCIEO
R/W - - - R/W R/W R/W R/W R/W
Bit Name Description

7:5 - Reserved

4 PCIE4 Pin change interrupt enable control bit 4

When PCIE4 is set to logic one and global interrupt is enable, pin change interrupt 4
is enable. Pin level change of any enabled PFn pin, controlled by PCMSK4 register,
will generate PCI4 interrupt.

When PCIES3 is set to logic zero, pin change interrupt 3 is disable

3 PCIE3 Pin change interrupt enable control bit 3




When PCIE3 is set to logic one and global interrupt is enable, pin change interrupt 3
is enable. Pin level change of any enabled PFn pin, controlled by PCMSK3 register,
will generate PCI3 interrupt.

When PCIES3 is set to logic zero, pin change interrupt 3 is disable

2 PCIE2 Pin change interrupt enable control bit 2
When PCIE2 is set to logic one and global interrupt is enable, pin change interrupt 2
is enable. Pin level change of any enabled PDn pin, controlled by PCMSK2 register,
will generate PCI2 interrupt.
When PCIE2 is set to logic zero, pin change interrupt 2 is disable

1 PCIE1 Pin change interrupt enable control bit 1
When PCIE1 is set to logic one and global interrupt is enable, pin change interrupt 1
is enable. Pin level change of any enabled PCn pin, controlled by PCMSK1 register,
will generate PCI1 interrupt.
When PCIE1 is set to logic zero, pin change interrupt 1 is disable

0 PCIEO Pin change interrupt enable control bit 0

When PCIEOQ is set to logic one and global interrupt is enable, pin change interrupt 0
is enable. Pin level change of any enabled PBn pin, controlled by PCMSKO register,
will generate PCI0 interrupt.

When PCIEO is set to logic zero, pin change interrupt 0 is disable

PCIFR- Pin Change Interrupt Flag Register

PCIFR- Pin Change Interrupt Flag Register

Address: 0x3B Default Value: 0x00

Bit 7 6 5 4 3 2 1 0

Name - - - PCIF4 PCIF3 PCIF2 PCIF1 PCIFO

R/W - - - R/W R/W R/W R/W R/W

Bit Name Description

7:5 - Reserved

4 PCIF4 Pin change interrupt Flag bit 4
PCIF4 is to be set when any PFn pin change is enabled. When PCIE4 and global
interrupt are set, MCU will jump to inlet address of PCI4 interrupt. PFn pin interrupt is
enable via PCMSK4 register.
To execute interrupt routine program or to write logic one to PCIF4 will clear PCIF4

3 PCIF3 Pin change interrupt Flag bit 3
PCIF3 is to be set when any PEn pin change is enabled. When PCIE3 and global
interrupt are set, MCU will jump to inlet address of PCI3 interrupt. PEn pin interrupt
is enable via PCMSKS register.
To execute interrupt routine program or to write logic one to PCIF3 will clear PCIF3

2 PCIF2 Pin change interrupt Flag bit 2
PCIF2 is to be set when any PDn pin change is enabled. When PCIE2 and global
interrupt are set, MCU will jump to inlet address of PCI2 interrupt. PEn pin interrupt
is enable via PCMSK2 register.
To execute interrupt routine program or to write logic one to PCIF2 will clear PCIF2

1 PCIF1 Pin change interrupt Flag bit 1

PCH1 is to be set when any PCn pin change is enabled. When PCIE1 and global




interrupt are set, MCU will jump to inlet address of PCI1 interrupt. PCn pin interrupt
is enable via PCMSK1 register.
To execute interrupt routine program or to write logic one to PCIF1 will clear PCIF1

PCIFO

Pin change interrupt Flag bit 0

PCI1 is to be set when any PBn pin change is enabled. When PCIEO and global
interrupt are set, MCU will jump to inlet address of PCIO interrupt. PBn pin interrupt
is enable via PCMSKO register.

To execute interrupt routine program or to write logic one to PCIF0 will clear PCIF0

PCMSKO- Pin change interrupt mask register 0

PCMSKO- Pin change interrupt mask register 0

Address: 0x6B Default Value: 0x00

Bit 7 6 5 4 3 2 1 0

Name PCINT7 PCINT6 PCINT5 PCINT4 PCINT3 PCINT2 PCINT1 PCINTO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Description

7 PCINT7 Pin change enable mask bit 7
PCINT7 is to be set to logic one, PB7 pin change interrupt is enabled, and pin change
of PB7 is set to PCIFO0. If PCIEO and global bit are set, PCIO interrupt will generate.
When set PCINT7 to logic zero, PB7 pin change interrupt is disable.

6 PCINT6 Pin change enable mask bit 6
PCINTG6 is to be set to logic one, PB6 pin change interrupt is enabled, and pin change
of PB6 is set to PCIFO0. If PCIEO and global bit are set, PCIO interrupt will generate.
When set PCINTG6 to logic zero, PB6 pin change interrupt is disable.

5 PCINT5 Pin change enable mask bit 5
PCINT5 is to be set to logic one, PB5 pin change interrupt is enabled, and pin change
of PB5 is set to PCIFO0. If PCIEO and global bit are set, PCIO interrupt will generate.
When set PCINTS5 to logic zero, PB5 pin change interrupt is disable.

4 PCINT4 Pin change enable mask bit 4
PCINT4 is to be set to logic one, PB4 pin change interrupt is enabled, and pin change
of PB4 is set to PCIFO0. If PCIEO and global bit are set, PCIO interrupt will generate.
When set PCINT4 to logic zero, PB4 pin change interrupt is disable.

3 PCINT3 Pin change enable mask bit 3
PCINT3 is to be set to logic one, PB3 pin change interrupt is enabled, and pin change
of PB3 is set to PCIFO0. If PCIEQ and global bit are set, PCIO interrupt will generate.
When set PCINT3 to logic zero, PB3 pin change interrupt is disable.

2 PCINT2 Pin change enable mask bit 2
PCINT2 is to be set to logic one, PB2 pin change interrupt is enabled, and pin change
of PB2 is set to PCIFO0. If PCIEO and global bit are set, PCIO interrupt will generate.
When set PCINT2 to logic zero, PB2 pin change interrupt is disable.

1 PCINT1 Pin change enable mask bit 1
PCINT1 is to be set to logic one, PB1 pin change interrupt is enabled, and pin change
of PB1 is set to PCIFO. If PCIEO and global bit are set, PCIO interrupt will generate.
When set PCINT1 to logic zero, PB1 pin change interrupt is disable.

0 PCINTO Pin change enable mask bit 0




PCINTO is to be set to logic one, PB0 pin change interrupt is enabled, and pin change
of PBO is set to PCIFO0. If PCIEO and global bit are set, PCIO interrupt will generate.
When set PCINTO to logic zero, PBO pin change interrupt is disable.

PCMSK1—Pin change interrupt mask register 1

PCMSK1—Pin change interrupt mask register 1

Address: 0x6c¢c

Default Value: 0x00

Bit

7

6 5 4 3 2 1 0

PCINT15

PCINT14 | PCINT13 | PCINT12 PCINT11 PCINT10 | PCINT9 PCINT8

R/IW

R/W

R/W R/W R/W R/W R/W R/W R/IW

Bit

Name

Description

7

PCINT15

Pin change enable mask bit 15

PCINT15 is to be set to logic one, PC7 pin change interrupt is enabled, and pin
change of PC7 is set to PCIF1. If PCIE1 and global bit are set, PCI1 interrupt will
generate. When set PCINT15 to logic zero, PC7 pin change interrupt is disable.

PCINT14

Pin change enable mask bit 14

PCINT14 is to be set to logic one, PC6 pin change interrupt is enabled, and pin
change of PC6 is set to PCIF1. If PCIE1 and global bit are set, PCI1 interrupt will
generate. When set PCINT16 to logic zero, PC6 pin change interrupt is disable.

PCINT13

Pin change enable mask bit 13

PCINT13 is to be set to logic one, PC5 pin change interrupt is enabled, and pin
change of PC5 is set to PCIF1. If PCIE1 and global bit are set, PCI1 interrupt will
generate. When set PCINT15 to logic zero, PC5 pin change interrupt is disable.

PCINT12

Pin change enable mask bit 12

PCINT12 is to be set to logic one, PC4 pin change interrupt is enabled, and pin
change of PC4 is set to PCIF1. If PCIE1 and global bit are set, PCI1 interrupt will
generate. When set PCINT12 to logic zero, PC4 pin change interrupt is disable.

PCINT11

Pin change enable mask bit 11

PCINT11 is to be set to logic one, PC3 pin change interrupt is enabled, and pin
change of PC3 is set to PCIF1. If PCIE1 and global bit are set, PCI1 interrupt will
generate. When set PCINT11 to logic zero, PC3 pin change interrupt is disable.

PCINT10

Pin change enable mask bit 2

PCINT10 is to be set to logic one, PC2 pin change interrupt is enabled, and pin
change of PC2 is set to PCIF1. If PCIE1 and global bit are set, PCI1 interrupt will
generate. When set PCINT10 to logic zero, PC2 pin change interrupt is disable.

PCINT9

Pin change enable mask bit 1

PCINT9 is to be set to logic one, PC1 pin change interrupt is enabled, and pin change
of PC1 is set to PCIF1. If PCIE1 and global bit are set, PCI1 interrupt will generate.
When set PCINT9 to logic zero, PC1 pin change interrupt is disable.

PCINTS8

Pin change enable mask bit 0

PCINT8 is to be set to logic one, PCO pin change interrupt is enabled, and pin change
of PCO is set to PCIF1. If PCIE1 and global bit are set, PCI1 interrupt will generate.
When set PCINT8 to logic zero, PCO pin change interrupt is disable.

PCMSK2—Pin change interrupt mask register 2




PCMSK1—Pin change interrupt mask register 2

Address: 0x6D Default Value: 0x00
Bit 7 6 5 4 3 2 1 0
PCINT23 PCINT22 PCINT24 PCINT25 PCINT26 PCINT27 PCINT28 PCINT29

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Description

7 PCINT23 Pin change enable mask bit 23
PCINT23 is to be set to logic one, PD7 pin change interrupt is enabled, and pin
change of PD7 is set to PCIF2. If PCIE2 and global bit are set, PCI2 interrupt will
generate. When set PCINT23 to logic zero, PD7 pin change interrupt is disable.

6 PCINT22 Pin change enable mask bit 6
PCINT22 is to be set to logic one, PD6 pin change interrupt is enabled, and pin
change of PD6 is set to PCIF2. If PCIE2 and global bit are set, PCI2 interrupt will
generate. When set PCINT22 to logic zero, PD6 pin change interrupt is disable.

5 PCINT21 Pin change enable mask bit 21
PCINT21 is to be set to logic one, PD5 pin change interrupt is enabled, and pin
change of PD5 is set to PCIF2. If PCIE2 and global bit are set, PCI2 interrupt will
generate. When set PCINT21 to logic zero, PD5 pin change interrupt is disable.

4 PCINT20 Pin change enable mask bit 20
PCINT20 is to be set to logic one, PD4 pin change interrupt is enabled, and pin
change of PD4 is set to PCIF2. If PCIE2 and global bit are set, PCI2 interrupt will
generate. When set PCINT20 to logic zero, PD4 pin change interrupt is disable.

3 PCINT19 Pin change enable mask bit 19
PCINT19 is to be set to logic one, PD3 pin change interrupt is enabled, and pin
change of PD3 is set to PCIF2. If PCIE2 and global bit are set, PCI2 interrupt will
generate. When set PCINT19 to logic zero, PD3 pin change interrupt is disable.

2 PCINT18 Pin change enable mask bit 19
PCINT18 is to be set to logic one, PD2 pin change interrupt is enabled, and pin
change of PD2 is set to PCIF2. If PCIE2 and global bit are set, PCI2 interrupt will
generate. When set PCINT18 to logic zero, PD2 pin change interrupt is disable.

1 PCINT17 Pin change enable mask bit 17
PCINT17 is to be set to logic one, PD1 pin change interrupt is enabled, and pin
change of PD1 is set to PCIF2. If PCIE2 and global bit are set, PCI2 interrupt will
generate. When set PCINT17 to logic zero, PD1 pin change interrupt is disable.

0 PCINT16 Pin change enable mask bit 16

PCINT16 is to be set to logic one, PD0O pin change interrupt is enabled, and pin
change of PDO is set to PCIF2. If PCIE2 and global bit are set, PCI2 interrupt will
generate. When set PCINT16 to logic zero, PDO pin change interrupt is disable.

PCMSK3—Pin change interrupt mask register 3

PCMSK1—Pin change interrupt mask register 2

Address: 0x73

Default Value: 0x00

Bit

7

6 5 4 3 2 1 0




PCINT31

PCINT30 PCINT29 PCINT28 PCINT27 PCINT26 PCINT25 PCINT24

R/W

R/W

R/W R/W R/W R/W R/W R/W R/W

Bit

Name

Description

PCINT31

Pin change enable mask bit 31

PCINT31 is to be set to logic one, PE7 pin change interrupt is enabled, and pin
change of PE7 is set to PCIF3. If PCIE3 and global bit are set, PCI3 interrupt will
generate. When set PCINT31 to logic zero, PE7 pin change interrupt is disable.

PCINT30

Pin change enable mask bit 30

PCINT30 is to be set to logic one, PE6 pin change interrupt is enabled, and pin
change of PEG6 is set to PCIF3. If PCIE3 and global bit are set, PCI3 interrupt will
generate. When set PCINT30 to logic zero, PE6 pin change interrupt is disable.

PCINT29

Pin change enable mask bit 29

PCINT29 is to be set to logic one, PE5 pin change interrupt is enabled, and pin
change of PES5 is set to PCIF3. If PCIE3 and global bit are set, PCI3 interrupt will
generate. When set PCINT29 to logic zero, PE5 pin change interrupt is disable.

PCINT28

Pin change enable mask bit 28

PCINT28 is to be set to logic one, PE4 pin change interrupt is enabled, and pin
change of PE4 is set to PCIF3. If PCIE3 and global bit are set, PCI3 interrupt will
generate. When set PCINT28 to logic zero, PE4 pin change interrupt is disable.

PCINT27

Pin change enable mask bit 27

PCINT27 is to be set to logic one, PE3 pin change interrupt is enabled, and pin
change of PE3 is set to PCIF3. If PCIE3 and global bit are set, PCI3 interrupt will
generate. When set PCINT27 to logic zero, PE3 pin change interrupt is disable.

PCINT26

Pin change enable mask bit 26

PCINT26 is to be set to logic one, PE2 pin change interrupt is enabled, and pin
change of PE2 is set to PCIF3. If PCIE3 and global bit are set, PCI3 interrupt will
generate. When set PCINT26 to logic zero, PE2 pin change interrupt is disable.

PCINT25

Pin change enable mask bit 25

PCINT25 is to be set to logic one, PE1 pin change interrupt is enabled, and pin
change of PE1 is set to PCIF3. If PCIE3 and global bit are set, PCI3 interrupt will
generate. When set PCINT25 to logic zero, PE1 pin change interrupt is disable.

PCINT24

Pin change enable mask bit 24

PCINT24 is to be set to logic one, PEO pin change interrupt is enabled, and pin
change of PEO is set to PCIF3. If PCIE3 and global bit are set, PCI3 interrupt will
generate. When set PCINT24 to logic zero, PEO pin change interrupt is disable.

PCMSK4—Pin change interrupt mask register 4

PCMSK4—Pin change interrupt mask register 4

Address: 0x74 Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
PCINT39 PCINT38 PCINT37 PCINT36 PCINT35 PCINT34 PCINT33 PCINT32

R/W R/W R/W R/IW R/IW R/W R/IW R/W R/W

Bit Name Description

7 PCINT39 Pin change enable mask bit 39

PCINT39 is to be set to logic one, PF7 pin change interrupt is enabled, and pin




change of PF7 is set to PCIF4. If PCIE4 and global bit are set, PCI4 interrupt will
generate. When set PCINT39 to logic zero, PF7 pin change interrupt is disable.

6 PCINT38 Pin change enable mask bit 38
PCINT38 is to be set to logic one, PF6 pin change interrupt is enabled, and pin
change of PF6 is set to PCIF4. If PCIE4 and global bit are set, PCI4 interrupt will
generate. When set PCINT38 to logic zero, PF6 pin change interrupt is disable.

5 PCINT37 Pin change enable mask bit 37
PCINT37 is to be set to logic one, PF5 pin change interrupt is enabled, and pin
change of PF5 is set to PCIF4. If PCIE4 and global bit are set, PCI4 interrupt will
generate. When set PCINT37 to logic zero, PF5 pin change interrupt is disable.

4 PCINT36 Pin change enable mask bit 36
PCINT36 is to be set to logic one, PF4 pin change interrupt is enabled, and pin
change of PF4 is set to PCIF4. If PCIE4 and global bit are set, PCl4 interrupt will
generate. When set PCINT36 to logic zero, PF4 pin change interrupt is disable.

3 PCINT35 Pin change enable mask bit 35
PCINT35 is to be set to logic one, PF3 pin change interrupt is enabled, and pin
change of PF3 is set to PCIF4. If PCIE4 and global bit are set, PCI4 interrupt will
generate. When set PCINT35 to logic zero, PF3 pin change interrupt is disable.

2 PCINT34 Pin change enable mask bit 34
PCINT34 is to be set to logic one, PF2 pin change interrupt is enabled, and pin
change of PF2 is set to PCIF4. If PCIE4 and global bit are set, PCI4 interrupt will
generate. When set PCINT34 to logic zero, PF2 pin change interrupt is disable.

1 PCINT33 Pin change enable mask bit 33
PCINT33 is to be set to logic one, PF1 pin change interrupt is enabled, and pin
change of PF1 is set to PCIF4. If PCIE4 and global bit are set, PCI4 interrupt will
generate. When set PCINT33 to logic zero, PF1 pin change interrupt is disable.

0 PCINT32 Pin change enable mask bit 32
PCINT32 is to be set to logic one, PFO pin change interrupt is enabled, and pin
change of PF0 is set to PCIF4. If PCIE4 and global bit are set, PCI4 interrupt will
generate. When set PCINT32 to logic zero, PF0 pin change interrupt is disable.
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Timer/Counter 0

8-bit Timer/Counter

Two Independent Compare Units

Clear Timer on Compare Match (Auto Reload

Glitch Free, Phase Correct Pulse, PWM output

Frequency Generator

External event counter

10-bit clock prescaler

Overflow and Compare matchinterrupt

Dead time control

6 trigger source for option, to shut down PWM output automatically
High speed high resolution (500KHz@7Bit) PWM) in high speed clock mode
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Overview:

TCO is a general purpose 8-bit Timer/Counter module, with PWM support. It allows accurate wave generation.
TCO consists of 1 counting clock generator unit, 1 8-bit counter, waveform generation control unit and 2
output compare unit. TCO and TC1 share 10-bit prescaler , that can be used also individually. To generate
counting clock CLKTO, prescaler divides frequency to system clock clkio or high speed clock rcm2x (internal
32M RC oscillator output 2 times frequency than rc32m).

Waveform generating control unit manage working mode of counter and generating of compare output
waveform. For different mode, counter clear, minus 1 or plus 1 to each counting clock CLKt0 CIkt0 can be
generated from internal or external clock source.

If counting number TCNTO of counter is maximum (which is max. value OxFF, or define output compare
register OCROA as TOP, define max. value as MAX for better identify), counter will clear or make minus 1
operation.

If counting number TCNTO of counter is minimum (which is Ox00, or define as BOTTOM), counter will operate
PLUS 1.

If counting number TCNTO0 is OCROA/OCROB, indicate compare match occurs, counter will clear or is set to
output compare signal 0C0A/0COB to generate PMW waveform.

If enable to insert dead time which is corresponding counting clock number of DERO register , it will be
inserted to PWM waveform. Clearing COMOA/COMOB, software can shut down output of OCOA/OCOB
waveform, or setting related trigger source, when it is triggered, hardware clear COMOA/COMOB
automatically to shut down output of OCOA/OCOB waveform.
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Counting clock is generated from external or internal clock source, clock source selection and frequency
division is control by CS0 of TCCROB register, for details please refer to section of TCO and TC1 Prescaler.
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Counter is 8-bit, support bidirectional counting. Waveform generating mode, counter working mode, is
controlled by WGMO0 of TCCROA and TCCROB. For each mode, counter clear, plus 1 or minus 1 to each
counting clock CIlkt0. If counter overflows, counting overflow flag TOVO of TIFRO register will be set. TCO
counting overflow interrupt is generated when enable interrupt.
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Output compare unit compare TCNTO and value of output compare register OCROA and OCROB, if TCNTO
equals to OCROA or OCROB, compare match is happening, so output compare flag OCFOA or OCFOB of
TIFRO register is set. When interrupt is enable, TCO output compare match interrupt is generated.

Note that in PWM mode, OCRA and OROB are doble buffered register, which is useess in normal and CTC
mde. When counting numbe is max. Or min, value of buffered register is update sychronizedto compare
registerOCROA and OCROB. For details please refering to section of working mode.
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Waveform generator, basd on waveform generating mode control and compare output mode control, use
compare match and counting overflow to generate output compare waveform signal OCOA and OCOB. For
detais refering to section of working mode and register. To output compare waveform signal OCOA and OCOB
to related pins, data direction register of pin must be set to output. Below shows internal construction
diagram TCO, it includes 1 counting cloc generator unit,1 8-bit counter, 2 output compare unit and2 waveform
generating control unit.
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Working Mode
Timer/Counter 0 has 4 working modes, Normal mode (Normal), compare match clear mode (CTC), Fast Pulse
Width Modulation mode(FPWM) and Phase correct pulse width modulation mode (PCPWM), mode is selected
by waveform generating mode control bit WGMO0[2:0]. Below is the details description of these 4 modes. Two
individual output compare unit is indicated seperately by “A” and “B”, small “x” is used to indicate channel of
these 2 output compare units.
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Normal Mode



The simplest mode of operation is the Normal mode (WGMO02:0 = 0), its maximum TOP is MAX (O0xFF). In this
mode, counting increase by each counting clock, when it passes TOP and overflow, it will then restart to
accumulate from the bottom (0x00). The Timer/Counter Overflow Flag (TOVO0) will be set in the same timer
clock cycle as the TCNTO becomes zero. The TOVO0 Flag in this case behaves like a ninth bit, except that it is
only set, not cleared. However, combined with the timer overflow interrupt that automatically clears the TOV0
Flag, the timer resolution can be increased by software. There are no special cases to consider in the Normal
mode, a new counter value can be written anytime. Waveform of output compare signal OCOx is generated
only if data direction register of OCOx is set. If COMOx=1, OCOx singal will be toggled when compare match
is happening, in this case waveform frequency can be calculated by below formula:

focOxnormal = fsys/(2*N*256), N indicates prescaler factor (1, 8, 64, 256 or 1024). Using the Output
Compare to generate waveforms in Normal mode is not recommended, since this will occupy too much of the
CPU time.
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CTC Mode

Set WGMO0[2:0]=2, timer/ counter 0 is in CTC mode, max. Counting number TOP is OCROA. In this mode,
counting increase by each counting clock, counter is cleared when TCNTO is TOP. The OCROA defines the top
value for the counter, hence also its resolution. This mode allows greater control of the compare match
output frequency. It also simplifies the operation of counting external events.

When counter value reaches TOP value, output compare match flag OCFO0 is set, corresponding interrupt
enable will generate interrupt. If the interrupt is enabled, the interrupt handler routine can be used for
updating the TOP value of OCROA. However, changing TOP to a value close to BOTTOM when the counter is
running with none or a low prescaler value must be done with care since the CTC mode does not have the
double buffering feature. If the new value written to OCROA is lower than the current value of TCNTO, the
counter will miss the compare match. Before next compare match, the counter will then have to count to TOP
and re-start from BOTTOM to count to OCROA value.

As for the Normal mode of operation, the TOVO Flag is set when counting value return to counting clock of
BOTTOM.

Waveform of output compare signal OCOx is generated only if data direction register of OCOx pin is set
output. When COMOx=1, compare match occures and OCOCXx signal is to be toggled. In this c ase waveform
frequency can be calculated by below formula:

focOxctc = fsys/(2*N*(1+OCROx))

Here, N indicates prescaler factor (1, 8, 64, 256 or1024)

Seeing from above formular, set OCROA to 0x0 meanwhile without prescaler, output waveform of max. fsys/2



can be gained.
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Fast PWM Mode

Fast PWM mode of Timer/Counter 0 (WGMO[2:0 ]= 3 or 7) provides a high frequency PWM waveform
generation option.

TOP is defined as MAX(0xFF) or OCROx. The fast PWM differs from the other PWM option by its single-slope
operation.

The counter counts from min. Value 0x00 to TOP then restarts from BOTTOM. When counting value reaches
OCROx or BOTTOM, output compare OCOx is set or cleared, which depends on configuration of compare
output mode, details referring to sections about register. Due to the single-slope operation, the operating
frequency of the fast PWM mode can be twice as high as the phase correct PWM mode that use dual-slope
operation. This high frequency makes the fast PWM mode well suited for power regulation, rectification, and
DAC applications. High frequency allows physically small sized external components (capacitors), and
therefore reduces total system cost. When counting value reaches maximum, timer counter overflow flag
TOVO0 will be set and value of compare compare buffer is updated to compare value. If interrupt is disable,
compare buffer OCROXx register can be updated in interrupt routine program.

Waveform of output compare signal OCOx is generated only if data direction register of OCOx pin is set
output. Waveform frequency can be calculated by below formular:

focOxfpwm = fsys/(N*(1+TOP))

Here, N indicates prescaler factor (1, 8, 64, 256 and 1024)

When compare match occur between TCNT0 and OCRO0x, waveform generator is set to OCOx (cleared). When
TCTO is cleared, waveform generator is (cleared) set to OCOx to generate PWM waveform, so extreme value of
OCROx will generate very special PWM waveform. If the OCROA is set equal to 0x00 the output PWM will be a
narrow spike for each

TOP+1 timer clock cycle. Setting the OCROA equal to MAX will result in a constantly high or low output
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Phase Correct PWM Mode

Setting WGMO0[2:0] to 1 or 5, Timer/Counter 0 enter into Phase Correct PWM mode, each TOP value is

MAX (0xFF) or OCROA. The phase correct PWM mode is based on a dual-slope operation. The counter
counts repeatedly from BOTTOM to TOP and then from TOP to BOTTOM. On the compare match between
TCNTO0 and OCROx while up-counting and down-counting, the Output Compare (OCO0x) is cleared or set
depending on the configuration of compare output mode COMOx. The dual-slope operation has lower
maximum operation frequency than single slope operation. However, due to the symmetric feature of the
dual-slope PWM modes, these modes are preferred for motor control applications.

In phase correct PWM mode, the TOVO is set each time the counter reaches BOTTOM. When the counter
reaches TOP, value of compare buffer is updated to compare value. If interrupt enable, compare buffer OCR0x
register can be updated in interrupt routine program.

Setting OCOx pin data direction register to output, it will generate waveform of output compare OCOx.
Waveform frequency can be calculated via below formula:

focOxpcpwm = fsys/(N*TOP*2)

Here, N indicates prescaler factor (1, 8, 64, 256 or 1024)

During up-counting, when compare match occur between TCNT0 and OCRO0x, waveform generator clear (set)
OCOx . During down-counting, when compare match occur between TCNT0 and OCROx, waveform generator
set (clear) OCOx, so extreme value of OCROx will generate very special PWM waveform. Setting the OCR0x
equal to MAX or BOTTOM will result in a constantly high or low output.

OCOx will be toggled in two cases when compare match does not occur while to ensure symmetry of both
side of PMW waveform at its bottom value.

OCROx changes its value from MAX (0xFF), When the OCROx value is MAX, counting value reach maximum,
OCOx output is the same as the result of previous down-counting Compare Match, that is to say OC0x keep
unchanged. In this case Compare value is updated to new OCROx value (not 0xFF). OCOx keeps unchanged

till it is toggled in up-counting compare match. At this moment OCOx is not symmetric with bottom value, so
OCOx need to be toggled when TCNTO reach max. Value.

The 2" case is that when TCNTO start to count from value higher than OCRO0x, one compare match will loss,
which will result in asymmetric. Same is that to achieve symmetric at both side of bottom value, OCOx is
needed to be toggled.
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Auto shut down and re-start of PWM output

If DOCOx of TCCROA register is set high, PWM output enable to shut down automatically. Once trigger is
satisfied, hardware will clear corresponding COM0x, PWM output OCO0x will be apart from output pin and
switch to general 10 output, by this way automate shut-down of PWM output is done. Under this situation,
status of output pin is controlled via output of general 10 port.

When automate shut-down of PWM output is enable, trigger condition must be set. Trigger source is set by
DSXO0n of TCCROC register. Trigger source has analog compare interrupt, external interrupt, pin change
interrupt and timer overflow interrupt, for details please refer to section of TCCROC register. If some of these
trigger source is selected and these interrupt flag is set at the same time, hardware will clear COMOx to shut
down PMW output.

When trigger events occur and PWM output is shut down, if no interrupt flag in timer module, trigger event
and trigger condition can only be known through software read interrupt flag of trigger source.

If PWM need to re-start output, it is only necessary to use software re-set COMO0x to switch OCO0x output into
related pins. Note that after automate shut-down occur, timer will not stop working, OC0x status is keeping
update. Software can set COMOXx to output OCOx after overflow or compare match occurs on timer, by this
way accurate PMW output can be gotten.
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Dead time control

Setting DTENO to logic one, it enables of inserting dead time, OCOA and OCOB will insert designed dead time
based on waveform generated by B channel compare output, length of time is the timing value corresponded
to counter clock number of DTRO register. As shown below, OCOA and OCOB will insert designed dead time
based on waveform generated by B channel compare output. If COMOA and COMOB are set to 2 or 3 at the
same time, waveform polarity of OCOA and OCOB are the same, if they are set to 2 or 3 individually, waveform
polarity of OCOA is opposite to that of OCOB.
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Setting DTENO to logic zero, inserting dead time is disable. Waveform of OCOA and OCOB are separately

generated from their register.
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High Speed Clock Mode



In high speed clock mode, higher frequency clock is used as clock source of timer, to generate higher speed
and higher resolution PMW waveform. This high frequency clock is generated from 2 times frequency which
is a result from output clock rc32m of internal 32M RC oscillator. Before high frequency mode, frequency
doubling function of internal 32M RC oscillator must be enabled, set F2XEN of TCKCSR register, wait till
signal of frequency doubling clock is stable, than set TC2XS0 bit of TCKCSR to make time counter enter into
high speed clock mode.

In this mode, system clock and high speed clock is asynchronous, some registers (referring to TCO register
list) are working in high speed area, so pay attention during operation that configuration and reading of such
registers is also asynchronous.

For non-continuous read-write on registers working in high speed clock area, there is no special requirement,
while for continuous read-write operation, it need to wait for one system clock, operation step is as below:

1) Write register A

2) Wait for a system clock (NOP or operation system clock register)

3) Read or write register A or B

4) Wait for a system clock (NOP or operation system clock register)

Except TCNTO, other registers in high speed clock area can be read-written directly. When counter is couting,
TCNTO value is changing as per high speped clock, timer can be paused to read-fetch TCNTO value ( set CS0
to zero)

Register Definition

TCO Register List

Register | Address Default value Comments

TCCROA* 0x44 0x00 TCO control register A

TCCROB 0x45 0x00 TCO control register B

TCNTO* 0x46 0x00 TCO counting value register

OCROA* 0x47 0x00 TCO output compare register A
OCROB* 0x48 0x00 TCO output compare register B

DSX0* 0x49 0x00 TCO trigger source control register
DTRO* 0x4F 0x00 TCO dead time register

TIMSKO 0x6E 0x00 Timer/Counter 0 interrupt mask register
TIFRO 0x35 0x00 Timer/Counter 0 interrupt flag register
TCKCSR OxEC 0x00 TC clock control and status register
[Note]

Registers with “*”work in system clock andd high speed clock area, that without “8” only in system
clock area.

TCO Control Register A-TCCROA

TCO Control Register A-TCCROA

Address: 0x44 Default value: 0x00

Bit 7 6 5 4 3 2 1 0
COMOA1 COMOA0 CcoMoB1 COMoOB0O | DOCOB DOCOA WGMO01 WGMO00

R/W | RIW R/W R/W R/W R/W R/W R/W R/W




Bit

Name

Comment

COMOA1

TCO compare match A output mode control high

COMOA1 and COMOAO combine to consist of compare output control COMO0A[1:0], that is
used to control 0COA output waveform. If one or both of the COMOA bits are set, compare
waveform takes up 0COA pin, however whose data direction regester must be set to high.
In different mode, COMOA control compare waveform differently, for details referring to list
on compare output control.

COMOA0

TCO compare match A output mode control low

COMOAO0 and COMO0A1 combine to consist of compare output control COMOA[1:0], that is
used to control 0COA output waveform. If one or both of the COMOA bits are set, compare
waveform takes up 0COA pin, however whose data direction regester must be set to high.
In different mode, COMOA control compare waveform differently, for details referring to list
on compare output control.

comoB1

TCO compare match B output mode control high

COMOB1 and COMOBO combine to consist of compare output control COM0BJ[1:0], that is
used to control 0COB output waveform. If one or both of the COMOB bits are set, compare
waveform takes up 0COB pin, however whose data direction regester must be set to high.
In different mode, COMOB control compare waveform differently, for details referring to list
on compare output control.

COMoBO

TCO compare match B output mode control low

COMOBO0 and COMO0B1 combine to consist of compare output control COM0BJ[1:0], that is
used to control 0COB output waveform. If one or both of the COMOB bits are set, compare
waveform takes up 0COB pin, however whose data direction regester must be set to high.
In different mode, COMOB control compare waveform differently, for details referring to list
on compare output control.

DOCoOB

TCO shut-down output compare enable control high

If DOCOB is set to logic one, compare signal 0COB shutted down by trigger source is
enable. When events is triggered, hardware will clear COMOB automatically and shut
down OCOB waveform output. Software re-start PWM output when COMB is set.

If DOCOB is set to zero, compare signal 0C0B shutted down by trigger source is disable.

DOCOA

TCO shut-down output compare enable control low

If DOCOA is set to logic one, compare signal 0COB shutted down by trigger source is
enable. When events is triggered, hardware will shut down OCOB waveform output
automatically.

If DOCOB is set to zero, compare match signal 0COB shutted down by trigger source is
disable. When event is triggered, 0COA waveform output does not shut down.

WGMO01

TCO waveform generation control middle

WGMO01, WGM00 and WGMO02 generate waveform generation control WGMO0[2:0] together,
couting method and waveform generation method of control counter refer to list on
waveform generation mode.




WGMO00

TCO waveform generation control low

WGMO00, WGM01 and WGMO02 generate waveform generation control WGMO0[2:0]
together, couting method and waveform generation method of control counter refer to
list on waveform generation mode.

TCO Control Register B-TCCROB

TCO Control Register B-TCCROB

Address: 0x45 Default value: 0x00
Bit 7 6 5 4 3 2 1 0
FOCOA FOCO0B OCO0AS DTENO WGMO02 CS02 CSo01 CS00

R/W [ RW R/W R/W R/W R/W R/W R/W R/W

Bit Name Comment

7 FOCOA TCO force output compare A control
If not in PWM mode, writing logic one to force output compare FOCOA can result in
compare match. Force compare match does not set 0CFOB flag, and not reload or clear
timer, but will result in output pin 0COB update according to COMOB configuration, which
seems a real compare match occur. Read return value of FOCOB till it is zero.

6 FOCO0B TCO force output compare A control
If not in PWM mode, writing logic one to force output compare FOCOA can result in
compare match. Force compare match does not set 0CFOA flag, and not reload or clear
timer, but will result in output pin 0COA update according to COMOA configuration, which
seems a real compare match occur. Read return value of FOCOA till it is zero.

5 OCO0AS 0COA output port selection control. If 0COAS is set to logic zero, waveform of 0COA is
output from pin PD6. If 0COAS is set to logic one, waveform of 0COA is output from pin
PE4. (valid for QFP32 package)

4 DTENO TCO dead time enable control
Setting DTENO to logic one, inserting dead time is enable. Base on waveform generated in
B channel compare output, both 0COA and 0COB can insert dead time, whose interval is
decided by corresponding counter time of DTRO register. Waveform polarity output by
0COA is decided by relationship between COM0 and COMOB, for details referring to list for
waveform polarity after inserting dead time.

3 WGMO02 TCO waveform generation mode control high
WGMO02, WGMO00 and WGMO01 together consist of waveform generation control WGMO0[2:0],
counting method and waveform generation method of control counter refer to list on
waveform generation mode.

2 CSo02 TCO clock selection control high
Used to select clock source of timer/counter 0

1 CSo01 TCO clock selection control middle
Used to select clock source of timer/counter 0

0 CS00 TCO clock selection control low

Used to select clock source of timer/counter 0

CS0[2:0] comments

0 No clock source, stop couting




clksys

Clksys/8, from frequency prescaler

Clksys/64, from frequency prescaler

Clksys/256, from frequency prescaler

Clksys/1024, from frequency prescaler

External clock TO pin, falling edge trigger

Nfoja|”~h[W|N|=

External clock TO pin, rising edge trigger

Below list show how compare output mode control output compare waveform in no PWM
mode (normal mode and CTC mode)

COMOx[1:0] Comments

0 0COx disconnect, general |10 port operation
1 Toggle 0COx signal at compare match

2 Clear 0COx signal at compare match

3 Set 0COx signal at compare match

Below list show how compare output mode control output compare waveform in PWM

mode

COMO0x[1:0] Comments

0 0COx disconnect, general 10 port operation

1 Reserved

2 Clear 0COx signal at compare match, set 0C0Ox at max. value match
3 Set 0COx signal at compare match, clear 0C0x at max. value match

Below list show how compare output mode control output compare waveform in Phase

Correct Mode

COMO0x[1:0] Comments

0 0COx disconnect, general 10 port operation

1 Reserved

2 0COx is cleared at compare match in up-counting; 0COx is set at compare match in down-
counting.

3 0COx is set at compare match in up-counting; 0COx is cleared at compare match in down-

counting.

Below list show waveform generation mode control

WGMO[2:0] Mode TOP value 0CROX update timing | TOVO set timing
0 Normal OxFF immediately MAX

1 PCPWM OxFF TOP BOTTOM

2 CTC OCROA immediately MAX

3 FPWM OxFF TOP MAX

4 reserved - - -

5 PCPWM OCROA TOP BOTTOM

6 reserved - - -




| FPWM | OCROA | TOP TOP

Below list show 0CO0A signal output waveform polarity control when dead time is enable.

DTENO COMOA[1:0] | COMO0BI[1:0] Comment
0 - - 0COA signal polarity is controlled by 0COA compare output
mode
1 0 - 0COA disconnect, general 10 port operation
1 1 - Reserved
1 2 2 0COA signal polarity is the same as that of 0C0B
3 0COA signal polarity is opposite to that of 0C0B
1 3 2 0COA signal polarity is the same as that of 0C0B
3 0COA signal polarity is opposite to that of 0C0B
Note:

Waveform polarity of 0COB signal output is decided by 0COB compare output mode, it is same as to
disable dead time mode

TCO control register C- TCCORC

TCO Control Register B-TCCROB

Address: 0x49 Default value: 0x00
Bit 7 6 5 4 3 2 1 0
DSX07 DSX06 DSXO05 DSX04 - - DSX01 DSX00

R/W | RIW R/W R/W R/W - - R/W R/W

Bit Name Comment

7 DSX07 7 bit of TCO trigger source selection control is enable
When setting DSX07 to logic one, TC1 overflow, used as trigger source to shut down
output compare signal waveform 0C0OA/0COB, is enable. When setting DOCOA/DOCOB to
logic one, rising edge of interrupt flag register bit of selected trigger source will
automatically shutdown 0C0A/0C0B wave output
When setting DSX07 to logic zero, TC1 overflow, used as trigger source to shut down
output compare signal waveform 0COA/0COB, is disable.

6 DSX06 7 bit of TCO trigger source selection control is enable
When setting DSX06 to logic one, TC2 overflow, used as trigger source to shut down
output compare signal waveform 0C0OA/0COB, is enable. When setting DOCOA/DOCOB to
logic one, rising edge of interrupt flag register bit of selected trigger source will
automatically shutdown 0C0A/0C0B wave output
When setting DSX06 to logic zero, TC2 overflow, used as trigger source to shut down
output compare signal waveform 0COA/0COB, is disable.

5 DSX05 5 bit of TCO trigger source selection control is enable
When setting DSX05 to logic one, pin change level 0, used as trigger source to shut down
output compare signal waveform 0C0OA/0COB, is enable. When setting DOCOA/DOCOB to
logic one, rising edge of interrupt flag register bit of selected trigger source will
automatically shutdown 0C0A/0C0B wave output




When setting DSXO05 to logic zero, pin change level 0, used as trigger source to shut down
output compare signal waveform 0COA/0COB, is disable.

4 DSX04

4 bit of TCO trigger source selection control is enable

When setting DSX04 to logic one, external interrupt 0, used as trigger source to shut down
output compare signal waveform 0C0OA/0COB, is enable. When setting DOCOA/DOCOB to
logic one, rising edge of interrupt flag register bit of selected trigger source will
automatically shutdown 0C0A/0C0B wave output

When setting DSX04 to logic zero, external interrupt 0, used as trigger source to shut
down output compare signal waveform 0COA/0COB, is disable.

reserved

DSX01

1 bit of TCO trigger source selection control is enable

When setting DSX01 to logic one, analog comparator 1, used as trigger source to shut
down output compare signal waveform 0CO0A/0COB, is enable. When setting
DOCOA/DOCOB to logic one, rising edge of interrupt flag register bit of selected trigger
source will automatically shutdown 0C0A/0C0B wave output

When setting DSX01 to logic zero, analog comparator 1, used as trigger source to shut
down output compare signal waveform 0C0OA/0COB, is disable.

0 DSX00

0 bit of TCO trigger source selection control is enable

When setting DSX00 to logic one, analog comparator 0, used as trigger source to shut
down output compare signal waveform 0CO0A/0COB, is enable. When setting
DOCOA/DOCOB to logic one, rising edge of interrupt flag register bit of selected trigger
source will automatically shutdown 0C0A/0C0B wave output

When setting DSX00 to logic zero, analog comparator 0, used as trigger source to shut
down output compare signal waveform 0C0OA/0CO0B, is disable.

Below list show

waveform output trigger source selection control

Shut down waveform output trigger source selection control

DOCOx | DSX0n=1 | Trigger source Comment
0 - - Setting DOCOx to logic zero, function of trigger sources shut-
down waveform output is disable

1 0 Analog comparator | Rising edge of ACIF0 shut down 0C0x waveform output
0

1 1 Analog comparator | Rising edge of ACIF1 shut down 0C0x waveform output
1

1 4 External interrupt 0 | Rising edge of INTF0 shut down 0C0x waveform output

1 5 Pin change level 0 Rising edge of PCIF0 shut down 0C0x waveform output

1 6 TC2 overflow Rising edge of TOV2 shut down 0C0x waveform output

1 7 TC1 overflow Rising edge of TOV1 shut down 0C0x waveform output

Note:

If DSX0n=1, it is
simultaneously.

indicated when the 0 bit of DSX0 register is 1, every register bit can be set

TCO counting value register -TCNTO




Address: 0x46 Default value: 0x00

Bit 7 6 5 4 3 2 1 0
TCNTO7 TCNTO06 TCNTO5 TCNTO04 TCNTO3 TCNTO2 TCNTO1 TCNTO00

R/W | RIW R/W R/W R/W - - R/W R/W

Bit Name Comment

7:0 TCNTO00 TCO Counting value register

Via TCNTO register, counting value, 8 of counter, can be directly access to read-write.
Write operation of CPU to TCNTO register will prevent compare match from happening in
the next timer clock cycle, even timer stop working, this allows that value of initialized
TCNTO register is consistent with 0CRO value and interrupt is not triggered.

If written value to TCNTO equal to or override 0CRO value, compare match will loss, which
results in incorrect waveform.

Time stops counting if clock source is not selected, but CPU can still access to TCNTO.
CPU write counter has higher priority than clear or minus/plus operation.

TCO output compare register A-OCR0OA

TCO output compare register A-OCR0A

Address: 0x47 Default value: 0x00

Bit 7 6 5 4 3 2 1 0
OCROA7 OCRO0A6 OCROA5 OCRO0A4 OCROA3 OCRO0A2 OCROA1 OCROAO0

RW | RIW R/W R/W R/W - - R/W R/W

Bit Name Comment

7:0 OCROA TCO output compare register

O0CROA has a 8-bit data, compare with counter value TCNTO continuously. Compare match
is used to generate output compare interrupt or generate waveform in 0C0A pin.

In PWM mode, 0COROA register uses dual buffer register, while in normal and match clear
mode, dual buffer function is disable. Dual buffer function can make 0CROA register and
Max/ bottom counting timing synchronized; to prevent from asymmetric PMW pulse and
clear pulse intervene.

When dual bugger function is used, CPU is access to 0CROA buffer register, otherwise it
is access to 0CROA itself.

TCO output compare register B-OCR0OB

TCO output compare register B-OCR0B

Address: 0x48 Default value: 0x00

Bit 7 6 5 4 3 2 1 0
OCROB7 | OCROB6 OCROB5 OCROB4 OCRO0B3 OCRO0B2 OCROB1 OCROBO

R/W R/W R/W R/W R/W - - R/W R/W

Initial | 0 0 0 0 0 0 0 0

Bit Name Comment

7:0 OCROB TCO output compare B register

O0CROB has a 8-bit data, compare with counter value TCNTO continuously. Compare match

is used to generate output compare interrupt or generate waveform in 0C0B pin.




In PWM mode, 0COROB register uses dual buffer register, while in normal and match clear
mode, dual buffer function is disable. Dual buffer function makes 0CROB register and Max/
bottom counting timing synchronized; to prevent from asymmetric PMW pulse and clear
pulse intervene.

When dual bugger function is used, CPU is access to 0CROB buffer register, otherwise it
is access to 0CROB itself.

TCO Interrupt Mask Register-TIMSKO

TCO Interrupt Mask Register-TIMSKO0

Address: 0x6E

Default value: 0x00

Bit 7 6 5 4 3 2 1 0
- - - OCIEOB OCIEOA TOIEO

R/W - - - - R/W R/W

Initial | 0 0 0 0 0 0

Bit Name Comment

7:3 OCIEOB TCO output compare B match interrupt is enable
If OCIEOB is set to logic one, and global interrupt is set, TCO output compare B match
interrupt is enable. When compare match occurs, 0CFOB bit of TIFRO is set, interrupt is
generated.
If 0CIEOB is set to logic zero, TCO output compare B match interrupt is disable

1 OCIEOA TCO output compare A match interrupt is enable
If OCIEOa is set to logic one, and global interrupt is set, TCO0 output compare A match
interrupt is enable. When compare match occurs, 0CFOA bit of TIFRO is set, interrupt is
generated.
If 0CIEOA is set to logic zero, TCO output compare A match interrupt is disable

0 TOIEO TCO overflow interrupt enable bit

When TOIEO is set to logic one, and global interrupt is set, TCO overflow interrupt is
enable. Once TCO overflows, TOVO bit of TIFR is set, interrupt is generated.
If TOIEO is set to logic zero, TCO overflow interrupt is disable.

TCO Interrupt Flag Register —TIFRO

TCO Interrupt Flag Register —TIFRO

Address: 0x35 Default value: 0x00

Bit 7 6 5 4 3 2 1 0
OCO0A ocoB - - - OCFO0B OCFO0A TOVO

R/W R/0 R/0 - - - - R/W R/W

Initial | 0 0 0 0 0 0 0 0

Bit Name Comment

7 OCO0A Output compare waveform signal 0COA

Output compare waveform signal 0COA, software is readable but not writable. Before
software disable 0COA signal output to corresponding IO pin, it can read 0COA value firstly
to gain polarity of compare waveform signal that is to be output, meanwhile it can change
its polarity by configuration on COMOA and setting FOCOA, so as to avoid extra intervene
pulse after 0COA signal output is enable to corresponding IO pins.




ocoB

Output compare waveform signal 0C0B

Output compare waveform signal 0C0B, software is readable but not writable. Before
software disable 0COB signal output to corresponding IO pin, it can read 0COB value
firstly to gain polarity of compare waveform signal that is to be output, meanwhile it can
change its polarity by configuration on COMOB and setting FOCOB, so as to avoid extra
intervene pulse after 0C0OB signal output is enable to corresponding IO pins.

reserved

OCFO0B

TCO output compare B match flag bit

If TCNTO equals to 0CROB, compare unit send out match signal, and set compare flag
O0CFOB. In this case if output compare B interrupt enable OCIEOB to logic one and global
interrupt flag is set, output compare B interrupt is generated. When to execute this
interrupt routine program, OCFOB is cleared automatically, which can be done also by
writing OCFOB to logic one.

OCFO0A

TCO output compare A match flag bit

If TCNTO equals to 0CROA, compare unit send out match signal, and set compare flag
O0CFOA. In this case if output compare A interrupt enable OCIEOA to logic one and global
interrupt flag is set, output compare A interrupt is generated. When to execute this
interrupt routine program, OCFOA is cleared automatically, which can be done also by
writing OCFOA to logic one.

TOVO

TCO overflow flag

When counter overflows, overflow flag TOVO0 is set. In this case if overflow interrupt enable
TOIEO to logic one and global interrupt flag is set, overflow is generated. When to execute
this interrupt routine program, TOVO is cleared automatically, which can be done also by
writing TOVO to logic one.

DTRO-TCO dead time control register

DTRO-TCO dead time control register

Address: 0x4F Default value: 0x00

Bit 7 6 5 4 3 2 1 0

DTRO7 DTRO06 DTRO5 DTRO04 DTRO3 DTRO02 DTRO1 DTROO0

R/W R/W R/IW R/W R/IW R/W R/W R/IW R/W

Bit Name Comment

[7:4] | DTROH TCO dead time register high
If DTENO of TCCROB is set to logic one, 0COA and 0COB become complementary output,
inserting dead time control is enable. Inserted dead time in 0COB channel is decided by
DTROH, length of time is the time corresponding to DTROH counting clock.

[3:0] | DTROL TCO dead time register low
If DTENO of TCCROB is set to logic one, 0COA and 0C0B become complementary output,
inserting dead time control is enable. Inserted dead time in 0COA channel is decided by
DTROL, length of time is the time corresponding to DTROH counting clock.

TCKSCR-TC Clock Control and Status Register

| TCKSCR-TC Clock Control and Status Register




Address: 0xEC Default value: 0x00
Bit 7 6 5 4 3 2 1 0
- F2XEN TC2XF1 TC2XFO0 - AFCKS TC2XS1 TC2XS0

R/W - R/W R R - R/W R/W R/W

Bit Name Comment

7 - reserved

6 F2XEN RC 32M frequency doubling output enable control bit
If F2XEN is set to logic one, RC 32M frequency doubling output is enable, output 64M high
speed clock
If F2XEN is set to logic one, RC 32M frequency doubling output is disable, cannot output
64M high speed

5 TC2XF1 TC High Speed Clock mode flag 1
Referring to section on timer/counter 1 register

4 TC2XFO0 TC High Speed Clock mode flag 0
If TC2XFO0 bit is read as logic one, it is indicated that timer counter 0 works in high speed
clock mode.
If it is logic zero, timer counter 0 works in system clock mode

3:2 - reserved

1 TC2XS1 TC high speed clock mode selection control bit 1
eferring to section on timer/counter 1 register

0 TC2XS0 TC high speed clock mode selection control bit 0
If TC2XSO0 bit is read as logic one, it is indicated that timer counter 0 works in high speed
clock mode.
If it is logic zero, timer counter 0 works in system clock mode
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Real 16-bit design, 16-bit PWM is allowed

2 dependant output compare unit

Dual buffered output compare register

1 input capture unit

Input capture noise suppression

In compare match, clear counter and load automatically
Non-intervene pulse correction PWM

Variable PWM cycle

Frequency generator

External event counter

4 dependant interrupt source

PWM supporting dead time control

6 trigger sources for option to shut down PWM output automatically
In high speed clock mode to generate high speed high frequency PWM (500KHZ@7BIT)

I O T

Clock Generator

o oo e remax— ko
i -
Prescaler
f —— - ﬂ*ﬂ

MHoise
Canceler

Dead Time

Compare
¢ Insert

TC1 Construction Diagram

(ompare

H HB

TC1 2—MEH 16 ALERTHUEMEE, I PWM Firl, TTDURBIM= B0, TC1 A& 14 16 Arthss, Bogr=tl=at8on, 2 M
H HCELRTA 1 MRABIRETT. FIRF, TC1 W5 TCO 3tH 10 ALETSSAS, vl DIMSEAEA 10 AL B8 . T SiEen RERTSH clkio B



B8 rem2x (335 32M RC 3883 BT 40 re32m [¥) 2 555D BT /IR F=AE T H R &b Clkt o B P= AR A 2 P B e I3 V88 1 AR =CAn L
BB N A AR AR RN TR, S — S Clkt1 SEE S I—S0R—#4E. Clkt1 7T LA Py 3Bad phyRER S Ba ph R4 4
TR IVHUE TONT1 BEBRME (B THRCKME OxFFFF BRE B EEf i L #7585 OCR1A B AHIRA 7788 ICR1, 38 TOP, & ARKE
N MAX BURKED B, THEER ST T E0R —8aE . LM EER 0 THEME TONT1 BiAR/ME (&F 0x0000, & X BOTTOM) R, HE#&BT
—#AE. LTS MTH-SUE TCNT1 203X OCR1A 5k OCR1B B, HEFRARAE KL, SEFREMSHH LEES OC1A R OC1B, K=&
PWM ¥ . AfEREIASEX SR, 2 MFEX I (DTR1 #7788 Fat BLFITHEN 8040 HMmATIT =41 PWM 38 . LR RAMHERIIR
W, TSR A R BN FARRE LT, ICR1 S B A DT SR R P - .

BAETTIEIE B COM1A/ICOM1B S AERCH OC1AIOC1B M, REREMMMMERIR, LRI

R AR E3E S COM1A/COM1B A3k OC1A/OC1B My .

TC1 is a general 16-bit timer/counter module, supporting PWM output and generating accurate waveform. It
has one 16-bit counter, waveform generation mode control unit, two independent output compare unit and
one input capture unit. Meanwhile TC1 can use 10-bit frequency prescaler alone or share it with TCO.
Prescaler divides frequency at system clock clkio or high speed clock rcm2x (internal 32M RC oscillator
output 2 times frequency of rc32m clock)to generate counter clock CLKt1.

Waveform generation mode control unit controls working mode of counter and generation of compare output
waveform. In different mode, counter features operation of clear, plus one or minus one to each counter clock
CIKt1, which is generated by either internal clock source or external clock source. Counter will be cleared or
start operation of minus one when counter value TCNT1 reaches its maximum value || Il
or a fixed value or output compare register OCR1A or input capture register ICR1 defined as TOP, maximum|
B S While counter will make operation of plus on when counter value

TCNT1 reaches minimum value (equals to 0x0000, defined as BOTTOM). If counter value TCNT1 reaches
OCR1A or OCR1B, also called compare unit occurs, output compare signal OC1A or OC1B will be cleared or
set. If inserting dead time is enable, a designed dead time, corresponding counter clock value of DTR1
register, will be inserted into the PWM waveform which has been generated. If input capture function is
enable, once triggered counter will start or stop counting, ICR1 register records counting value in a capture
signal trigger cycle. By clearing COM1A/COM1B to zero, software can shut down waveform output of
OC1A/OC1B, or setting related trigger source, which is once triggered, hardware will automate clear COM1A/
COM1B to shut down waveform output of OC1A/OC1B.

Counter clock is generated by internal or external clock source, whose selection and frequency division
selection is set by CS1 of TCCR18 register, referring to section of TC0 & TC1 frequency prescaler.

Counter is 16-bit supporting bidirectional counting. Waveform generation mode, also called counter working
mode, is set by WGM1 bit located in TCCR1A and TCCR1B register. In different mode, counter features
operation of clear, plus one or minus one on each counter clock CLKT1. If counter overflows, counting
overflow flag TOV1 located in TIFR1 register is to be set. If interrupt is enable, it will generate TC1 counting
overflow interrupt.

Output compare unit compares counter value TCNT1 and OCR1A and OCR1B of output compare register, if
TCNT1 equals to OCR1A or OCR1B, compare match occurs, it is resulted that output compare flag OCF1A or
OCF1B located in TIFR1 register is set. If interrupt is enable, TC1 output compare match interrupt will occur.
Noted that in PWM mode, OCR1A and OCR1B register are dual buffered, which is not activated if in normal
mode and CTC mode. When counter value reaches maximum and minimum, value of buffer register is
updated synchronized to compare register OCR1A and OCR1B. Details please refer to section of working
mode.



Based on waveform generation mode control and compare output mode control, waveform generator uses
compare match and counting overflow to generate output compare waveform signal OC1A and OC1B, for
specific generation methods please refer to section on “working mode” and “register”. To output OC1A and
OC1B to related pins, it is a must to set data direction register of this pin to output.
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Working Mode

Counter Time 1 has 6 different working mode, that is: normal mode (Normal), Clear Timer on Compare mode
(CTC), Fast pulse width modulation (FPWM), Phase correction pulse width modulation mode (PCPWM), Phase
frequency correction pulse width modulation mode (PFCPWM) AND Input capture mode (ICP), which are
selected by waveform generation mode control bit WGM1[3:0], 6 modes are specified in the below. 2
independent output compare unit are indicated individually by “A” and “B”, small “x” is referring to channel
of these 2 output compare unit.
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Normal Mode

It is the simplest mode for timer counter, in this mode waveform generation mode control bit WGM1[3:0]=0,
counter maximum value TOP is MAX (OxFFFF). In this mode the counting direction is always up
(incrementing), when counter reaches TOP and overrun, it goes back to BOTTOM and restart to accumulate.
In normal operation the Timer/Counter Overflow Flag(TOV1) will be set in the same timer clock cycle as the
TCNT1 becomes zero. The TOV1 Flag in this case behaves like a 17th bit, except that it is only set, not
cleared. However, combined with the timer overflow interrupt that automatically clears the TOV1 Flag, the
timer resolution can be increased by software. There are no special cases to consider in the Normal mode, a
new counter value can be written anytime.

Output compare signal OC1x waveform can only be generated when setting data direction register of OC1x
pin as output. If COM1x=1, compare match occur, than OC1x signal is toggled. In this case waveform
frequency is calculated by below formula:

focixnormal = fsys/(2*N*65536)

Here, N indicates prescaler factor (1, 8, 64, 256 or 1024)

Output compare unit can generate interrupt, but it is not recommend in normal mode, because it takes too
much CPU time.
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Set WGM1[3:0]=4 or 12, timer/ counter 1 is in CTC mode, max. If WGM1[3:0]=0, counter maximum value TOP is
OCR1A.

If WGM1[3:0]=1, counter maximum value TOP is OCR1. Below is an example when WGM1[3:0]=4, in this mode,
the counting direction is always up by each counting clock (incrementing), when counter TCNT1 reaches TOP,
it is cleared. This mode makes users quite easy to control frequency of compare match output, also operation
of external events counting is simplified.

When counter reaches TOP , output compare match flag OCF1 is set, corresponding interrupt enable will
generate interrupt, the interrupt handler routine can be used to update OCR1A register. In this mode,
changing TOP to a value close to BOTTOM when the counter is running with none or a low prescaler value
must be done with care since the CTC mode does not have the double buffering feature. If the new value
written to OCR1A is lower than the current value of TCNT1, the counter will miss the compare match. Before
next compare match, the counter will then have to count to MAX and re-start from BOTTOM to count to
OCR1A value. As for the Normal mode of operation, the TOVO Flag is set when counting value return to 0x0 of
counting clock.

Waveform of output compare signal OC1x is generated only if data direction register of OC1x pin is set
output. In this case waveform frequency can be calculated by below formula:

foc1xctc = fsys/(2*N*(1+OCR1A))

Here, N indicates prescaler factor (1, 8, 64, 256 or 1024)

Seeing from above formular, set OCR1A to 0x0 meanwhile without prescaler, output waveform of max. fsys/2
can be gained.

It is similar case when WGM1[3:0]=12 and WGM1[3:0]=4, only need to change OCR1A to ICR1 accordingly.
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Fast PWM Mode

Fast PWM mode of Timer/Counter 1 (WGMO0[2:0 ]= 3 or 7) provides a high frequency PWM waveform
generation option

When set WGM1[3:0]=5, 6, 7, 14 or 15. TOP is defined as 0xFF,0x1FF,0x3FF, ICR1 or OCR1A which can
generate high frequency PMW waveform. The fast PWM differs from the other PWM option by its single-slope
operation. The counter counts from BOTTOM to TOP then restarts from BOTTOM. When counting value
TCNT1 reaches TOP or BOTTOM, output compare OC1x is set or cleared, which depends on configuration of
compare output mode, details referring to sections about register.

Due to the single-slope operation, the operating frequency of the fast PWM mode can be twice as high as the
phase correct PWM mode. This high frequency makes the fast PWM mode well suited for power regulation,
rectification, and DAC applications. High frequency allows physically small sized external components
(capacitors), and therefore reduces total system cost.

When counting value reaches TOP, timer counter overflow flag TOV1 will be set and value of compare buffer
is updated to compare value. If interrupt is disable, compare buffer OCR1A register can be updated in
interrupt routine program.

Waveform of output compare signal OC1x is generated only if data direction register of OC1x pin is set
output. Waveform frequency can be calculated by below formular:

focixfpwm = fsys/(N*(1+TOP))

Here, N indicates prescaler factor (1, 8, 64, 256 or 1024)

When compare match occur between TCNT1 and OCR1x, waveform generator is set to OC1x (cleared). When
TCNT1 is cleared, waveform generator is (cleared) set to OC1x to generate PWM waveform, so extreme value
of OCR1x will generate very special PWM waveform. If the OCR1x is set to 0x00 the output PWM will be a
narrow spike for each

1+TOP timer clock cycle. Setting the OCR1x as TOP will result in a constantly high or low change level. If
OCR1A is TOP and setting COM1A=1, output compare signal OC1A will generate PWM waveform with 50%
duty cycle.
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Phase Correct PWM Mode

Setting WGMO0[3:0] to 1, 2, 3, 10 or 11, Timer/Counter 1 enter into Phase Correct PWM mode, each TOP
value is 0xFF, 0x1FF, 0x3FF, ICR1 or OCR1A. The phase correct PWM mode is based on a dual-slope
operation. The counter counts repeatedly TOP (increment) and then to BOTTOM (decrement).

When counter reaches TOP or BOTTOM, it will both change counting direction. TOP or BOTTOM value only
stay for one counting clock.

On the compare match between TCNT1 and OCR1x while up-counting and down-counting, the Output
Compare (OC1x) is cleared or set depending on the configuration of compare output mode COM1. The dual-
slope operation has lower maximum operation frequency than single slope operation. However, due to the
symmetric feature of the dual-slope PWM modes, these modes are preferred for motor control applications.

In phase correct PWM mode, the TOV1 is set each time the counter reaches BOTTOM. When the counter
reaches TOP, value of compare buffer is updated to compare value. If interrupt enable, compare buffer OCR1x
register can be updated in interrupt routine program.

Setting OC1x pin data direction register to output, it will generate waveform of output compare OC1x.
Waveform frequency can be calculated via below formula:

focixcpcpwm = fsys/(N*TOP*2)

Here, N indicates prescaler factor (1, 8, 64, 256 or 1024)

During up-counting, when compare match occur between TCNT1 and OCR1x, waveform generator clear (set)
OC1x . During down-counting, when compare match occur between TCNT1 and OCR1x, waveform generator
set (clear) OC1x, so extreme value of OCR1x will generate very special PWM waveform. Setting the OCR1x
equal to TOP or BOTTOM will result in a constantly high or low level change. If OCR1A is TOP and setting
COM1A=1, output compare signal OC1A will generate PWM waveform with 50% duty cycle.

OC1x will be toggled in two cases when compare match does not occur while to ensure symmetry of both



side of PMW waveform at its bottom value.

The first case : OCR1x value is changed from TOP to others. When the OCROx value is TOP, counting value
reach TOP, OC1x output is the same as the result of previous down-counting Compare Match, that is to say
OCO0x keep unchanged.

In this case Compare value is updated to a new OCR1x value (not TOP). OC1x keeps unchanged till it is
toggled in up-counting compare match. At this moment OC1x is not symmetric with minimum value, so OC1x
need to be toggled when TCNT1 reach maximum value.

The 2™ case: when TCNT1 starts to count from value higher than OCR1x, one compare match will loss, which
will result in asymmetric. Same is that to achieve symmetric at both side of bottom value, OC1x is needed to
be toggled.
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Phase Frequency Correct PWM Mode

Setting WGMO0[3:0] to 8 or 9, Timer/Counter 1 enter into Phase Frequency Correct PWM mode, each TOP value
is ICR1 or OCR1A. In this mode counter is based on a dual-slope operation. The counter counts repeatedly to
TOP (increment) and then to BOTTOM (decrement).

When counter reaches TOP or BOTTOM, it will both change counting direction. TOP or BOTTOM value only
stay for one counting clock.

On the compare match between TCNT1 and OCR1x while up-counting and down-counting, the Output
Compare (OC1x) is cleared or set depending on the configuration of compare output mode COM1. The dual-
slope operation has lower maximum operation frequency than single slope operation. However, due to the
symmetric feature of the dual-slope PWM modes, these modes are preferred for motor control applications.

In phase frequency correct PWM mode, the TOV1 is set each time the counter reaches BOTTOM. When the



counter reaches TOP, value of compare buffer is updated to compare value. The time of updating compare
value is the main difference between phase frequency correct PWM mode and phase correct PWM mode. If
interrupt enable, compare buffer OCR1x register can be updated in interrupt routine program.

If CPU changes TOP, that is ORC1A or ICR1, it is a must to ensure that TOP value is no lower than TOP value
that is under use, otherwise compare match will not occur.

Setting OC1x pin data direction register to output, it will generate waveform of output compare OC1x.
Waveform frequency can be calculated via below formula:

focixcpfcpwm = fsys/(N*TOP*2)

Here, N indicates prescaler factor (1, 8, 64, 256 or 1024)

During up-counting, when compare match occur between TCNT1 and OCR1x, waveform generator clear (set)
OC1x . During down-counting, when compare match occur between TCNT1 and OCR1x, waveform generator
set (clear) OC1x, so extreme value of OCR1x will generate very special PWM waveform. Setting the OCR1x to
TOP or BOTTOM will result in a constantly high or low level change. If OCR1A is TOP and setting COM1A=1,
output compare signal OC1A will generate PWM waveform with 50% duty cycle.

OCR1x register is updated at moment of BOTTOM, so counting length of up-counting and down-counting at
both side of TOP value is the same, than symmetric waveform of same frequency and phase will be
generated.

If using a fixed TOP value, had better use ICR1 register as TOP value, setting WGM1[3:0]=8, than OCR1A
register is only used to generate PWM output. If PWM waveform with changing frequency is in need of, must
change TOP value. Dual buffer of OCR1A is more suitable for this application.
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Input Capture Mode

Input capture mode is used to capture external events, it gives external events a time flag as record. This
mode is used in previous counter modes but not include in waveform generation mode when using ICR1 as
counting TOP value.

Trigger signal of external events is input via pin ICP1, it can also be realized via analog comparator unit. If
logic change level on pin ICP1 changes, or output ACO level change of analog comparator changes, input
capture is triggered when the just mentioned level change is captured by input capture unit. At this moment,
16-bit counting value TCNT1 data is copied to input capture register ICR1, meanwhile input capture flag ICF1
is set. If setting ICIE1 to logic one, input capture flag will generate input capture interrupt.

By setting analog compare input capture control bit (ACIC) of analog compare control and status register
(ACSR), ICPI or ACO, input capture trigger source, can be selected. Noted that one change of trigger source
would result in one input capture, so after the change, must clear ICF1 to avoid a mistake.

Input capture signal is send to edge inspector after going through optional noise suppression, to see if the
inspected edge satisfy trigger condition based on configuration of input capture selection control bit ICES1.
Noise surpression is a very simple digital filter; it samples the input signal for 4 times. Its output is send to
edge inspector only if the 4 sampling value are the same. Noice surpression is set for enable or disable via
ICNC1 of TCCR1B register.

When using input capture, ICF1 is set, should read ICR1 register value ASAP, because ICR1 value will be
updated in the next capture event. It is recommend to enable input capture interrupt, and in whatever input
capture mode, we suggest not to chang TOP value during operation.

Input capture timig flag can be used to calculate frequency, empty percentage and other characteristic of
signal, it can be also used to create log for trigger events. For measuring empty percentage of external signal,
it is required to change trigger edge after each capture, so has to change edge of triggered signal ASAP after
reading ICR1 value.
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Auto shut down and re-start of PWM output
If DOC1x of TCCR1C register is set high, PWM output enable to shut down automatically. Once trigger



conditins is satisfied, hardware will clear corresponding COM1x, PWM output OC1x will be apart from output
pin and switch to general 10 output, by this way automate shut-down of PWM output is done. Under this
situation, status of output pin is controlled via output of general 10 port.

When automate shut-down of PWM output is enable, trigger condition must be set. Trigger source is set by
DSX1n of TCCR1D register. Trigger source has analog compare interrupt, external interrupt, pin change
interrupt and timer overflow interrupt, for details please refer to section of TCCR1D register. If some of these
trigger source is selected and these interrupt flag is set at the same time, hardware will clear COM1x to shut
down PMW output.

When trigger events occur and PWM output is shut down, if no interrupt flag in timer module, trigger event
and trigger condition can only be known when software read interrupt flag of trigger source.

If PWM need to re-start output, it is only necessary to use software re-set COM01x to switch OC1x output into
related pins. Note that after automate shut-down occur, timer will not stop working, OC1x status is keeping
updating. Software can set COM1x to output OC1x after overflow or compare match occurs on timer, by this
way accurate PMW output can be gotten.
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Dead time control

Setting DTEN1 to logic one, it enables inserting dead time, OC1A and OC1B output wave will insert designed
dead time based on waveform generated by B channel compare output, length of time is the timing value
corresponded to counter clock number of DTR1 register. As shown below, OC1A and OC1B will insert
designed dead time based on waveform generated by B channel compare output. If COM1A and COM1B are
set to 2 or 3 at the same time, waveform polarity of OC1A and OC1B are the same, if they are setto 2 or 3
individually, waveform polarity of OC1A is opposite to that of OC1B.
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Setting DTEN1 to logic zero, function of inserting dead time is disabled. Output wave of OC1A and OC1B is



their own waveform generated by compare output.
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High Speed Clock Mode

In high speed clock mode, higher frequency clock is used as clock source of timer, to generate higher speed
and higher resolution PMW waveform. This high frequency clock is generated from 2 times frequency which
is a result from output clock rc32m of internal 32M RC oscillator. Before high frequency mode, frequency
doubling function of internal 32M RC oscillator must be enabled, set F2XEN of TCKCSR register, wait till
signal of frequency doubling clock is stable, than set TC2XS1 bit of TCKCSR to make time counter enter into
high speed clock mode.

In this mode, system clock and high speed clock is asynchronous, some registers (referring to TC1 register
list) are working in high speed area, so during operation must pay attention that configuration and reading of
such registers is also asynchronous.

For non-continuous read-write on registers working in high speed clock area, there is no special requirement,
while for continuous read-write operation, it needs to wait for one system clock, operation step is as below:

5) Write register A

6) Wait for a system clock (NOP or operation system clock register)



7) Read or write register A or B
8) Wait for a system clock (NOP or operation system clock register)

For read operation on registers in high speed clock area, register with 8 bit can be access to read and fetch
directly, while for 16 bitregister (OCR1A, OCR1B, ICR1, TCNT1), must read lower register firstly, than read
high value after a system clock. When reading TCNT1, counter is still counting number, TCNT1 value will
change as per high speed clock, in this case can stop counter (setting CS1 to zero) to read TCNT1 value.

When reading OCR1A, OCR1B, ICR1 and TCNT1, below steps are as reference:
1) ready OCR1AL/OCR1BL/ICR1L

2) wait for one system clock (NOP)

3) read OCR1AH/OCR1BH/ICR1H

When reading TCNT1, below steps are as reference:
1) set CS1 to logic zero

2) wait for one system clock (NOP)

3) read TCNT1L

4) wait for one system clock (NOP)

Read TCNT1H value

Register defition

TC1 Register List
Register Address Default value Comments
TCCR1A* 0x80 0x00 TC1 control register A
TCCR1B* 0x81 0x00 TC1 control register B
TCCR1C* 0x82 0x00 TC1 control register C
DSX1 0x83 0x00 TC1 trigger source control register
TCNTIL * 0x84 0x00 TC1 counting value register LOW byte
TCNT1H* 0x85 0x00 TC1 counting value register HIGH byte
ICR1L * 0x86 0x00 TC1 input capture register LOW byte
ICR1H* 0x87 0x00 TC1 input capture register HIGH byte
OCR1AL * 0x88 0x00 TC1 input capture register A low byte
OCR1AH* 0x89 0x00 TC1 output compare register A high byte
OCR1BL * 0x8A 0x00 TC1 output compare register B low byte
OCR1BH* 0x8B 0x00 TC1 output compare register B high byte
DTR1* 0x8C 0x00 TC1 dead time control register
TIMSK1 0x6F 0x00 Timer counter interrupt mask register
TIFR1 0x36 0x00 Timer counter interrupt flag register
TCKCSR1 O0xEC 0x00 TC1 clock control status register
TCKCSR 0xEC 0x00 TC clock control and status register

Note that: Register with * are working in system clock and high speed clock area,while register without * are
only woking in system clock area.

TCCR1A -TC1 Control Register A

| TCCR1A -TC1 Control Register A




Address: 0x80 Default value: 0x00

Bit 7 6 5 4 3 2 1 0
COM1A1 COM1A0 comMm1B1 com1BO | - - WGM11 WGM10

R/W | RIW R/W R/W R/W - - R/W R/W

Bit Name Comment

7 COM1A1 Compare match output A mode control high

COM1A1 and COM1A0 combine to consist of COM1A[1:0], used to control 0C1A output
compare waveform. If 1 or 2 of the COMOA bits are set, output compare waveform takes
up 0C1A pin, however whose data direction regester must be set to high. In different
mode, COM1A control output compare waveform differently, for details referring to list on
compare output control.

6 COM1A0

Compare match output A mode control low

COM1A1 and COM1A0 combine to consist of COM1A[1:0], used to control 0C1A output
compare waveform. If 1 or 2 of the COMOA bits are set, output compare waveform takes
up 0C1A pin, however whose data direction regester must be set to high. In different
mode, COM1A control compare waveform differently, for details referring to list on
compare output control.

5 comM1B1

Compare match output B mode control high

COM1B1 and COM1B0 combine to consist of COM1B[1:0], used to control 0C1B output
compare waveform. If 1 or 2 of the COMOB bits are set, compare waveform takes up 0C1B
pin, however whose data direction regester must be set to high. In different mode, COM1B
control compare waveform differently, for details referring to list on compare output
control.

4 COM1B0O

Compare match output B mode control low

COM1B1 and COM1B0 combine to consist of COM1B[1:0], used to control 0C1B output
compare waveform. If 1 or 2 of the COMOB bits are set, compare waveform takes up 0C1B
pin, however whose data direction regester must be set to high. In different mode, COM1B
control compare waveform differently, for details referring to list on compare output
control.

reserved

1 WGM11

Waveform generation mode control sub-low

WGM11, WGM13, WGM12 and WGM10 generate waveform generation control WGM1[3:0]
together, counting method and waveform generation method of control counter is
referring to list on waveform generation mode.

0 WGM10

Waveform generation mode control lowest

WGM10, WGM13, WGM12 and WGM11 generate waveform generation control WGM1[3:0]
together, counting method and waveform generation method of control counter is
referring to list on waveform generation mode.

Below list shows how compare output mode controls output compare waveform in non-PWM mode (normal
mode and CTC mode)

COM1x[1:0] Comment
0 OC1x disconnect, general IO port operation
1 Toggle OC1x signal in compare match




Clear OC1x signal in compare match

Set OC1x signal in compare match

Below list shows how compare output mode controls output compare waveform in fast

PWM mode
COM1x[1:0] Comment
0 OC1x disconnect, general 10 port operation

1 If WGM1 is 15, OC1A signal is toggled in compare match and OC1B is disconnected
If WGM1 is other value, OC1x disconnected, general IO port operation

2 Clear OC1x signal in compare match, while set OC1x in maximum value match

3 Set OC1x signal in compare match, while clear OC1x in maximum value match

Below list shows how compare output mode controls output compare waveform in phase
correction mode

COM1x[1:0] Comment

0 OC1x disconnect, general 10 port operation

1 If WGM1 is 9 or 11, OC1A signal is toggled in compare match and OC1B is disconnected
If WGM1 is other value, OC1x disconnected, general IO port operation

2 OC1x is cleared in up-counting compare match, and set OC1x in down-counting compare
match

3 OC1x is set in up-counting compare match, and clear OC1x in down-counting compare match

TCCR1B -TC1 control register B

TCCR1B -TC1 control register B

Address: 0x81 Default value: 0x00
Bit 7 6 5 4 3 2 1 0
ICNCA1 ICES1 - WGM13 WGM12 CS12 CSs11 CS10

R/W | RW R/W - R/W R/W R/W R/W R/W

Bit Name Comment

7 ICNC1 Input capture noise supression enable control
If setting ICNC1 to logic one, input capture noise surpression is enable, than input of
external pin ICP1 is filtered, input signal is acitvaed if 4 continuous sampling are the same
value, becaues of this funtion input capture is delayed for 4 clock cycles.
If setting ICNC1 to logic zero, input capture noise supression is disable, than input of
external pin ICP1 is activated directly.

6 ICES1 Input capture trigger edge selection control
If setting ICES1 to logic one, rising edge of selected pin change level will trigger input
capture
If setting ICES1 to logic zero, falling edge of selected pin change level will trigger input
capture.
When an event is captured, counter value will be copied to ICR1 register, meanwhile input
capture flag ICF1 is set.
If interrupt is enable, input capture interrupt is generated.

5 - reserved

4 WGM13 Waveform generation mode control high




WGM13 and WGM12, WGM11,WGM10 together consist of waveform generation control
WGM1[3:0], counting method and waveform generation method of control counter is
referring to list on waveform generation mode.

3 CS12 Clock selection control high

Used to select clock source of timer/counter 1
1 Cs11 Clock selection control low

Used to select clock source of timer/counter 1
0 Cs10 Clock selection control low

Used to select clock source of timer/counter 1

CS1[2:0] comments

No clock source, stop couting

clksys

Clksys/8, from frequency prescaler

Clksys/64, from frequency prescaler

Clksys/256, from frequency prescaler

Clksys/1024, from frequency prescaler

External clock T1 pin, falling edge trigger

Njlofa|h~h[{W|N|=|O

External clock T1 pin, rising edge trigger

Below list shows waveform generation mode control

WGM1[3:0] Working Mode TOP Value Update OCR0O Moment Set TOVO Moment
0 Normal OxFFFF Immediately MAX

1 8-bit PCPWM 0x00FF TOP BOTTOM
2 9-bit PCPWM 0x01FF TOP BOTTOM
3 10-bit PCPWM 0x03FF TOP BOTTOM
4 CTC OCR1A Immediately MAX

5 8-bit FPWM 0x00FF BOTTOM TOP

6 9-bit FPWM 0x01FF BOTTOM TOP

7 10-bit FPWM 0x03FF BOTTOM TOP

8 PFCPWM ICR1 BOTTOM TOP

9 PFCPWM OCR1A BOTTOM TOP

10 PCPWM CR1 TOP BOTTOM
1" PCPWM OCR1A TOP BOTTOM
12 CTC ICR1 Immediately MAX

13 reserved - - -

14 FPWM ICR1 TOP TOP

15 FPWM OCR1A TOP TOP

TCCR1C —TC1 Control Register C

TCCR1C -TC1

Control Register C

Address: 0x82 Default value: 0x00

Bit 7 6 5 4 3 2 1 0
FOC1A FOC1B DOC1B DOC1A DTEN1 - - -

R/W | RIW R/W R/W R/IW R/W - - -




Bit Name Comment

7 FOC1A Force output compare A
In non-PWM mode, setting force input compare bit FOC1A to logice one, compare match
will generate. Force compare match cannot set OCF1A flag, also not reload or clear
counter, but output pin OC1A is to be updated according to COM1A configuration, it
seems that a real compare match occurs.
In PWM mode, must clear TCCR1A when writting it.
Return value of read-fetch FOC1A is always zero.

6 FOC1B Force output compare B
In non-PWM mode, setting force input compare bit FOC1B to logice one, compare match
will generate. Force compare match cannot set OCF1B flag, also not reload or clear
counter, but output pin OC1B is to be updated according to related COM1B configuration,
it seems that a real compare match occurs.
In PWM mode, must clear TCCR1A when writting.
Return value of read-fetch FOC1A is always zero.

5 DOC1B TC1 shut down output compare enable control high
If setting DOC1B to logic one, trigger source shut down output compare signal OC1B is
enable. If trigger event occurs, hardware clear COM1B automatically and shut down
waveform output of OC1B. By setting COM1B software will re-open PWM output.
If setting DOC1B to logic zero, trigger source shut down output compare signal OC1B is
disable

4 DOC1A TC1 shut down output compare enable control low
If setting DOC1A to logic one, trigger source shut down output compare signal OC1A is
enable. If trigger event occurs, hardware will clear COM1A automatically and shut down
waveform output of OC1A. By setting COM1A software will re-open PWM output.
If setting DOC1A to logic zero, trigger source shut down output compare signal OC1B is
disable

3 DTEN1 TC1 Dead time enable control bit
If setting DTEN1 to logic one, inserting dead time is enable. Based on waveform generated
in compare output channel B, OC1A and OC1B both insert dead time, whose intervals are
decided by corresponding counting time of DTR1 register. Polarity of OC1A output
waveform is decided by relationship between COM1A and COM1B, for details referring to
list of waveform polarity after OC1A inserting dead time.

2:0 - reserved

Below list shows control on polarity of OC1A output waveform when enable dead time

DTEN1 COM1A[1:0] COM1B[1:0] | comment
0 - - OC1A polarity is decided by OC1A compare output mode
control
1 0 - OC1A disconnected, general 10 port operation
1 1 - reserved
1 2 2 OC1A signal is the same as OC1B polarity
3 OC1A signal is opposite to OC1B polarity
1 3 2 OC1A signal is opposite to OC1B polarity
3

OC1A signal is the same as OC1B polarity




Noted that:

OC1B output waveform polarity is controlled by OC1B compare output mode, this is the same when insert

dead time is disable.

TCCR1D-TC1 Control Register D

TCCR1D-TC1 Control Register D

Address: 0x83 Default value: 0x00

Bit 7 6 5 4 3 2 1 0

DSX17 DSX16 DSX15 DSX14 - - DSX11 DSX10

R/W | RW R/W R/W R/W - - R/W R/W

Bit Name Comment

7 DSX17 7 bit of TC1 trigger source selection control is enable
When setting DSX17 to logic one, TC1 overflow, used as trigger source to shut down
output compare signal waveform 0C0OA/0COB, is enable. When setting DOC1A/DOC1B to
logic one, rising edge of interrupt flag register bit of selected trigger source will
automatically shutdown 0C1A/0C1B waveform output.
When setting DSX17 to logic zero, [l overflow, used as trigger source to shut down
output compare signal waveform 0C1A/0C1B, is disable.

6 DSX16 6 bit of TC1 trigger source selection control is enable
When setting DSX16 to logic one, TC2 overflow, used as trigger source to shut down
output compare signal waveform 0C1A/0C2B, is enable. When setting DOC1A/DOC1B to
logic one, rising edge of interrupt flag register bit of selected trigger source will
automatically shutdown 0C1A/0C1B wave output
When setting DSX16 to logic zero, TC2 overflow, used as trigger source to shut down
output compare signal waveform 0C1A/0C1B, is disable.

5 DSX15 5 bit of TC1 trigger source selection control is enable
When setting DSX15 to logic one, pin change level 1, used as trigger source to shut down
output compare signal waveform 0C1A/0C1B, is enable. When setting DO1A/DOC1B to
logic one, rising edge of interrupt flag register bit of selected trigger source will
automatically shutdown 0C1A/0C1B waveform output
When setting DSX15 to logic zero, pin change level 1, used as trigger source to shut down
output compare signal waveform 0C1A/0C1B, is disable.

4 DSX14 4 bit of TC1 trigger source selection control is enable
When setting DSX14 to logic one, external interrupt 1, used as trigger source to shut down
output compare signal waveform 0C1A/0C1B, is enable. When setting DOC1A/DOC1B to
logic one, rising edge of interrupt flag register bit of selected trigger source will
automatically shutdown 0C1A/0C1B wave output
When setting DSX14 to logic zero, external interrupt 1, used as trigger source to shut
down output compare signal waveform 0C1A/0C1B, is disable.

3:2 - reserved

DSX11 1 bit of TC1 trigger source selection control is enable

When setting DSX11 to logic one, analog comparator 1, used as trigger source to shut
down output compare signal waveform 0C1A/0C1B, is enable. When setting
DOC1A/DOC1B to logic one, rising edge of interrupt flag register bit of selected trigger




source will automatically shutdown 0C1A/0C1B waveform output
When setting DSX11 to logic zero, analog comparator 1, used as trigger source to shut
down output compare signal waveform 0C1A/0C1B, is disable.

DSX10

0 bit of TC1 trigger source selection control is enable

When setting DSX10 to logic one, analog comparator 0, used as trigger source to shut
waveform O0C1A/0C1B, is enable.
DOC1A/DOC1B to logic one, rising edge of interrupt flag register bit of selected trigger
source will automatically shutdown 0C1A/0C1B wave output

When setting DSX10 to logic zero, analog comparator 0, used as trigger source to shut
down output compare signal waveform 0C1A/0C1B, is disable.

down output compare signal When setting

Below list shows selection control of waveform output trigger source
Trigger source selection control when shuttig down OC1A/OC1B waveform output

DOC1x DSX1n=1 | Trigger source Comments

0 - - Settubg DOC1x to logic zero, function of trigger source
shut-down waveform output is disable

1 0 Analog comparator 0 Rising edge of ACIF0 shuts down OC1x waveform
output

1 1 Analog comparator 1 Rising edge of ACIF1 shuts down OC1x waveform
output

1 4 External interrupt 1 Rising edge of INTF1 shuts down OC1x waveform
output

1 5 Pin change level 1 Rising edge of PCIF1 shuts down OC1x waveform
output

1 6 TC2 overflow Rising edge of TOV2 shuts down OC1x waveform output

1 7 TCO overflow Rising edge of TOVO0 shuts down OC1x waveform output

Note that:

DSX1n=1, it indicates that if the n bit of DSX1 register is one, each register can be set simutanously.

TCNT1L —-TC1 Counting value register low byte

TCNT1L —TC1 Counting value register low byte

Address: 0x84 Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
TCNT1L7 | TCNT1L6 | TCNTIL5 | TCNT1L4 | TCNT1L3 | TCNT1L2 | TCNT1L1 | TCNT1LO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 TCNT1 TC1 Counting value low byte

TCNT1H and TCNT1L is combined to consist of TCNT1, than via TCNT1 register 16-
bit counting value of counter can be access to for read-write directly. It is 2 times

operations to read and write 16-bit register.
If write to 16-bit TCNT1, must write TCNT1H firstly. If read 16-bit TCNT1, must read
TCNT1L first.
Write operation of CPU to TCNT1 register will prevent compare match from




happening in the next timer clock cycle, even timer stop working, this allows that
value of initialized TCNT1 register is consistent with 0CR1x value, so interrupt is not
triggered.

If written value to TCNT1 equal to or override 0CR1x value, compare match will loss,
which results in incorrect waveform.

Timer stops counting if clock source is not selected, but CPU can be still access to
TCNT1. CPU write counter has higher priority than clear or minus/plus operation.

TCNT1H —-TC1 Counting value register high byte

TCNT1h —TC1 Counting value register high byte

Address: 0x85 Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
TCNT1H7 | TCNT1H6 | TCNT1H5 | TCNT1H4 | TCNT1H3 | TCNT1H2 | TCNT1H1 | TCNT1HO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 TCNT1H TC1 Counting value high byte

TCNT1H and TCNT1L is combined to consist of TCNT1, than via TCNT1 register 16-
bit counting value of counter can be access to for read-write directly. It is 2 times
operations to read and write 16-bit register.

If write 16-bit TCNT1, must write TCNT1H firstly. If read 16-bit TCNT1, must read
TCNT1L first.

Write operation of CPU to TCNT1 register will prevent compare match from
happening in the next timer clock cycle, even timer stop working, this allows that
value of initialized TCNT1 register is consistent with 0CR1x value, so interrupt is not
triggered.

If written value to TCNT1 equal to or override 0CR1x value, compare match will loss,
which results in incorrect waveform.

Timer stops counting if clock source is not selected, but CPU can be still access to
TCNT1. CPU write counter has higher priority than clear or minus/plus operation.

ICR1L —TC1 Input Capture Register Low byte

ICR1L —TC1 Input Capture Register Low byte

Address: 0x86 Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
ICR1L7 ICR1L6 ICR1L5 ICR1L4 ICR1L3 ICR1L2 ICR1L1 ICR1LO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 ICR1L TC1 Counting value low byte

ICR1H and ICR1L is combined to consist of ICR1 of 16-bit, It is 2 times operations to
read and write 16-bit register.

If write 16-bit ICR1, must write ICR1H firstly. If read 16-bit ICR1, must read ICR1L first.
If input capture is triggered, counting value TCNT1 is copied to ICR1 register.

ICR1 register is also used to define TOP of counting value.

ICR1H —TC1 Input Capture Register High byte




ICR1H —TC1 Input Capture Register High byte

Address: 0x87 Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
ICR1H7 ICR1H6 ICR1H5 ICR1H4 ICR1H3 ICR1H2 ICR1H1 ICR1HO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 ICR1L TC1 Counting value high byte

ICR1H and ICR1L are combined to consist of ICR1 of 16-bit, It is 2 times operations
to read and write 16-bit register.

If write 16-bit ICR1, must write ICR1H firstly. If read 16-bit ICR1, must read ICR1L first.
If input capture is triggered, counting value TCNT1 is copied to ICR1 register.

ICR1 register is also used to define TOP of counting value.

OCR1AL -TC1 Output Compare Register A low byte

OCR1AL -TC1 Output Compare Register A low byte

Address: 0x88 Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
ICR1AL7 | ICR1AL6 | ICR1AL5 |ICR1AL4 |ICR1AL3 |ICR1AL2 | ICR1AL1 ICR1ALO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 ICR1L Output Compare Register A low byte

ICR1AL and ICR1AH are combined to consist of ICR1A of 16-bit, It is 2 times
operations to read and write 16-bit register.

If write 16-bit ICR1A, must write ICR1AH firstly. If read 16-bit ICR1A, must read
ICR1AL first.

OCR1A compares with TCNT1 continuously. Compare match can generate output
compare interrupt, or waveform on OC1A pin.

In PWM mode, OCR1A register uses dual buffer register. But in normal and match
clear mode, dual buffer function is disable. Updating OCR1A and moment of counter
in maximum or minimum value can be syschronized by dual buffer, so as to prevent
asymmetric PWM pulse and clear intervene pulse

When using dual buffer, CPU is access to OCR1A buffer register. If dual buffer is
disable, CPU is access to OCRIA itself.

OCR1AH -TC1 output compare register A high byte

OCR1AH -TC1 output compare register A high byte

Address: 0x89 Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
OCR1AH7 | OCR1AH6 | OCR1AH5 | OCR1AH4 | OCR1AH3 | OCR1AH2 | OCR1AH1 | OCR1AHO0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 OCR1AH | Output Compare Register A high byte

OCR1AL and OCR1AH are combined to consist of OCR1A of 16-bit, It is 2 times
operations to read and write 16-bit register.
If write 16-bit OCR1A, must write OCR1AH firstly. If read 16-bit OCR1A, must read




OCR1AL first.

OCR1A compares with TCNT1 continuously. Compare match can generate output
compare interrupt, or waveform on OC1A pin.

In PWM mode, OCR1A register uses dual buffer register. But in normal and match
clear mode, dual buffer function is disable. Updating OCR1A and moment of counter
in maximum or minimum value are synchronized by dual buffer, so as to prevent
asymmetric PWM pulse and clear intervene pulse

When using dual buffer, CPU is access to OCR1A buffer register. If dual buffer is
disable, CPU is access to OCRIA itself.

OCR1BL —-TC1 output compare register B low byte

OCR1BL -TC1 output compare register B low byte

Address: 0x8A Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
OCR1BL7 | OCR1BL6 | OCR1BL5 | OCR1BL4 | OCR1BL3 | OCR1BL2 | OCR1BL1 | OCR1BL0O

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 OCR1BL Output Compare Register B low byte

OCR1BL and OCR1BH are combined to consist of OCR1B of 16-bit, It is 2 times
operations to read and write 16-bit register.

If write 16-bit OCR1B, must write OCR1BH firstly. If read 16-bit OCR1B, must read
OCR1BL first.

OCR1B compares with TCNT1 continuously. Compare match can generate output
compare interrupt, or waveform on OC1B pin.

In PWM mode, OCR1B register uses dual buffer register. But in normal and match
clear mode, dual buffer function is disable. Updating OCR1B and moment of counter
in maximum or minimum value are synchronized by dual buffer, so as to prevent
asymmetric PWM pulse and clear intervene pulse

When using dual buffer, CPU is access to OCR1B buffer register. If dual buffer is

disable, CPU is access to OCRIB itself.

TIMSK1 — TC1 interrupt mask register

TIMSK1 — TC1 interrupt mask register

Address: 0x6F Default value: 0x00
Bit 7 6 5 4 3 2 1 0
- - TICIE1 - - OCIE1A OCIE1B TOIE1

R/W - - R/W - - - R/W R/W

Initial | 0 0 0 0 0 0 0 0

Bit Name Comment

7:6 - reserved

5 TICIE1 TC1 input capture interrupt enable control bit
If ICIE1 is logic one, and globe interrupt is set, TC1 input capture interrupt is enable.
If input capture is triggered, also called that ICF1 flag of TIFR1 is set, so interrupt is
generated.




If ICIE1 is set to logic zero, TC1 input capture interrupt is disable.

4:3 - reserve
2 OCIE1B TC1 output compare B match interrupt enable bit
If OCIE1B is set to logic one, and globe interrupt is set, TC1 output compare B match
interrupt is enable.
When compare match occurs, OCF1B of TIFR is set and interrupt occurs.
If OCIE1B is set to logic zero, TC1 output compare B match interrupt is disable.
1 OCIE1A TC1 output compare A match interrupt enable bit
If OCIE1A is set to logic one, and globe interrupt is set, TC1 output compare A match
interrupt is enable.
When compare match occurs, OCF1A of TIFR is set and interrupt occurs.
If OCIE1A is set to logic zero, TC1 output compare A match interrupt is disable.
0 TOIE1 TC1 overflow interrupt enable

If TOIE1 is set to logic one, and globe interrupt is set, TC1 overflow interrupt is enable.
If TC1 overflows, TOV1 of TIFR is set, interrupt occur.
If TOIE1 is set to logic zero, TC1 overflow interrupt is disable.

TIFR1 — TC1 Interrupt Flag Register

TIFR1 — TC1 Interrupt Flag Register

Address: 0x36 Default value: 0x00
Bit 7 6 5 4 3 2 1 0
- - ICF1 - - OCF1B OCF1A TOV1

R/W - - R/W - - - R/W R/W

Bit Name Comment

7:6 - reserved

5 ICF1 Input capture flag bit
If input capture event occurs, ICF1 flag is set. If ICR1 is used as TOP value of counter and
counter reaches TOP, ICF1 flag is set.
If ICIE1 is logic one and globe interrupt flag is set, input capture interrupt is generated.
When executing this interrupt routine program, ICF1 is cleared automatically, or write
logic one to ICF1 to clear this bit.

4:3 - reserve

2 OCF1B Output compare B match flag
If TCNT1 equals to OCR1B, compare unit gives match signal and set compare bit OCF1B.
At this moment if output cmpare interrupt sets OCIE1B to logic one, and globe interrupt is
set, than output compare interrupt occurs.
When executing this interrupt routine program, OCF1B is cleared automatically, or write
logic one to OCF1B to clear this bit.

1 OCF1A Output compare A match flag
If TCNT1 equals to OCR1A, compare unit gives match signal and set compare bit OCF1A.
At this moment if output cmpare interrupt sets OCIE1A to logic one, and globe interrupt is
set, than output compare interrupt occurs.
When executing this interrupt routine program, OCF1A is cleared automatically, or write
logic one to OCF1A to clear this bit.

0 TOV1 overflow interrupt flag




If counter overflows, overflow flag TOV1 is set. If at this moment overflow interrupt enable
TOIE1 to logic one andglobe interrupt flag is set, overflow interrupt occurs.

When executing this interrupt routine program, TOV1 is cleared automatically, or write
logic one to TOV1 to clear this bit.

DTR1L —TC1 Dead time register low byte

DTR1L —TC1 Dead time register low byte

Address: 0x8C

Default value: 0x00

Bit |7 E E | 4 3 | 2 E E
DTRIL

RW | RW RIW | RW | RIW RIW | RW | RIW | RIW

Bit Name Comment

7:0 DTR1L Dead time register high byte

If DTEN1 is high, OC1A and OC1B are complimentary output, dead time inserted on OC1A
output is decided by counter clock of DTR1L

DTR1H —-TC1 Dead time register high byte

DTR1H -TC1 Dead time register high byte

Address: 0x8D

Default value: 0x00

Bit |7 E E |4 3 | 2 E E
DTR1H

RW | RW RIW | RIW | RIW RIW | RIW | RIW | RIW

Bit Name Comment

7:0 DTR1H Dead time register high byte

If DTEN1 is high, OC1A and OC1B are complimentary output, dead time inserted on OC1B
output is decided by counter clock of DTR1L

TCKCSR -TC Clock control status Register

TCKCSR -TC Clock control status Register

Address: OxEC Default value: 0x00
Bit 7 6 5 4 3 2 1 0
- F2XEN TC2XF1 TC2XF0 - AFCKS TC2XS1 TC2XS0

R/W - R/IW R R - R/W R/W R/IW

Bit Name Comment

7 - reserved

6 F2XEN RC 32M frequency doubling output enable control bit
If F2XEN is set to logic one, 32M RC frequency doubling output is enable, output 64M high
speed clock
If F2XEN is set to logic one, 32M RC frequency doubling output is disable, cannot output
64M high speed

5 TC2XF1 TC High Speed Clock mode flag 1

If TC2XF1 bit is read as logic one, it is indicated that timer counter 1 works in high speed
clock mode.




If it is logic zero, timer counter 1 works in system clock mode

4 TC2XFO0 TC high speed clock mode flag bit 0, referring to section on timer/counter 0 register

3:2 - reserved

1 TC2XS1 TC high speed clock mode selection control bit 1
If TC2XS1 bit is read as logic one, it is indicated that timer counter 1 works in high speed
clock mode.
If it is logic zero, timer counter 1 works in system clock mode

0 TC2XS0 TC high speed clock mode selection control bit 0, referring to section on timer/counter 0
register

TMRO/1/3 B 5ia%
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TMRO0/1/3 Prescaler

® 3 pcs of 10-bit prescaler

® In multiplex mode, TC0,TC1 andTC3 multiplex prescaler CPS310

® In indepandant mode, TCO inclusive prescaler CPS310, TC1 inclusive prescaler CPS1 TC3 inclusive
prescaler CPS3

® Support software reset
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Overview
In multiplex mode (PSS1=0 and PSS3=0), TC0, TC1 and TC3 share one 10-bit prescaler CPS310, however they
have different prescaler configuration.

In single mode (PSS1=0 and PSS3=0), TC1 inclusively uses a 10-bit prescaler CPS1, TC0 and TC3 share to use
a 10-bit prescaler CPS310 but with their individual prescaler configuration.

In single mode (PSS1=0 and PSS3=0), TC3 inclusively uses ne 10-bit prescaler CPS3, TC0 and TC1 share to
use a 10-bit prescaler CPS310 but with their individual prescaler configuration.

In independent mode (PSS1=1 and PSS3=1), TCO inclusively uses a 10-bit prescaler CPS310, TC1 inclusively
uses a 10-bit prescaler CPS1, TC3 inclusively uses CPS3.




Below description is used in TC0, TC1 and TC3, “n” indicates 0, 1 or 3.
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Internal Clock Source

If CS CSn[2:0]=1 is set, Timer 3 is only drived by system clock clkio, while Timer 0 and 1 can be directly drived
by system clock clkio or high speed clock rcm2x (internal 32M RC oscillator outputs 2 times frequency of
clock). Prescaler gives 4 different clock frequency: clkio/8, clkio/64, clkio/256 and clkio/1024
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Prescaler Reset

Multiplex mode

If setting PSS1 to logic zero meanwhile PSS3 to zero, TC0. TC1 and TC3 shares to use a prescaler CPS310.
The prescaler is free running, i.e., operates independently of the Clock Select logic ofthe Timer/Counter, and it
is shared by TCO, TC1 and TC3. Since the prescaler is not affected by the Timer/Counter’s clock select, the
state of the prescaler will have implications for situations where a prescaled clock is used. Prescaling affect



occurs when the timer is enabled and prescaler is selected as counting clock source (6 > CSn2:0 > 1). The
number of system clock cycles from when the timer isenabled to the first count occurs can be from 1 to N+1
system clock cycles, where N equals the prescaler divisor (8, 64, 256, or 1024). It is possible to use the
prescaler reset for synchronizing the Timer/Counter to program execution. However, care must be taken if the
other Timer/Counter that shares the same prescaler also uses prescaling. A prescaler reset will affect all
Timer/Counters it is connected to.
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In Single Mode
If setting PSS1 to logic one, TC1 uses prescaler CPS1 indepandantly, prescaler reset is decided by PSR1.
Each reset works individually without affect other prescalers.

If setting PSS3 to logic one, TC3 uses prescaler CPS3 indepandantly, prescaler reset is decided by PSR3.
Each reset works individually without affect other prescalers.

If setting PSS1 to logic one and PSS3 to logice one, TCO uses prescaler CPS310 indepandantly, prescaler
reset is decided by PSRSYNC, TC1 uses prescaler CPS31 indepandantly while TC3 uses prescaler CPS3
indepandantly. Each reset works individually without affect other prescalers.
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An external clock source applied to the TO/T1/T3 pin can be used as Timer/Counter clock. The T0/T1/T3 pin
signal, after went throught pin synchronization logic and the edge detector,will be used as clock source of
counter. The edge detector generates one counting pulse on each rising edge (CSn[2:0] = 7) or falling edge
(CSn[2:0] = 6). External clock source will not send to prescaler.

The synchronization and edge detector logic introduces a delay of 2.5 to 3.5 system clock cycles from an
edge has been applied to the T1/TO0 pin to the counter is updated

Enabling and disabling of the clock input must be done when T0/T1/T3 has been stable for at least one system



clock cycle, otherwise it is a risk that a false Timer/Counter clock pulse is generated.

Each half period of the external clock applied must be longer than one system clock cycle to ensure correct

sampling. The external clock must be ensured to have less than half the system clock frequency given a

50/50% duty cycle. However, due to variation of the system clock frequency and duty cycle caused by

Oscillator tolerances, it is recommended that maximum frequency of an external clock source is less than

fclk_1/0/2.5.

Register Definition
GTCCR- General Timer Counter Register

GTCCR- General Timer Counter Register

Address: 0x43 Default value: 0x00
Bit 7 6 5 4 3 2 1 0
TSM - - - - - PSRASY | PSRSYNC

R/W R/W - - - - - w w

Bit Name Comment

7 TSM Timer/Counter Synchronization Mode
Writing the TSM bit to one activates the Timer/Counter Synchronization mode. In
thismode, the value that is written to the PSRASY and PSRSYNC bits is kept, hence
keeping the corresponding prescaler reset signals asserted. This ensures that the
corresponding Timer/Counters are halted and can be configured to the same value.
When the TSM bit is written to zero, the PSRASY and PSRSYNC bits are cleared by
hardware, and the Timer/Counters start counting simultaneously.

6:2 - reserved

1 PSRASY Referring to section of TC2 register

0 PSRSYNC | Prescaler CPS310 reset control bit

When this bit is one, prescaler CPS310 will be Reset. This bit is normally cleared

after reset immediately by hardware, except if the TSM bit is set. When this bit is

zero, it is useless configuration.

Note that in multiplex mode, TCO/TC1/TC3 share the same prescaler and a reset of

this prescaler will affect all three timers
In indepandant mode, reset will only affect TCO.
It will always be zero if read value of this bit.

PSSR- Prescaler Selection Register

PSSR- Prescaler Selection Register

Address: 0XE2 Default value: 0x00

Bit 7 6 5 4 3 2 1 0
PSS1 PSS3 - - - - PSR3 PSR1

R/W R/W R/W - - - - R/W R/W

Bit Name Comment

7 PSS1 Prescaler Selection Control bit

Write PSS1 to logic one, TC1 uses prescaler CPS1 indepandantly.




Writing PSS1 to logic zero activates prescaler multiplex mode. TCO andTC1 share
prescaler CPS310. Prescaler CPS1 is useless and is reset all the time. If at the same
time PSS3 is logic zero, TC3 and TCO, TC1 share prescaler CPS310. Prescaler CPS1
andCPS3 is usesless and is reset all the time.

6 PSS3 Prescaler Selection Control bit
write PSS1 to logic one, TC3 uses prescaler CPS1 indepandantly.
Writing PSS3 to logic zero activates prescaler multiplex mode. TC0 andTC3 share
prescaler CPS310. Prescaler CPS3 is useless and is reset all the time. If at the same
time PSS1 is logic zero, TC1 and TCO, TC3 share prescaler CPS310. Prescaler CPS1
andCPS3 is usesless and is reset all the time.

5:2 - reserved

PSR3 Prescaler CPS3 Reset Control bit

PCSR3 is only useful in TC3 single mode. Writing PSR3 to logic one will reset
prescaler CPS3. Once reset hardware clears PSR3 bit. When setting PSR3 to logic
zero, configuration is useless.
It will be always zero when read this bit.

0 PSR1 Prescaler CPS1 Reset Control bit
PCSR1 is only useful in TC1 single mode. Writing PSR1 to logic one will reset
prescaler CPS1. Once reset hardware clears PSR1 bit. When setting PSR1 to logic
zero, configuration is useless.
It will be always zero when read this bit.
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Timer/ Counter 2 (TMR2)

8-bit counter

Two independent compare unit

In compare match, clear counter and load automatically
Non-intervene pulse correction PWM

Frequency generator

External event counter

10-bit clock prescaler

Overflow and compare match interrupt

External 32.768KHz of RTC oscillator counting is allowed.
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LRV TONT2 BABKE (S THRKMHE OxFF SRfiH LU #7788 OCR2A, E3H TOP, EXRAKMEN MAX DURXAD B, THEa#
TREERR M. BiHEE0THE TONT2 Bk 8/ME (%F 0x00, =34 BOTTOM) B, THE#&BTI—#ME. SLiHHE0iH4{E TCNT2
375 OCR2A/OCR2B i, WMERNREWRKILIEN, SESREAMMHHLEES OC2A/0CR2B, XKi=4£ PWM ¥j¥.

TC2 is a general purpose 8-bit Timer/Counter module, with PWM support. It allows accurate wave generation.

TC2 consists of 1 8-bit counter, waveform generation control unit and 2 output compare unit. TCO and TC1
share 10-bit prescaler, In each different working mode, counter does operation of clear, plus one or minus one
to each counting clock Clkt2, which is generated by internal or external clock source. When counting with
external 32.768KHz of crystal oscillator, TC2 is used as RTC counter.

If counting number TCNT2 of counter is maximum (which is max. value OxFF, or define output compare
register OCR2A as TOP, define max. value as MAX for better identify), counter will clear or make minus 1
operation.

If counting number TCNT2 of counter is minimum (which is Ox00, or define as BOTTOM), counter will operate
PLUS 1.

If counting number TCNT2 is OCR2A/OCR2B, it signifies that compare match occurs, counter will clear or is
set to output compare signal 0C2A/0C2B to generate PMW waveform.

TAEER
R 2 FUMARMIAERR, FEEER (Normal) , HEIILERES (CTC) B, HREMHEERS (FPWM) #HAMMAIBIERK
PEEEH (PCPWM) #3R, k=R h A WGM2[2:0]5ki1%H. T 1 B4R X TUMRR. BRI LT, 45H“A”



B RER, RDSR X" RERIXFANH LB AT .

Working Mode

Timer counter 2 has 4 different working modes, including normal mode (Normal), Compare Match on clear
mode, (CTC), fast pulse width modulation mode (FPWM) and phase correction pulse width modulation mode
(PCPWM), which are selected by waveform generation mode control bit WGM2[2:0]. In the below these 4
modes is written in details. Since there are 2 indepandent output compare unit, they are indicated separately
with “A” and “B”. Small “x” is used to indicate channel of these two output compare unit.

TR

TEHAR EN SRR RN TR, B ERE A WGM2[2:01=0, HHH&AME TOP N MAX (OXFF) . FEXFERT, W5
RAGE—AEE S IN—3Y, 23R Ak TOP R SR 2] BOTTOM EFABEM. EiHEUE TCNT2 BB HRA— NS4 B8 A it
HABRRHIRE TOV2, XFBAT TOV2 IRERELE 9 AL, RERSPWENALEEE.

W H RS TR & H 3ER TOV2 i3, WAFT DU ERIER e S M PR . HERKA TRARREBRELR, WHMEN BAF T H(E.
BE 0C2x 3l WHEEE T | A s Mt A 6B 2t LERE S OC2x ¥ . 24 COM2x=1 i, RAEERLIEH 8% OC2x 55, XMIFERT
BIE RS DA T HE AR H.:

foc2xnormal = fsys/(2*N*256)

Hi, NRRERBSHETF (1, 8, 64, 256 & 1024) .

B B TR DURSRA= A T, HR AT ER T AR TR, XS 5SS CPU KR,

Normal Mode

The simplest mode of operation is the Normal mode (WGM02:0 = 0), its maximum TOP is MAX (O0xFF). In this
mode, counting increase by each counting clock, when it passes TOP and overflow, it will then restart to
accumulate from the bottom (0x00). The Timer/Counter Overflow Flag (TOV2) will be set in the same timer
clock cycle as the TCNT2 becomes zero. The TOV2 Flag in this case behaves like a ninth bit, except that it is
only set, not cleared.

However, combined with the timer overflow interrupt that automatically clears the TOV2 Flag, the timer
resolution can be increased by software. There are no special cases to consider in the Normal mode, a new
counter value can be written anytime.

Waveform of output compare signal OC2x is generated only if data direction register of OC2x is set. If
COM2x=1, OC2x singal will be toggled when compare match is happening, in this case waveform frequency
can be calculated by below formula:

Foc2xnormal = fsys/(2*N*256),

N indicates prescaler factor (1, 8, 64, 256 or 1024).

Using the Output Compare unit to generate waveforms in Normal mode is not recommended, since this will
occupy too much of the CPU time.

CTC =

WE WGM2[2:0]=2 Ff, ERTH4a 2 B\ CTC &R, HHMEAME TOP N OCR2A. EXMERT, WA RNE—ANHHEEm—, 53t
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M BOTTOM FF #5142 OCR2A fi. A @EBR—kE, THEEFIZ BOTTOM [iHShtsr BB AL TOV2 F5%. B 0C2x 5| MWIBEEF B SER NS
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foc2xctc = fsys/(2*N*(1+OCR2A))
Hrh, NRROEFSPRT (1, 8, 64, 256 5H 1024) .
MARTUEH, HBRE OCR2x N 0x0 EXH SR, T UKERIIARN fsys/2 FfHEw.

CTC Mode

Set WGMO0[2:0]=2, timer/ counter 2 is in CTC mode, max. Counting number TOP is OCR2A. In this mode,
counting increase by each counting clock, counter is cleared when TCNT2 is TOP. The OCR2A defines the
maximum value for the counter, hence also its resolution. This mode allows greater control of the compare
match output frequency. It also simplifies the operation of counting external events. When counter value
reaches TOP value, output compare match flag OCF2 is set, corresponding interrupt enable will generate
interrupt. If the interrupt is enabled, the interrupt handler routine can be used for updating the TOP value of
OCROA. However, changing TOP to a value close to BOTTOM when the counter is running with none or a low
prescaler value must be done with care since the CTC mode does not have the double buffering feature. If the
new value written to OCR2A is lower than the current value of TCNT2, the counter will miss the compare
match. Before next compare match, the counter will then have to count to TOP and re-start from BOTTOM to
count to OCROA value. As for the Normal mode of operation, the TOV2 Flag is set when counting value return
to counting clock of BOTTOM. Waveform of output compare signal OC2x is generated only if data direction
register of OC2x pin is set output.

When COM2x=1, compare match occures and OC2Cx signal is to be toggled. In this case waveform frequency
can be calculated by below formula:

Foc2xctc = fsys/(2*N*(1+OCR2A))

Here, N indicates prescaler factor (1, 8, 64, 256 or1024)

Seeing from above formular, set OCR2x to 0x0 meanwhile without prescaler, output waveform of max. fsys/2
can be gained.

R PWM iz
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Fast PWM Mode



Fast PWM mode of Timer/Counter 2 (WGM2[2:0 ]= 3 or 7) provides a high frequency PWM waveform
generation option. TOP is defined as MAX(0xFF) or OCR2A. The fast PWM differs from the other PWM option
by its single-slope operation.

The counter counts from min. Value 0x00 to TOP then restarts from BOTTOM. When counting value TCNT2
reaches OCR2x or BOTTOM, output compare OC2x is set or cleared, which depends on configuration of
compare output COM2x, details referring to sections about register. Due to the single-slope operation, the
operating frequency of the fast PWM mode can be twice as high as the phase correct PWM mode that uses
dual-slope operation. This high frequency makes the fast PWM mode well suited for power regulation,
rectification, and DAC applications. High frequency allows physically small sized external components
(capacitors), and therefore reduces total system cost.

When counting value reaches maximum, timer counter overflow flag TOV2 will be set and value of compare
buffer is updated to compare value. If interrupt disable, compare buffer OCR2x register can be updated in
interrupt handler routine. Waveform of output compare signal OC2x is generated only if data direction register
of OC2x pin is set output. Waveform frequency can be calculated by below formular:

Foc2xfpwm = fsys/(N*(1+TOP))

Here, N indicates prescaler factor (1, 8, 64, 256 and 1024)

When compare match occurs between TCNT2 and OCR2x, waveform generator is set to OCOx (cleared). When
TCTO is cleared, waveform generator is (cleared) set to OCOx to generate PWM waveform, so extreme value of
OCROx will generate very special PWM waveform. If the OCROA is set equal to 0x00 the output PWM will be a
narrow spike for each

TOP+1 timer clock cycle. Setting the OCROA equal to MAX will result in a constantly high or low output

HALEIE PWM R
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Phase Correct PWM Mode

Setting WGM2[2:0] to 1 or 5, Timer/Counter 2 enter into Phase Correct PWM mode, each TOP value is
MAX(0xFF) or OCR2A. The phase correct PWM mode is based on a dual-slope operation. The counter counts
repeatedly TOP (increment) and then to BOTTOM (decrement).



When counter reaches TOP or BOTTOM, it will both change counting direction. TOP or BOTTOM value only
stay for one counting clock.

On the compare match between TCNT1 and OCR1x while up-counting and down-counting, the Output
Compare (OC2x) is cleared or set depending on the configuration of compare output mode COM2x. The dual-
slope operation has lower maximum operation frequency than single slope operation. However, due to the
symmetric feature of the dual-slope PWM modes, these modes are preferred for motor control applications.
In phase correct PWM mode, the TOV2 is set when the counter reaches BOTTOM. When the counter reaches
TOP, value of compare buffer is updated to compare value. If interrupt enable, compare buffer OCR2x register
can be updated in interrupt routine program.

Setting OC2x pin data direction register to output, it will generate waveform of output compare 021x.
Waveform frequency can be calculated via below formula:

focixcpcpwm = fsys/(N*TOP*2)

Here, N indicates prescaler factor (1, 8, 64, 256 or 1024)

During up-counting, when match occur between TCNT2 and OCR2x, waveform generator clear (set) OC2x .
During down-counting, when match occur between TCNT2 and OCR2x, waveform generator set (clear) OC2x,
so extreme value of OCR2x will generate very special PWM waveform. Setting the OCR2x equal to TOP or
BOTTOM will result in a constantly high or low level change.

OC2x will be toggled in two cases when compare match does not occur while to ensure symmetry of both
side of PMW waveform at its bottom value.

The first case : OCR2x value is changed from TOP to others. When the OCR2x value is TOP, counting value
reach TOP, OC2x output is the same as the result of previous down-counting Compare Match, that is to say
OC2x keep unchanged.

In this case Compare value is updated to a new OCR2x value (not 0xFF). OC2x keeps unchanged till it is
toggled in up-counting compare match. At this moment OC2x is not symmetric with minimum value, so OC2x
need to be toggled when TCNT2 reach maximum value.

The 2" case: when TCNT2 starts to count from value higher than OCR2x, one compare match will loss, which
will result in asymmetric. Same is that to achieve symmetric at both side of bottom value, OC2x is needed to
be toggled.
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Asynchronous Operation of TC2

When AS2 located in ASSR register is set to logic one, TC2 works in asynchronous mode, at this moment
counter clock sourcce is from oscillator of external timer counter. When Timer/Counter2 operates
asynchronously, some considerations must be taken.

When switching between asynchronous and synchronous clocking of Timer/Counter2, data of TCNT2,
OCR2A, OCRAB, TCCR2A and TCCR2B might be corrupted. A safe procedure for switching clock source is:
1. Disable the TC2 interrupts by clearing OCIE2A, TOIE2 and OCIE2B register bit.

2. Select clock source by setting AS2 as appropriate

3. Write new values to TCNT2, OCR2A, TCCR2A,0CR2B and TCCR2B.

4. To switch to asynchronous operation: Wait for TCN2UB, OCR2AUB, TCR2AUB, OCR2BUB and TCR2BUB to
clear.

5. Clear TC2 interrupt flag.

6. Enable interrupt that is in need of.

Oscillator had better use clock oscillator of 32.768KHz. The system clock frequency must be more than four
times the Oscillator frequency.

When CPU is writing to TCNT2, OCR2A, TCCRA2, OCR2BA and TCCR2B, the value is transferred to a
temporary register by hardware, and latched into corresponding register after two rising edges on TOSC1.
The user should not write a new value before the contents of the temporary register have been transferred to
its destination. Each mentioned registers have their individual temporary register, which means that e.g.
writing to TCNT2 does not disturb an OCR2 write in progress. To detect that a transfer to the destination
register has taken place, the Asynchronous Status Register - ASSR has been implemented.

If using TC2 as condition to wake up MCU sleeping mode, sleeping mode would not be able to be entered into
before each register finish its update, otherwise MCU would not enter into sleeping mode after TC2
configuration is active, which results that TC2 cannot wake up system.



If using TC2 as condition to wake up MCU sleeping mode, must note to re-enter into sleeping mode. Interrupt
logic need a TOSC1 clock cyle to reset, otherwise interrupt will not occur and electronic parts will not be
waken up. Below operations are recommended.

1. Write suitable data to each register.

2. Wait until the corresponding Update Busy Flag in ASSR returns to zero.

3. Enter into sleeping mode

When the asynchronous operation is selected, the TC2 is always running, except in Power-down modes. User
should be aware of the fact that this Oscillator might take as long as one second to stabilize. So, after enable
TC2 oscillator, the user is advised to wait for at least one second before using Timer/Counter2 asynchronous
mode.

Description of wake up from sleeping mode when the timer is clocked asynchronously: When the interrupt
condition is met, the wake up process is started on the following cycle of the timer clock, that is, the timer is
always advanced by at least one before the processor can read the counter value. After wake-up, the MCU
executes the interrupt routine, and resumes execution from the instruction following SLEEP.

Reading of the TCNT2 Register shortly after wake-up from sleeping mode may give an incorrect result. Since
TCNT2 is clocked on the asynchronous TOSC1 clock, reading TCNT2 must be done through a register
synchronized to the internal system clock . Synchronization takes place for every rising TOSC1 edge. When
waking up from sleeping mode, and the system clock again becomes active, TCNT2 will read as the previous
value (before entering sleep) until the next rising TOSC1 edge. The phase of the TOSC1 after waking up from
sleeping mode is essentially unpredictable, as it depends on the wake-up time. The recommended procedure
for reading TCNT2 is thus as follows:

1. Write any value to OCR2A or TCCR2A

2. Wait for the corresponding Update Busy Flag to be cleared

3. Read TCNT2

During asynchronous operation, the synchronization of the Interrupt Flags takes 3 processor cycles plus one
timer cycle. The timer is therefore advanced by at least one before the MCU can read the timer value causing
the setting of the Interrupt Flag. The Output Compare is changed on the timer clock and is not synchronized
to the processor clock.

TC2 ¥4
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TC2 Prescaler

The clock source for TC2 is named clkT2S. By setting the AS2 bit in ASSR, to select internal system clock
clkio or external TOSC1 clock source, otherwise it is connected with system clcok cklio by default. When AS2
is set, TC2 is driven asynchronized by TOSC1. When a crystal of 32.768kHz can then be connected between
the TOSC1 and TOSC2 pins, TC2 can be used as RTC counter. It is not recommended to assign external clock
signal directly on TOSC1 pin.
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Figure 5 TC2 FlofRgsEiaE

Above is picture of TC2 prescaler, possbile prescaler options areL : clkt2s/8, clkt2s/32, clkt2s/64, clkt2s/128,
clkt2s/256 and clkt2s/1024, besides clkt2s and 0 (stop counting) are also for option. Setting PSR2 bit of SFIOR
register to reset prescaler, than users are allowed to start working from predictable prescaler.
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Register Definition

TC2 Register List

Register Address Default value Comments

TCCR2A 0xB0 0x00 TC2 contraol register A

TCCR2B 0xB1 0x00 TC2 contraol register B

TCNT2 0xB2 0x00 TC2 count value register

OCR2A 0xB3 0x00 TC2 output compare register A
OCR2B 0xB4 0x00 TC2 output compare register B
ASSR 0xB6 0x00 TC2 Asynchronous status register
TIMSK2 0x70 0x00 Timer counter interrupt mask register
TIFR2 0x37 0x00 Timer counter interrupt flag register

TCCR2A-TC2 control register A

TCCR2A-TC2 control register A

Address: 0xB0

Default value: 0x00

Bit

7

6

5

4

3 2 1

0

COM2A1

COM2A0

com2B1

CcomM2BO | - -

WGM21

WGM20

WGM21

output mode control list”.

TC2 compare match output A mode control high
COM2A1 and COM2AO0 consist of output compare mode control COM2A[1:0] together
to control output waveform of OC2A. When 1 bit or 2™ bit of COM2A are set, output
compare waveform will take up OC2A pin, however data direction register of this pin

must be set high in order to output waveform. In different working mode, COM2A
controls output compare waveform differently, for details referring to “compare

COM2A0

TC2 compare match output A mode control low
COM2A0 and COM2A1 consist of output compare mode control COM2A[1:0] together
to control output waveform of OC2A. When 1% bit or 2" bit of COM2A are set, output
compare waveform will take up OC2A pin, however data direction register of this pin




must be set high in order to output waveform. In different working mode, COM2A
controls output compare waveform differently, for details referring to “compare
output mode control list”.

com2B1

TC2 compare match output B mode control high

COM2B1 and COM2B0 consist of output compare mode control COM2B[1:0] together
to control output waveform of OC2B. When 1% bit or 2" bit of COM2B are set, output
compare waveform will take up OC2B pin, however data direction register of this pin
must be set high in order to output waveform. In different working mode, COM2B
controls output compare waveform differently, for details referring to “compare
output mode control list”.

COM2B0

TC2 compare match output B mode control low

COM2B0 and COM2B1 consist of output compare mode control COM2B[1:0] together
to control output waveform of OC2B. When 1% bit or 2" bit of COM2B are set, output
compare waveform will take up OC2B pin, however data direction register of this pin
must be set high in order to output waveform. In different working mode, COM2B
controls output compare waveform differently, for details referring to “compare
output mode control list”.

reserved

WGM21

TC2 waveform genreation mode control high

WGM20 and WGM21, WGM22 consist of waveform genration mode control
WGM2[2:0] together to control counting and waveform generation method of
counter, for details referring to “compare output mode control list”.

WGM20

TC2 waveform genreation mode control low
WGM21 and WGM20, WGM22 consist of waveform generation mode control
WGM2[2:0] together to control counting and waveform generation method of

counter, for details referring to “compare output mode control list”.

TCCR2B-TC2 control register B

TCCR2B-TC2 control register B

Address: 0xB1

Default value: 0x00

Bit 7 6 5 4 3 2 1 0
FOC2A | FOC2B - - WGM22 | CS22 CSs21 CS20

R/W w w - - R/W R/W R/W R/W

7 FOC2A | TC2 force output compare A control bit
This bit works in non-PWM mode, by writing logic one to force output compare bit
“FOC2A” to generate compare match. Force compare match does neither set OCF2A flag
nor reload/clear timer, however output pin OC2A will be updated accordingly related to
COM2A configuration, it seems that a real compare match does happen.
Read return value of FOC2A till it is zero.

6 FOC2B | TC2 force output compare B control bit

This bit works in non-PWM mode, by writing logic one to force output compare bit
“FOC2B” to generate compare match. Force compare match does neither set OCF2B flag
nor reload/clear timer, however output pin OC2B will be updated accordingly related to
COM2B configuration, it seems that a real compare match does happen.

Read return value of FOC2B till it is zero.




5:4 - reserved

WGM22 | TC2 waveform generation mode control high

WGM22 and WGM20, WGM21 consist of waveform generation mode control WGM2[2:0]
together to control counting and waveform generation method of counter, for details
referring to “compare output mode control list”.

2 CS22 TC2 clock selection control high

Used to select clock source of timer ccounter 2
1 CS21 TC2 clock selection control middle

Used to select clock source of timer ccounter 2
0 CS20 TC2 clock selection control low

Used to select clock source of timer ccounter 2

CS2[2:0] comments

0 No clock source, stop countiing

1 clkt2s

2 clkt2s/8, from prescaler

3 clkt2s/32, from prescaler

4 clkt2s/64, from prescaler

5 clkt2s/128, from prescaler

6 clkt2s/256, from prescaler

7 clkt2s/1024, from prescaler

Below list show how compare output mode controls output waveform in non-PWM mode
(normal mode and CTC mode)
Table 1 OC2x compare output mode control in non -PWM mode

COM2x[1:0] comments

0 0OC2x disconnect, general 10 port operation
1 Toggle OC2x singal under compare match
2 Clear OC2x singal under compare match

3 Set OC2x singal under compare match

Below list show how compare output mode controls output compare waveform in fast PWM
mode
Table 2 OC2x compare output mode control in fast PWM mode

COM2x[1:0] comments

0 0OC2x disconnect, general IO port operation

1 Reserved

2 Clear OC2x singal under compare match, set OC2x signal upon maxinum value
match

3 Set OC2x singal under compare match, clear OC2x signal upon maxinum value
match

Below list show how compare output mode controls output compare waveform in phase
correction mode
Table 3 OC2x compare output mode control in phase correction mode




COM2x[1:0] comments

0 OC2x disconnect, general IO port operation

1 Reserved

2 Clear OC2x singal in up-counting, set OC2x signal in down-countiing
3 Set OC2x singal in up-counting, clear OC2x signal in down-countiing

Below list is about waveform generation control
Table 4 Waveform generation control

WGM2[2:0] | Working Mode TOP Value Update OCR2x time Set TOV2 time
0 Normal OxFF immediately MAX

1 PCPWM OxFF TOP BOTTOM

2 CTC OCR2A immediately MAX

3 FPWM OxFF TOP MAX

4 reserved - - -

5 PCPWM OCR2A TOP BOTTOM

6 reserved - - -

7 FPWM OCR2A TOP TOP

TCNT2--TC2 counter register

TCNT2--TC2 counter register

Address: 0xB2 Default value:0x00

bit 7 6 5 4 3 2 1 0
TCNT27 TCNT26 TCNT25 TCNT24 TCNT23 TCNT22 TCNT21 TCNT20

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 TCNT2 TC2 counter register

Via TCNT2 register, to directly read/write 8-bit counter

In the next timer clock cycle, compare match is prevented from happening by CPU
write operation to TCNT2 register, even though timer have stopped, this allows that
TCNT2 register value will be the same as value of OCR2, than interrupt will not occur.
If a written TCNT2 value is the same as OCR2 or bypass OCR2, compare match will
lose, which would result in a wrong waveform generation.

Timer stops counting when clock source is not selected, but CPU can still access to
TCNT2. Writing counter by CPU has higher priority than clear or plus/minus

operation.

OCR2A--TC2 output compare register A

OCR2A--TC2 output compare register A

Address: 0xB3 Default value:0x00

bit 7 6 5 4 3 2 1 0
OCR2A7 OCR2A6 OCR2A5 OCR2A4 OCR2A3 OCR2A2 OCR2A1 OCR2A0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 OCR2A TC2 output compare reigster A




OCR2A includes a 8-bit data and it compares with counter value TCNT2
continuously. Compare match is used to generate output compare interrupt, or
generate waveform in OC2A pins.

When in PWM mode, OCR2A register uses dual buffer register, while which is
prohibited in normal mode and match clear mode. Via dual buffer register updating
OCRZ2A register and counter maximum or mininum moment is synchronized, in order
to generate asynmetric PWM pulse and eliminate pulse interrupt.

If dual buffer is under use, CPU is access to OCR2A buffer register, however if it is
prohibited CPU is access to OCR2A itself

OCR2B--TC2 output compare register B

OCR2B--TC2 output compare register B

Address: 0xB4 Default value:0x00

bit 7 6 5 4 3 2 1 0
OCR2B7 OCR2B6 OCR2B5 OCR2B4 OCR2B3 OCR2B2 OCR2B1 OCR2B0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 OCR2B TC2 output compare reigster B

OCR2B includes a 8-bit data and it compares with counter value TCNT2
continuously. Compare match is used to generate output compare interrupt, or
generate waveform in OC2B pins.

When in PWM mode, OCR2B register uses dual buffer register, while which is
prohibited in normal mode and match clear mode. Via dual buffer updating OCR2A
register and counter maximum or mininum moment is synchronized, in order to
generate asynmetric PWM pulse and eliminate pulse interrupt.

If dual buffer function is under use, CPU is access to OCR2B buffer register, however
if it is prohibited CPU is access to OCR2A itself

TIMSK2--TC2 interrupt mask register

TIMSK2--TC2 interrupt mask register

Address: 0x70 Default value:0x00
bit 7 6 5 4 3 2 1 0
- - - - - OCIE2B OCIE2A TOIE2
R/W - - - - - R/W R/W R/W
Bit Name Comments
7:3 reserved
2 OCIE2B TC2 output compare B match interrupt enable bit
If OCIE2B bit is writtSen to logic one, and global interrupt is enable, TC2 output
compare B match interrupt is enabled.
If compare match occurs, that is OCF2B bit from TIFR2 is enabled, interrupt will
happen.
If OCIE2B is written to logic zero, TC2 output compare B match intterrupt is disabled.
1 OCIE2A TC2 output compare A match interrupt enable bit

If OCIE2A bit is written to logic one, and global interrupt is enable, TC2 output
compare A match interrupt is enabled.




If compare match occurs, that is OCF2A bit from TIFR2 is enabled, interrupt will
happen.
If OCIE2A is written to logic zero, TC2 output compare A match intterrupt is disabled.

TOIE2

TC2 overflow interrupt enable bit

If TOIE2 is logic one, and globle interrupt enables , TC2 overflow interrupt is enabled.
If TC2 overflows, that is TOV2 bit from TIFR2 is enabled, interrupt will happen.

If TOIE2 is logic zero, TC2 overflow interrupt is disabled.

TIFR2--TC2 interrupt flag register

TIFR2--TC2 interrupt flag register

Address: 0x37 Default value:0x00
bit 7 6 5 4 3 2 1 0
- - - - - OCF2B OCF2A TOV2

R/W - - - - - R/W R/W R/W

Bit Name Comments

7:3 - reserved

2 OCF2B TC2 output compare B match flag bit
When TCNT2 equals to OCR2B, compare unit gives match signal and enable
compare flag OCF2B. At this moment if output compare B interrupt eanble OCIE2B to
logic one while globe interrupt flag is enabled, output compare B interrupt occurs
accordingly.
When executing this interrupt routine program, OCF2B will clear automatically or is
cleard by writting OCF2B to logic one.

1 OCF2A TC2 output compare A match flag bit
When TCNT2 equals to OCR2A, compare unit gives match signal and enable
compare flag OCF2A. At this moment if output compare A interrupt eanble OCIE2A to
logic one while globe interrupt flag is enabled, output compare A interrupt occurs
accordingly.
When executing this interrupt routine program, OCF2A will clear automatically or is
cleard by writting OCF2A to logic one.

0 TOV2 TC2 overflow interrupt enable bit

If counter overflows, overflow flag TOV2 is enabled. At this moment if overflow
interrupt enables TOIE2 to logic one while globe interrupt flag is enabled, overflow
interrupt happens.

When executing this interrupt routine program, TOV2 will clear automatically or is
cleard by writting TOV2 to logic one.

ASSR-- Asynchronous Status Register

ASSR-- Asynchronous Status Register

Address: 0xB6 Default value:0x00
bit 7 6 5 4 3 2 1 0
INTCK - AS2 TCN2UB OCR2AU | OCR2BU | TCR2AUB | TCR2BUB
B B
R/W R/W - R/W R/W R/W R/W R/W R/W
Bit Name Comments




7 INTCK Asynchronous clock selection control bit
When writting INTCK bit to logic one, internal RC32K is selected as asynchronous
clock source.
When writting INTCK bit to logic zero, external crystal oscillator clock is selected as
asynchronous clock source.

6 - reserved

5 AS2 Timer 2 asynchronous mode selection control bit
If AS2 is enabled to logic one, and timer 2 works in asynchronous mode, its clock
source is selected by INTCK bit
If AS2 is enabled to logic zero, and timer 2 works in asynchronous mode, its clock
source is Clkio
When AS2 value changes, TCNT2, OCR2A, OCR2B, TCCR2A and TCCR2B register
value would be incorrect, they need to be re-configured.

4 TCN2UB TCNT2 register update flag bit
When timer 2 works in asynchronous mode and TCNT2 is under write operation,
TCN2UB bit will be enabled. When TCNT2 value is finished to be update, hardware
clears TCN2UB bit.
TNCT2 can only be updated when TCN2UB is written to logic zero.

3 OCR2AU | OCR2A register update flag bit

B When timer 2 works in asynchronous mode and OCR2A is under write operation,

OCR2AUB bit will be enabled. When OCR2B value is finished to be update, hardware
clears OCR2AUB bit. OCR2B can only be updated when OCR2AUB is written to logic
zero.

2 OCR2BU | OCR2B register update flag bit

B When timer 2 works in asynchronous mode and OCR2B is under write operation,

OCR2BUB bit will be enabled. When OCR2B value is finished to be update, hardware
clears OCR2BUB bit. OCR2B can only be updated when OCR2BUB is written to logic
zero.

1 TCR2AUB | TCCR2A register update flag bit
When timer 2 works in asynchronous mode and TCCR2A is under write operation,
TCR2AUB bit will be enabled. When TCCR2A value is finished to be updated,
hardware clears TCR2AUB bit. TCCR2A can only be updated when TCR2AUB is
written to logic zero.

0 TCR2BUB | TCCR2B register update flag bit
When timer 2 works in asynchronous mode and TCCR2B is under write operation,
TCR2BUB bit will be enabled. When TCCR2B value is finished to be updated,
hardware clears TCR2BUB bit. TCCR2B can only be updated when TCR2BUB is
written to logic zero.
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Timer/ Counter 3 (TMR3)

Real 16-bit design, support 16-bit PWM
Three independent compare unit

Dual buffered output compare register

One input capture unit

Input capture noise reducer

In compare match, automate clearing counter and automate reload
Non-intervene pulse phase correction PWM
Variable PWM cycle

Frequency generator

External event counter

5 pcs of independant interrupt source

With dead area time control

6 pcs of automate shut-down PWM output by trigger source for option
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Overview

TC3 is a general purpose 16-bit Timer/Counter module, with PWM support. It allows accurate wave generation.
TC2 consists of 1 16-bit counter, waveform generation control unit and 2 indepandent output compare unit.
Waveform generation mode control unit is used to control working mode of counter and generation of
compare output waveform.

In each different working mode, counter does operation of clear, plus one or minus one to each counting
clock Clkt3, which is generated by internal or external clock source.

If counting number TCNT3 of counter is maximum( max. value OxFFFF or a fixed value or output compare
register OCR3A or input capture register ICR3, which are defined as TOP, define max. value as MAX for better
identify), counter will clear or make minus 1 operation.

If counting number TCNT3 of counter is minimum (Ox0000, or define as BOTTOM), counter will operate PLUS
1.

If counting number TCNT3 arrives at OCR3A or OCR3B or OCR3C, it signifies that compare match occurs,



counter will clear or is set to output compare signal 0C3A or 0C3B or OC3C to generate PMW waveform.
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Working Mode

Timer counterd] has 6 different working modes, including normal mode (Normal), Compare Match on clear
mode, (CTC), fast pulse width modulation mode (FPWM) and phase correction pulse width modulation mode
(PCPWM), phase frequency correction pulse width modulation mode(PFCPWM) and input capture mode (ICP),
which are selected by waveform generation mode control bit WGM3[3:0]. In the below these 6 modes is



written in details. Since there are 3 indepandent output compare units, they are indicated separately with “A”,
“B” and “C”. Small “x” is used to indicate channel of these two output compare unit.

LEsE

BB B AR R AN TR, WA RB AL WGM3[3:0]=0, T3 E KM TOP & MAX (OxFFFF) . ZEXFMEEAT,
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TERHHERTARH TEMAR #il#E: fOC3xnormal = fsys/(2*N*65536) 41, N RRNEBSHEET (1, 8, 64, 256 HF 1024) .
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Normal Mode

The simplest mode of operation is the Normal mode (WGM3[3:0] = 0), its maximum TOP is MAX (OxFFFF). In
this mode, counting increase by each counting clock, when it passes TOP and overflow, it will then restart to
accumulate from the bottom. The Timer/Counter Overflow Flag (TOV3) will be set in the same timer clock
cycle as the TCNT3 becomes zero. The TOV3 Flag in this case behaves like a 17th bit, except that it is only
set, not cleared.

However, combined with overflow interrupt that automatically clears the TOV3 Flag, the timer resolution can
be increased by software. There are no special cases to consider in the Normal mode, a new counter value
can be written anytime.

Waveform of output compare signal OC3x is generated only if data direction register of OC3x is set. If
COM3x=1, OC3x signal will be toggled when compare match is happening, in this case waveform frequency
can be calculated by below formula:

Foc3xnormal = fsys/(2*N*65536),

N indicates prescaler factor (1, 8, 64, 256 or 1024).

Using the Output Compare unit to generate waveforms in Normal mode is not recommended, since this will
occupy too much of the CPU time.
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CTC Mode

Set WGM3[3:0]=4 or 12, timer/ counter ] is in CTC mode, max. When WGM3[3]=0, counting number TOP is
OCR3A. When WGM3[3]=1, counting number TOP is ICR3. In the below we take WGM3[3:0] as an example to
describe that in CTC mode: counting increase by each counting clock, counter is cleared when TCNT3 is TOP.
This mode allows greater control of the compare match output frequency. It also simplifies the operation of
counting external events.

When counter value reaches TOP(OCR3A) value, output compare match flag OCF3A is set, when counter
value reaches TOP (ICR3), output compare match flag ICF3 is set, corresponding interrupt enable will
generate interrupt. If the interrupt is enabled, the interrupt handler routine can be used for updating OCR3A
register. However, this changing OCR3A does not use dual buffer. When the counter is running with none or a
low prescaler, it must be done with care to update TOP value to Bottom. If the new value written to OCR3A is
lower than the current value of TCNT3, the counter will miss one compare match. Before next compare match,
the counter will then have to count to MAX and then re-start from BOTTOM to count to OCR3A value. As for
the Normal mode of operation, the TOV3 Flag is set when counting value return to 0x00. Waveform of output
compare signal OC2x is generated only if data direction register of OC2x pin is set output.

Waveform of output compare signal OC3x can only be gained when data direction register of OC3x is set to
output. In this case waveform frequency can be calculated by below formula:

Foc3xctc = fsys/(2*N*(1+OCR3A))

Here, N indicates prescaler factor (1, 8, 64, 256 or 1024)

Seeing from above formula, set OCR3A to 0x0 meanwhile without prescaler, output waveform of max. fsys/2
can be gained.

It is a similar case when WGM3[3:0]=12 and WGM3[3:0]=4, it is only necessary to change OCR3A related data
to ICR3.
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Fast PWM Mode
Setting WGM3[3:0]=5,6,7,14 or 15, Timer/Counter 1 enters into fast PWM mode, their TOP are separately 0Xff,
0x1FF, 0x3FF, ICR3 or OCR3A, this mode provides a high frequency PWM waveform. The fast PWM differs



from the other PWM option by its single-slope operation.

The counter counts from Bottom to TOP then restarts from BOTTOM. When counting value TCNT3 reaches
TOP or BOTTOM, output compare OC3x is set or cleared, which depends on configuration of compare output
COM3, details referring to sections about register. Due to the single-slope operation, the operating frequency
of the fast PWM mode can be twice as high as the phase correct PWM mode that uses dual-slope operation.
This high frequency makes the fast PWM mode well suited for power regulation, rectification, and DAC
applications. High frequency allows physically small sized external components (capacitors), and therefore
reduces total system cost.

When counting value reaches TOP, timer counter overflow flag TOV3 will be set and value of compare buffer
is updated to compare value. If interrupt is enabled, OCR3A register can be updated in interrupt handler
routine. Waveform of output compare signal OC3x is generated only if data direction register of OC3x pin is
set as output. Waveform frequency can be calculated by below formular:

Foc3xfpwm = fsys/(N*(1+TOP))

Here, N indicates prescaler factor (1, 8, 64, 256 and 1024)

When compare match occurs between TCNT3 and OCR3x, waveform generator is set to OC3x (cleared). When
TCNT3 is cleared, waveform generator will clear OC3x to generate PWM waveform, so extreme value of
OCR3x will generate very special PWM waveform. If the OCR3x is set to 0x00 the output PWM will be a narrow
spike for each TOP+1 timer clock cycle. Setting the OCR3x to TOP will result in a constantly high or low
output. If OCR3A is set as TOP and COM3A is set to logic one, OC3A, output compare signal, will generate
PWM waveform with 50% duty cycle.
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Phase Correct PWM Mode
Setting WGM3[3:0] to 1, 2, 3, 10 or 11, Timer/Counter [] enter into Phase Correct PWM mode, each TOP value is



0xFF, Ox1FF, 0x3FF, ICR3 or OCR3A. The phase correct PWM mode is based on a dual-slope operation.
The counter counts repeatedly from BOTTOM to TOP than decrease to BOTTO. When counter reaches TOP or
BOTTOM, it will both change counting direction. Counting value at TOP or BOTTOM only stays for one
counting clock. On the compare match between TCNT3 and OCR3x while up-counting or down-counting, the
Output Compare (OC3x) is cleared or set depending on the configuration of compare output mode COM3. The
dual-slope operation has lower maximum operation frequency than single slope operation. However, due to
the symmetric feature of the dual-slope PWM modes, these modes are preferred for motor control
applications.

In phase correct PWM mode, the TOV3 is set when the counter reaches BOTTOM. When the counter reaches
TOP, value of compare buffer is updated to compare value. If interrupt enable, compare buffer OCR3x register
can be updated in interrupt routine program.

Setting OC2x pin data direction register to output, it will generate waveform of output compare OC3x.
Waveform frequency can be calculated via below formula:

Foc3xcpcpwm = fsys/(N*TOP*2)
Here, N indicates prescaler factor (1, 8, 64, 256 or 1024)

During up-counting, when match occurs between TCNT3 and OCR3x, waveform generator clear (set) OC3x .
During down-counting, when match occurs between TCNT3 and OCR3x, waveform generator set (clear) OC3x,
so extreme value of OCR3x will generate very special PWM waveform. Setting the OCR3x to TOP or BOTTOM
will result in a constantly high or low level change. If OCR3A is set as TOP and COM3A is set to logic one,
OC3A, output compare signal, will result in PWM waveform with 50% duty cycle.

OC3x will be toggled in two cases when compare match does not occur while to ensure symmetry of both
side of PMW waveform at its bottom value.

The first case : OCR3x value is changed from TOP to others. When the OCR3x value is TOP, counting value
reaches TOP, OC3x output is the same as compare match from previous down-counting, that is to say OC3x
keeps unchanged.

In this case Compare value is updated to a new OCR3x value (not TOP). OC3x keeps unchanged till it is
toggled in up-counting compare match. At this moment OC3x is not symmetric with minimum value, so OC3x
need to be toggled when TCNT3 reaches maximum value.

The 2" case: when TCNT3 starts to count from a value that is higher than OCR3x, one compare match will
loss, which will result in asymmetric. It is same that to achieve symmetric at both side of bottom value, OC3x
is needed to be toggled.
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Phase Correct PWM Mode

Setting WGM3[3:0] to 8 or 9, Timer/Counter [] enters into Phase Correct PWM mode, each TOP value is ICR3 or
OCR3A. The phase correct PWM mode is based on a dual-slope operation. The counter counts repeatedly
from BOTTOM to TOP and than decrease to BOTTOM. When counter reaches TOP or BOTTOM, it will both
change counting direction. Counting value at TOP or BOTTOM only stays for one counting clock.

On the compare match between TCNT3 and OCR3x during up-counting or down-counting, the Output
Compare (OC3Xx) is cleared or set depending on the configuration of compare output mode COM3. The dual-
slope operation has lower maximum operation frequency than single slope operation, due to its symmetric
feature of the dual-slope PWM modes, these modes are preferred for motor control applications.

In phase correct PWM mode, the TOV3 is set when the counter reaches BOTTOM, meanwhile value of
compare buffer is updated to compare value. The critical difference between phase frequency correction
PWM mode and phase correction PWM mode is their timing of updating compare value. f interrupt is enabled,
compare buffer OCR3x register can be updated in interrupt routine program. When CPU changes TOP value,
OCR3A or ICR3, it is a must to make sure that the new TOP should never smaller than the current TOP value,
otherwise compare match will not occur.

Setting OC3x pin data direction register to output, it will generate waveform of output compare OC3x.
Waveform frequency can be calculated via below formula:

Foc3xcpfcpwm = fsys/(N*TOP*2)
Here, N indicates prescaler factor (1, 8, 64, 256 or 1024)

During up-counting, when match occurs between TCNT3 and OCR3x, waveform generator will clear (set)
OC3x . During down-counting, when match occurs between TCNT3 and OCR3x, waveform generator will set
(clear) OC3x, so extreme value of OCR3x will generate very special PWM waveform. Setting the OCR3x to TOP
or BOTTOM will result in a constantly high or low level change. If OCR3A is set as TOP while COM3A is set to
logic one, output compare signal, OC3A, will result in PWM waveform with 50% duty cycle.

OCR3A register is updated at BOTTOM moment, so up-counting and down-counting length at both side of
TOP value is the same, then symmetric waveform with correct frequency and phase is generated.

When using a fixed TOP value, it is best to take ICR3 register as TOP value, that is to say setting
WGM3[3:0]=8, at this moment OCR3A register is only used to generate PWM output. If PWM waveform with
variable frequency is in need, it is a must to change TOP value, so dual buffer of OCR3A is better suitable for
such application.
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Input Capture Mode

Input capture mode is used to capture external events, it gives external events a time flag as record. This
mode is used in previous counter modes but not include in waveform generation mode when using ICR3 as
counting TOP value.

Trigger signal of external events is input via pin ICP3, it can also be realized via analog comparator unit. If
logic change level on pin ICP3 changes, or output ACO level change of analog comparator changes, input
capture is triggered when the just mentioned level change is captured by input capture unit. At this moment,
16-bit counting value TCNT3 data is copied to input capture register ICR3, meanwhile input capture flag ICF3
is set. If setting [l to logic one, input capture flag will generate input capture interrupt.

By setting analog compare input capture control bit (ACIC) of analog compare control and status register
(ACSR), ICP3 or ACO, input capture trigger source, can be selected. Noted that one change of trigger source
would result in one input capture, so after the change, must clear ICF3 to avoid a mistake.

Input capture signal is send to edge inspector after going through an optional noise suppression, to see if the
inspected edge would satisfy trigger condition or not, based on configuration of input capture selection
control bit ICES1. Noise surpression is a very simple digital filter; it samples the input signal for 4 times. Its
output is sent to edge inspector only if all 4 sampling value are the same. Noice surpression is set to enable
or disable via ICNC1 bit of TCCR3B register.

When using input capture, after ICF3 is set, ICR3 register value should be read ASAP, because ICR3 value will
be updated after next capture event. It is recommend to enable input capture interrupt, and in whatever input
capture mode, we suggest not to chang TOP value during operation.

Timing flag captured by input can be used to calculate frequency, duty cycle and other characteristic of
signal, it can be also used to create log for trigger events. For measuring duty cycle of external signal, it is
required to change trigger edge after each capture, so changing edge of triggered signal should be ASAP
after reading ICR3 value.
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Auto shut down and re-start of PWM output

If DOC3x of TCCR3C register is set high, PWM output is enabled to shut down automatically. Once trigger is
satisfied, hardware will clear corresponding COM3x, PWM output OC3x will be apart from output pin and
switch to general 10 output, by this way automate shut-down of PWM output is done. Under this situation,
status of output pin is controlled via output of general 10 port.

When automate shut-down of PWM output is enabled, trigger condition must be set meanwhile. Trigger
source is set by DSX3n of TCCR3D register. Trigger source has analog comparator interrupt, external
interrupt, pin change interrupt and timer overflow interrupt, for details please refer to section of TCCR3D
register. If one or some of these trigger sources is selected and these interrupt flag is set at the same time,
hardware will clear COM3x to shut down PMW output.

When trigger events occur and PWM output is shut down, and there is no interrupt flag in timer module,
trigger event and trigger condition can only be known through software reads interrupt flag of trigger source.

If PWM need to re-start output after automate shut-down, it is only necessary to use software to re-set COM3x
and to switch OC3x output into related pins. Note that after automate shut-down occurs, timer does not stop
working, OC3x status keeps updating. Software can set COM3x to output OC3x after timer overflow or
compare match, by this way accurate PMW output status can be gotten.
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Dead time control

Setting DTEN3 to logic one, it enables of inserting dead time, OC3A and OC3B will insert designed dead time
based on waveform generated by B channel compare output, length of time is the timing value corresponded
to counter clock number of DTR3 register. As shown below, OC3A and OC3B will insert designed dead time
based on waveform generated by B channel compare output. If COM3A and COM3B are set to 2 or 3 at the
same time, waveform polarity of OC3A and OC3B are the same, if they are set to 2 or 3 individually, waveform
polarity of OC3A is opposite to that of OC3B.
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Setting DTEN3 to logic zero, inserting dead time will be disabled. Output waveform of OC3A and OC3B are
their individual compare output waveform.

Register Definition

TC3 Register List
Register Location Default Value Comment
TCCR3A 0x90 0x00 TC3 control register A
TCCR3B 0x91 0x00 TC3 control register B
TCCR3C 0x92 0x00 TC3 control register C
TCCR3D 0x93 0x00 TC3 control register D
TCNT3L 0x94 0x00 TC3 counter register low byte
TCNT3H 0x95 0x00 TC3 counter register high byte
ICR3L 0x96 0x00 TC3 input capture register low byte
ICR3H 0x97 0x00 TC3 input capture register high byte
OCR3AL 0x98 0x00 TC3 output compare register A low byte
OCR3AH 0x99 0x00 TC3 output compare register A high byte
OCR3BL 0x9A 0x00 TC3 output compare register B low byte
OCR3BH 0x9B 0x00 TC3 output compare register B high byte
DTR3L 0x9C 0x00 TC3 deadtime register low byte




DTR3H 0x9D 0x00 TC3 deadtime register high byte
OCR3CL 0x9E 0x00 TC3 output compare register C low byte
OCR3CH 0x9F 0x00 TC3 output compare register C high byte
TIMSK3 0x71 0x00 Timer counter interrupt mask register
TIFR3 0x38 0x00 Timer counter interrupt flag register

TCCR3A—TC3 control register A

TCCR3A—TC3 control register A

Address: 0x99 Default value: 0x00
Bit 7 6 5 4 3 2 1 0
COM3A1 COM3A0 comMm3B1 COM3B0 | COM3C1 COM3C0 | WGM31 WGM30

R/W | RIW R/IW R/IW R/IW R/W R/W R/IW R/W

Bit Name Comment

7 COM3A1 Compare match output A mode control high
COM3A1 and COM3A0 combine to consist of COM3A[1:0] to control 0C3A output
waveform. If 15t or 2" bit of COM3A are set, output compare waveform takes up 0C3A pin,
however whose data direction regester must be set to high. In different mode, COM3A
control compare waveform differently, for details referring to list on compare output
control.

6 COM3A0 | Compare match output A mode control low
COM3A1 and COM3A0 combine to consist of COM3A[1:0] to control 0C3A output
waveform. If the 1st or 2nd bit of COM3A is set, compare waveform takes up 0C3A pin,
however whose data direction regester must be set to high. In different mode, COM3A
controls compare waveform differently, for details referring to list on compare output
control.

5 COM3B1 Compare match output B mode control high
COM3B1 and COM3B0 combine to consist of COM3B[1:0] to control 0C3B output
waveform. If 1st bit or 2nd bit of COM3B bits are set, compare waveform takes up 0C3B
pin, however whose data direction regester must be set to high. In different mode, COM3B
control compare waveform differently, for details referring to list on compare output
control.

4 COM3B0 Compare match output B mode control low
COM3B1 and COM3B0 combine to consist of COM3B[1:0] to control 0C3B output
waveform. If 1st bit or 2nd bit of COM3B bits are set, compare waveform takes up 0C3B
pin, however whose data direction regester must be set to high. In different mode, COM3B
control compare waveform differently, for details referring to list on compare output
control.

3 COM3C1 Compare match output C mode control high
COM3C1 and COM3CO0 combine to consist of COM3C[1:0] to control 0C3C output
waveform. If 1st bit or 2nd bit of COM3C bits are set, compare waveform takes up 0C3C
pin, however whose data direction regester must be set to high. In different mode, COM3C
control compare waveform differently, for details referring to list on compare output
control.

2 COM3CO0 Compare match output C mode control low




COM3C1 and COM3CO0 combine to consist of COM3C[1:0] to control 0C3C output
waveform. If 1st bit or 2nd bit of COM3C bits are set, compare waveform takes up 0C3C
pin, however whose data direction regester must be set to high. In different mode, COM3C
control compare waveform differently, for details referring to list on compare output
control.

WGM31

Waveform generation control sub-low
WGM31 and WGM33, WGM32, WGM30 generate waveform generation control WGM3[3:0]
together, couting method and waveform generation method of control counter is referred
to list on waveform generation mode.

WGM30

Waveform generation control lowest
WGM30 and WGM33, WGM32, WGM31 generate waveform generation control WGM3[3:0]
together, couting method and waveform generation method of control counter is referred

to list on waveform generation mode.

Below list show how compare output mode controls output compare waveform in non- PWM mode (normal
mode and CTC mode)

COM3x[1:0] Comments

0 0C3x disconnect, general 10 port operation
1 Toggle 0C3x signal at compare match

2 Clear 0C3x signal at compare match

3 Set 0C3x signal at compare match

Below list sho

w how compare output mode control output compare waveform in fast PWM mode

COM3x[1:0] | Comments

0 0C3x disconnect, general 10 port operation

1 When WGM3 is set to 15, OC3A signal is toggled at compare match, OC3B is disconnected.
When WGMS3 is other value, 0C3x disconnect, general 10 port operation
Clear 0C3x signal at compare match, set 0C3x at max. value match

3 Set 0C3x signal at compare match, clear 0C3x at max. value match

Below list sho

w how compare output mode controls output compare waveform in Phase Correct Mode

COM3x[1:0] | Comments

0 0C3x disconnect, general 10 port operation

1 When WGM3 is set to 9 or 11, OC3A signal is toggled at compare match, OC3B is disconnected.
When WGMS3 is other value, 0C3x disconnect, general 10 port operation

2 0C3x is cleared at compare match in up-counting; 0C3x is set at compare match in down-
counting.

3 0C3x is set at compare match in up-counting; 0C3x is cleared at compare match in down-

counting.

TCCR3B --TC3 control register B

TCCR3B --TC3 control register B

Address: 0x91

Address: 0x91

Bit 7

3 2

ICNC3

ICES3 WGM33 WGM32 CS32 CS31 CS30




R/W

R/W - R/W R/W R/W R/W R/W

Bit

Name

Comment

ICNC3

Input capture noise supression enable control

If setting ICNC3 to logic one, input capture noise surpression is enabled, than input of
external pin ICP3 is filtered, input signal is only valid if 4 sampling value in a row are the
same, becaues of this funtion input capture is delayed for 4 clock cycles.

If setting ICNC3 to logic zero, input capture noise supression is disabled, than input of
external pin ICP3 is activated directly.

ICES3

Input capture trigger edge selection control

If setting ICES3 to logic one, rising edge of selected pin change level will trigger input
capture

If setting ICES3 to logic zero, falling edge of selected pin change level will trigger input
capture.

When an event is captured, counter value will be copied to ICR3 register, meanwhile input
capture flag ICF3 is set.

If interrupt is enabled, input capture interrupt is generated.

reserved

WGM33

Waveform generation mode control high

WGM33 and WGM32, WGM31,WGM30 together consist of waveform generation control
WGM3[3:0], counting method and waveform generation method of control counter is
referred to list on waveform generation mode.

WGM32

Waveform generation mode control sub-high

WGM32 and WGM33, WGM31, WGM30 together consist of waveform generation control
WGM3[3:0], counting method and waveform generation method of control counter is
referred to list on waveform generation mode.

CS32

Clock selection control high
Used to select clock source of timer/counter 3

CS31

Clock selection control middle
Used to select clock source of timer/counter 3

CS30

Clock selection control low
Used to select clock source of timer/counter 3

CS3[2:0] comments

No clock source, stop couting

clksys

Clksys/8, from frequency prescaler

Clksys/64, from frequency prescaler

Clksys/256, from frequency prescaler

Clksys/1024, from frequency prescaler

External clock T3 pin, falling edge trigger

Nfojoa|~h[{W|IN|=|O

External clock T3 pin, rising edge trigger

Below list shows waveform generaton mode control

Table 5 Waveform genearation mode control

WGM3|[3:0]

Working Mode TOP Value Updating OCR1A time Set TOV3 time

0

Normal OxFFFF Immediately MAX




1 8-bit PCPWM 0x00FF TOP BOTTOM
2 9-bit PCPWM 0x01FF TOP BOTTOM
3 10-bit PCPWM 0x03FF TOP BOTTOM
4 CTC OCR3A Immediately MAX

5 8-bit FPWM 0x00FF BOTTOM TOP

6 9-bit FPWM 0x01FF BOTTOM TOP

7 10-bit FPWM 0x03FF BOTTOM TOP

8 PFCPWM ICR3 BOTTOM BOTTOM
9 PFCPWM ICR3A BOTTOM BOTTOM
10 PCPWM ICR3 TOP BOTTOM
1" PCPWM OCR3A TOP BOTTOM
12 CTC ICR3 Immediately MAX

13 reserved - - -

14 FPWM ICR3 TOP TOP

15 FPWM OCR3A TOP TOP

TCCR3C—TC3 control register C

TCCR3C—TC3 control register C

Address: 0x92 Default value: 0x00

Bit 7 6 5 4 3 2 1 0
FOC3A FOC3B DOC3B DOC3A DTEN3 - DOC3C FOC3C

R/W [ RW R/W - - - - - -

Bit Name Comment

7 FOC3A Force output compare A

If not in PWM mode, writing logic one to force output compare bit FOC3A can result in
compare match. Force compare match neither sets 0CF3A flag, nor reload or clear timer,
but will result in output pin 0C3A to be updated according to COM3A configuration, which
seems a real compare match occurs.

In PWM mode, TCCR3A register should be cleared when writing it.

Read return value of FOC3A till it is zero.

6 FOC3B Force output compare B

If not in PWM mode, writing logic one to force output compare FOC3B can result in
compare match. Force compare match neither sets 0CF3B flag, nor reload or clear timer,
but will result in output pin 0C3B to be updated according to COM3B configuration, which
seems a real compare match occur.

In PWM mode, TCCR3A register should be cleared when writing it.

Read return value of FOC3B till it is zero.

5 DOC3B prohibit output compare B enable control bit

When DOC3B is set to high, prohibit output compare B of hardware is enabled, COM3B bit
is cleared and output pin OC3B is disconnected once conditions of prohibit output is
satisfied, then this pin is changed to general 10 operation.

When DOC3B is set to low, prohibit output compare B of hardware is invalid.

4 DOC3A prohibit output compare A enable control bit
When DOC3A is set to high, prohibit output compare A of hardware is enabled, COM3A bit
is cleared and output pin OC3A is disconnected once conditions of prohibit output is




satisfied, then this pin is changed to general 10 operation.
When DOC3A is set to low, prohibit output compare A of hardware is invalid.

3 DTEN3 Dead time enable control bit
When DTEN3 bit is set to high, dead time is enabled, OC3A and OC3B become
complementary output, dead time insert is designed according to DTR3L and DTR3H.
When DTENS3 bit is set to low, dead time is disabled. Both OC3A and OC3B are single
output.

2 ,

DOC3C prohibit output compare C enable control bit

When DOC3C is set to high, prohibit output compare C of hardware is enabled, COM3C bit
is cleared and output pin OC3C is disconnected once conditions of prohibit output is
satisfied, then this pin is changed to general 10 operation.
When DOC3C is set to low, prohibit output compare C of hardware is invalid.

0 FOC3C Force output compare C

If not in PWM mode, writing logic one to force output compare FOC3C can result in
compare match. Force compare match neither sets 0CF3C flag, nor reload or clear timer,
but will result in output pin 0C3C to be updated according to COM3C configuration, which
seems a real compare match occur.

In PWM mode, TCCR3A register should be cleared when writing it.

Read return value of FOC3C till it is zero.

TCCR3D—TC3 control register D

TCCR3D—TC3 control register D

Address: 0x93 Default value: 0x00
Bit 7 6 5 4 3 2 1 0
DSX37 DSX36 DSX35 DSX34 - - DSX31 DSX30

R/W | RIW R/IW R/W R/IW - - R/IW R/W

Bit Name Comment

7 DSX37 TC3 trigger source selection control enable 7* bit
When setting DSX37 to logic one, TCO overflow, used as trigger source to shut down
output compare signal waveform 0C3x, is enable. When setting DOC3x to logic one, rising
edge of interrupt flag register bit of selected trigger source will automatically shut down
0C3x wave output
When setting DSX37 to logic zero, TCO overflow, used as trigger source to shut down
output compare signal waveform 0C3x, is disabled.

6 DSX36 TC3 trigger source selection control enable 6™ bit
When setting DSX36 to logic one, TC2 overflow, used as trigger source to shut down
output compare signal waveform 0C3Xx, is enable. When setting DOC3x to logic one, rising
edge of interrupt flag register bit of selected trigger source will automatically shut down
0C3x wave output
When setting DSX36 to logic zero, TC2 overflow, used as trigger source to shut down
output compare signal waveform 0C3x, is disabled.

5 DSX35 TC3 trigger source selection control enable 5™ bit




When setting DSX35 to logic one, pin change level 1, used as trigger source to shut down
output compare signal waveform 0C3x, is enable. When setting DOC3x to logic one, rising
edge of interrupt flag register bit of selected trigger source will automatically shut down
0C3x wave output

When setting DSX35 to logic zero, pin change level 1, used as trigger source to shut down
output compare signal waveform 0C3x, is disabled.

4 DSX34 TC3 trigger source selection control enable 4" bit
When setting DSX34 to logic one, external interrupt 1, used as trigger source to shut down
output compare signal waveform 0C3x, is enabled. When setting DOC3x to logic one,
rising edge of interrupt flag register bit of selected trigger source will automatically shut
down 0C3c wave output
When setting DSX34 to logic zero, external interrupt 1, used as trigger source to shut
down output compare signal waveform 0C3c, is disabled.

3:2 - reserved

1 DSX31 TC3 trigger source selection control enable 1st bit
When setting DSX31 to logic one, analog comparator 1, used as trigger source to shut
down output compare signal waveform 0C3x, is enabled. When setting DOC3x to logic
one, rising edge of interrupt flag register bit of selected trigger source will automatically
shut down 0C3x wave output
When setting DSX31 to logic zero, analog comparator 1, used as trigger source to shut
down output compare signal waveform 0C3x, is disabled.

0 DSX30 TC3 trigger source selection control enable 0 bit

When setting DSX30 to logic one, analog comparator 0, used as trigger source to shut
down output compare signal waveform 0C3x, is enabled. When setting DOC3x to logic
one, rising edge of interrupt flag register bit of selected trigger source will automatically
shut down 0C3x wave output

When setting DSX30 to logic zero, analog comparator 0, used as trigger source to shut
down output compare signal waveform 0C3x, is disabled.

Below list shows selection control of waveform output trigger source

Shut-down OC3x selection control of waveform output trigger source

DOC3x DSX3n=1 | Trigger Source Comment

0 - - DOC3x bit is logic zero, trigger source to shut down
waveform output is disabled.

1 0 Analog comparator 0 Rising edge of ACIF0 will shut down OC3x waveform
output

1 1 Analog comparator 1 Rising edge of ACIF1 will shut down OC3x waveform
output

1 4 External interrupt 1 Rising edge of INTF1 will shut down OC3x waveform
output

1 5 Pin change level 1 Rising edge of PCIF1 will shut down OC3x waveform
output

1 6 TC2 overflow Rising edge of TOV2 will shut down OC3x waveform
output




TCO overflow Rising edge of TOV0 will shut down OC3x waveform

output

Note that:

2) DSX3n=1, indicate that the N bit of TCCR1D is logic one, each register can be set at the same time.

TCNT3L—TC3 counter register low byte

TCNT3L—TC3 counter register low byte

Address: 0x44 Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
TCNT3L7 | TCNT3L6 | TCNT3L5 | TCNT3L4 | TCNT3L3 | TCNT3L2 | TCNT3L1 | TCNT3LO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 TCNT3L TC3 Counting value low byte

TCNT3H and TCNT3L is combined to consist of TCNT3, than via TCNT3 register 16-
bit counting value of counter can be access to for read-write directly. It is 2 times
operations to read and write 16-bit register.

If write to 16-bit TCNT3, must write TCNT3H firstly. If read 16-bit TCNT3, must read
TCNT3L first.

Write operation of CPU to TCNT3 register will prevent compare match from
happening in the next timer clock cycle, even timer stop working, this allows that
value of initialized TCNT3 register is consistent with 0CR3x value, so interrupt is not
triggered.

If written value to TCNT3 equals or overrides OCR3x, compare match will loss, which
results in incorrect waveform generation.

Timer stops couting if no clock source is selected, however CPU can still be access
to TCNT3.CPU writing to counter has high priority than clear or minus/plus
operation.

TCNT3H—TC3 counter register high byte

TCNT3H—TC3 counter register high byte

Address: 0x95 Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
TCNT3H7 | TCNT3H6 | TCNT3H5 | TCNT3H4 | TCNT3H3 | TCNT3H2 | TCNT3H1 | TCNT3HO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 TCNT3H TC3 Counting value high byte

TCNT3H and TCNT3L is combined to consist of TCNT3. It is 2 times operations to
read and write 16-bit register. If write to 16-bit TCNT3, must write TCNT3H firstly.

If read 16-bit TCNT3, must read TCNT3L first.

Write operation of CPU to TCNT3 register will prevent compare match from
happening in the next timer clock cycle, even timer stop working, this allows that
value of initialized TCNT3 register is consistent with 0CR3x value, so interrupt is not
triggered.

If written value to TCNT3 equals or overrides OCR3x, compare match will loss, which




results in incorrect waveform generation.

Timer stops couting if no clock source is selected, however CPU can still be access
to TCNT3.CPU writing to counter has high priority than clear or minus/plus
operation.

ICR3L—TC3 capture register low byte

ICR3L—TC3 capture register low byte

Address: 0x96 Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
ICR3L7 ICR3L6 ICR3L5 ICR3L4 ICR3L3 ICR3L2 ICR3L1 ICR3LO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 ICR3L TC3 input capture value low byte

ICR3H and ICR3L are combined to consist of 16-bit ICR3. It is 2 times operations to
read and write 16-bit register. If write to 16-bit ICR3, must write ICR3H firstly.

If read 16-bit ICR3, must read ICR3L first.

When input capture is triggered, counter value TCNT3 is updated and copied to ICR3
register. ICR3 register is also used to define TOP value of counter

ICR3H—TC3 capture register high byte

ICR3H—TC3 capture register high byte

Address: 0x97 Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
ICR3H7 ICR3H6 ICR3H5 ICR3H4 ICR3H3 ICR3H2 ICR3H1 ICR3HO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 ICR3H TC3 input capture value high byte

ICR3H and ICR3L are combined to consist of 16-bit ICR3. It is 2 times operations to
read and write 16-bit register. If write to 16-bit ICR3, must write ICR3L firstly.

If read 16-bit ICR3, must read [l first.

When input capture is triggered, counter value TCNT3 is updated and copied to ICR3
register. ICR3 register is also used to define TOP value of counter

OCR3AL—TC3 output compare register A low byte

OCR3AL—TC3 output compare register A low bytee

Address: 0x98 Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
OCR3AL7 | OCR3AL6 | OCR3AL5 | OCR3AL4 | OCR3AL3 | OCR3AL2 | OCR3AL1 | OCR3ALO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 OCR3AL Output compare register A low byte

OCR3AL and OCR3AH are combined to consist of 16-bit OCR3A. It is 2 times
operations to read and write 16-bit register. If write to 16-bit OCR3A, must write
OCRS3AH firstly.

If read 16-bit OCR3A, must read OCR3AL first.




When in PWM mode, OCR3A register will use dual buffer register. While in normal
mode and match on clear mode, dual buffer is disabled. Updating OCR3A register
and counting TOP or BOTTOM time are synchronized by dual buffer to prevent
asysmetric PWM pulse and eliminate intervene pulse.

When using dual buffer, CPU is access to COR3A buffer register. If dual buffer is
disabled, CPU is acces to OCR3A itself.

OCR3AH—TC3 output compare register A high byte

Address: 0x99 Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
OCR3AH7 | OCR3AH6 | OCR3AH5 | OCR3AH4 | OCR3AH3 | OCR3AH2 | OCR3AH1 | OCR3AHO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 OCR3AL Output compare register A high byte

OCR3AL and OCR3AH are combined to consist of 16-bit OCR3A. It is 2 times
operations to read and write 16-bit register. If write to 16-bit OCR3A, must write
OCRS3AH firstly.

If read 16-bit OCR3A, must read OCR3AL first.

OCR3A compares with counter value TCNT3 continuously. Compare match is used to
generate output compare interrupt, or generate waveform in OC3A pin.

When in PWM mode, OCR3A register will use dual buffer register. While in normal
mode and match on clear mode, dual buffer is disabled. Updating OCR3A register
and counting TOP or BOTTOM time are synchronized by dual buffer to prevent
asysmetric PWM pulse and eliminate intervene pulse.

When using dual buffer, CPU is access to OCR3A buffer register. If dual buffer is
disabled, CPU is acces to OCR3A itself.

OCR3BL—TC3 output compare register B low byte

Address: 0x9A Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
OCR3BL7 | OCR3BL6 | OCR3BL5 | OCR3BL4 | OCR3BL3 | OCR3BL2 | OCR3BL1 | OCR3BLO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 OCR3AL Output compare register B low byte

OCR3BL and OCR3BH are combined to consist of 16-bit OCR3B. It is 2 times
operations to read and write 16-bit register. If write to 16-bit OCR3B, must write
OCR3BH firstly.

If read 16-bit OCR3B, must read OCR3BL first.

OCR3B compares with counter value TCNT3 continuously. Compare match is used
to generate output compare interrupt, or generate waveform in OC3B pin.

When in PWM mode, OCR3B register will use dual buffer register. While in normal
mode and match on clear mode, dual buffer is disabled. Updating OCR3B register
and counting TOP or BOTTOM time are synchronized by dual buffer to prevent




asysmetric PWM pulse and eliminate intervene pulse.
When using dual buffer, CPU is access to OCR3B buffer register. If dual buffer is
disabled, CPU is acces to OCR3B itself.

OCR3BH—TC3 output compare register B high byte

OCR3BH—TC3 output compare register B high byte

Address: 0x9B Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
OCR3BH7 | OCR3BH6 | OCR3BH5 | OCR3BH4 | OCR3BH3 | OCR3BH2 | OCR3BH1 | OCR3BHO0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 OCR3BH | Output compare register B high byte

OCR3BL and OCR3BH are combined to consist of 16-bit OCR3B. It is 2 times
operations to read and write 16-bit register. If write to 16-bit OCR3B, must write
OCR3BH firstly.

If read 16-bit OCR3B, must read OCR3BL first.

OCR3B compares with counter value TCNT3 continuously. Compare match is used
to generate output compare interrupt, or generate waveform in OC3B pin.

When in PWM mode, OCR3B register will use dual buffer register. While in normal
mode and match on clear mode, dual buffer is disabled. Updating OCR3B register
and counting TOP or BOTTOM time are synchronized by dual buffer to prevent
asysmetric PWM pulse and eliminate intervene pulse.

When using dual buffer, CPU is access to OCR3B buffer register. If dual buffer is
disabled, CPU is acces to OCR3B itself.

OCR3CL--TC3 output compare register C low byte

OCR3CL--TC3 output compare register C low byte

Address: 0x9E Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
OCR3CL7 | OCR3CL6 | OCR3CL5 | OCR3CL4 | OCR3CL3 | OCR3CL2 | OCR3CL1 | OCR3CLO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 OCR3CL Output compare register C low byte

OCR3CL and OCR3CH are combined to consist of 16-bit OCR3C. It is 2 times
operations to read and write 16-bit register. If write to 16-bit OCR3C, must write
OCR3CH firstly.

If read 16-bit OCR3C, must read OCR3CL first.

OCR3C compares with counter value TCNT3 continuously. Compare match is used
to generate output compare interrupt, or generate waveform in OC3C pin.

When in PWM mode, OCR3C register will use dual buffer register. While in normal
mode and match on clear mode, dual buffer is disabled. Updating OCR3C register
and counting TOP or BOTTOM time are synchronized by dual buffer to prevent
asysmetric PWM pulse and eliminate intervene pulse.

When using dual buffer, CPU is access to OCR3C buffer register. If dual buffer is
disabled, CPU is acces to OCR3C itself.




OCR3CH--TC3 output compare register C high byte

OCR3CH--TC3 output compare register C high byte

Address: 0x9F Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
OCR3CH7 | OCR3CH6 | OCR3CH5 | OCR3CH4 | OCR3CH3 | OCR3CH2 | OCR3CH1 | OCR3CHO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 OCR3CH | Output compare register C high byte

OCR3CL and OCR3CH are combined to consist of 16-bit OCR3C. It is 2 times
operations to read and write 16-bit register. If write to 16-bit OCR3C, must write
OCRS3CH firstly.

If read 16-bit OCR3C, must read OCR3CL first.

OCR3C compares with counter value TCNT3 continuously. Compare match is used
to generate output compare interrupt, or generate waveform in OC3C pin.

When in PWM mode, OCR3C register will use dual buffer register. While in normal
mode and match on clear mode, dual buffer is disabled. Updating OCR3C register
and counting TOP or BOTTOM time are synchronized by dual buffer to prevent
asysmetric PWM pulse and eliminate intervene pulse.

When using dual buffer, CPU is access to OCR3C buffer register. If dual buffer is
disabled, CPU is acces to OCR3C itself.

DTR3L--TC3 dead time register low byte

DTR3L--TC3 dead time register low byte

Address: 0x9C Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
DTR3L7 DTR3L6 DTR3L5 DTR3L4 DTR3L3 DTR3L2 DTR3L1 DTR3LO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 DTR3L Dead time register low byte

When DTENS3 bit is set to high, OC3A and OC3B are complementary output, dead
time inserted into OC3A output is decided by DTR3L counter clocks

DTR3H--TC3 dead time register high byte

DTR3L--TC3 dead time register high byte

Address: 0x9D Default Value: 0x00

Bit 7 6 5 4 3 2 1 0
DTR3H7 DTR3H6 DTR3H5 DTR3H4 DTR3H3 DTR3H2 DTR3H1 DTR3HO

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comments

7:0 DTR3H Dead time register high byte

When DTENS3 bit is set to high, OC3A and OC3B are complementary output, dead
time inserted into OC3A output is decided by DTR3H counter clocks

TIMSK3-TC3 interrupt mask register




DTR3L--TC3 dead time register high byte

Address: 0x71 Default Value: 0x00
Bit 7 6 5 3 2 1 0
- - ICIE3 OCIE3C OCIE3B OCIE3A TOIE3

R/W - - R/W R/W R/W R/W R/W

Bit Name Comments

7:6 - reserved

5 ICIE3 TC3 input capture interrupt enable control bit
When ICIE3 is logic one, and globe interrupt is set, TC3 input capture interrupt is
enabled. When input capture is triggered, that is to say ICF3 flag of TIFR3 is set,
interrupt happens.
When ICIE3 bit is logic zero, TC3 input capture interrupt is disabled.

4 - reserved

3 OCIE3C TC3 output compare C match interrupt enable control bit
When ICIE3C is logic one, and globe interrupt is set, TC3 output compare C match
interrupt is enabled. If compare match is actived, that is to say OCF3C flag of TIFR3
is set, interrupt happens.
When OCIE3C bit is logic zero, TC3 output compare C match interrupt is disabled.

2 OCIE3B TC3 output compare B match interrupt enable control bit
When ICIE3B is logic one, and globe interrupt is set, TC3 output compare B match
interrupt is enabled. If compare match is actived, that is to say OCF3B flag of TIFR3
is set, interrupt happens.
When OCIE3B bit is logic zero, TC3 output compare B match interrupt is disabled.

1 OCIE3A TC3 output compare A match interrupt enable control bit
When ICIE3A is logic one, and globe interrupt is set, TC3 output compare A match
interrupt is enabled. If compare match is actived, that is to say OCF3A flag of TIFR3
is set, interrupt happens.
When OCIE3A bit is logic zero, TC3 output compare A match interrupt is disabled.

0 TOIE3 TC3 overflow interrupt enable bit
When TOIE3 is logic one, and globe interrupt is set, TC3 overflow interrupt is
enabled. When TC3 overflows, that is to day TOV3 bit of TIFR3 is set, interrupt is
happening.
When TOIE3 bit is logic zero, TC3 overflow interrupt is disabled.

TIFR3--TC3 interrupt flag register

TIFR3--TC3 interrupt flag register

Address: 0x38 Default Value: 0x00
Bit 7 6 5 3 2 1 0

- - ICF3 - OCF3B OCF3A TOV3
R/W - - R/W - R/W R/W R/W
Bit Name Comments
7:6 - reserved
5 ICF3 Input capture flag bit

When input capture event happens, ICF3 flag is set. When ICR3 is considered as TOP

value, and counter value reaches TOP, ICF3 flag is set.




If ICIE1 is logic one and globe interrupt flag is set, input capture interrupt is
generated.
ICF3 flag is not cleared automatically, software has to write logic one to ICF3 bit to
clear.

4 - reserved

3 OCF3C Output compare C match flag bit
When TCNT3 is the same as OCR3C, compare unit sends match singal and set
compare flag OCF3C. At this moment if output compare interrupt enable OCIE3C is
logic one and globe interrupt flag is set, than output compare interrupt is generated.
OCF3 flag bit is not cleared automatically, software has to write logic one to OCF3C
bit to clear.

2 OCF3B Output compare B match flag bit
When TCNT3 is the same as OCR3B, compare unit sends match singal and set
compare flag OCF3B. At this moment if output compare interrupt enable OCIE3B is
logic one and globe interrupt flag is set, than output compare interrupt is generated.
OCF3B flag bit is not cleared automatically, software has to write logic one to OCF3B
bit to clear.

1 OCF3A Output compare A match flag bit
When TCNT3 is the same as OCR3A, compare unit sends match singal and set
compare flag OCF3A. At this moment if output compare interrupt enable OCIE3A is
logic one and globe interrupt flag is set, than output compare interrupt is generated.
OCF3A flag bit is not cleared automatically, software has to write logic one to OCF3A
bit to clear.

0 TOV3 Overflow flag bit
When counter overflows, overflow flag TOV3 is set. At this moment if overflow
interrupt enable TOIE3 is logic one and globe interrupt flag is set, overflow interrupt
is happening.
TOV3 flag bit is not cleared automatically, software has to write logic one to TOV3 bit
to clear.
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Synchronous Serial Peripheral Interface( SPI)

® Full-duplex, Three-wire Synchronous Data Transfer

® Master or Slave Operation




LSB First or MSB First Data Transfer
Seven Programmable Bit Rates

End of Transmission Interrupt Flag
Write Collision Flag Protection
Wake-up from Idle Mode

Double Speed on Master SPI Mode
Supporting master 2-wire intput mode
Input/output both have 4 buffer register.
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Overview
SPI mainly has 3 parts: clock prescaler, clock inspector, slave selection inspector, sender and receiver.
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Control and status registers are shared by these 3 parts. Timer prescaler works only in master SPI mode,
prescaler factor is selected by byte rate control bit to generate prescaler clock and output to SPCK pin; Clock
inspector works only in slave SPI mode and inspects clock edge input from SPCK pin, as per SPI data
transmission mode to make shift operation to send and receive shift registers; Slave selection inspector



make inspection on slave selection signal SPSS, transmission status is used to control operations of receiver
and sender; Sender consists of a shift register and send control logic; Receiver consists of a shift register, 4
receiver buffer and receive control logic.
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Clock Generation

Clock generation logic consists of master timer prescaler and slave clock inspector, which works individually
in master and slave operation mode. Via byte rate control bit and double-speed control bit, clock prescaler
decides prescaler factor to generate prescaler ( in total 7 prescaler factors for option, for details referring to
register definition) which are output to SPCK pin and supply clock for communiction and supply shift clock
for internal send and receive shift register; Clock inspector tests edge of input clock SPCK. As per SPI data
transmision mode to make shift operations to sender and receiver. To ensure correct sampling of clock
signal, both high and low SPCK clock have to 2 system clock cycle wider.
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Send and Receive

In single-wire, SPI modular support sending and receiving synchronously, while in 2-wire only mater 2-wire
receive is supported.
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Single-Wire send and receive

The SPI Master initiates the communication cycle when pulling low the Slave Select signal SPSS. Master and
Slave prepare the data to be sent , and the Master generates the required clock pulses on the SPCK line to
interchange data. Master data is always shifted from MOSI to MISO — While Slave data from MISO to MOSI.
After each data packet, the Master will pull SPSS to finish communiction.

When configured as a Master, the SPI interface has no automatic control of the SS line. This must be handled



by user software before communication can start. When this is done, writing data that need to be transmitted,
to SPDR register

starts the SPI clock generator, the hardware generates communication clock and shifts the eight bits into the
Slave, at the same time slave data are shifted in.

After shifting one byte, the clock generator stops, setting the end of Transmission Flag (SPIF).The Master may
continue to shift the next byte by writing it into SPDR, or signal the end of packet by pulling high SPSS. The
last incoming byte will be kept in the Buffer Register for later use.

When configured as a Slave, the SPI interface will remain sleeping with MISO tri-stated as long as the SPSS is
driven high. In this state, software may update the contents of the SPDR, but the data will not be shifted out
by incoming clock pulses on the SCK pin until the SPSS is driven low.

As one byte has been completely shifted, the end of Transmission Flag, SPIF is set. The Slave may continue
to place new data to be sent into SPDR before reading the incoming data. The last incoming byte will be kept
in the Buffer Register for later use.
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2-Wire receive

SPI 2-Wire receive mode works only in master operation. Different from 1-wire mode, both its MOSI and MISO
are used for master to receive data. Each SPCK clock pulse receives 2 byte data synchronously (data in MISO
line is in the front, in MOSI is behind), after data receiving, hardware sets SPIF, data will be saved in receive
buffer and shift register. At this moment software has to read SPDR register two times to get 2 byte data. Note
that even tough master never sends data to slave in 2-wire mode, software has to write data to SPDR register
to start clock generator, which generates communication clock. Writing data to SPDR register one time can
receive 2 byte data.
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Data Mode

There are four combinations of SPCK phase and polarity with respect to serial data in single-wire mode,
which are determined by CPHA and CPOL. The SPI data transfer formats are shown as below

CPOL CPHA Leading Edge Trail Edge SPI mode0
0 0 Sample (Rising) Setup (Falling) 0
0 1 Setup (Rising) Sample (Falling) 1
1 0 Sample (Falling) Setup (Rising) 2
1 1 Setup (Falling) Sample (Rising) 3

When CPHA=0, Data sampling and clock edge setup are shown as below:
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When CPHA=1, Data sampling and clock edge setup are shown as below:
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In 2-Wire mode, MISO and MOSI both are used as master input, data sampling time is still decided by data
transmission mode, sampling mode is shown as below:
In master mode, sample mode when DUAL is “1”
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SPSS Pin Function

When salve is configured, SPSS pin, slave selection signal, is always used as input. When SPSS pin keeps
low, SPI interface is activated, MISO pin becomes output pin (interface configuration are done by software),
while other pins are all input. When SPSS pin keeps high, SPI modular is re-set and does not receive data
anymore. SPSS pin is very useful to synchronize data package and byte, it can synchronize slave bit counter
and master clock generator. If SPSS is driven high, SPI slave reset immediately to receive and send logic, and
dismiss incomplete data in shift register.

When master is configured, SPSS pin direction is decided by user software.

If SPSS is configured as output, it can drive slave SPSS pin. If SPSS is configured as input, must keep it high
to ensure master normal operations. When master is configured and SPSS is set to input, while SPSS pin is
drive low by external circuit, SPI modular will consider that another master choose to be slave and start to
transmiss data. To avoid bus conflict, SPI modular makes below actions:

1. Clear MSTR bit of SPCR register, switch to slave, MOSI and SPCK change to input

2. Set SPIF bit of SPSR register, if interrupt is enabled, will generate SPI interrupt.

So, interrupt routine handle program should check if MSTR bit is logic one when interrupt is used for SPI
master data transmission and SPSS is possibly drived low. If MSTR is clear, must set by software to re-start
SPI master mode.
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SPI Initiation

Before communication, SPI must be initianized, this process includes master/slave operation selection, data
transmission mode setup, byte rate select, direction control of each pin, etc. Pin direction controls are
different in mast /slave mode, details are shown in the below:

Pin Direction Control

Pin Direction in master mode Direction in slave mode
MOSI Defined by user software Input

MISO Input Defined by user software
SPCK Defined by user software Input

SPSS Defined by user software Input
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SPI Master Initiation

SP Initiation process in master mode is as below:

1. Set MSTR bit, set up byte rate control bit, set up data transmission mode and order, check if interrupt is
enabled or not and 2-wire is enabled or not;

2. Set MOSI and SPCK pin as output;

3. Set SPE bit

In master mode, SPSS has to configure as output if SPI modular is not wished to use as slave choosen by
other master.

SPI AHLHISRL

SPI MUK WIR IR U T -

1. 7E%E MSTR iz, WEHBIEEMER, BOREmMRT, TRl ST:

2. W& MISO 5l I Jei s

3. Efi SPE fir,

SPI Slave Initiation

SP Initiation process in slave mode is as below:
1. Clear MSTR bit, set up data transmission mode and order, check if interrupt is enabled or not.
2. Set MISO pin as output
3. Set SPE bit
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SPI Interrupt:

SPI interrupt flag bit, SPIF, will be set when one or more than on of the below events happen
1. Master is configured and SPSS pin is input, SPSS pin is driven low by external circuit

2. Status of send buffer is full, software keeps writing data to SPDR register

3. Status of receive buffer is full

4. Data written to send buffer have been send out, send buffer is empty.
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When SPIF is set, while SPI interrupt enable bit SPIE and globe interrupt enable bit are high, SPI interrupt is
generated. After entering into interrupt program, hardware will clear SPIF. If SPIF is set by above event 1 and
2, SPIF will be cleared. If SPIF is set by above event 3 and 4, SPIF will not be cleared, because when receive or
send buffer status has no change, SPIF bit is set still, in this case clear must be done by software.
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In SPI interrupt program, software clears SPIF per below operation order:

1) Read SPIF bit status, if low it indicates that SPIF bit has ben cleared by hardware, software does no need
to clear; If high, continue to go for next operation;

2) Read SPFR register, if RDFULL bit is high it indicates that current receive buffer is full, read SPDR register
to gain receive data, RDFULL bit becomes low, software can continue to read SPDR register to gain
receive data, till RDEMPT bit is high;

3) Read SPFR register, if RDFULL bit is low while WREMPT bit is high, it indicates that current receive buffer
is not full but send buffer is empty, software can read SPDR register to get receive data till RDEMPT bit is
high

4) Software clears SPIF bit after received data. As SPIF bit is read-only, it is impossible to clear SPIF directly,
to clear SPIF bit, it has to read SPSR register firstly and than access to SPDR(read or write SPDR register)

Register Definition
SPI Register List
Register Address Default Value Comment
SPCR 0x4C 0x00 SPI control register
SPSR 0x4D 0x00 SPI status register
SPDR 0x4E 0x00 SPI data register
SDFR 0x39 0x00 SPI buffer register




SPCR-SPI Control Register

SPCR-SPI Control Register

Address: 0x4C Default Value:0x00
Bit 7 6 5 4 3 2 1 0
Name SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Name Comment
7 PIE SPI interrupt enable bit
If set SPIE bit to logic one, SPI interrupt is enabled. When SPIFin SPSR register is
set and globe interrupt is enabled, SPI interrupt is geneated
6 SPE SPI Enable bit
IF set SPE to logic one, SPI modular is enabled. Before any SPI operation must set
SPE
If set SPE to logic zero, SPI modular is disabled.
5 DORD Data order control bit
If set DORD bit to logic one, LSB of data will be send firstly
If set DORD bit to logic zero, MSB of data will be send firstly
4 MSTR Master/Slave selection control bit
If set MSTR to logic one, master operation mode is selected
If set MSTR to logic zero, slave operation mode is selected
In master mode, when SPSS pin is configured to input and pulled low, MSTR is to be
cleared; SPIF in SPSR register will be set. User need to re-configure MSTR to enter
into master mode.
3 CPOL Clock polarity control bit
When set CPOL to logic one, SPCK is high in idle status
When set CPOL to logic zero, SPCK is low in idle status
CPOL Leading Edge Trail Edge
0 Rising Edge Falling Edge
1 Falling Edge Rising Edge
2 CPHA Clock phase control bit
When CPHA is configured to logic one, rising edge sets data, trail edge samples
data
When CPHA is configured to logic zero, rising edge samples data, trail edge sets
data
CPHA Leading Edge Trail Edge
0 Sampling Set up
1 Set up Sampling
1 SPR1 Clock speed rate selection bit 1
SPR1 and SPRO0 are used to select clock speed rate of SPI transmission. For details
referring to list about relation between SPCK and system clock
0 SPRO Clock speed rate selection bit 0

SPR1 and SPRO are used to select clock speed rate of SPI transmission. For details
referring to list about relation between SPCK and system clock




SPSR—SPI Status Register

SPSR—SPI Status Register

Address: 0x4D Default Value:0x00
Bit 7 6 5 4 3 2 1 0
Name SPIE WCOL - - - DUAL - SPI2X
R/W R R R/W R/W
Initial 0 0 0 0 0 0 0 0
Bit Name Comment
7 SPIF SPI interrupt flag bit
SPIF flag is set after serial transmission. In master mode, SPIF is set also when
SPSS pin is configured as input and pulled down. At this moment if both SPIE of
SPCR register and globe interrupt enable bit are set, SPI interrupt is generated. After
entered into interrupt program, SPIF bit will clear automatically, or by reading SPSR
register and than access to SPDR register, SPIF bit is cleared.
6 WCOL Write conflict flag bit
During data transmission, writing SPDR register will set WCOL bit. Via reading
SPSR register and than access to SPDR register, WCOL is to be cleared.
5 - reserved
4 - reserved
3 - reserved
2 DUAL 2-Wire control bit
When set DUAL bit to logic one, enable SPI 2-wire transmission mode
When set DUAL bit to logic zero, disable SPI 2-wire transmission mode
2-wire transmission mode is valid only in SPI master mode, MISO and MOSI are
used as master data input, regarding data transmission mode, refer to sections of
master 2-wire receive and data mode
- reserved
0 SPI2X SPI speed double control bit

When set SPI2X to logic one, SPI transmission speed will double

When set SPI2X to logic zero, SPI transmission speed will not double

For details about control mode, referring to list about relation between SPCK and
system clock

Below shows relation between SPCK and system clock

Relation between SPCK and system clock

SPI2X SPR1 SPRO SPCK frequency
0 0 0 fsys/a

0 0 1 fsys/16

0 1 0 fsys/64

0 1 1 fsys/128

1 0 0 fsys/2

1 0 1 fsys/8

1 1 0 fsys/32

1 1 1 fsys/64




SPDR—SPI data register

SPDR—SPI data register

Address: 0x4E Default value: 0x00

Bit 7 6 5 4 3 2 1 0
Name SPDR7 SPDR6 SPDR5 SPDR4 SPDR3 SPDR2 | SPDR1 SPDRO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Name Comments

7:0 SPDR SPI sends and receives data

SPI send data and receive data share SPI data register SPDR. Writing data to SPDR
means writing send data to shift register. Reading SPDR data means reading receive
data buffer.

SPFR—SPI buffer register

SPFR—SPI buffer register

Address: 0x4E Default value: 0x00

Bit 7 6 5 4 3 2 1 0

Name RDFULI RDEMPT | RDPTR1 RDPERO WRFUL | WREMP | WRPTR1 | WRPTR

L T 0

R/W R R/W R R R R/W R R

Bit Name Comments

7 RDFULL Receive buffer full flag bit
When receive buffer data is 4 byte, RDFULL bit is high, it indicates that receive buffer
is full and interrupt flag bit is set.
If software does not read and get away receive buffer data in time, when to receive
data again, receive buffer will overflow, previous data will be covered by new data.
When receive buffer data is less than 4 byte, RDFULL bit is low, it indicates that
receive buffer is not full yet, it can continue to receive data.
When setting RDEMPT and WREMPT simutanously, receive and send buffer address
and SPI shift register hand will both clear to zero, RDFULL is low.

6 RDEMPT Receive buffer empty flag bit
If it does not receive data, RDEMPT bit is high, which indicates receiver buffer is
empty
If it receives data, data will be saved to receive buffer, RDEMPT bit is low, which
indicates that receive buffer is not empty, at this moment via access to SPDR
register, MCU can read data of receive buffer. To ensure received data will not loss,
software can read and get away receiver buffer data when it is not empty and
RDEMPT bit is low.
When set RDEMPT to logic one, receive buffer address is cleared to zero.
When setting RDEMPT and WREMPT simutanously, receive and send buffer address
and SPI shift register hand will both clear to zero, RDFULL is high.

5 RDPTR1 Receive buffer address high

4 RDPTRO Receive buffer address low

When writing SPDR register, MCU can read all received data from receive buffer,




meanwhile receive buffer address will accumulate.
When setting RDEMPT bit to logic one, receive buffer address is cleared to zero.
3 WRFULL Send buffer full flag bit
When receive buffer data is 4 byte, WRFULL bit is high, it indicates that send buffer
is full.
When send buffer data is less than 4 byte, WRFULL bit is low, it indicates that send
buffer is not full yet, if want to increase transmission speed, when send buffer is not
full and WRFULL is low, software can write data, SPI control will send these data out
by order.
2 WREMPT | Send buffer empty flag bit
If data written to send buffer is finished for sending, WREMPT bit is high, which
indicates send buffer is empty and interrupt flag bit SPIF is set.
After writing SPDR register, send buffer address will accumulate, if data written to
send buffer are not all send out, receive buffer has at least 1 byte data, WREMPT bit
is low, which indicate send buffer is not empty.
When setting WREMPT bit to logic one, send buffer address is cleared to zero.
When setting RDEMPT and WREMPT bit simutanously, receive and send buffer
address, as well as SPI shift register hand will all clear to zero, WREMPT bit is high
1 WRPTR1 Send buffer address high
0 WRPTRO Send buffer address low
Wen writing to SPDR register, Data in SPDR will be written to send buffer, meanwhile
send buffer address will accumulate
When setting WREMPTto logic one, send buffer address will be clared to zero.
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USARTO0- General Synchronous/Asynchronous serial receiver
Full Duplex Operation (Independent Serial Receive and Transmit Registers

Asynchronous or Synchronous Operation

Master or Slave Clocked Synchronous Operation

High Resolution Baud Rate Generator
Supports Serial Frames with 5, 6, 7, 8, or 9 Data Bits and 1 or 2 Stop Bits
Odd or Even Parity Generation and Parity Check Supported by Hardware




Data OverRun Detection

Framing Error Detection

Noise Filtering Includes False Start Bit Detection and Digital Low Pass Filter

Three Separate Interrupts on TX Complete, TX Data Register Empty and RX Complete
Multi-processor Communication Mode

Double Speed Asynchronous Communication Mode
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USART mainly includes 3 units: Clock Generator, Transmitter and Receiver. Control status Registers are
shared by all units. The Clock Generation logic consists of synchronization logic for external clock input used
by synchronous slave operation, and the baud rate generator. The XCK pin is only used by synchronous
transfer mode. The Transmitter consists of a single write buffer, a serial Shift Register, Even and Odd Parity
Generator and Control logic for handling different serial frame formats. The write buffer allows a continuous
transfer of data without any delay between frames.

The Receiver is the most complex part of the USART module due to its clock and data recovery units. The
recovery units are used for asynchronous data reception. In addition to the recovery units, the Receiver
includes a Parity Checker, Control logic, a serial Shift Register and a two level receive buffer (UDR). The
Receiver supports the same frame formats as the Transmitter, and can detect Frame Error, Data OverRun and
Parity Errors.
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Clock Generation

The Clock Generation logic generates the base clock for the Transmitter and Receiver. The USART supports
four modes of clock operation: Normal asynchronous, Double Speed asynchronous, Master synchronous and
Slave synchronous mode. The UMSEL bit in USART Control and Status Register C (UCSRC) selects between
asynchronous and synchronous operation. Double Speed (asynchronous mode only) is controlled by the U2X
found in the UCSRA Register. When using synchronous mode (UMSELnN = 1), the Data Direction Register for
the XCK pin controls whether the clock source is internal (Master mode) or external (Slave mode). The XCK
pin is only active when using synchronous mode.
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Baud Rate Generator

The USART Baud Rate Register (UBRR) and the down-counter connected to it function as a programmable
prescaler or baud rate generator. The down-counter, running at system clock (fosc), is loaded with the UBRR
register value automatically each time when the counter has counted down to zero or the UBRRL Register is
written. A clock is generated each time the counter reaches zero. This clock is the baud rate generator clock
output (= fosc/(UBRRn+1)).

Below list gives equations for baud rate(bit/second) and UBRR value in each working mode:

Working mode

Equation for Calculating Baud(1)

Equation for Calculating UBRR
Valu

Asynchronous Normal mode

BAUD = fsys/(16*(UBRR+1))

UBRR = fsys/(16*BAUD) - 1

Asynchronous Double Speed
mode

BAUD = fsys/(8*(UBRR+1))

UBRR = fsys/(8*BAUD) -1

Synchronous Master mode

BAUD = fsys/(2*(UBRR+1))

UBRR = fsys/(2*BAUD) - 1

Noted:
1. The baud rate is defined to be the transfer rate in bit per second (bps)
2. BAUD=Baud rate (in bits per second, bps), fsys=system clock. UBRR is combined value of baud
register UBRRH and UBRRL.
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Double Speed Operation

The transfer rate can be doubled by setting the U2Xnbit in UCSRA. Setting this bit only has effect for the
asynchronous operation. Set this bit to zero when using synchronous operation.

Setting this bit will reduce the divisor of the baud rate divider from by half, effectively doubling the transfer



rate for asynchronous communication. Note however that the Receiver will in this case only use half the
number of samples for data sampling and clock recovery, and therefore a more accurate baud rate setting
and system clock are required when this mode is used. For the Transmitter, there are no downsides.
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fXCK < fsys/4
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External Clock

External clocking is driven by the synchronous slave modes of operation. External clock must then pass
through synchronization register and an edge detector before it can be used by the Transmitter and
Receiver. This process introduces a two CPU clock period delay and therefore the maximum external XCK
clock frequency is limited by the following equation:

fXCK < fsys/4

Note that fsys depends on the stability of the system clock . It is therefore recommended to add some
margin to avoid possible loss of data due to frequency variations.
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Synchronous Clock Operation

When synchronous mode is used , the XCK pin will be used as either clock input (Slave) or clock output
(Master). The rule between the clock edges and data sampling or data change is that: Data input (on RxD) is
sampled at the opposite clock edge of the edge the data output is changed.

ucPoL=1
XCK
= f
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XCK ! ;
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fu EEPTR, 24 UCPOL fEA“17BF, 7E XCK MY RS BdEM Y, 76 XCK [ EFHE BT B KA 24 UCPOL fH2507Ef, 7E XCK f_EF
BB H, 15 XCK 1T BT B0 KR .

As shown above, If UCPOLn is set to logic one, the data will be changed at falling XCK edge and sampled at
rising XCK edge. When UCPOL is zero the data will be changed at rising XCK edge and sampled at falling
XCK edge.
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Frame Formats

A serial frame is defined to be one character of data bits with synchronization bits (start and stop bits), and

?
?
?
?

a parity bit for error checking. The USART accepts all 30 combinations of the following as valid frame
formats:

® ( 1 start bit

® ( 56,7,8,or9 data bits

® ( no, even or odd parity bit

® (1 or2 stop bits

A frame starts with the start bit followed by the least significant data bit. Then the next data bits, up to a total
of nine, are succeeding, ending with the most significant bit. Ifenabled, the parity bit is inserted after the
data bits, before the stop bits. When a complete frame is transmitted, it can be directly followed by a new
frame, or the communication line can be set to an idle (high) state. Below picture shows the possible
combinations of the frame formats. Bits inside brackets are optional.

Frame

} I
D080 000000 T

BiE:

1) IDLE BfE£ (RxD 2R TxD) ERAHEH, KRB W BFAT HF

2) St &ML, HRNEHF

3) 0-8 HIEAL

4) P R, HRBMARE

5) Sp fFikfr, BRANFHHF
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Note:

1) IDLE: No transfers on the communication line (RxD or TxD). An IDLE line must be high.

2) St: Start bit, always low.

3) Data bits (0 to 8).

4) P Parity bit. Can be odd or even

5) Sp: Stop bit, always high
The frame format is set by the UCSZ[2:0], UPM[1:0] and USBS bits in UCSRB and UCSRC. The Receiver and
Transmitter use the same setting. Note that changing the setting of any of these bits will corrupt all ongoing
communication for both the Receiver and Transmitter. The USART Character SiZe (UCSZ[2:0]) bits select the
number of data bits in the frame. The USART Parity mode (UPM[1:]0) bits enable and set the type of parity bit.
The selection between one or two stop bits is done by the USART Stop Bit Select (USBS) bit. The Receiver
ignores the second stop bit. An FE (Frame Error) will therefore only be detected in the cases where the first
stop bit is zero.
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Peven = dn-10...6d3ed2ed16d0s0

Podd = dn-1o...6d30d2ed1od0o1
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Parity Bit Calculation

The parity bit is calculated by doing an exclusive-or of all the data bits. If odd parity is used, the result of the
exclusive or is inverted. The relation between the parity bit and data bits is as follows:

Peven =dn-1o...0d3ed20d10d0s0

Podd = dn-1¢...ed3ed2ed1ed0a1

Note that:

1) Peven: Parity bit using even parity

2) Podd Parity bit using odd parity

3) Dn: Data bit n of the character If used, the parity bit is located between the last data bit and first stop bit
of a serial frame
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USART Initialization

The USART has to be initialized before any communication can take place. The initialization process
normally consists of setting the baud rate, setting frame format and enabling the Transmitter or the Receiver
depending on the usage. For interrupt driven USART operation, the Global Interrupt Flag should be cleared
(and interrupts globally disabled) when doing the initialization.

Before doing a re-initialization with changed baud rate or frame format, be sure that there are no ongoing

transmissions during the period the registers are changed. The TXC Flag can be used to check that the

Transmitter has completed all transfers, and the RXC Flag can be used to check that there are no unread
data in the receive buffer. Note that the TXC Flag must be cleared before each transmission (before UDRn is

written) if it is used for this purpose.
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Transmitter

The USART Transmitter is enabled to transmit data by setting the Transmit Enable (TXEN) bit in the UCSRB

Register. When the Transmitter is enabled, the general 10 port operation of the TxD pin is overridden by the

USART and given the function as the Transmitter’s serial output. The baud rate, mode of operation and

frame format must be set up once before doing any transmissions. If synchronous operation is used, the

clock on the XCK pin will be overridden and used as transmission clock
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Sending Frames with 5 to 8 Data Bit
A data transmission is initiated by loading the transmit buffer with the data to be transmitted. The CPU can
load data by writing to the UDR register. The buffered data in the transmit buffer will be moved to the Shift
Register when the Shift Register is ready to send a new frame. The Shift Register is loaded with new data if
it is in idle state (no ongoing transmission) or immediately after the last stop bit of the previous frame is
transmitted. When the Shift Register is loaded with new data, it will transfer one complete frame at the
designed rate.
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Sending Frames with 9 Data Bit

If 9-bit characters are used (UCSZn = 7), the ninth bit must be written to the TXB8 bit in UCSRB before the
low eighth byte of the character is written to UDR. The ninth bit can be used to indicatr an address frame in
multi processor communication mode or for other protocol handling in synchronization communication.
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Parity Generator

The Parity Generator calculates the parity bit for the serial frame data. When parity bit is enabled (UPM1 = 1),
the transmitter control logic inserts the parity bit between the last data bit and the first stop bit of the frame
that is sent.
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Transmitter Flags and Interrupts

The USART Transmitter has two flags that indicate its state: USART Data Register Empty (UDRE) and
Transmit Complete (TXC). Both flags can be used for generating interrupts.

The Data Register Empty (UDRE) Flag indicates whether the transmit buffer is ready to receive new data.
This bit is set to logic one when the transmit buffer is empty, and cleared when the transmit buffer is empty.
When UDRE is logic one, CPU can write new data to data register UDR, otherwise cannot write new data.
When the Data Register Empty Interrupt Enable (UDRIE) bit is written to one, the USART Data Register
Empty Interrupt will be executed as long as UDRE is set (provided that global interrupts are enabled).
UDRER is cleared by writing UDR.

When interrupt-driven data transmission is used, the Data Register Empty interrupt routine must either write
new data to UDR in order to clear UDRE or disable the Data Register Empty interrupt, otherwise a new



interrupt will occur once the interrupt routine terminates.

The Transmit Complete (TXCn) Flag bit is set to logic one when the entire frame in the Transmit Shift
Register has been shifted out and there are no new data currently present in the transmit register.

When transmit complete interrupt enable bit TXCIE in UCSRB is set to logicone, and TXC flag bit is set,
USART transit end interrupt is to be executed. Once enterring into interrup routine, TXC flag is automatically
cleared, or to be cleared by CPU writing logice one to this bit.
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Disabling the Transmitter
The disabling of the Transmitter (setting the TXEN to zero) will not become effective until ongoing and
pending transmissions are completed after TXEN is cleared, i.e., when the Transmit Shift Register and
Transmit Buffer Register do not contain data to be transmitted. When disabled, the TxD pin will resume to
general 10.
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Receiver

The USART Receiver is enabled by setting the Receive Enable (RXEN) bit in the UCSRB Register. When the
Receiver is enabled, the normal pin operation of the RxD pin is overridden by the USART and given the
function as the Receiver’s serial input. The baud rate, mode of operation and frame format must be set up
once before any data reception. If synchronous operation is used, the clock on the XCK pin will be used as
transfer clock.
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Receiving Frames with 5 to 8 Data Bits
The Receiver starts data reception when it detects a valid start bit. Each bit that follows the start bit will be
sampled at the designed baud rate or XCK clock, and shifted into the Receive Shift Register until the first
stop bit of a frame data is received. A second stop bit will be ignored by the Receiver.
After receiving the first stop bit, receiver sets receive data complete flag RXC bit loacted in UCSRA register
and complete data frames in shift register will be moved into receive buffer. By reading UDR register, CPU
can get received data.
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Receiving Frames with 9 Data Bits
If 9-bit characters are used, the ninth bit must be read from the RXB8 bit in UCSRB before reading the low bits
from the UDR. This rule applies to the FE, DOR and PE as well. Reading the UDR 1/O location will change the
state of the receive buffer and consequently the TXB8, FE, DOR and PE bits, which all are stored in the



bufffer, will change.
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Receive Compete Flag and Interrupt

The USART Receiver has one flag: Receive Complete (RXC) Flag. It indicates if there are unread data present
in the receive buffer. This flag is one when unread data exist in the receive buffer, and otherwise it is zero. If
the Receiver is disabled, the receive buffer will be flushed and consequently the RXC bit will become zero.
When the Receive Complete Interrupt Enable (RXCIE) in UCSRB is set, the USART Receive Complete interrupt
will be executed as long as the RXC Flag is set (provided that global interrupts are enabled). When interrupt-
driven data reception is used, the receive complete routine must read the received data from UDR in order to
clear the RXC Flag, otherwise a new interrupt will occur once the interrupt routine terminates.
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Receiver Error Flags

The USART Receiver has three Error Flags: Frame Error (FE), Data OverRun (DOR) and Parity Error (PE). All
can be accessed by reading UCSRA.

Common for the Error Flags is that they are located in the receive buffer together with the data frame. All
Error Flags cannot generate interrupt.

The Frame Error (FE) Flag indicates the state of the first stop bit of the next readable frame stored in the
receive buffer. The FE Flag is zero when the stop bit was correctly read (as one), otherwise the FE Flag will be
one. This flag can be used for detecting out-of-sync conditions, detecting break conditions and protocol
handling.

Data Overrun flag(DOR) indicates that data will be lost due to receive buffer full. When receive buffer is full,
data has existed in receive shift register, at this moment if a new start bit is detected, data overrun occurs.
DOR flag is set, that is to say one or more frame have lost between a recently read UDR and the next one.
DOR flag is cleared when frame is transferred successfully from shift register to receive buffer. Even Odd
Parity Flag (PE) indicates next frame located in receive buffer has even odd errors during receive. PE will be
cleared if even odd parity is not enabled.
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Parity Checker



The Parity Checker is actived when Parity mode (UPM1) bit is set. Type of Parity Check to be performed (odd
or even) is selected by the UPMO bit. When enabled, the Parity Checker calculates the parity of the data bits
that is input and compares the result with the parity bit from the data frame. The result of the check is stored
in the receive buffer together with the received data and stop bits. The Parity Error Flag can then be read by
software to check if the frame had a Parity Error. The UPE bit is set if the next character that can be read from
the receive buffer had a Parity Error and the Parity Checking was enabled. This bit is valid until the receive
buffer (UDR) is read.
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Disabling the Receiver

In contrast to the Transmitter, disabling of the Receiver will become effective immediately. Data from ongoing
receptions will therefore be lost. When disabled (i.e., the RXEN is set to zero) the Receiver will no longer
override the normal function of the RxD port pin. The Receiver buffer will be flushed when the Receiver is
disabled.
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Asynchronous Data Reception
The USART includes a clock recovery and a data recovery unit for handling asynchronous data reception.
The clock recovery logic is used for synchronizing the internally generated baud rate clock and the
incoming asynchronous serial data at the RxD pin. The data recovery logic samples and low pass filters
each incoming bit, thereby improving the noise immunity of the Receiver. The asynchronous reception
operational range depends on the accuracy of the internal baud rate clock, the rate of the incoming frames,
and the frame size in number of bits.
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Asynchronous Operational Range

The operational range of the Receiver is dependent on the mismatch between the received bit rate and the
internally generated baud rate. If the Transmitter is sending frames at too fast or too slow bit rates, or the
internally generated baud rate of the Receiver does not have the same base frequency, the Receiver will not
be able to synchronize with the start bit.

To ensure that receiver will not miss sampling of next frame start bit, there must no big difference between
incoming bit rate and internal transmit baud rate, ratio between them is used to descript tolerance range of
baud rate. Below 2 lists show allowed max. baud rate tolerance range in normal mode and speed doubling
mode.

Max baud rate tolerance range of receiver in normal mode
Data bit+ total parity bit Max Total Error (% | Recommended Max




length Receiver Error (%)
5 +6.7/-6.8 +3.0
6 +5.8/-5.9 2.5
7 +5.1/-5.2 +2.0
8 +4.6/-4.5 +3.0
9 +4.1/-4.2 1.5
10 +3.8/-3.8 1.5

Max baud rate tolerance range of receiver in speed doubling mode

Data bit+ total parity bit Max Total Error (% Recommended Max Receiver Error
length (%)

5 +5.7/-5.9 2.5

6 +4.9/-5.1 +2.0

7 +4.4/-4.5 1.5

8 +3.9/-4.0 1.5

9 +3.5/-3.6 +1.0

10 +3.2/-3.3 1.0
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Seeing from above list, in normal mode baud rate allows wider error range. The above recommended baud
rate error range is based on assumption that receiver and transmitter makes same level contribution to max.
total error. There are 2 reasons to generate receive baud rate error. Firstly, stability of receiver system clock
is related to working voltage and temperature. Normally there is no error if system clock is generated by
crystal oscillator, while system clock will have error if internal oscillator is used. Secondly, baud rate
generator could not get preferred rate via prescale of system clock. In this case, error can decrease to
acceptable level by adjusting UBRR value.
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Baud Rate Setting and Incoming Error
For standard crystal and resonator frequencies, the actual used baud rates for asynchronous
operation can be calculated by baud rate equation, tolerance between actual baud rate and normal used



baud rate can be calculated by as below:
Error[%] = (Baudreal/Baud — 1)*100%

In which, Baud indicates normal used communication baud rat, Baudreal is baud rate calculated by the
above equation. Relation between baud rate error and system clock fsys as well as baud rate register UBRR
is as below
Normal Mode:

Error[%] = (fsys/(16*(UBRR+1))/Baud — 1)*100%
Double Speed Mode:

Error[%] = (fsys/(8*(UBRR+1))/Baud - 1)*100%

If communication clock error is not considered, and if system clock fsys is standard clock, relationship in
between each baud rate error UBRR value can be gotten. Below list shows baud rate error with different
UBRR value in 16MHz system clock.

Error generated by setting UBRR in 16MHz system clock

Baud fsys = 16.000MHz
Rate (bps) Normal Mode ((U2X = 0) Double Speed Mode(U2X = 1)
UBRR Error UBRR Error
2400 416 -0.1% 832 0.0%
4800 207 0.2% 416 -0.1%
9600 103 0.2% 207 0.2%
14.4K 68 0.6% 138 -0.1%
19.2K 51 0.2% 103 0.2%
28.8K 34 -0.8% 68 0.6%
38.4K 25 21% 34 -0.8%
57.6K 16 0.2% 51 0.2%
76.8K 12 0.2% 25 0.2%
115.2K 8 -3.5% 16 21%
230.4K 3 8.5% 8 -3.5%
250K 3 0% 7 0%
0.5M 1 0% 3 0%
1M 0 0% 1 0%
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Multi-processor Communication Mode

Setting the Multi-processor Communication mode (MPCM) bit in UCSRA enables a filtering function of
incoming frames received by the USART Receiver. Frames that do not contain address information will be
ignored and not put into the receive buffer. This effectively reduces the number of incoming frames that has



to be handled by the CPU, in a system with multiple MCUs that communicate via the same serial bus. The
Transmitter is unaffected by the MPCM setting, but has to be used differently when it is a part of a system
utilizing the Multi-processor Communication mode.

If the Receiver is set up to receive frames that contain 5 to 8 data bits, then the first stop bit indicates if the
current frame contains data or address information. If the Receiver is set up for frames with nine data bits,
then the ninth bit

is used for identifying address and data frames. When the frame type bit is one, the frame contains an
address. When the frame type bit is zero the frame is a data frame.

The Multi-processor Communication mode enables several slave MCUs to receive data from a master MCU.
This is done by first decoding an address frame to find out which MCU has been addressed. If a particular
slave

MCU has been addressed, it will receive the following data frames as normal, while the other slave MCUs
will ignore the received frames until another address frame is received.
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For an MCU to act as a master MCU, it can use a 9-bit character frame format. The ninth bit is used as frame

format flag. In this mode, slave MCU must also work with 9-bit character frame format.

Below is the procedures of data switch in Multi-processor Communication Mode:

1. All Slave MCUs are in Multi-processor Communication mode (MPCM is set).

2. The Master MCU sends an address frame, and all slaves receive this frame. In the Slave MCUs, the RXC bit
in UCSRA will be set as normal.

3. Each Slave MCU reads the UDR Register, decoding address frame determines if it has been selected. If so,
it clears the
MPCM bit in UCSRA, otherwise it waits for the next address frame and keeps the MPCM setting to logic one

4. The addressed slave MCU will receive all data frames until a new address frame is received. The other
Slave will ignore the data frames.

5. When the last data frame is received by the addressed slave MCU, the addressed MCU sets the MPCM bit
and waits for a new address frame from master. The process then repeats from 2

Using any of the 5- to 8-bit character frame formats is possible, but impractical since the Receiver must
change between using n and n+1 character frame formats. This makes full-duplex operation difficult since
the Transmitter and Receiver uses the same character size setting.

If 5- to 8-bit character frames are used, the Transmitter must be set to use two stop bit since the first stop bit
is used for indicating the frame type.



Register Definition

UCSRA—USART control and status register A

UCSRA—USART control and status register A

Address:0xC0 Default value: 0x20

Bit 7 6 5 4 3 2 1 0

Name RXC TXC UDRE FE DOR PE u2Xx MPME

R/W R R/W R R R R R/W R/W

Bit Name Comment

7 RXC Receive Complete Flag
When RXC is logic one, it indicates that there is unread data in receive buffer.
When RXC is logic zero, it indicates that there is no unread data in receive
buffer.
If receiver is disabled, receive buffer is flushed which makes RXC cleared. If
receive complete interrupt enable bit RXCIE is logic one, RXC can be used to
generate receive complete interrupt.

6 TXC Transmit complete flag bit
TXC is set when data are send out from transmit shift register and transmit
buffer is empty. TXC is cleared automatically when transmit complete interrupt
is executed, or by writing TXC to logic one.
When transmit complete interrupt enable bit TXCIE is logic one, TXC is used to
generate transmit complete interrupt.

5 UDRE Data register empty flag bit
When UDRE is logic one, it indicates that USART transmit data buffer is empty
and can write data into
When UDRE is logic zero, it indicates that USART transmit data buffer is full and
can not write data into
When data register empty interrupt enable bit UDRIE is logicone, UDRE can be
used to generate data register empty interrupt

4 FE Frame Error Flag bit
When FE is logic one, it indicates that receive data buffer is receiving frame with
error, that is today the first stop bit is logic zero. If FE is logic zero, it indicates
that receive data buffer is receiving frame without any error, saying the first
stop bit is logic one. Once set, FE is effective till UDR is read. If write to UCSRA,
FE bit must be zero.

3 DOR Data Overrun bit
If receive buffer is full (include 2 data), there is data in receive shift register. If a
new start bit is detected, data overrun occurs, DOR is set till UDR is read. f write
to UCSRA, DOR bit must be zero.

2 PE Parity Error flag
When parity error check is enable (UPM1 is set to logic one), and frame in
receive buffer has parity error, PE is set till UDR is read. If write to UCSRA, PE
bit must be zero.

1 u2x Double speed transmit enable bit




When U2X is logic one, transmit speed rate is double in asynchronous
communication mode. When U2X is logic zero, transmit speed rate is normal in
asynchronous communication mode. This bit is only valid in asynchronous
mode, it is cleared to zero in synchronous mode.

MPCM

Multi processor communication mode enable bit

If MPCM is set, multi processor communication mode is active. After MPCM is
set, incoming frame in USART receiver that does not contain address info will
be ignored. Transmitter is not affected by MPCM setting.

UCSRB—USART control and status register B

UCSRA—USART control and status register B

Address:0Xc1 Default value: 0x00

Bit 7 6 5 4 3 2 1 0

Name RXCIE TXCIE UDRIE RXEN TXEN UCsz2 RXB8 TXBS8

R/W R/W R/W R/W R/W R/W R/W R R/W

Bit Name Comment

7 RXCIE Receive complete interrupt enable bit
If enabled, RXC interrupt is enabled, if clear, RXC interrupt is disabled. When
RXCIE is logic one, globe interrupt is enabled. When RXC in UCSRA register is
logic one, USART receive complete interrupt occurs.

6 TXCIE Transmit complete interrupt enable bit
If enabled, TXC interrupt is enabled, if clear, TXC interrupt is disabled. When
RTXCIE is logic one, globe interrupt is enabled. When TXC in UCSRA register is
logic one, USART receive complete interrupt occurs.

5 UDRIE Data register empty interrupt enable bit
If enabled, UDRE interrupt is enabled, if cleared, UDRE interrupt is disabled.
When UDRIE is logic one, globe interrupt is enabled. When UDRE in UCSRA
register is logic one, USART data register empty interrupt occurs.

4 RXEN Receive enable bit
If enabled, USART receiver is active. USART receive will override general 10
port of RxD pin. If disabling receiver, receive buffer will be flushed, and FE, DOR
and PE flag becomes not effective.

3 TXEN Transmit enable bit
If enabled, USART transmitter is active. USART transmit will override general 10
port of TxD pin. If disabling receiver, USART can only really disabled till all data
transmit is complete.

2 UCSsz2 Character length control 2" bit
Data bit number contained by frames are set by UCSZ2 and UCSZ1:0 in UCSRC
register together.

1 RXB8 Receive data 8™ bit
If frame is the 9" bit, RXB8 is the highest bit of receiving data. Before reading
low 8" bit in UDR, must read RXBS firstly.

0 TXBS8 Transmit data 8™ bit

If frame is the 9" bit, TXB8 is the highest bit of transmitting data. Before reading
low 8" bit in UDR, must read TXBS firstly.




UCSRC- USART Control and Status Register C

UCSRA—USART control and status register C

Address:0XC2 Default value: 0x06
Bit 7 6 5 4 3 2 1 0
Name UMSEL1 | UMSELO UPM1 UPMO USBS UCSz1 UCSZ0 UCPOL
R/W R/W R/W R/W R/W R/W R/W R/W R/W
7:6 UMSEL1: | USART mode selection bit
0 UMSEL select synchronous or asynchronous mode operation
UMSEL Mode
0 USART Asynchronous operation mode
1 USART Synchronous operation mode
2 SPI Slave operation mode
3 SPI Master operation mode
5:4 UPM1:0 Parity check mode selection bit
High UPM1 to enable or disable parity check, low UPMO to even check or odd
check
UPM1:0 Comment
0 Disable parity check
1 reserved
2 Enable odd check
3 Enable even check
3 USBS Stop bit selection, to select bit number of stop bit
USBS bit number of stop bit
0 1
1 2
2:1 UCSZ1:0 | Frame character length selection bit
Data bit number contained by frames is set by UCSZ2 in UCSRB and UCSZ1:0
together.
UCsSZ2:0 Frame length
0 5 bit
1 6 bit
2 7 bit
3 8 bit
4 reserved
5 reserved
6 reserved
7 9 bit
0 UCPOL Clock polarity selection bit

In USART synchronous mode, UCPOL determines the relationship between

output data change & input data sampling and synchronous clock XCK. In

asynchronous mode, it has nothing to do with UCPOL, this bit will be cleared.

UCPO1

Transmit data change Receive data sampling

0

Rising edge of XCK Falling edge of XCK




| Falling edge of XCK Rising edge of XCK

UBRRL - USART baud rate register high

UBRRL — USART baud rate register high

Address:0XC5 Default value: 0x00
Bit 7 6 5 4 3 2 1 0
Name - - - - UBRR11 | UBRR10 | UBRR9 UBRRS
R/W - - - - R/W R/W R/W R/W
Bit Name Comment
7:4 - reserved
3:0 UBRR[11: | USART baud rate register high

8] USART baud register includes UBRRL and UBRRH, they together are used to

set up communication baud rate.
UBRR = {UBRR[11:8], UBRRL}

Working Mode Baud Rate Equation

Asynchronous normal mode BAUD = fsys/(16*(UBRR+1))

Asynchronous speed doubling BAUD = fsys/(8*(UBRR+1))

mode

Synchronous master mode

BAUD = fsys/(2*(UBRR+1)) |

UDR—USART Data Register

UDR—USART Data Register

Address:0XC6 Default value: 0x00

Bit 7 6 5 4 3 2 1 0
Name UDR7 UDR6 UDR5 UDR4 UDR3 UDR2 UDR1 UDRO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Name Comment

7:0 UDR USART transmitted and received date

USART transmit data buffer and receive data buffer share USART data register
UDR.

Writing data to UDR is to write transmit data buffer, while reading data from
UDR is to read receive data buffer.

In frame of 5 to 8 bit mode, transmitter will ignore unused 9™ bit while receiver
set them to logic zero.

Only when UDRE flag in UCSRA register is logic one, it is allowed of write
operation to transmit buffer, otherwise operations to transmitter will be wrong.
When transmit shift register is empty, transmitter will load transmit buffer data
to transmit shift register and then output data by serial from TxD pin.

Receive buffer includes a 2 level FIFO. Once receive buffer is read, FIFO will
change its state.

USARTO - SPI T/EH=
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USARTO - SPI Working Mode

* Full Duplex, Three-wire Synchronous Data Transfer

* Master or Slave Operation

» Supports all four SPI Modes of Operation (Mode 0, 1, 2, and 3)
* LSB First or MSB First Data Transfer (Configurable Data Order)
* Queued Operation (Double Buffered)

* High Resolution Baud Rate Generator
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Overview

Setting both UMSEL1 in USCRC to one enables SPI working mode, which is indicated by USPI. In this case
SPIl is 3-wire without slave selection wire compared with 4-wire SPI mode, the other 3 wires are consistent.
USPI takes up USART resource including transmit/receive shift register and buffer as well as baud rate
generator. The parity generator and checker, the data and clock recovery logic are all invalid. Control and
status register address are the same but function of register bit will change as per SPI modes.
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Clock Generation

When SPI is in master mode, clock for communication is in need of, alternative USART baud rate generator is
used to generate this clock, which is output from XCK pin, so data direction register (DDR_XCK) of XCK pin
must be set to logic one.

Clock frequency is determined by below formular:

BAUD = fsys/(2*(UBRR+1))

When SPI is in slave mode, clock for communication is given by master and input from XCK pin, so data
direction register (DDR_XCK) of XCK pin must be set to logic zero.

SPI HIE AR P
SPI A WA AR AL A SR, A6 UCPHA A1 UCPOL ke, EARREIMN FTRMT EHiR:
SPI data mode dand Timing
There are four combinations of phase and polarity , which are determined by control bits UCPHA and UCPOL,
detailed control is shown as below:
SPI Working Mode



SPI Mode UCPOL UCPHA Leading Edge Trailing Edge
0 0 0 Sample (Rising) Setup (Falling)
1 0 1 Setup (Rising) Sample (Falling)
2 1 0 Sample (Falling) Setup (Rising)
3 1 1 Setup (Falling) Sample (Rising)
UCPOL =0 UCPOL =1
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Frame Formats

A frame starts with the least or most significant data bit. Then the next data bits, up to a total of eight, are
succeeding, ending with the most or least significant bit accordingly. When a complete frame is transmitted, a
new frame can directly follow it, or the communication line can be set to an idle (high) state.
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Data Transfer

Transmitter is enable by setting TXEN in UCSRB register to logic one by SPI, TxD pin is taken up by
transmitter to transmit serial output data. In this case receiver is not necessary to be enabled.

Receiver is enable by setting RXEN in UCSRB register to logic one by SPI, RxD pin is taken up by receiver to
transmit serial input data. In this case receiver must be enabled.

Both SPI receive and transmit are using XCK as transfer clock.

After initialization the USART is ready for doing data transfers. Normally initialization process includes baud
rate setting, frame transmit timing setting and enabling receiver or transmitter as per demands. For interrupt-
driven SPI operation during initialization, globe interrupt flag must be cleared and disable all interrupt in SPI.




Before re-initilization, i.e. change baud rate or frame construction, must make sure that there is no ongoing
data under transmission. TXC flag can be used to detect if transmitter has completed all transfer or not, while
RXC flag is used to detect if receive buffer cotains unread data or not. If TXC is used for this purpose, TXC
flag bit must be cleared before each data transmit (before writing UDR register).

After SPI initialization, data transfer starts once after writing data to UDR register. Due to that transmitter
controls transfer clock, transit and receive data are the same operation. When transmit shift register is ready
to send a new frame, transmitte will move data written to UDR register from transmit buffer to transmit shift
register and send it out. To ensure of data of input buffer and transmit is synchronized, must read UDR
reigster after each transmit of one byte data. If data overruns, the latest receive data instead of data receive
earlier would loss.
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Transmitter and Receiver Flags and Interrupts

SPI transmitter has two flag bit: SPI data register empty bit UDRE and transmit complete falg TXC, both of
them can generate interrupt.

Data register empty bit UDRE indicates if new data can be written to transmit buffer or not. This bit is set to
one when transmit buffer is empty while zero when it is full. If UDRE is set to logic one, CPU can write new
data to data register UDR, otherwise cannot.

When Data register empty interrupt enable bit UDRIE located in UCSRB register is set to logic one, SPI data
register empty interrupt request is generated only if UDRE is set and globe interrupt is enabled. UDRE will be
cleared if write operation to register UDR is exceucted. When data transfer is driven by interrupt, must write
new data to UDR in register empty interrupt routine in order to clear UDRE, or disable data register empty
inteerrupt, otherwise a new interrupt will occur if this interrupt routine is complete.

When a complete frame is moved out of transmit shift register, meanwhile there is no new data in transmit
register, transmit complete flag TXC will be set. When transmit complete interrupt eanble bit TXCIE in UCSRB
is set to one (meanwhile globe interrupt is eanbled), SPI transmit complete interrupt will be executed once
TXCC flag bit is set. Once in interrupt routine, TXC flag bit will be cleared automatically, CPU can write logic
one to this bit to clear.
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Disable transmitter

After TXEN is cleared, transmitter can only be disabled really when all data have been transmitted, that is to
say there is no data for transmision in transmit shift register and transmit buffer register. When transmitter is
disabled, TxD pin will resume its genearal 10 function.
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Receive complete flag and interrupt

SPI receiver has one flag: receive complete flag which indicates if there is unread data in receive buffer, when

there is, this flag is set to one, otherwise it is set to zero. If receiver is disabled, receive buffer will be flushed

and RXC will also be cleared.

When receive complete interrupt enable bit RXCIE in UCSRB is set, SPI receive complete interrupt will be

generated if RXC flag is set and globe interrupt is set.

When data transfer is driven by interrupt, data receive complete interrupt routine must read data from UDR to

clear RXC flag. Otherwise a new interrupt will occur once if interrupt handle rountine is complete.
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Disable receiver

Compared with transmitter, disabling receiver becomes effective immediately, ongoing received data will
be lost. Afer receiver is disabled (RXEN is cleared), receiver will not take up RxD pin anymore, receive
buffer will be flushed also.

Register Definition

USART Register List

Register Address Default Value Comment

UCSRA 0xCO0 0x20 USPI control and status register A
UCSRB 0xC1 0x00 USPI control and status register B
UCSRC 0xC2 0x06 USPI control and status register C
UBRRL 0xC4 0x0 USPI baud rate register low
UBRRH 0xC5 0x0 USPI baud rate register high

UDR 0xC6 0x0 USPI data register

UCSRA--USPI control and status register A

UCSRA--USPI control and status register A

Address: 0xC0 Default value: 0x20

Bit 7 6 5 4 3 2 1 0
Name RXC TXC UDRE - - - - -
R/W R R/W R - - - - -
Bit Name Comment

7 RXC Receive complete flag

When RXC is logic one, it indicates there is unread data in receive buffer. When RXC
is logic zero, it indicates there is no unread data in receive buffer.

If receiver is disabled, receive buffer will be flushed which results in clear of RXC.

If receive complete interrupt enable bit RXCIE is one, RXC can be used to generate

receive complete interrupt.




6 TXC Transmit complete flag
TXC is set when data in transmit shift register is moved out and transmit buffer is
empty. TXC will be cleared automatically once transmit complete interrupt is
executed, or it can be done by writing logic one to TXC.
When transmit complete interrupt enable bit TXCIE is one, TXC can be used to
generate transmit complete interrupt.

5 UDRE Data register flag
When UDRE is one, it indicates transmit data buffer is empty and it is possible to
write data.
When UDRE is zero, it indicates transmit data buffer is full and it is mpossible to
write data.
When data register interrupt enable it UDRIE is one, UDRE is used to generate data
register empty interrupt.

4:0 - Reserved in USPI mode.

UCSRB--USPI control and status register B

UCSRB--USPI control and status register B

Address: 0xC1 Default value: 0x00

Bit 7 6 5 4 3 2 1 0

Name RXCIE TXCIE UDRIE RXEN TXEN - - -

R/W R/W R/W R/W R/W R/W - - -

Bit Name Comment

7 RXCIE Receive complete interrupt enable
After setting, RXC interrupt is enabled, after clear, RXC interrupt is Disabled. When
RXCIE is one, globe interrupt is enabled. USPI receive complete interrupt can be
generated when RXC in UCSRA register is logic one.

6 TXCIE Transmit complete interrupt enable
After setting, TXC interrupt is enabled, after clear, TXC interrupt is Disabled. When
TXCIE is one, globe interrupt is enabled. USPI transmit complete interrupt can be
generated when TXC in UCSRA register is logic one.

5 UDRIE Data register empty interrupt enable
After setting, UDRE interrupt is enabled, after clear, UDRE interrupt is Disabled.
When UDRE is one, globe interrupt is enabled. USPI data register empty interrupt
can be generated when UDRE in UCSRA register is logic one.

4 RXEN Receive enable bit
After setting, USPI receiver is actived. General 10 port of RxD pin will be overrided by
USPI receive. Disabling receiver will flush receive buffer.

3 TXEN Transmit enable bit
After setting, USPI receiver will start. General 10 port of RxD pin will be overrided by
USPI transmit. When TXEN is cleared, USART is disabled really only when all
ongoing data under transmision is complete.

2:0 - Reserved in USPI

UCSRC--USPI control and status register C

| UCSRC--USPI control and status register C




Address: 0xC2 Default value: 0x86
Bit 7 6 5 4 3 2 1 0
Name UMSELA1 UMSELO - - - DORO UCPHA UCPOL
R/W R/W R/W - - - R/W R/W R/W
Bit Name Comment
7:6 UMSEL1: | USART mode selection bit
0 UMSEL select sysnchronous or asynchronous operation mode
UMSEL Mode
0 USART Asynchronous operation mode
1 USART Synchronous operation mode
2 SPI slave operation mode
3 SPI master operation mode
5:3 - Reserved in USPI
2 DORO Data transmit order selection bit
DORD Order
0 Hight bit to transfer first
1 Low bit to transfer first
1 UCPHA Clock phase selection
UCPHA determinsif data sample happens in leading edge or trailing edge.
UCPHA Order
0 Hight bit to transfer first
1 Low bit to transfer first
0 UCPOL Clock polarity selection
UCPOL determins if data change and sample happens in leading edge or trailing
edge.
UCPOL Transmitted data change Received data samle
0 Leading edge of XCK Trailing edge of XCK
1 Trailing edge of XCK Leading edge of XCK

UBRRL--USPI baud rate register low

UBRRL--USPI baud rate register low

Address: 0xC4 Default value: 0x00
Bit 7 6 5 4 3 2 1 0
Name UBRR7 UBRR6 UBRR5 UBRR4 UBRR3 UBRR2 UBRR1 UBRRO
R/W R/W R/W R/IW R/IW R/W R/IW R/W R/W
Bit Name Comment
7:0 UBRR[7:0 | Low byte of USPI baud rate register, it includes UBRRL and UBRRH, they are

] combined to set baud rate of communication.

UBRRH--USPI baud rate register high

UBRRH--USPI baud rate register high

Address: 0xC5 Default value: 0x00
Bit 7 6 5 4 3 2 1 0
Name - - - - UBRR11 UBRR10 UBRR9 UBRRS




R/W - - - - R/W R/W R/W R/W

Bit Name Comment
7:4 - Reserved in USPI
3:0 UBRR[11: 8] | High byte of USPI baud rate register, it includes UBRRL and UBRRH, they are

combined to set baud rate of communication.
UBRR = {UBRR[11:8], UBRRL}

Working Mode Baud rate equation
Slave mode Baud reate determined by external master configuration
Master Mode BAUD = fsys/(2*(UBRR+1))

UDR--USPI data register

UDR--USPI data register

Address: 0xC6 Default value: 0x00

Bit 7 6 5 4 3 2 1 0
Name UDR7 UDRG6 UDR5 UDR4 UDR3 UDR2 UDR1 UDRO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Name Comment

7:0 UDR Data received and transmitted by USPI

USPI transmit data buffer and receive data buffer share USPI data register UDR.
Writing data to UDR is to writing to transmit data buffer, whle read data from UDR is
to read from receive data buffer.

In frame of 5--8 bit mode, transmitter ignores unused 9" bit, while receiver set the to
Zero.

Write operation to transmit buffer is done only if UDRE flag in UCSRA register is
logic one, otherwise operations of transitter will go wrong.

When transmit shift register is empty, transitter will load data of transmit buffer to
transmit shift register, then output data by serial from TxD pin.

Receive buffer includes a 2 level FIFO. Once receive buffer is read, FIFO will change

its state.
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2-wire Serial Interface (12C)

* Simple Yet Powerful and Flexible Communication Interface, only two Bus Lines Needed
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* Both Master and Slave Operation Supported

* Device can Operate as Transmitter or Receiver

* 7-bit Address Space Allows up to 128 Different Slave Addresses
e Multi-master Arbitration Support




e Up to 400kHz Data Transfer Speed
* Fully Programmable Slave Address with General Address
* Address Recognition Causes Wake-up When AVR is in Sleep Mode
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2-wire Serial Interface Bus Definition

The 2-wire Serial Interface (TWI) is ideally suited for typical microcontroller applications. The TWI protocol
allows the systems designer to interconnect up to 128 different devices using only two bi-directional bus
lines, one for clock (SCL) and one for data (SDA). The only external hardware needed to implement the bus is
two pull-up resistors for each of the TWI bus lines. All devices connected to the bus have individual
addresses, and mechanisms for resolving bus contention are inherent in the TWI protocol.

TWI RiE
TWI Terminology
The following definitions are frequently encountered in this section.

Term Description

The device that initiates and lerminates a transmission. The Master also generates the
SCL clock.

Slave The device addressed by a Master.
Transmitter The device placing data on the bus.
Receiver The device reading data from the bus.

Master
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Electrical Interconnection

As depicted below, both bus lines are connected to the positive supply voltage through pull-up resistors. The
bus drivers of all TWI-compliant devices are open-drain or open-collector. This implements a wired-AND
function which is essential to the operation of the interface. A low level on a TWI bus line is generated when
TWI devices output a zero. A high level is output when all TWI devices tri-state their outputs, allowing the pull-
up resistors to pull the line high. Note that all AVR devices connected to the TWI bus must be powered in
order to allow any bus operation.
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Data Transfer and Frame Format

Each data bit transferred on the TWI bus is accompanied by pulse on the clock line. The level of the data line
must be stable when the clock line is high. The only exception to this rule is for generating start and stop
conditions.

SDA \
scL | /* | —\7

Data Stable Data Stable |

Data Change
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START and STOP Conditions

The Master initiates and terminates a data transmission of TWI. The transmission is initiated when the Master
issues a

START condition on the bus, and it is terminated when the Master issues a STOP condition. Between a START
and a STOP condition, the bus is considered busy, and no other master should try to seize control of the bus.
A special case occurs when a new START condition is issued between a START and STOP condition. This is
referred to as a REPEATED START condition, and is used when the Master wishes to initiate a new transfer
without relinquishing control of the bus. After a REPEATED START, the bus is considered busy still until the
next STOP. This is identical to the START behavior, and therefore START is used to describe both START and
REPEATED START in the remainder of this datasheet, unless otherwise noted.

As depicted below, START and STOP conditions are signaled by changing the level of the SDA line when the
SCL line is high.



START STOP  START

START. REPEATED START %[ STOP #7756

Huhk gt

B TWI &R Esi b 3R o Arfdr R, b 7 fzHiht, 1 A2 READ/WRITE #6001 1 AL MEAIAR. 245 READ/WRITE 625417, MFAT
e 24 READ/WRITE ALA“07EY, PUTSHAE. MHAETILE, BATESE 9 4> SCL (ACK) RHLEIHi{k SDA RMHFE . FHixMPTsa
BIRFEENAREN, WRZE ACK FHAfH: SDA Z8AH . A/FENRTLAKR I STOP R#&D REPEATED START REBRIHHRIE.

A AE M AHUEER — MR B, 2RI SLA+R B SLA+W K&K
BT MSB LB e, BT fREHEE 0000000074 B IS BN BLR A 0“1 hooo # R I B EAR B AR KRR Sh, e Ml
b = bt g = g

LRET B, BrAFMNLRITE ACK FSET ALK SDA ZRUHRE . SIHFEREMAKNG SRS MM TR BT, 2y &
Mk in b WRITE A sox Bl 822 ELUS, FrA RENARLZS HBWFI B ALK E ACK FIIRLAK SDA £, A iksama L T IR (¥ AHLK 20U
RPN, BEERNE, RI&T Hhkin - READ AL28A R XK, FONIRIIA LRI SOEAR F SR S H R 8 LR

Address Packet Format

All address packets transmitted on the TWI bus are 9 bits long, consisting of 7 address bits, one READ/WRITE
control bit and an acknowledge bit. If the READ/WRITE bit is set, a read operation is to be performed,;
otherwise a write operation should be performed. When a Slave recognizes that it is being addressed, it
should acknowledge by pulling SDA low in the ninth SCL (ACK) cycle. If the addressed Slave is busy, or for
some other reason cannot service the Master’s request, the SDA line should be left high in the ACK clock
cycle.

The Master can then transmit a STOP condition, or a REPEATED START condition to initiate a new
transmission.

An address packet consisting of a slave address and a READ or a WRITE bit is called SLA+R or SLA+W,
respectively.

The MSB of the address byte is transmitted first. Slave addresses can freely be allocated by the designer,
except for address 0000000 reserved for a general call and address in the format of “1111xxxx” kept for future
purpose.

When a general call is issued, all slaves should respond by pulling the SDA line low in the ACK cycle. A
general call is used when a Master wishes to transmit the same message to several slaves in the system.
When the general call address followed by a Write bit is transmitted on the bus, all slaves set up to
acknowledge the general call will pull the SDA line low in the ACK cycle. The following data packets will then
be received by all the slaves that acknowledged the general call. Note that transmitting the general call



address followed by a Read bit is meaningless, as this would cause conflict on bus if several slaves started
transmitting different data.
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Data Packet Format

All data packets transmitted on the TWI bus are nine bits long, consisting of one data byte and an
acknowledge bit. During a data transfer, the Master generates the clock and the START and STOP conditions,
while the transmitter need to transmit byte data, and the Receiver is responsible for acknowledging the
reception. An Acknowledge (ACK) is signaled by the Receiver pulling the SDA line low during the ninth SCL
cycle. If the Receiver leaves the SDA line high in ACK cycle, an unconfirmed NACK is signaled.

When the Receiver has received the last byte, or for some reason cannot receive any more bytes, it should
inform the Transmitter by sending a NACK after the final byte. The MSB of the data byte is transmitted first.

Data Packet Format is as follows:
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Combining Address and Data Packets into a Transmission

A transmission basically consists of a START condition, a SLA+R/W, one or more data packets and a STOP
condition. An empty message, consisting of a START followed by a STOP condition, is illegal. Note that the
wired and Function of the SCL line can be used to implement handshaking between the Master and the Slave.
The Slave can extend the SCL low period by pulling the SCL line low. This is useful if the clock speed set up
by the Master is too fast for the Slave, or the Slave needs extra time for processing between the data
transmissions. The Slave extending the SCL low period will not affect the SCL high period, which is
determinedby the Master. As a consequence, the Slave can reduce the TWI data transfer speed by changing
the SCL duty cycle.

Below shows a typical data transmission. Note that several data bytes can be transmitted between the
SLA+R/W and the STOP condition, depending on the software protocol implemented by the application

software.
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Multi-master Bus Systems, Arbitration and Synchronization

The TWI protocol allows bus systems with several masters. Special concerns have been taken in order to

ensure that transmissions will proceed as normal, even if two or more masters initiate a transmission at the

same time. Two problems arise in multi-master systems:

1. An algorithm must be implemented allowing only one of the masters to complete the transmission. All
other masters should cease transmission when they discover that they have lost the selection process.
This selection process is called arbitration. When a contending master discovers that it has lost the
arbitration process, it should immediately switch to Slave mode to check whether it is being addressed
by the winning master. The fact that multiple masters have started transmission at the same time should
not be detectable to the slaves, i.e.the data being transferred on the bus must not be corrupted.



2. Different masters may use different SCL frequencies. A scheme must be devised to synchronize the
serial clocks from all masters, in order to let the transmission proceed in a lockstep fashion. This will
facilitate the arbitration process.

The wired-ANDing of the bus lines is used to solve boththese problems. The serial clocks from all masters

will be wired-ANDed, yielding a combined clock with a high period equal to the one from the Master with the

shortest high period. Note that all masters listen to the SCL line, effectively starting to count their SCL high
and low time-out periods when the combined SCL clock goes high or low, respectively.

SCL Synchronization Between Multiple Masters:
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Arbitration is carried out by all masters continuously monitoring the SDA line after outputting data. If the
value read from the SDA line does not match the value the Master had output, it has lost the arbitration. Note
that a Master can only lose arbitration when it outputs a highSDA value while another Master outputs a low
value. The losing Master should immediately go to Slave mode, checking if it is being addressed by the
winning Master. The SDA line should be left high, but losing masters are allowed to generate a clock signal
until the end of the current data or address packet.

Arbitration will continue until only one Master remains, and this may take many bits. If several masters are
trying to address the same Slave, arbitration will continue into the data packet.

START SDA_A 1= S04 _C, Master A Lost Arbitration
S04 from
Mastar A
5D from
e N\ S\
Combined
S0 3

o L AN O I S O A

T2 BETh




ERASRE T B AT

e ? —A REPEATED START R&L5— AL 4]

o 7 —4 STOPR&EH—AEAEALZI;

® 7 —/ REPEATED START %5 STOP RZ& 2 il;

BIRBARDICE R LR ER, RIEAS HILX SR ARER . XEREEZINRSET, FFHEHEARLFEMAFRL SLA+RW SHdEaHR. %
HIEY, TR MERBHE SARSE MEERR, BUMRSELERE X,

Note that arbitration is not allowed between:

® ( A REPEATED START condition and a data bit.

® ( A STOP condition and a data bit.

® ( AREPEATED START and a STOP condition

It is the user software’s responsibility to ensure that these illegal arbitration conditions never occur. This
implies that in multi-master systems, all data transfers must use the same composition of SLA+R/W and data
packets. In other words: All transmissions must contain the same number of data packets, otherwise the
result of the arbitration is undefined.
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TWI Modular Overview

TWI modular construction drawing is as below:
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TWI Block #5355
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The TWI module is comprised of baud rate generator, bus interface unit, address comparator and control unit.
For details refer to the below.
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Bit Rate Generator Unit

This unit controls the period of SCL when operating in a Master mode. The SCL period is controlled by
settings in the TWI Bit Rate Register (TWBR) and the Prescaler bits in the TWI Status Register (TWSR). Slave
operation does not depend on Bit Rate or Prescaler settings, but the CPU clock frequency in the Slave must
be at least 16 times higher than the SCL frequency. Note that slaves may prolong the SCL low period, thereby
reducing the average TWI bus clock period. The SCL frequency is generated according to the following
equation:

fscl = fsys/(16 + 2*TWBR*4TWPS)
TWBR = Value of the TWI Bit Rate Register.
TWPS = Value of the prescaler in TWI status register

Be&EOaT

BEREO B TAREIRAMBE A A S TWDR, START/STOP | A8 RI sk e Bk k.

TWDR B4 BER BN SREGE T, B TR REGETY . BT A4 8 AL TWDR, H4:H: N TEasE RERBERK ACKINACK #1F
#2. X4 ACKINACK F 88 AR EL B S A BRI 1) eSO i, BT DAY TWI b 77738 TWCR REMIBBE . LREREIER, BlaN
ACKINACK i i1 TWI R &35 TWSR ) TWS R BR.

START/STOP #4541 F =4 kW] START, REPEATED START Al STOP WR#&. 34 MCU A THE/RIREEIART, START/STOP #2583 {7 1 ik
U START A STOP RZ, 4 TWI B4 E I EHLFHEATH MCU MARIRAR e i .

R TWI LEHURSR S T HaREH, APl e s 0T 848, DU BB A BB 2 TWI BRERBERHINE, BflRThs
AT IEFRISHEH =4 A B RRSIGRIE R MCU.

Bus Interface Unit

This unit contains the Data and Address Shift Register (TWDR), a START/STOP Controller and Arbitration
detection hardware.

The TWDR contains the address or data bytes to be transmitted, or the address or data bytes received. In
addition to the 8-bit TWDR, the Bus Interface Unit also contains a register containing the (N)ACK bit to be
transmitted or received.

This (N)ACK Register is not directly accessible by the application software. However, when receiving, it can
be set or cleared by manipulating the TWI Control Register (TWCR). When in Transmitter mode, the value of
the received (N)ACK bit can be determined by the TWS value in the TWSR.

The START/STOP Controller is responsible for generation and detection of START, REPEATED START, and
STOP conditions. The START/STOP controller is able to detect START and STOP conditions even when the
AVR MCU is in one of the sleep modes, enabling the MCU to wake up if addressed by a Master.

If the TWI has initiated a transmission as Master, the Arbitration Detection hardware continuously monitors
the bus trying to determine if bus control is in process. If the TWI has lost the control of bus, the Control Unit
is informed. Correct action can then be taken and appropriate status codes generated.
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Address Match Unit

The Address Match unit checks if received address bytes match the seven-bit address in the TWI Address
Register (TWAR). If the TWI General Call Recognition Enable (TWGCE) bit inthe TWAR is written to one, all
incoming address bits will also be compared against the General Call address. Uponan address match, the
Control Unit is informed, allowing correct action to be taken. The TWI may or may not acknowledge its
address, depending on settings in the TWCR. The Address Match unit is able to compare addresses even
when the AVR MCU is in sleep mode, enabling the MCU to wake up if addressed by a Master.
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Control Unit

The Control unit monitors the TWI bus and generates responses corresponding to settings in the TWI Control
Register (TWCR). When an event requiring the attention of the application occurs on the TWI bus, the TWI
Interrupt Flag (TWINT) is set. In the next clock cycle, the TWI Status Register (TWSR) is updated with a status
code identifying the event. The TWSRcontains specific status information when the TWI Interrupt Flag is set.
At all other times, the TWSR is a special status code indicating that no relevant status information is
available. As long as the TWINT Flag is set, the SCL line is held low. This allows the application software to
complete its tasks before allowing the TWI transmission to continue.

The TWINT Flag is set in the following situations:

After the TWI has transmitted a START/REPEATED START condition.

" After the TWI has transmitted SLA+R/W.

" After the TWI has transmitted an address byte.

" After the TWI bus has lost arbitration.

O After the TWI has been addressed by master (or by slave address match or general call)

-

-

S

After a STOP or REPEATED START has been received while still addressed as a Slave.
When a bus error has occurred due to an illegal START or STOP condition

TWI fs H
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Using the TWI
The AVR TWI is byte-oriented and interrupt based. TWI Interrupts are issued after all bus events, like
reception of a byte or transmission of a START condition. Because the TWI is interrupt-based, the application
software is free to carry on other operations during a TWI byte transfer. Note that the TWI Interrupt Enable
(TWIE) bit in TWCR together with the Global Interrupt Enable bit allow the application to decide whether or not
assertion of the TWINT Flag should generate an interrupt request. If the TWIE bit is cleared, the application
must poll the TWINT Flag in order to detect actions on the TWI bus. When the TWINT Flag is set, the TWI has
finished anoperation and awaits application response. In this case, the TWI Status Register (TWSR) contains
a value indicating the current state of the TWI bus.
The application software can then decide how the TWI should behave in the next TWI bus cycle by
setting the TWCR and TWDR Registers.
Below is a simple example of how the application can interface to the TWI hardware. In this example, a
Master wishes to transmit a single data byte to a Slave. This description is quite simple; a more detailed
explanation follows later in this section.

Typitical TWI transmit process flow chart
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& BEMEATERIE. —HIRAEE TWINT A2, TWI ARSI ELE SR A M.

6. UEFEAARIZESEEE, TWCR I TWINT FREA S ER, TWSR EFANFHREN, RrBURERIIRE. RED RS RBMYLR TR
.

7. MABEFEE TWSR M, BIeSdRaEmsiRE, WRIM ACK NHIEM. W TWSR ©RN3leE, FAEFE AT —L4sBkiRsE, thin
WRERAHERERF . YHEREDETH—BE, RMAHE TWCR FHFRENGEM, TR TWI BRI STOP 55 . EAMN/EKTENE V4T . 78
BAMEPEER TWINT, &S TWINT iFE5AL. TWCR F7E8E9 TWINT EASHE TWI A& RESMEMEE. —BKRIFES TWINT Az, TWI Bidk
SLEME3) STOP 55 Mfkik. HERERMNRE, 7E STOP 55 RETEZ/E TWINT A B,

RERFILERHE, EEEET TW BHEARTET AN, B480T:

? Y TWI SR REEF SR RAERFN R BT, TWINT iFS5ER. SCL WAL —EHREED TWINT BiEE;

? Y TWINT AREEM, HPBREHTA TWI FERIENS T—A TWI 28 F A%

MfE. 0, TWDR HFEBUVFARN T — M BLKFHAERENE.

? YEHEHENETSR, ANSRLCHENREZE, MHEFE TWCR 8. £5 TWCRE, TWINT ALAFBER, FNEE TWINT
PR, TWINT BBEEZJE, TWI FFEHAPTEH TWCR B2 HiRfE.

1. The first step in a TWI transmission is to transmit a START condition. This is done by writing a specific
value into TWCR, instructing the TWI hardware to transmit a START condition. Which value to write will be
described later on. However, it is important that the TWINT bit should be set in the value written. Writing a one
to TWINT clears the flag.Immediately after the application has cleared TWINT, the TWI will initiate
transmission of the START condition.

2. When the START condition has been transmitted, the TWINT Flag in TWCR is set, and TWSR is updated
with a status code indicating that the START condition has successfully been sent.

3. The application software should now examine the value of TWSR, to make sure that the START condition
was successfully transmitted. If TWSR indicates otherwise, the application software might take some special
action, like calling an error routine. Assuming that the status code is as expected, the application must load
SLA+W into TWDR.

Remember that TWDR is used both for address and data. After TWDR has been loaded with the desired
SLA+W, a specific value must be written to TWCR, instructing the TWI hardware to transmit the SLA+W
present in TWDR.

Which value to write is described later on. However, it is important that the TWINT bit must be set in the value
written in order to clear TWINT flag. The TWI will not start any operation as long as the TWINT bit in TWCR is
set.Immediately after the application has cleared TWINT, the TWI will initiate transmission of the address
packet.

4. When the address packet has been transmitted, the TWINT Flag in TWCR is set, and TWSR is updated with
a status code indicating that the address packet has successfully been sent. The status code will also reflect
whether a Slave has acknowledged the packet or not.

5. The application software should now examine the value of TWSR, to make sure that the address packet was
successfully transmitted, and that the value of the ACK bit was as expected. If TWSR indicates otherwise, the
application software might take some special action, like calling an error routine. Assuming that the status
code is as expected, the application must load a data packet into TWDR. Subsequently, a specific value must
be written to TWCR, instructing the TWI hardware totransmit the data packet present in TWDR. Which value to
write is described later on. However, it is important that the TWINT bit is set in the value written. Writing a one
to TWINT clears the flag. The TWI will not start any operation as long as the TWINT bit in TWCR is set.
Immediately after the application has cleared TWINT, the TWI will initiate transmission of the data packet.

6. When the data packet has been transmitted, the TWINT Flag in TWCR is set, and TWSR is updated with a
status code indicating that the data packet has successfully been sent. The status code will also reflect



whether a Slave has acknowledged the packet or not.

7. The application software should now examine the value of TWSR, to make sure that the data packet was

successfully transmitted, and that the value of received ACK bit was as expected. If TWSR indicates

otherwise, the application software might take some special action, like calling an error routine. Assuming
that the status code is as expected, the application must write a specific value to TWCR, instructing the TWI
hardware to transmit a STOP condition. Which value to write is described later on. However, it is important
that the TWINT bit is set in the value written. Writing a one to TWINT clears the flag. The TWI will not start any
operation as long as the TWINT bit in TWCR isset. Inmediately after the application has cleared TWINT, the

TWI will initiate transmission of the STOP condition. Note that TWINT is NOT set after a STOP condition has

been sent.

Even though this example is simple, it shows the principles involved in all TWI transmissions. These can be

summarized as follows:

® ( When the TWI has finished an operation and expects application response, the TWINT Flag is set. The
SCL line is pulled low until TWINT is cleared.

®  When the TWINT Flag is set, the user must update all TWI Registers with the value relevant for the next
TWI bus cycle. As an example, TWDR must be loaded with the value to be transmitted in the next

bus
cycle. L.E., TWDR register must be loaded the value to be transmitted in the next bus cycle.

[ ) After all TWI Register updates and other pending application software tasks have been completed,
TWCR is written. When writing TWCR, the TWINT bit should be set. Writing a one to TWINT clears
the flag. The TWI will then commence executing whatever operation was specified by the TWCR
setting.

FESE R

TWI T TAEZETE 4 HEEMER: BHVEER (MT) , KSR (MR) , MHLEXSS (ST) FIMBLEKS (SR) . A—RATTUMERS
FER. Fin, TWIETLMER MT XA TWI EEPROM BA%EE, F MR #X )\ EEPROM ES#E. WRXARSL LEA BN, HLaaes
TWI R3E8dE, MEMH SR R, X2 8 RSk v e R A #ER

TFHEHSMXEEGETHRA R . EEMERTHEEAR T, S5 RMETRIREE. XERFU8 T THES:
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A: PEAL (SDA NEHT)
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Transmission Modes
The TWI can operate in one of four major modes. These are named Master Transmitter (MT), Master Receiver
(MR), Slave Transmitter (ST) and Slave Receiver (SR). Several of these modes can be used in the same



application. As an example, the TWI can use MT mode to write data into a TWI EEPROM, and use MR mode to
read the data back from the EEPROM. If other masters are present inthe system, some of these might transmit
data to the TWI, and then SR mode would be used. It is the application software that decides which modes are
legal.

The following sections describe each of these modes. Possible status codes are described along with figures
detailing data transmission in each of the modes. These figures contain the following abbreviations:

S: START condition

Rs: REPEATED START condition

R: Read bit (high level at SDA)

W: Write bit (low level at SDA)

A: Acknowledge bit (low level at SDA)

NA: Not acknowledge bit (high level at SDA)

Data: 8-bit data byte

P: STOP condition

SLA: Slave Address

ircles are used to indicate that the TWINT Flag is set. The numbers in the

circles in the figures show TWINT flag enable bit, while number inside of circles show the status code held in
TWSR, with the prescaler bits masked to zero. At these points, actions must be taken by the application to
continue or complete the TWI transfer. The TWI transfer is suspended until the TWINT Flag is cleared by
software.

When the TWINT Flag is set, the status code in TWSR is used to determine the appropriate software action.
For each status code, the required software action and details of the following serial transfer are given in
below lists. Note that the prescaler bits are masked to zero in these tables.

EHRBBR

TEEHICEERT, TWI SRE—EEENEIE BN . A THEAZIBR, BIRE START 55 . EFRIMA-AERIE TWI 23
AN EHBCGEBRIOE R EHBMERR . R KIE SLA+W, NN EHRIBBER. R K& SLA+R, NHA EHEBIER . X— B R BRERD
BB TS TR ALN 07,

Master Transmitter Mode

In the Master Transmitter mode, a number of data bytes are transmitted to a Slave Receiver by TWI. In order to
enter a Master mode, a START condition must be transmitted. The format of the following address packet
determines whether Master Transmitter or Master Receiver mode is to be entered. If SLA+W is transmitted, MT
mode is entered, if SLA+R is transmitted, MR mode is entered. All the status codes mentioned in this section
assume thatthe prescaler bits are zero or are masked to zero.

JEE & TWCR HFHSBE A THIBER K B START 55
A START condition is sent by writing the following value to TWCR:

TWCR TWINT TWEA | TWSTA | TWSTO | TWWC TWEN - TWIE
value 1 X 1 ] X 1 i) X

TWEN RLAUE “1”RAEgE TWI 80, TWSTA B“17R K% START {55, TWINT E“1”RET TWINT FRR460.  TWI BEEI B RRE, ERRT
WESSLEPRIE START 55 . MRIESE START )5, TEMA-EAL TWINT #rhL, W EH TWSR KRS 0x08.

NTHEAENRIEER, BHRE SLA+W. X FIET FERIERSTR. Jo4E TWDR FHEBEA SLA+W, REH TWINT L2551 BT TWINT FRAL
FRakgiLs, B4 TWCR FHE8B S AT AISMEREE SLA+W:



TWEN must be set to enable TWI Interface, TWSTA must be written to one to transmit a START condition and
TWINT must be written to one to clear the TWINT Flag. The TWI will then test the Bus status and generate a
START condition as soon as the bus becomes free. After a START condition has been transmitted, the TWINT
Flag is set by hardware, and the status code in TWSR will be 0x08.

In order to enter MT mode, SLA+W must be transmitted. This is done by below operations. Writing SLA+W to
TWDR register first, than write one to TWINT to clear TWINT flag bit in order to continue transmission, i.e.
writing below value to TWCR register to transmit SLA+W:

TWINT TWEA TWSTA TWSTO TWWLC TWEN
gl ox [ o oo o 0l A ] @ | x

% SLA+W RIEER HWBIREESE, TWINT X ERL, R TWSR FPRETDE R . i REAPRATDA 0x18. 0x20 X 0x38. FAVRAER FAE MW
MESTERASGRE PR .

3 SLAW RIERINE, WHUFHRRZESRER. XTEE4E TWDR HFHHREABIERTH. TWDR RG7E TWINT FHEACARBN AT UBEN BN, 3
F AR, FRSHFRIRGRA TWWC &3 Bhr. ¥ TWDR J5, £ TWINT f25“1"5EF TWINT 3RGA0R4k S (L . B4 TWCR $ESBSATA
Bk R AHEE:

When SLA+W have been transmitted and an acknowledgement bit has been received, TWINT is set again and
a number of status codes in TWSR update. Possible status codes are 0x18, 0x20, or 0x38. The appropriate
action to be taken for each of these status codes is detailed in below list. When SLA+W has been successfully
transmitted, a data packet should be transmitted. This is done by writing the data byte to TWDR. TWDR must
only be written when TWINT flag is high. If not, the access will be discarded, meanwhile the Write Collision
flag bit (TWWC) will be set. After updating TWDR, the TWINT bit should be cleared (by writing it to one) to
continue the transfer. Thisis accomplished by writing the following value to TWCR.

1 1 X 1 I] 1 u 1 X L 1 | u I X

ZREARETRALRBINEES/E, TWINT XAHEN, M TWSR FRESEER . RIPRERD) 0x28 3 0x30. FMREL T-EENMMETE
RETLRAE AR -

LPARICERTIR, FIMBSERARERE. MR- HER, HBRE T IRIETE. X474 STOP {553k REPEATED START {558 ME
A GER.

B TWCR HEBRBATHHERK HH STOP 55

When data package have been transmitted and an acknowledgement bit has been received, TWINT is set
again and

a number of status codes in TWSR update. Possible status codes are 0x28 or 0x30. The appropriate action to
be taken for each of these status codes is detailed in below list.

When a data is successfully transmitted, following data package can be transmitted; such process will repead
till the last byte data is complete. The whole transmit is complete only when master generates STOP condition
or REPEATED START condition.

By writing below value to TWCR register to transmit STOP condition:

1__:__[!__1_::__1__[!_::

JEigHE TWCR FHF 8B A THIBUER K 1t REPEATED START {55+
By writing below value to TWCR register to transmit REPEATED START condition:



'TWSTA TWSTO TWWIL TWEN
L | = | 1 [ 9o | x | 3 [ @ [ =

FER 3% REPEATED START CR7RIN 0x10) ZJ&, TWIE AR BAEX VG A FKMNL, 35 RFTHMHLT A A K% STOP {55. REPEATED
START 3 =N IEARZ R SR BRI BN FERF ML, EHRIEBRM VBB HRAT ¥
EHRBHEET RS RAH LR I F R ATR:
EHRBRBRFPRARD R

After a repeated START condition (state 0x10), TWI Interface can access the same Slave again, or a new Slave
without transmitting a STOP condition. Repeated START enables the Master to switch between Slaves, Master
Transmitter mode and Master Receiver mode without losing control over the bus.
Status codes and relevant operations in master transmit mode is as below:

Status Codes in Master Transmit Mode

Status | Bus and Application software response Next action of
Code | Hardware Read/ Operations to TWCR hardware
status Write STA STO TWINT TWEA
TWDR
0x08 STRART Load 0 0 1 X To transmit SLA+W
transmitted SLA+W To receive ACK or
NACK
0x10 REPEATED Load 0 0 1 X To transmit SLA+W
START SLA+W To receive ACK or
traansmitted NACK
Load 0 0 1 X To transit SLA+R
SLA+R To receive ACK or
NACK
Will switch to MR
mode
0x18 SLA+W Load data | 0 0 1 X Will transmit data
transmitted Will receive ACK or
Received NACK
ACK No 1 0 1 X Will transmit
operation REPEATED START
No 0 1 1 X Will transmit STOP
operation Will reset TWSTO flag
No 1 1 1 X Will transmit STOP
operation Will reset TWSTO flag
Will transmit START
0x20 SLA+W Load data | 0 0 1 X Will transmit data
transmitted Will receive ACK or
NACK NACK
received No 1 0 1 X Will receive
operation REPEATED START
No 0 1 1 X Will transmit STOP
operation Will reset TWSTO flag




No Will transmit STOP
operation Will reset TWSTO flag
Will transmit START
0x28 Date byte Load data Will transmit data
transmitted Will receive ACK or
ACK received NACK
No Will transmit
operation REPEATED START
No Will transmit STOP
operation Will reset TWSTO flag
No Will transmit STOP
operation Will reset TWSTO flag
Will transmit START
0x30 Date byte Load data Will transmit data
transmitted Will receive ACK or
ACK received NACK
No Will transmit
operation REPEATED START
No Will transmit STOP
operation Will reset TWSTO flag
No Will transmit STOP
operation Will reset TWSTO flag
Will transmit START
0x38 SLA+W or No Will release bus
data operation Will enter to slave
arbitration mode unaddressed
failure No Will transmit START in
operation idle state

Format and Status of master transmit mode is as shown below:
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Master Receiver mode

In the Master Receiver mode, a number of data bytes are received from a Slave Transmitter. In order to enter a
Master mode, a START condition must be transmitted. The format of the following address packet determines
whether Master Transmitter or Master Receiver mode is to be entered. If SLA+W is transmitted, MT mode is
entered, if SLA+R is transmitted, MR mode is entered. All the status codes mentioned in this section assume
that the prescaler bits are zero or are masked to zero.

A START condition is sent by writing the following value to TWCR:



TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN |

1 X 1 0 X 1 0 X

TWEN GL42 B 17k Al B TWI #:0, TWSTA Bk K% START {55, TWINT B 1KiEZE TWINT ddifr. TWI BB IS Z0RA, £RE5EH
B SZRIR % START (55 . Hki%5E START J&, BEMFEAL TWINT brEfz, [FIS5EH TWSR FPRAFSH 0x08.

NTHENENBEBRR, BAURIE SLA+R. XAl FHEHEER M. JoHE TWDR FA7E35 A SLA+R, SR/ TWINT f25“1"%F TWINT brf
kedksitbd, R TWCR /288 5 F JIHUE K K% SLA+R:

TWEN must be written to one to enable TWI Interface, TWSTA must be written to one to transmit a START
condition and TWINT must be set to one to clear the TWINT Flag. The TWI will then test Bus state and
generate a START condition as soon as the bus becomes free. After a START condition has been transmitted,
the TWINT Flag is set by hardware, and the status code in TWSR will be 0x08 . In order to enter MR mode,
SLA+R must be transmitted. This is done by writing below operations. First write SLA+R to TWDR register,
than the TWINT bit should be cleared (by writing it to one) to continue the transfer. This is accomplished by

writing the following value to TWCR to transmit SLA+R:

TWSTO | TWWC

1 X 0 0 X 1 0 X
M SLA+R KRiEFEM HIBIN B 55 )G, TWINT XA EAN, FF TWSR FRRATSE# . 7 AR IRASTS A 0x38. 0x40 Bk 0x48. FHAIRASIY T A 1E H

JSESAEIRASRD A T PR -
2 SLA+R JO& i), AT AR . i AE TWINT f25“17 % TWINT FrSfzkdk s, HI4E TWCR F 4748 5N T FIBUER A Shigik:

When SLA+R have been transmitted and an acknowledgement bit has been received, TWINT is set again and
a number of status codes in TWSR update. Possible status codes are 0x38, 0x40, or 0x48. The appropriate
action to be taken for each of these status codes is detailed in below list.

When SLA+R have been transmitted successfully, it is ready to receive data package. Writing one to TWINT
bit to clear TWINT flag bit in order to continue receive, i.e. to start receive by writing below value to TWCR

register:

TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN |

1 X 0 0 X 1 0 X
SR B LR (555, TWINT SUB B, FIRE TWSR ORATISE 4T, AR ARASDA x50 5 Ox58. # MR F &I& I &2 (e
ARAST L b o AL

NEARBURINE, W UARSERCR AL AR EER, HBIRE AT R BHEEREIRE ), BAURIE NACK R E S
P MHLRIESE . FHLE STOP {55 8 REPEATED START 15 584N 4 45 .

B TWCR #4788 5 A\ FAIBUE K & i STOP 155

We data package has received and acknowledgment bit has transmitted, TWINT is set again and TWSR status
code update, Possible status code is 0x50, 0x58. The appropriate action to be taken for each of these status
codes is detailed in below list.

When data is received successfully, following data package can be received, this process will repead until
receive of last byte is complete. After master receive the last byte, must send NACK acknowledgment
condition to slave transmitter. The whole recdeive is complete only when master has generated STOP or
REPEATED START condition.

Writing the below value to TWCR regiter to transmit STOP condition:



TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN

i x o 1 x 1 0  x

Writing the below value to TWCR regiter to transmit REPEATED START condition:

TWINT | TWEA | TWSTA | TWSTO = TWWC | TWEN

% |t | ® 1 & | 1T i 8 | &=

7E R 1% REPEATED START CIRA&HSHA 0x10) Z )&, TWI 0T LLA R Y7 MAHRI I ML, Bivs WOH0 L AL A K% STOP {55 . REPEATED
START {753 LA LATEAN T2k B2 AL B FIEAR R MNLZ I, ENUR B 2RI LN E AR A 2 T HEAT U o
F BT (PR A T B R L AR A R R s«
EHHRBOE PRSI R

After a REPEATED START condition (state 0x10), TWI Interface can access the same Master again, or a new
Master without transmitting a STOP condition. Repeated START enables the Master to switch between Slaves,
Master Transmitter mode and Master Receiver mode without losing control over the bus.
Status codes and relevant operations in master transmit mode is as below:

Status Codes in Master Transmit Mode

Status | Bus and Application software response Next action of
Code | Hardware Read/ Operations to TWCR hardware
status Write STA STO TWINT TWEA
TWDR
0x08 STRART Load 0 0 1 X To transmit SLA+R
transmitted SLA+R To receive ACK or
NACK
0x10 REPEATED Load 0 0 1 X To transmit SLA+R
START SLA+R To receive ACK or
traansmitted NACK
Load 0 0 1 X To transit SLA+W
SLA+W To receive ACK or
NACK
Will switch to MR
mode
0x38 SLA+R or No 0 0 1 X Will release bus
data operation Will enter to slave
arbitration mode unaddressed
failure No 1 0 1 X Will transmit START in
operation idle state
0x40 SLA+R has No 0 0 1 0 Will receive data
transmitted operation Will transmit NACK
ACK has No 0 0 1 X Will receive data
received operation Will transmit ACK
0x48 SLA+R has No 1 0 1 X Will transmit
transmitted operation REPEATED START
NACK has No 0 1 1 X Will transmit STOP




received operation Will reset TWSTO flag
No Will transmit STOP
operation Will reset TWSTO flag
Will transmit START
0x50 Data byte has | Read data Will receive data
received Will transmit NACK
ACK has Read data Will receive data
transmitted Will transmit ACK
0x58 Data byte Read data Will send REPEATED
received START
NACK Read data Will transmit STOP
transmitted Will reset TWSTO flag
Read data Will transmit STOP

Will reset TWSTO flag
Will transmit START

Format and Status of Master Receive Mode is as shown below
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Slave Receiver Mode

In the Slave Receiver mode, a number of data bytes are received from a Master Transmitter. All the status
codes mentioned in this section assume that the prescaler bits are zero or are masked to zero.

To initiate the Slave Receiver mode, TWAR and TWCR must be set as follows:

TWAR setting as below:



TWAR TWA6 TWAS TWA4 TWA3 TWA2 TWA1 TWAO0 | TWGCE

value Device's Own Slave Address

TWAR (175 7 A2 FHLF RN TWI 32 02 SR ALE . 25 LSB EAL, TWI W R FEE miduhl: (0x00) , 5 I 200%™ HE i k-

TWCR R E

The upper 7 bits are the address to which the TWI Interface will respond when addressed by a Master. If the
LSB is set, the TWI will respond to the general call address (0x00), otherwise it will ignore the general call
address.

TWCR Setting is as below:

TWCR TWINT TWEA | TWSTA | TWSTO | TWWC TWEN - TWIE
value 0 1 0 0 0 1 0 X

TWEN 208 2 LAERE TWI 0, TWEA DZUE AL PME LT3t AN #Erl) 2] 5 Sk A E S ACK. TWSTA il TWSTO @7
Witath TWAR FIl TWCR 2 J5, TWI B DIJFaA5 R, HE A CRMNEE (8 #Hhbl) S hko 2B DAL HE 8 7 19 680" (RS
FE) B, TWIEEN MBI . 220 77 FIhr g1 (FoRERiE) i, TWIHEAN B IERE . Belf B B CIIOMNUBIE R S #: MEREALS, TWINT
IRELBE AL, ARSI R F] TWSR o BN RETE T EE i N S AR ST PR iR . FZER K2, JEPUT R TWI ik
Wt m] A #EAMHLRPR R IR 0x68 F1 0x78)

INRAEAEE R TWEA A E A, TWISERE] — A1 53R [ NACK (i) 3 SDA £k 1. X AT F k3 7m MBI RERaICE 2 8. 2
TWEA f5°0"H, TWI WAL A O FANLIBIE. A TWIB BT B2k, —H TWEA B8 A, S DA S Mk O3 FFm R, 5 2, "I eAF
H TWEA I TWI 5 0 2R b R g Lok

FERR A BN H S ARIRBERIN, TWI 3 DRI i) DU P o 58 1 AHLERSRE, 45 U R AL 2 B ksl )52 MLl ) Rt ik o
ULHECHF IR MCU. FEMEERIIE],  TWI FUROREE SCL 9IRS, ELEI TWINT P i E . 2 TWIHE DIN S K S 1EH J5 7] LA 2008 2 8 .

MBS PR AT I T R PR

MBSO R A TR
When TWAR and TWCR have been initialized, the TWI waits until it is addressed by its own slave address (or
the general call address if enabled) followed by the data direction bit. If the direction bit is “0” (write), the TWI
will operate in SR mode, otherwise ST mode is entered. After its own slave address and the write bit have
been received, the TWINT Flag is set and a valid status code can update to TWSR.
The status code is used to determine the appropriate software action. The appropriate action to be taken for
each status code is detailed in below table.
The Slave Receiver mode may also be entered if arbitration is lost while the TWI is in the Master mode (see
states 0x68 and 0x78).
If the TWEA bit is reset during a transfer, the TWI will return a “Not Acknowledge” to SDA after TWI received
data byte. This can be used to indicate that the Slave is not able to receive any more bytes. While TWEA is
zero, the TWI does not acknowledge its own slave address. However, TWI still monitored the BUS and
address response and recognition may resume at any time by setting TWEA. This implies that the TWEA bit
may be used to temporarily isolate the TWI from the Bus.
In all sleep modes other than Idle mode, the clock system to the TWI is turned off. If the slave receive mode is
set, the
interface can still acknowledge its own slave address or the general call address by using the Bus clock.
Address match will then wake up from sleep and the TWI will hold the SCL clock low during the wake up and
until the TWINT Flag is cleared. Further data reception will be carried out as normal, with the TWI interface
clocks running as normal.



Status Code in Slave Receive Mode is shown as below:

Statu | Bus and Hardware Application software response Next action of hardware
s status Read/Write | Operations to TWCR
Code TWDR ST [ ST | TWIN | TWE
A (o) i A
0x60 SLA+W has received No X 0 1 0 Will receive data
ACK has transmitted operation Will transmit NACK
No X 0 1 1 Will receive data
operation Will transmit ACK
0x68 Arbitration failure No X 0 1 0 Will receive data
during SLA+R/W operation Will transmit NACK
transmit No X 0 1 1 Will receive data
SLA*W received operation Will transmit ACK
ACK transmitted
0x70 General call address No X 0 1 0 Will receive data
received operation Will transmit NACK
ACK transmitted No X 0 1 1 Will receive data
operation Will transmit ACK
0x78 Arbitration failure No X 0 1 0 Will receive data
during SLA+R/W operation Will transmit NACK
transmit No X 0 1 1 Will receive data
SLA+W received operation Will transmit ACK
ACK transmitted
0x80 Own data received Read data | x 0 1 0 Will receive data
ACK transmitted Will transmit NACK
Read data | x 0 1 1 Will receive data
Will transmit ACK
0x88 Own data received Read data | 0 0 1 0 Will switch to slave mode
NACK transmitted unaddressed
Will not acknowledge slave
address and general call
Read data | 0 0 1 1 Will switch to slave mode
unaddressed
Will acknowledge slave address;
Acknowledge general call when
TWGCE=1
Read data | 1 0 1 0 Will switch to slave mode
unaddressed
Will not acknowledge slave
address and general call;
Will transmit START when BUS is
idle
Read data | 1 0 1 1 Will switch to slave mode

unaddressed




Will acknowledge slave address;
Acknowledge general call when
TWGCE=1

Transmit START when BUS is idle.

0x90

General call received
ACK transmitted

Read data

Will receive data
Will transmit NACK

Read data

Will receive data
Will transmit NACK

0x98

General call received
NACK transmitted

Read data

Will switch to slave mode
unaddressed

Will not acknowledge slave
address and general call;

Read data

Will switch to slave mode
unaddressed

Will acknowledge slave address;
Acknowledge general call when
TWGCE=1

Read data

Will switch to slave mode
unaddressed

Will not acknowledge slave
address and general call;
Transmit START when BUS is idle.

Read data

Will switch to slave mode
unaddressed

Will acknowledge slave address ;
Acknowledge general call when
TWGCE=1

Transmit START when BUS is idle.

0XA0

Receive STOP or
REPEATED START in
slave mode

No
operation

Will switch to slave mode
unaddressed

Will not acknowledge slave
address and general call;

No
operation

Will switch to slave mode
unaddressed

Will acknowledge slave address ;
Acknowledge general call when
TWGCE=1

No
operation

Will switch to slave mode
unaddressed

Will not acknowledge slave
address and general call;
Transmit START when BUS is idle.

No
operation

Will switch to slave mode
unaddressed
Will acknowledge slave address ;




Acknowledge general call when
TWGCE=1
Transmit START when BUS is idle.

Format and Status figure in slave receive mode is shown as below:

From Slave to Haster @ SATUS Code i TWSRE

MY B AT AR TE

MBLRZE

MRS, WA RN RIE—EHENEIRF T . X WHRAMREDBR TSRS H L0 HESMIEEHEER, ERE
TWAR Rl TWCR $778.

TWAR TR EIT:

Slave Transmitter Mode

In the Slave Transmitter mode, a number of data bytes are transmitted to a Master Receiver . All the status
codes mentioned in this section assume that the prescaler bits are zero or are masked to zero.

To initiate slave receive mode, TWAR and TWCR registr shold be set.




TWAR should be set as below:

TWAR TWAEG TWAS TWa4 TWA3 TWwaz2 TWA1 TWAD | TWGCE
walug Device's Own Slave Address

TWAR 7% 7 AL EHLFHEET TWI OB MNMESE. # LSB BAL, TWI MR Hg

M (0x00) , 2T HEIF Huht

TWCR HFHREWMT

The upper seven bits are the address to which the TWI Interface will respond when addressed by a Master. If
the LSB is set, the TWI will respond to the general call address (0x00), otherwise it will ignore the general call
address.

Twwe | TWEN || TWEE |
0 X

0 1 | 6 | @ T

TWEN BB AL MRS TWI 80, TWEA BSFEA DMEENTFHE (AAHLHIEER %) BIH SRR E#IAEE ACK. TWSTA il TWSTO %4UE
==

B4k TWAR Fil TWCR ZJ5, TWIENF AL, BERACHANEE (SR Bhh) BT uk. 2 EREMIEREEE T AN 0" (RFRBH:
8 B, TWIBEAMBLEBOER . BT A" GRAEERM B, TWIEAMNAEER. B3 H SRR EALE,
TWINT FRBA B, ARIRFDHES D) TWSR F. FMRED T AENMNSERELRE P RIEL . FEERNRE, LEHBRTH TWI
PRI B BT A ML RIZB R JLIRZST 0xBO) .

MRIEAE RS TWEA R E AL, TWIERERE—ATHEVIBIRIFUMSBEIR . ENEBESNEE— N HE%% H NACK B ACK 5,
TWSR #HAHH IHRELHSEFH N 0xCO 3K 0xC8. MR EHBRBAL LRI, IREBILMB, ZHEBRBIE"HEEE (0
OxFF) . JMNEEERE—NTHHEIE (TWEA WED) HHEAS NACK WAL, TiEHARERKEL WHIFETRE ACK M AHME, TWSR
SFEHA 0xC8.

4 TWEA S25“07BF, TWI RS IR H S ML Rt TWI B4 S0 R 48, —B TWEA BB, BT UKE ARG e, TR
FIF TWEA R4 TWI 8 0 M2 i REES Hisk.

TERRZ ARSI RIRARTRT, TWI B2 DI RS TT DSOS . 3528 T ABLERR R, B2 TR R e b 4k i B AL i B S8 sttt . ik UG
FOKHERE MCU. ZERREEHAN], TWI B TH{RRF SCLOMERF, ER TWINT REHEE. X TWI BOR kT EE 5 DEE 2 MEEE.

TWEN must be written to one to enable the TWI. The TWEA bit must be written to one to enable the
acknowledgement of the device’s own slave address or the general call address. TWSTA and TWSTO must be
written to zero.

When TWAR and TWCR have been initialized, the TWI waits until it is addressed by its own slave address (or
the general call address if enabled) followed by the data direction bit. If the direction bit is “1” (read), the TWI
will operate in ST mode, otherwise SR mode is entered. After its own slave address and the write operation
have been set, the TWINT Flag is set and a valid status code can be updated to TWSR. The status code is
used to determine the appropriate software action. The appropriate action to be taken for each status code is
detailed in below table. Note that the Slave Transmitter mode may also be entered if arbitration is lost while
the TWI is in the Master mode (see state 0xBO0).

If the TWEA bit is reset during a transfer, the TWI will enter into unaddressed slave mode after the last byte of
has been transferred. Status code in TWSR will be updated to State 0xCO0 or state 0xC8, depending on
whether the Master Receiver transmits a NACK or ACK after the final byte. If master receiver keeps on
transmition while slave transmit has no response, Master Receiver receives all “1” data (0xFF. State 0xC8 is
entered if the Master demands additional data bytes (by transmitting ACK), even though the Slave has



transmitted the last byte (TWEA zero and expecting NACK from the Master).

While TWEA is zero, the TWI does not respond to its own slave address. However, bus is still monitored by
TWI and address recognition may resume at any time by setting TWEA. This implies that the TWEA bit may be
used to temporarily isolate the TWI from the Bus.

In all sleep modes other than idle mode, the clock system to the TWI is turned off. If slave receive mode is set,
the interface can still acknowledge slave address or the general call address by using the Bus clock. Address
match will then wake up MCU and the TWI will hold the SCL clock low during the wake up and until the TWINT
Flag is cleared.

Further data transmission will be received when TWI interface clock resume to normal state.

Status Codes in Slave Transmit Mode is as below:

Status | Bus and Hardware status | Application software response Next action of hardware
Code Read/Write Operations to TWCR
TWDR STA | ST | TWINT | TWE
(o} A
0XA8 SLA+R has received Load data X 0 1 0 Will transmit the last data
ACK has transmitted Expect to receive NACK
Load data X 0 1 1 Will receive data
Will transmit ACK
0XB0 Arbitration lost during Load data X 0 1 0 Will transmit the last data
SLA+R/W transmit Expect to receive NACK
SLATR recelved Loaddata |x |0 |1 1 Will transmit data
ACK transmitted Will receive ACK
0XB8 Data transmitted Load data X 0 1 0 Will receive data
ACK received Will transmit NACK
Load data X 0 1 1 Will receive data
Will transmit ACK
0XCO data transmitted No 0 0 1 0 Will switch to slave mode
NACK received operation unaddressed

Will not acknowledge slave address

and general call

No 0 0 1 1 Will switch to slave mode
operation unaddressed
Will acknowledge slave address

Acknowledge general call when

TWGCE=1
No 1 0 1 0 Will switch to slave mode
operation unaddressed

Will not acknowledge slave address
and general call;
Will transmit START when BUS is idle

No 1 0 1 1 Will switch to slave mode
operation unaddressed

Will acknowledge slave address;

Acknowledge general call when




TWGCE=1
Transmit START when BUS is idle.

0XC8

Last data transmitted
ACK received

No 0 0 1 0

operation

Will switch to slave mode
unaddressed
Will not acknowledge slave address

and general call

No 0 0 1 1

operation

Will switch to slave mode
unaddressed

Will acknowledge slave address
Acknowledge general call when
TWGCE=1

No 1 0 1 0

operation

Will switch to slave mode
unaddressed

Will not acknowledge slave address
and general call;

Will transmit START when BUS is idle

No 1 0 1 1

operation

Will switch to slave mode
unaddressed

Will acknowledge slave address;
Acknowledge general call when
TWGCE=1

Transmit START when BUS is idle.

Format and status in slave transmit mode is as below:

Adtileration bost ard
addressed as slave

Frem Slave o Master @

MBS AE AR TE

any number of data bytes and
s acknowdladge bit

siarus code In TWSR




AHRARESEEA MBI TWHRERE X, WTFRIR:

ARG R

Miscellaneous States

There are 2 status code without corresponding TWI status definition, details as per below:

Status Code Application Software Response

(TWSR) Status of the 2-wire Serial Bus To TWCR

Prescater Bits and Z2-wire Seral Interface | e TWDR

are Hardware STA | ST ‘ T"‘%‘“ | Ti"E Naxt Action Taken by TWI Hardware

0eFa Mo relevant state information | WNo TWOR action No TWCR action ‘Walt or procead current transfier
availlable; TWINT = 0"

QD) Bus ermor dus to an #legal | No TWDR action o 1 1 X Oy the internal hardware is sffected, no STOP condi-
START or STOP condition tion is sent on the bas. In all cases, tha bus is redeased

and TWSTO is clearsd.

ARG 0xF8 TR U RTRAMRIER, FN TWINT 35807, XFREFWHRREE TWI ENBRE S 5 RITERR AR ERIERE T

IRES 0x00 FoR AT R PR A T B LR . HAEN START 5k STOP HBIA S &8 RMA R4 . ani7EtBERISEE | bR ACK ZRIHBL T
START B STOP. S £R45 R B AL TWINT. Y M RFIRE, SFEL TWSTO, BT “1”AEE TWINT. R TWI 3 D3R SR AL
RiMAL=4E STOP, KB SCL M SDA, FHEF TWSTO fL.

Status code 0XF8 indicates that there is no relevant information, as TWINT flag is zero, this could happen in
case that TWI interface does not transfer serial data or current ongong transmission is not complete.

Status code 0x00 indicates BUS error during serial transmission when there is illegal START or STOP, i.e.
there is START or STOP between address and data, data and ACK. TWINT will be set if there is bus error. To
correct this erro, must set TWSTO, and clear TWINT by writing one, by this way TWI interfacecan enter into
unaddressed slave mode without STOP, and release SCL and SDA, meanwile TWSTO is cleared.

HAEK

TERERWRT, AT TRHAEN T, IR TWIERAESER. Fl, A#E1T EEPROM

HEIHEE, RARERBEFEUTHR.

1. A UR B

2. W47 EEPROM RIiZig EXBR HALE ;

3. WIS RBERE;

4. ERDLTIER.

EEBEET U\ ENEZ BN, R EVEFIVIEEREENME, RANRENRERR. TR, AMPLEREEE, RAHRE ISR
R RN ESHER. EVLFURREE MR BRI, A NP BREANANIINRIE. WREZ VRS, EHB 2 M 3 ZHEHBH ENKE
TEBEERMAE, WITHTX—EN, EHENEENA B SRR . SRR AR AR TR R A R %
REPEATED START 3RSZHL). &3% REPEATED START 2J5, A B&&=HI.

T E#R T X MERIE:

Combining Several TWI Modes

In some cases, several TWI modes must be combined in order to complete the desired action. For example
reading data from a serial EEPROM. Typically, such a transfer involves the following steps:

1. The transfer must be initiated.

2. The EEPROM must be instructed what location should be read.

3. The reading must be performed.

4. The transfer must be finished.

Note that data is transmitted both from Master to Slave and vice versa. The Master must instruct the Slave
what location it wants to read, requiring the use of the MT mode. Subsequently, data must be read from the
Slave, implying the use of the MR mode. Thus, the transfer direction must be changed. The Master must keep



control over the bus during all these steps, and all steps should be carried out continuously. This principle

will be violated in a multi mastersystem, if another Master can alter the data pointer between steps 2 and 3,

and the Master will read the wrong data location. Such a change in transfer direction is accomplished by
transmitting a REPEATED START between the transmission of the address byte and reception of the data.
After a REPEATED START, the Master keeps ownership of the bus.

The following figure shows the flow in this transfer:

[}

‘MR !

& SLAYW A ADDRESS A | B SLA+R A DATA N | P

from Master to Slave From Slave to Master

LG TWI EIURIHQ$1T EEPROM

LENRGRANE
WRF A ENEEER— TWI BLE, ST — P RSN FSFRITHEEERER . TWIHEREIHEL T, Bd— MR, arish
H— A ENFATERBASZREE . THE AR A E AR B L APIRER B L fh B it .

FHIFH AR ERET R LR

? FAREZHEN AR S5 —AMBTER. EXFHELT, TREFERIIES IR SLE FHRS

? BABRE LI EN R F—A AT R SRR F . XM FTRAR AN, £ READ/WRITE AIsREHEAL. BAHEE
HlAE SDA £& R R%“0”H, & SDA £

ERFEAHENRS BRI KRBT STIBIRE T MR, REE

R BRI RIE—NF START /55, X#ERT B A B A 8R4k .

? FAREZHENARFAN ML ZEXFERT, B&MRELETE SLA PR HHHLE N4 SDA & ERIX“0"H, £ SDA & FE%“1”
NSRRI 7E SLA BRI RIKMENEIHRBMNBR, FHE A CREWRE SEEHR NN TU. WREIHE, EHHEA
SR B ST #ix, XEUHT SLA JSE READ/WRITE fiZ. InRKHFk, ERIHBIREFHHMNER, RESRHFLRERN E—FH
START 55, XEURT M HRAMIRIE.

Multi-master Systems and Arbitration
If multiple masters are connected to the same TWI bus, transmissions may be initiated simultaneously by one

or more of them. The TWI standard ensures that such situations are handled in such a way that one of the

masters will be allowed to proceed with the transfer, while no data will be lost. An example of a BUS

arbitration situation is depicted below, where two masters are trying to transmit data to a Slave Receiver.

Several different scenarios may arise during arbitration, as described below:

" Two or more masters are performing identical communication with the same Slave. In this case,
neither the Slave nor any of the masters will know about the bus contention.

" Two or more masters are accessing the same Slave with different data or direction bit. In this case,
arbitration will occur, either in the READ/WRITE bit or in the data bits. The masters trying to transmit a
one to SDA while another Master transmits a zero will lose the arbitration. Losing masters will switch to
not addressed Slave mode or wait until the bus is free and transmit a new START condition, depending
on application software action.



" Two or more masters are accessing different slaves. In this case, arbitration will occur in the SLA bits.

Masters trying to output a one on SDA while another Masteroutputs a zero will lose the arbitration.
Masters losing arbitration in SLA will switch to Slave mode to check if they are being addressed by the

winning Master. If addressed, they will switch to SR or ST mode, depending on the value of the

READ/WRITE bit after SLA. If they are not being addressed, they will switch to not addressed Slave mode
or wait until the bus is free and transmit a new START condition, depending on application software

action.

Below picture shows bus arbitration process:

START SLA + RfW DATA STOP
Arbitration lost in SLA+R/W
1“-\\_\ v
Enter Not Addressed Slave Mode:;
Address{General Call? il ‘“(/_—-\)—b HJ:;;:;WIBL?;SE =
e Transmit START at bus free;
T
YES
— e WRITE 0x68 Receive Data Byte;
< Direction? ,@—» Sonf AR,
TR
READ ~® _ Send Data Byte;
N Receive ACK/NACK;
SE&PHIER
Register Definition
TWI Register List
Register Address Default Value Comment
TWBR Ox B8 0x00 TWI bite rate register
TWSR 0x B9 0x00 TWI status register
TWAR 0x BA 0x00 TWI address register
TWDR 0x BB 0x00 TWI data register
TWCR 0x BC 0x00 TWI control register
TWAMR 0x BD 0x00 TWI address mask register

TWBR--TWI bite rate register

TWBR--TWI bite rate register

Address: 0x B8 Default value:0x00
Bit 7 6 5 4 3 2 1 0
TWBR7 TWBR6 | TWBR5 TWBR4 TWBR3 TWBR2 TWBR1 TWBRO
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Name Comment
7:0 TWBR[7:0] | TWI bite rate selection bit
TWBR is prescaler factor of bite rate generator, which is a prescaler used for
generating SCL clock in master mode. Bit rate equation is as below:




| fscl = fsys/(16 + 2*TWBR*4TWPS)

TWSR--TWI status register

TWSR--TWI status register

Address: 0x B9 Default value:0xF8
Bit 7 6 5 4 3 2 1 0
TWS7 TWS6 TWS5 TWS4 TWS3 - TWPS1 TWPSO0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Name Comment
7:3 TWBR[7:3] | TWI status flag bit
5 bit TWS indicates state of TWI logic and Bus. Each status value has its own
definition, details referring to TWI working mode. During detection, values which
read from TWSR including 5 bit status value and 2 bit prescaler control bit, should
mask prescaler bit to zero. Such prescaler configuration is indepandant from status
detection.
2 - reserved
1 TWPS1 TWI presclaer control high
TWPS[1:0] consisted of TWPS1 and TWPSO is used to control bite rate presclaer
factory, it can control bite rate together with TWBR
0 TWPSO0 TWI presclaer control low

TWPS[1:0] consisted of TWPS0 and TWPS1 is used to control bite rate presclaer
factory, it can control bite rate together with TWBR

TWPS[1:0] Prescaler factor
0 1

1 4

2 16

3 64

TWAR--TWI adress register

TWSR--TWI adress register

Address: 0x BA Default value:0x00
Bit 7 6 5 4 3 2 1 0
TWARG6 TWAR5 | TWAR4 TWAR3 TWAR2 TWAR1 TWARO TWGCE
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Name Comment
7:0 TWA[7:0] TWI slave address bit
TWA is TWI slave address. When TWI is in slave mode, TWI will acknowledge
according to this address, which is not in need in master mode. However in multi-
master system, slave address must be set in order other masters can access.
0 TWGCE TWI general call enable control bit

When setting TWGCE to one, enable TWI bus geneeral call acknowlege

When setting TWGCE to zero, disable TWI bus geneeral call acknowlege

TWI acknowledges bus general call when TWGCE is set and received address frame
is 0x00.




TWDR--TWI Data Register

TWDR--TWI Data Register

Address: 0x BB Default value:0xFF

Bit 7 6 5 4 3 2 1 0
TWD7 TWD5 TWD5 TWD4 TWD3 TWD2 TWD1 TWDO
R/W R/W R/W R/W R/W R/W R/W R/W

Bit Name Comment

7:0 TWDI[7:0 ] TWI data register

TWD is going to transmit a following byte in BUS or the last byte just received from
BUS.

TWCR--TWI control register

TWCR--TWI control register

Address: 0x BC

Default value:0x00

Bit 7 6 5 4 3 2 1 0
TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
R/W R/W R/IW R/IW R/W R/W - R/W

Bit Name Comment

7 TWINT TWI interrupt flag bit
Hardware will be set when TWI completed current worka nd wishes to introduce
application software. If globe interrupt is bit and TWIE is set, TWI interrupt will
generate, MCU will execute TWI interrupt routine. When TWINT flag is set, SCL
condition low will be prolonged.
TWINT can only be cleared by writing one, it can not be cleared by hardware
automatically even interrupt routine is executed. Meanwhile noted that TWI is
activated once this bit is cleared. So before clearing TWINT, need to access to
TWAR, TWAMR, TWSR and TWDR register first.

6 TWEA TWI enable acknowledge control bit
TWEA is used to control generation of acknowledgment pulse. When setting TWEA
to one and one of the below conditions will be satisfied, acknowledgment pulse will
be generated in TWI BUS:
1) Receive device’s slave address;
2) Receive general call when TWGCE is set
3) Receive one byte data in master receive or slave receive mode
When TWEA is set to zero, device will disconnect from TWI bus temperarily. After
TWEA is set to one, address recognition resume again.

5 TWSTA TWI start status contro
When CPU wishes itself to become master in TWI bus, TWSTA is set. Hardware will
detect if bus can be used or not. When bus is free, start status will be generated in
BUS, otherwise TWI will wait untill stop status is detected and than claim its wish to
become master by generating start status. After transmitting start status, softwar
must clear TWSTA bit.

4 TWSTO TWI Stop status control

In master mode TWI will generate stop status in BUS when TWSTO is one, than to
clear TWSTO automatically. In slave mode, TWI can resume from error state by




setting TWSTO. In this case stop status will not appear, but only TWI will return to
defined but not addressed slave mode, meanwhile to release SCL and SDA
condition line to high resistance state.

TWWC

TWI write collison flag bit
When TWINT flag is low, wrting TWDR register to set TWWC flag bit.
When TWINT flag is high, wrting TWDR register to clear TWWC flag bit.

TWEN

TWI enable control bit

TWEN enables TWI operations and activate TWI interface.

When TWEN is one, TWI control 10 pin and link 10 pin to SCL and SDA pin.
When TWEN is zero, TWI interface modula is closed, all transmission including
ongong operation will terminate.

reserved

TWIN

When setting TWIE to one, and globe interrupt is set, TWI interrupt request will be
activated only if TWINT flag is high.

TWAMR--TWI address mask register

TWAMR--TWI address mask register

Address: 0x BD Default value:0x00
Bit 7 6 5 4 3 2 1 0
TWAR? TWAR5 | TWARS TWAR4 TWAR3 TWAR2 TWAR1 TWGCE
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Name Comment
7:0 TWAMI[6:0] | TWI address mask control bit
TWAM is slave address mask control of 7 bit. Each bit is used to mask(disable)
relevant address bit in TWAR. When address bit is masked, address match logic will
ignore the result compared between received address bit and relevant TWA bit.
Below figure shows details about address match logic
0 - reserved
TWI address match logic:

addro—————
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Analog Comparator

10mv comparision accurancy

Support 3 channel off-chip analog input

Support ADC multi-channel alternate input(ADMUX)
Support internal differential amplifier input (DFFO)
Support internal 8-bit DAC input(DAO)
Programmable output digital filter control

DL X N PR IR 0 55 SRR PO PRSP HEAT HO AR, 2 T o Pl s b S L IR vy, AL B 0T ACO L. 25 ACO BFET R A2k, 15
SR T SR AR T Hi (55 ACO IE T AR MR B I TS 1 N SRAR LUK T8 I 88 AR T PWM i AT

LGT8FX8P Ep il L 4% ACO, EUffi— L BB AL 34, LUBRERIE . SOmM NIRRT LAk B A1 fesm 1 B3 ok 19 22 i A 3 A R 225 U A
AL A By SCRF R CHE, 7T B GRAIE PR TARR —Behk o LU SORe — APk BB AR i Dh e, T o5t LU s Hh OB e k.

(I L5 5 R B — AR AF T DA AR B T U 8%, T DURAE I oKk, B & 18 mdB R e, DU TE A E I ELE i . EEB R M HUIRES TT BL
FLEGEE A S R B T R, SEBUSE S RN SEIN S (I RE . LA B St R DB B SME 10 s 1

Overview

The Analog Comparator compares the input values on the positive pin and negative pin. When the voltage on
the positive pin is higher than the voltage on the negative pin , the Analog Comparator output, ACO, is set.
When pin level of ACO changes, edge of signal can be used to trigger interrupt. The comparator’s output can
be set to trigger the Timer/Counter1 Input Capture function and control PWM output from Timer.

LGT8FX8P ACO includes a multi-channel analog input controller, input source of comparator negative and
positive pin can choose either externa port or serveral internal reference source. ACO itself supports
detunuing calibration to ensure of consistency. Comparator supports hardware delay as option to improve
output stability.

A digital filter programmable by hardware is intergrated in comparator output, as per application demand,
filter should be configured correctly to get more stable comparator output. Comparator output status can
directly be read via register, also can generate interrupt request, to achieve more effective real-time event
capture. Output of comparator can also output to external 10 port.

Operational Amplifier/Analog Comparator 0 Construction Chart is as below:



PSEL[1:0]

ACOP
COHYSE
ACKP TOADC
DAO
CO0E
1
M e a0
ACKN IRQ
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DFFO AQ
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NSEL[1:0]
BEILREE 0 ETRER
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3.3. 4% 8 4z DAC % DAO

Analog Comparator Input

Both input of analog comparator support multiplexed intput source. Positive pin has 3 for option:

1. External indepandant analog input ACOP

2. Analog comparator 0/1 public analog input ACXP

3. Output DAO of internal 8-bit DAC

MR BRI 5788 COSR 1) COBG fLbAK COXR F77#) COPSO A3t i, AAESEAZHFERBRTL

ACOPy ACO THIIEMBRMAEE. HEER AL ACOP AN X . QFP48 113k ACOP A i1, QFP32 H3kik ACOP il &
PD6 JEXE|— M Ak

ACXP NHEH 0/1 AH IR . LGT8FX8P A4 BRI LL# 48, ACXP FBTEER WA LR BMIRE BT ki, £ LR/ thEs
BT R A

DAO >RE A 8 iz DAC %I . DAC WS EEF LERE REHIE, AMSERER B/MSENRAN. DAC HELEES% DAC MXEY.
Input selection is controlled together by COBG in control status register COSR and COPS0 in COXR register.
For details please refer to register definition of this chapter.

ACOP is the delicated input channel in positive mode of ACO. Note that for different package, pins locatioon
of ACOP might slightly different. For QFP48 package, ACOP is indepandant port. While for QFP32 ACOP port
is in parallel with PD6 to one port.

ACXP is 0/1 public positive input of comparator. There are 2 analog comparator in LGT8FX8P. ACXP is
connected with positive multiplexed alternate controller of both comparator to acheive coopeation of both
comparator.

DAO is from output of internal 8-bit DAC. Reference source of DAC can be choose from system power,

internal reference or external reference input. DAC configuration refers to DAC related section.

COBG COPSO ACO positive input source
0 0 ACOP

0 1 ACXP




1 0 DAO
1 1 close comparator positive input channel
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Negative input can select 3 analog input:

1. Comparator 0/1 public analage input ACXN

2. ADC multiplexed output ADMUX

3. Internal differential amplifier output DFFO

Comparator negative input is controlled by CEM00/01 in ADCSRB register of ADC.

When comparator negative pin is set to ADMUX, analog input channel should be selected by CHMUX bit in
ADMUX register of ADC. In this mode, input of comparator can be extended more flexiblly.

ACXN is the public negative input of comparator 0/1, to acheive cooperation of comparator 0/1.

DFFO is from internal differential amplifier output. DA can choose gain control of x1/x8/x16/x32 to acheive

detection and measurement on minor singal.

COBG COPSO ACO nagative input source

0 0 ACXN

0 1 ACMUX

1 0 DFFO

1 1 close comparator negative input channel
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Comparator Output Filter

There is a controllable delay circuit in comparator output port, which can be enabled by setting COHYSE in
COXR register. The delay circuit can eliminate unstable state when comparator state is changing, so that
output filter function can be achieved.

It is recommended for users to open delay circuit when using comparator to get a stable comparator output.
As shown below, delay circuit is located between comparator analog output and digital output. When input
voltage VIN+ in comparator positive pin is higher than (VIN- + VH+), comparator COUT output is high.
Otherwise comparator output is low. Delay circuit can avoid vibration caused by circuit itself when
comparator positive voltage is close to negative voltage. Relationship chart between comparator delay circuit



and comparator output is as below:
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Delay circuit is very useful and effective to restrain voltage ripple which is close to comparator threshold
value, however in real application, input signal will be intervened of some degree. A strong intervene will
make input pin level pull up instantly, if it is over delay circuit threshold value, voltage ripple cannot be
restrained effectively. In LGT8FX8P there is a programmable digital filter integrated in comparator output to
filter instant intervenes to comparator output. As per actual demand, digital filter can choose suitable filter
time width. Filter circuit will only update comparator output when comparator output can stably and
continuously satisfy filter time limitation to achieve a more stable output result.
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ACO digital filter is set by COFEN and COFS bit in COXR register, for detailed setting refer to register definition
in this chapter.
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Comparator output and PWM control

LGT8FX8P supports multi-channel PWM output, PWM signal can be used together with comparator modular.
Comparator output can be used to shut down PWM signal directly to achieve flexible PWM protection
solution.

Related control about PWM output, refer to relevant section about Timer.

Register Definition
COSR—ACO control and status register

COSR—ACO0 control and status register

Address:0x50 Default value: 0x80
Bit 7 6 5 4 3 2 1 0
Name coD C0BG coo col COIE coic cois1 COoISo
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Name Comment
7 coD Analog comparator disable
When setting COD to logic one, analog comparator is shut down.
When setting COD to logic zero, analog comparator is open.
6 C0BG Analog comparator 0 positive input source selection bit.
ACO positive input source is set together by COPS0 in COBG and COXR register,
{COBG, COPSO0} =
00= ACOP is positive input
01= ACXP is negative input
10= output of internal DAC is positive input
11= shut down positive input source of AC0O
5 coo Output status bit of analog comparator
After synchronization, output of analog comparator will connect with C0O bit
directly. Output value of analog comparator can be gotten by software reading C00
bit value.
4 col Analog comparator interrupt flag
When output event of analog comparator triggers interrupt defined by COIS, COI is
set.
When interrupt enable bit COIE is one and globe interrupt is set, interrupt occurs.
When executing analog comparator interrupt program, COIl will be cleared
automatically or by writing one.
3 COIE Analog comparator interrupt enable bit
When setting COIE to logic one, and globe interrupt is enabled, ACO interrupt is
enabled.
When setting COIE to logic zero, ACO interrupt is disabled.
2 coiCc Analog comparator input capture enable bit
CO0IC=1, Timer/Counter 1 input capture source is from output of analog comparator.
C0IC=0, Timer/Counter 1 input capture source is from external pin ICP1.




Ccois1

Analog comparator interrupt mode control high

0 CoIso

Analog comparator interrupt mode control low. C0IS0 and C0IS1 consist of
COIS[1:0] which is used to control interrupt trigger method of analog comparator.

COIS[1;0] | Interrupt mode

00 Triggered by rising edge or falling edge of ACO
01 Reserved

10 Triggered by falling edge of ACO

1" Triggered by rising edge of ACO

ADCSRB—ADC control and status register B

ADCSRB—ADC control and status register B

Address:0x7B Default value: 0x00
Bit 7 6 5 4 3 2 1 0
Name CEMO1 CEMO00 CME11 CME10 ACTS ADTS2 ADTS1 ADTSO0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Name Comment
7 CEMO1 ACO negative input selection, CMEO = {CME01, CME0O0}
6 CMEO00 00: external port ACXN is used as ACO0 negative input
01: ADC multi-channel alternate output is used as AC0 negative input
10: Differential amplifier output is used as AC0 negative input
11: Shut down ACO negative input source
5 CME11 AC1 negative input selection, CME1 = {CME11, CME10}
4 CME10 00: external port ACXN is used as AC1 negative input
01: external port AC1N is used as AC1 negative input
10: internal 1/5 bypass voltage of ADC is used as AC1 negative input
11: output of differential operation is used as AC1 negative input
3 ACHS AC trigger source channel selection
0- ACO output is used as ADC auto-swtich trigger source
1- AC1 output is used as ADC auto-swtich trigger source
2:0 ADTS Refer to ADC register section

COXR—ACO Auxiliary control register

CO0XR—ACO Auxiliary control register

Address:0x51 Default value: 0x00
Bit 7 6 5 4 3 2 1 0
Name - COOE COHYSE | COPSO COWKE COFEN COFS1 COFS0
R/W - R/W R/W R/W R/W R/W R/W R/W
Bit Name Comment
7 - reserved
6 COOE ACO0 comparator output to external port enable control

CO0OE=1, AC0 comparator is output to external port PD2

CO0OE=0, comparator output to external port is disabled.
5 COHYSE | ACO output delay enable control

1= enable output delay

2= disable output delay




4 COPSO ACO negative input source selection LOW
Negative input source is control together by COPS0 and COBG, for detail refer to
COSR register definition.

3 COWKE ACO is used to enable sleep wake up
1= enable wake-up of comparator output
0= shut down wake-up of comparator output

2 COFEN Comparator digital filter enable control
1= enable digital filter
2= disable digital filter

1:0 COFS[1:0] | Comparator digital filter width configuration
00= shut down

01= 32us

10= 64us

11=96us

RS 1 (AC1)
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XN 1/5 43 B2 (VDO)
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#E AN 8 fir DAC HiA(DAO)
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Analog Comparator 1 AC1

10mv comparision accurancy

Factory distuning calibration

Support 4 channel off-chip analog input

Support internal 1/5 voltage divider input(VDO)
Support internal differential amplifier input (DFFO)
Support internal 8-bit DAC input(DAO)
Programmable output digital filter control
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Overview

The Analog Comparator compares the the positive pin level and negative pin level of input comparator. When




the voltage on the positive pin is higher than the voltage on the negative pin, the Analog Comparator output,
ACO, is set. When pin level of ACO changes, edge of signal can be used to trigger interrupt.

Output signal ACO can be set to trigger the Timer/Counter1 Input Capture function and control PWM output
from Timer. LGT8FX8P AC1 includes a multi-channel analog input controller, input source of comparator
negative and positive pin can choose either externa port or serveral internal reference sources. ACO itself
supports detunuing calibration to ensure of consistency. Comparator supports hardware delay as option to
improve output stability. A digital filter programmable by hardware is intergrated in comparator output, as per
application demand; filter should be configured correctly to get more stable comparator output.

Comparator output status can directly be read via register, also can generate interrupt request, to achieve
more effective real-time event capture. Output of comparator can also output to external 10 port.

Operational Amplifier/Analog Comparator 1 Construction Chart is as below:

PSEL[L0)
ACIP
CLHYSE
AP == T0 ADC
DAD
(10E
i
M e aCI0
AN - RO
ACKN == | INTERRUPT
VDO [ i ACE GENERATOR it
DFFOD
B ACIS[1:0]
HSEL[1:0]
BILlthEEE 1 BRERTREE
A BRI

D LR B B NN E SRS IR IR . B R =B AT 3k
1. SMERBSIARIFAN ACIP

2. BiHILbEE: 01 AFEBHA ACXP

3. PI%B 8 fi DAC % DAO

Analog Comparator Input

Both input of analog comparator support multiplexed input source. Positive pin has 3 for option:
4. External indepandant analog input AC1P

5. Analog comparator 0/1 public analog input ACXP

6. Output DAO of internal 8-bit DAC

IR MR e F RS B 8% C1SR 1Y) C1BG ALK C1XR F7E2E C1PSO ALt F#E], EAESEREWHERERT Y.

AC1P Jy AC1 L IEWmE RN EE.

ACXP ALLE#: 011 AR IEMMA . LGT8FX8P AR MEMILESE, ACXP RIS EBIHA LLER M IR 2 B E kRS, ETUARNLE
BT ETAE.

DAO 3k %8 8 fiz DAC [¥i%itH. DAC MSERFLIEFRE REHRIE, ANSERERAIFESENRA. DAC A EESE DAC HXEY.



Input selection is controlled together by C1BG in control status register C1SR and C1PS0 in C1XR register.
For details please refer to register definition of this chapter.

AC1P is the delicated input channel in positive mode of AC1.

ACXP is 0/1 public positive input of comparator. There are 2 analog comparator in LGT8FX8P. ACXP is
connected with positive multiplexed alternate controller of both comparators to acheive coopeation of both
comparator.

DAO is from output of internal 8-bit DAC. Reference source of DAC can be choose from system power,
internal reference or external reference input. DAC configuration refers to DAC related section

C1BG C1PSO AC1 positive input source

0 0 ACXP

0 1 AC1P

1 0 DAO

1 1 Shut down comparator positive input channel

SR DA 4 PO AR

1. SRS ACIN /B8 ACT SUREA

2. LB 011 A SUREA ACXN

3. ADC W& 1/5 4 K24 HifEA AC1 FISREIA
4. NEELHHRAESE DFFO /5 ACT ISR
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Negative input can select 4 analog input:

1. External analog input AC1N is used as AC1 negative input

2. Comparator 0/1 public negative input ACXN

3. ADC internal 1/5 voltage divider as AC1 negative input

4. Internal differential amplifier output DFFO as AC1 negative input

Comparator negative input channel is controlled by CEM11/10 in ADCSRB register of ADC.

When comparator negative input chooses ADC internal multi-channel voltage divider output, input reference
source of multi-channel voltage is set by VDS in ADCSRC register of ADC.

ACXN is the public negative input of comparator 0/1, to acheive cooperation of comparator 0/1.

DFFO is from internal differential amplifier output. DA can choose gain control of x1/x8/x16/x32 to acheive
detection and measurement on minor singal.

CME11 CME10 AC1 negative input
0 0 ACXN
0 1 AC1N
1 0 VDO
1 1 DFFO
Bl A4 B
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Comparator Output Filter

There is a controllable delay circuit in comparator output port, which can be enabled by setting C1HYSE in
C1XR register. The delay circuit can eliminate unstable state when comparator state is changing, so that
output filter function can be achieved.

It is recommended for users to open delay circuit when using comparator to get a stable comparator output.
As shown below, delay circuit is located between comparator analog output and digital output. When input
voltage VIN+ in comparator positive pin is higher than (VIN- + VH+), comparator COUT output is high.
Otherwise comparator output is low. Delay circuit can avoid vibration caused by circuit itself when
comparator positive voltage is close to negative voltage. Relationship chart between comparator delay circuit
and comparator output is as below:
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AC1 digital filter is set by COFEN and C1FS bit in C1XR register, for detailed setting refer to register definition
in this chapter.
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Comparator output and PWM control

LGT8FX8P supports multi-channel PWM output, PWM signal can be used together with comparator modular.
Comparator output can be used to shut down PWM signal directly to achieve flexible PWM protection
solution.

Related control about PWM output, refer to relevant section about Timer.

Register Definition
CISR—AC1 control and status register

C1SR—AC1 control and status register

Address:0x2F Default value: 0x80




Bit

6

4

Name

C1D

C1BG

Cc10

C1l

C1IE

c1iC

C11s1

C11S0

R/W

R/W

R/W

R/W

R/W

R/W

R/W

Bit

Name

Comment

Cc1D

Analog comparator disable
When setting C1D to logic one, analog comparator is shut down.
When setting C1D to logic zero, analog comparator is open.

C1BG

Analog comparator 1 positive input source selection bit.

AC1 positive input source is set together by C1PS0 in C1BG and C1XR register,
{C1BG, C1PS0} =

00= ACXP is positive input

01= AC1P is positive input

10= output of internal DAC is positive input

11= shut down positive input source of AC1

Cc10

Output status bit of analog comparator

After synchronization, output of analog comparator will connect with C10 bit
directly. Output value of analog comparator can be gotten by software reading C10
bit value.

C1l

Analog comparator interrupt flag

When output event of analog comparator triggers interrupt defined by C1IS, C1l is
set.

When interrupt enable bit C1IE is one and globe interrupt is set, interrupt occurs.
When executing analog comparator interrupt program, C1l will be cleared
automatically or by writing one.

C1IE

Analog comparator interrupt enable bit

When setting C1IE to logic one, and globe interrupt is enabled, AC1 interrupt is
enabled.

When setting C1IE to logic zero, AC1 interrupt is disabled.

c1iC

Analog comparator input capture enable bit
C1IC=1, Timer/Counter 1 input capture source is from output of analog comparator.
C1IC=0, Timer/Counter 1 input capture source is from external pin ICP1.

C1181

Analog comparator interrupt mode control high

C11S0

Analog comparator interrupt mode control low. C11S0 and C11S1 consist of
C1IS[1:0] which is used to control interrupt trigger method of analog comparator.

CO0IS[1;0] | Interrupt mode

00 Triggered by rising edge or falling edge of AC1

01 Reserved

10 Triggered by falling edge of AC1

1" Triggered by rising edge of AC1

ADCSRB—ADC control and status register B

ADCSRB—ADC control and status register B

Address:0x7B

Default value: 0x00

Bit

7

6 5 4 3 2 1 0

Name

CEMO01

CEMO00 CME11 CME10 ACTS ADTS2 ADTS1 ADTSO




RIW RIW RIW RIW RIW | RIW | RIW | RW RIW
Bit Name Comment
7 CEMO1 ACO negative input selection, CMEO = {CME01, CME00}
6 CMEO00 00: external port ACXN is used as ACO0 negative input
01: ADC multi-channel alternate output is used as AC0 negative input
10: Differential amplifier output is used as AC0 negative input
11: Shut down ACO negative input source
5 CME11 AC1 negative input selection, CME1 = {CME11, CME10}
4 CME10 00: external port ACXN is used as AC1 negative input
01: external port AC1N is used as AC1 negative input
10: internal 1/5 bypass voltage of ADC is used as AC1 negative input
11: output of differential operation is used as AC1 negative input
3 ACHS AC trigger source channel selection
0- ACO output is used as ADC auto-swtich trigger source
1- AC1 output is used as ADC auto-swtich trigger source
2:0 ADTS Refer to ADC register section

C1XR—AC1 Auxiliary control register

C1XR—AC1 Aucxiliary control register

Address:0x3A Default value: 0x00
Bit 7 6 5 4 3 2 1 0
Name - C10E C1HYSE | C1PSO C1WKE C1FEN C1F$1 C1FS0
R/W - R/W R/W R/W R/W R/IW R/W R/IW
Bit Name Comment
7 - reserved
6 C10E AC1 comparator output to external port enable control
C10E=1, AC1 comparator is output to external port PE5
C10E=0, comparator output to external port is disabled.
5 C1HYSE | AC1 output delay enable control
1= enable output delay
2= disable output delay
4 C1PS0 AC1 negative input source selection LOW
Negative input source is control together by C1PS0 and C1BG, for detail refer to
C1SR register definition.
3 C1WKE AC1 is used to enable sleep wake up
1= enable wake-up of comparator output
0= shut down wake-up of comparator output
2 C1FEN Comparator digital filter enable control
1= enable digital filter
2= disable digital filter
1:0 C1FS[1:0] | Comparator digital filter width configuration

00= shut down
01= 32us
10= 64us
11= 96us
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Digital-to-Analog Converter (DAC)

8-bit DAC output

DAC output is used as reference input of analog comparator
Support DAC output to external port (DAO)
VCC/AVREF/IVREF voltage division is for option

&R

LGT8FX8P PIFFER —1 8 AL P8R (DAC). DAC IS IR AT LUEF AR A R T/EHRIR, WM RIRRE KA &R 5
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Overview

LGT8FX8P features an internal 8-bit programmable DAC. Reference power intput of DAC can choose from
system working power, internal reference voltage source, or from chip’s external port AVREF input. DAC
output can be set either as input source of internal comparator AC0/1, or be output to chip’s external pin
as purpose for external reference. If DAC is output to external pin, it cannot drive loader directly without
voltage follower or other similar drive circuit. Internal construction of DAC is shown as below:

DACEN
DAVS[1:0] = 1
Ve - | 8bit Voltage Divider
AVREF W Z A TN T———
e 1
E DﬁLR [7.1]] N .l\
DAD
Register Definition
DACON—DAC control register
DACON—DAC control register
Address: 0XA0 0000_0000
Bit 7 6 5 4 3 2 1 0
- - - - DACEN DAOE DAVS1 DAVSO0
R/W - - - R/W R/W R/W W/R
Bit Name Comment
7:4 - reserved
3 DACEN DAC enable control bit




1= enable DAC modular
0= disable DAC modular

2 DAOE DAC output to external port enable control
1= DAC output to external port PD4 is enabled
0= DAC output to external port is disabled

DAVS1 DAC reference voltage source selection bit 1

0 DAVSO0 DAC reference voltage source selection bit 0. [DVS1, DVS0] =

00: voltage source is system working power VCC
01: voltage source is external input AVREF
10: voltage source is internal reference voltage

DALR—DAC Data Register

DACON—DAC control register

11: shut down DAC reference source and DAC at the same time

Address: 0XA1 0000_0000

Bit 7 IG 5 4 3 2
DALR[7:0]

R/W W/R

Bit Name Comment

7:0 DALR DAC data register, setting output voltage in DAC mode

Relationship between DAC output voltage and DALR:
VDAO = VREF*(DALR + 1)/256
VDAO indicates DAC output analog voltage

12 PR3 38 (ADC)

12 {7432, DNL N+1LSB, INL #1.5LSB
C BRES PR REEERIE 500KSPS
C 12 BE AR EE

ZEHA T SRTEN 2 22 5 UK SR8
WA HEEER 0-vCC

A5 1.024V/2.048V/4.096V SEHE
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12-bit Analog-to-Digital Converter

10-bit Resolution, DNL is *1LSB, INL is +1.5LSB

Sampling rate can reach to 5000KSPSat highest resolution

12 Multiplexed Single Ended Input Channels

Multiplexed programmable gain control differential amplifier channel

VREF indicates reference voltagesource, which is set by DAVS of DACON register.



® Input voltage range: 0-VCC
® Internal reference voltage 1.024V/2.048V/4.096V
® Support AVCC and external reference voltage input
® Internal 1/5, 4/5 voltage division circuit with multi-input
® Support detuning calibration in positive and negative direction
® Start to switch trigger mode automatically basedon interrupt source
® Support automate channel detection of upper/down overflow
® Optional adjustment mode for switch result
® Swtich end interrupt request
ML
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Overview

It features a 12-bit successive approximation ADC. The ADC is connected to an 17-channel Analog Multiplexer
which samples and converts chip’s external port 12-channel analog input and 5-channel interal volage
source. ADC is internally integrated a programmable differential operation amplifier with gain control of x1/x8/
x16/x32, this amplifer input is from either external port or ADC multiplexer output. Result of differential



operation can be used as ADC analog input. ADC internal analog intput source includes ADC internal multi-
channel input voltage divider, internal reference voltage source, internal analog reference location as well as
analog output of touch switch modular. Internal multi-channel input voltage divider can output both 4/5 and
1/5 voltage together; Input of voltage divider can choose to be either level of external port or system power.
ADC supports detuning calibration, such calibration procedures are controlled by software, it includes
calibration in positive and negative direction. After enabling detuning calibration, ADC controller will adjust
sampling result of ADC by automate using positive and negative calibration value.

Detuning calirbration method is referred to relevent part of this chapter.
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ADC Operations

By succesive approximation, ADC tranfer input analog voltage to a 12-bit number. Minnium represents GND
while maximum indicates reference voltage minus 1LSB. Reference voltage source, to be set by writing REFS
bit in ADMUX register, can be power voltage AVCC of ADC, external reference voltage AVREF or reference
voltage of 1.024V/2.048V internally.

Analog input channel can be set by CHMUX in ADMUX register. Single-end input of ADC can be input pin of
any ADC, external reference voltage pin as well as internal reference voltage source. By setting DIFS of
ADTMR register, input channel of ADC can switch to internal diffential amplifier, whose input source and gain
control can be configured by DAPCR register.

ADC will be actived by setting ADEN in ADCSRA register, during clearing ADEN, ADC does not consump
power, so it is suggested to shut down ADC before entering to sleep mode.

ADC conversion result is 12-bit, which will be saved in data register ADCH and ADCL. By default, conversion
result is right adjustment, however it can change to left adjustment by setting ADLAR in ADMUX register.

If want left adjustment, conversion result only need 8-bit conversioon accurancy the most, in this case
reading ADCH is enough, otherwise need to read ADCL first than ADCH in order to ensure that content in data
register is the result from the same conversion. Once after reading ADCL, data register ADCL and ADCH will
be locked. After reading ADCH, conversion result will update to data register ADCL and ADCH.

ADC conversion end will triggerr interrupt. It implies that conversion end occurs between reading ADCL and
ADCH, but interrupt will be trigger still.
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Starting a Conversion

A single conversion is started by writing a logical one to the ADC Start Conversion bit, ADSC. This bit stays
high as long as the conversion is in progress and will be cleared by hardware when the conversion is
completed. If a different data channel is selected while a conversion is in progress, the ADC will finish the
current conversion before performing the channel change.

Alternatively, a conversion can be triggered by various sources. Auto Triggering is enabled by setting the
ADC Auto Trigger Enable bit, ADATE in ADCSRA. The trigger source is selected by setting the ADC Trigger
Select bits, ADTS in ADCSRB. When a rising edge occurs on the selected trigger signal, the ADC prescaler is
reset and a conversion is started.

This provides a method of starting conversions at fixed intervals. If the trigger signal still is set when the
conversion completes, a new conversion will not be started. If another positive edge occurs on the trigger
signal during conversion, the edge will be ignored. Note that an Interrupt Flag will be set even if the specific
interrupt is disabled or the Global Interrupt Enable bit is cleared. A conversion can thus be triggered without
causing an interrupt. However, the Interrupt Flag must be cleared in order to trigger a new conversion at the
next interrupt event.

Using the ADC Interrupt Flag as a trigger source makes the ADC start a new conversion as soon as the
ongoing conversion has finished. The ADC then operates in Free Running mode, constantly sampling and
updating the ADC Data Register. The first conversion must be started by writing a logical one to the ADSC bit
in ADCSRA. In this mode the ADC will perform successive conversions independently of whether the ADC
Interrupt Flag, ADIF is cleared or not.

If Auto Triggering is enabled, single conversions can be started by writing ADSC in ADCSRA . ADSC can also
be used to determine if a conversion is in progress. The ADSC bit will be read as one during a conversion,
independently of how the conversion was started.

B35 ADC E#bt 5
ERWKAT, BUELHETRE /M 300KHz B 3MHz IFIAR B DSREBOEE . 0 RIS ESERRT 12 £, BARAR B FHET L
BT 3MHz, DUABIERRIKAER,

ADC BT HimR, SR RERRZATHEZ ADC BIAR B, H2-5#%8 & ADCSRA FF5% 1 ADPS frit{TitE. Bfir
ADCSRA #7722 ¥) ADEN ¥#{f58 ADC, FiZHHiaE Fifnit%. RE ADEN AN“1”, TSR 4, E32 ADEN #iEZE.



ADCSRA %775t ADSC B BN 5, BIRHHIET—1 ADC B4 BN FFEFHBES). IE BHREE 154 ADC B4 F#I. ADC fHfE
(ADCSRA #7722 ADEN BfI) J5EE 50 4~ ADC Sy AR & B EIWIGABREREE, 2 B4 A 30TE — k.

7E ADC ¥ BH, REFERFESRBUE3IZEN 1.5 4 ADC SR B4, T —K ADC ¥ #M4 R H R EE B2 51 14.54 ADC
ABHR . BIEWRE, ADC £RPUEN ADC iEF 728, H ADIF iREA B L. ADSC MEBIEE. Z/FHMAFTAEREN ADSC & 2k H 3
B, MBI — kBT RIS,

Prescaling and Conversion Timing

By default, the successive approximation circuitry requires an input clock frequency between 300kHz and
3MHz to get maximum resolution. If a lower conversion accurancy than 12 bits is needed, the input clock
frequency to the ADC can be higher than 3MHz to get a higher sample rate.

The ADC module contains a prescaler, which generates an acceptable ADC input clock from system CPU. The
prescaling is set by the ADPS bits in ADCSRA. The prescaler starts counting from the moment the ADC is
switched on by setting the ADEN bit in ADCSRA. The prescaler keeps running for as long as the ADEN bit is
set to one, and is continuously reset when ADEN is cleared.

When initiating a single ended conversion by setting the ADSC bit in ADCSRA, the conversion starts at the
following rising edge of the ADC clock cycle.

A normal conversion takes 15 ADC clock cycles. The first conversion after the ADC is switched on (ADEN in
ADCSRA is set) takes 50 ADC input clock cycles in order to initialize the analog circuitry.

In a ADC conversion, the actual sample-and-hold takes place 1.5 ADC clock cycles after the start of a normal
conversion and 14.5 ADC clock cycles after the start of an first conversion.

When a conversion is complete, the result is written to the ADC Data Registers, and ADIF is set, meanwhile
ADIF is cleared. The software may then set ADSC again or automate trigger, and a new conversion will be
initiated.
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Changing Channel or Reference Selection

The MUX and REFS bits in the ADMUX Register are single buffered through a temporary register to which the
CPU has random access. Before conversion, CPU can at any time configure the selection of channels and
reference voltage.Once the conversion starts, the channel and reference selection is locked to ensure a
sufficient sampling time for the ADC.

Selection of channels and reference source only update after conversion completes (ADIF in ADCSRA is set).
Note that the conversion starts on the following rising ADC clock edge after ADSC is written. The user is thus
advised not to write new channel or reference selection values to ADMUX until one ADC clock cycle after
ADSC is written. So it is suggested that users must set ADMUX to select new channels and reference source
within a ADC clock after setting ADSC.

If Auto Triggering is used, the exact time of the triggering event can be indeterministic. Special care must be
taken when updating the ADMUX Register, in order to control which conversion will be affected by the new
settings.

If both ADATE and ADEN are set, an interrupt event can occur at any time which would cause autor
triggering , than ADC conversion will start. If the ADMUX Register is changed in this period, the user cannot
tell if the next conversion is based on the old or the new settings. ADMUX can be safely updated in the
following ways:

a. When ADATE or ADEN is cleared.

b. During conversion, minimum one ADC clock cycle after the trigger event.

c. After a conversion, before the Interrupt Flag used as trigger source is cleared.

When updating ADMUX in one of these conditions, the new settings will become effect before next ADC
conversion.

When changing channel selections, must ensure that the correct channel is selected before starting the
conversion. New analog input channel can be choosen afte an ADC clock cyle when ADSC is set. Note that
the most simple way is to change channels after conversion is complete.

The reference voltage for the ADC (VREF) indicates the conversion range for the ADC. Single ended channels
that exceed VREF will result in codes close to 0xFFF. VREF can be selected as either AVCC, internal reference
voltage , or external AREF pin.

When using internal reference ((1.024V/2.048V/4.096V), attention should be paid to below:

When chip is on power, internal reference is adjusted to 1.024V by default, it can be used directly without
addtional operation if user want to use internal reference of 1.024V. However if 2.048V or 4.096V is wanted for
internal reference voltage, users must update internal refernce themself. Calibration value of 2.048V/4.096V
will be loaded to register VCAL2/3(0xCE/0xCC) when power on. When programm is initialized, value of
VCALZ2/3 will be read and written to VCAL(0XC8) register, than a calibration is complete.
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Auto Channel Monitor

Auto channel monitor mode, which is enabled by setting AMEN bit in ADCSRC register, is used to real-time
monitor the voltage change of selected ADC input channel. ADC converts selected channel voltage automate,
when conversion result is over a given overflow range, ADC interrupt flag ADIF will be set and Auto Monitor
stop as well at the same time, software can response to overflow event by interrupt or enquiry, AMOF bit in
ADMSC register can indicate type of overflow event. ADIF is cleared automate after acknowledgment interrupt
is reset and can be cleared also by software writing one. Auto monitoring mode can only re-start when ADIF is
cleared and AMEN bit in ADCSRC register is set.
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To avoid unstability from a single ADC conversion result, auto-monitoring supports a configurable digital
filter, which detects continurous conversion results. Overflow events will be triggered only when a consistent
result occurs in a limited continurous conversion times. Times of continurous conversion can be set by
AMFCI[3:0] in ADMSC register.

Auto-monitoring is set by AMEN in ADCSRC register. Register ADTO is used to set threhold of underflow,
while ADT1 to set threhold of overflow. ADTO0/1 is a 16-bit register. Once software setting AMEN bit, it will stop
ADC'’s current conversion immeditely, reset ADC control status and then enter into auto conversion mode.
Before start auto channel detection mode, channels and related configuration should be well set. Software
can disable auto detection mode by clearing AMEN register at any time.
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ADC Detuning Calibration

Due to production tolerance and their specific features of electronic construction, ADC internal comparator
circuit will bring out detuning tolerance in some degree. So it is very critical to compensate detuning voltage
in orde to acheive high accurancy of ADC conversion. Internal ADC of LGT8FX8P has ports supporting
detuning voltage detection.Detection and calibration of detuning can be complete by the help of software.
Detuning calirbration principle:

Detuning carlibaration mainly changes input polarity of internal comparator, detects ADC conversion result in
positive and negative directions. Because detuning voltage in positive and negative direction have also two
polarity, an intermediate detuning tolerance can be calculated by minus between these two conversion
results. In normal application, based on detuning voltage conversion result is adjusted accordingly.
Detuing calibration flow:

. Setting VDS modular, VDS input source is set as analog powr (AVCC)

. Referance voltage of ADC is set as analog power (AVCC)

. ADCSRC[SPN] = 0, ADC read 4/5VDO channel, conversion result is record as PVAL

. ADCSRC[SPN] =1, ADC read 4/5VDO channel, conversion result is record as NVAL

. Save (NVAL - PVAL) >>1 to OFRO register

. ADCSRC[SPN] =1, ADC read 1/5VDO channel, conversion result is record as NVAL

. ADCSRC[SPN] =0, ADC read 1/5VDO channel, conversion result is record as PVAL

. Save (NVAL - PVAL) >>1 to OFR1 register

. Setting ADCSRC[OFEN]=1 to enable detuning compensation
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Special care must be taken to : Due to positve and negative dierection of detuning tolerance, all datas and
operations mentioned above should be with symbols.

During detuning calibration, relevant configuration of ADC must be changed, so it is suggested to complete
detuning calibration before normally used configuration. To increase calibration accurancy, sampling is
suggested with serveral filter when ADC reads channel conversion.

After detuning calibration OFRO0/1 configuration, auto detuning compensation will be enabled by OFEN bit.
Than after normal conversion, ADC control will use OFR0/1 for compensation based on ADC conversion
results.
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ADN Dynamic Calibration

The above mentioned carliabration method is for detuning based on a single test environment and test input.
However ADC detuning will change accordingly when system environment is changing. So real-time
calibaration compensation is very important with regard to avoid performance tolerance of devices when it is
in a changing environment and to increase ADC measurement accurancy.

In this case a algorithm, based on principle of detuning calibration algorithm, is recommended. This algorithm
is to control ADC conversion polarity by SPN, in different SPN to sample two measurement results whose
tolerance has both positive and negative direction because of detuning, so detuning tolerance can be offset
easily by average value from plus operation.

We assume that during ADC conversion measurement tolerance from detuning is indicated by VOFS. Than
ADC conversion result can be indicated as below by setting SPC to make two continurous ADC conversion:
When SPN =1, VADC1 = VREL + VOFS1

WhenSPN =0, VADCO = VREL -VOFS0

By plusing these two measurement results, Vors’s affection to actual sampling input Vre. will be eliminated.
Due to match feature of circuit, Vors: and Vreo Will not be the same but in general detuning tolerance
compensation is acheived.

Dynamic detuning compensation algorithm procedures:

1. As per application demand to initialize ADC conversion parameter

2. Setting SPN=1, start ADC sampling, record ADC sampling result as VADC1
3. Setting SPN=0, start ADC sampling, record ADC sampling result as VADC2
4. If (VADC1 + VADC2) >> 1, then it is this ADC conversion result

In actual application, to acheive much better result by combination of above algorithm and sampling average
method.

Register Definition
ADC Register List



Register Address Default value Comments

ADCL 0x78 0x00 ADC data low byte register

ADCH 0x79 0x00 ADC data high byte register

ADCSRA 0x7A 0x00 ADC control and status register A

ADCSRB 0x7B 0x00 ADC control and status register B

ADMUX 0x7C 0x00 ADC multi-channel selection control register
ADCSRC 0x7D 0x01 ADC control and status register C

DIDRO 0x7E 0x00 Digital input disable control register 0

DIDR1 0x7F 0x00 Digital input disable control register 1

DAPCR 0xDC 0x00 Differential amplifier control register

OFRO 0xA3 0x00 Detuning compensation register 0

OFR1 0xA4 0x00 Detuning compensation register 1

ADTOL 0xA5 0x00 In auto monitoring underflow threhold low 8-bit
ADTOH 0xA6 0x00 In auto monitoring underflow threhold high 8-bit
ADT1L O0xAA 0x00 In auto monitoring overflow threhold low 8-bit
ADT1H 0xAB 0x00 In auto monitoring overflow threhold high 8-bit
ADMSC 0xAC 0x01 Auto monitoring status and control register
ADCSRD 0xAD 0x00 ADC control and status register D

ADCL--ADC Data Low Byte Register

ADCL--ADC Data Low Byte Register

Address: 0x78 Default value:0x00
Bit 7 6 5 4 3 2 1 0
Name0 ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADC1 ADCO
Name1 ADC3 ADC2 ADC1 ADCO - - - -
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial 0 0 0 0 0 0 0 0
Bit Name Comment
7:0 ADCJ[7:0]/ | ADCL--ADC Data Low Byte Register
ADC[3:0] | When ADLAR is zero, ADC output data is saved in registe by adjustment of low byte,

i.e. as indicated by Name0, ADCL is ADC[7:0];
When ADLAR is one, ADC output data is saved in registe by adjustment of high byte,
i.e. ADCL high 4-bit is ADC[3:0], low 4-bit makes no sense as indicated by Name1.

ADCL--ADC Data High Byte Register

ADCL--ADC Data High Byte Register

Address: 0x79 Default value:0x00

Bit 7 6 5 4 3 2 1 0
Name0 - - - - ADC11 ADC10 ADC9 ADCS8
Name1 ADC11 ADC10 ADC9 ADC38 ADC7 ADC6 ADC5 ADC4
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial 0 0 0 0 0 0 0 0

Bit Name Comment

7:0 ADCI11:8]/ | ADC Data Low Byte Register




ADC[11:4] | When ADLAR is zero, ADC output data is saved in registe by adjustment of low byte,
i.e. as indicated by Name0, ADCH low 4-bit is ADC[11:8] and high 4-bit is
meaningless;

When ADLAR is one, ADC output data is saved in registe by adjustment of high
byte, i.e. ADCH is ADC[11:4] as indicated as Name1.

ADCSRA--ADC control and status register A

ADCL--ADC Data High Byte Register

Address: 0x7A Default value:0x05

Bit 7 6 5 4 3 2 1 0
Name0 ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPSO0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial 0 0 0 0 0 0 0 0

Bit Name Comment

7 ADEN ADC enable control bit

When setting ADEN to one, ADC is enabled
When setting ADEN to zero, ADC is disabled

6 ADSC ADC start conversion
In single conversion mode, ADSC enable will start a conversion. In continurous
conversion mode ADSC enable will start the first conversion.

5 ADATE ADC auto triggering enable control bit

When setting ADATE to one, auto triggering is enabled. Rising edge of selected
trigger signal starts one conversion. Trigger source is control by ADTS in ADCSRB
register.

When setting ADATE to zero, auto triggering is disabled.

4 ADIF ADC interrupt flag bit

ADIF is set when ADC completes one conversion and updates data register. When
ADC interrupt enable bit ADIE is one and globe interrupt is set, ADC interrupt is
generated.

ADIF is cleared by executing interrupt or by writing one to this bit

3 ADIE ADC interrupt control bit
When setting ADIE to one and globe interrupt is set, ADC interrupt is enabled.
When setting ADIE to zero , ADC interrupt is disabled.

2:0 ADPS[2:0] | ADC prescaler selection control bit
ADPS selects prescale factor generated by system clock
ADPSJ[2:0] Prescale factor
0 2
1 2
2 4
3 8
4 16
5 32(default)

6 64
7 128




ADCSRB--ADC control and status register B

ADCSRB--ADC control and status register B

Address: 0x7B Default value:0x00
Bit 7 6 5 4 3 2 1 0
Name0 ACMEO1 | ACMEOO ACMENM ACME10 ACTS ADTS2 ADTS1 ADTSO0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial 0 0 0 0 0 0 0 0
Bit Name Comment
7 ACMEO1 | Comparator 0 negative input selection
6 ACMEO0 | 00: negative select external input ACINO

01: negative select ADC multiplexer output

1x: nagative select operation amplifer 0 output
5 ACME11 | Comparator 1 negative input selection
4 ACME10 | 00: negative select external input ACIN2

01: negative select ADC multiplexer output

1x: nagative select operation amplifer 1 output
3 ACTS AC trigger source channel selection

0- ACO output used as ADC auto conversion trigger source

1- AC1 output used as ADC auto conversion trigger source
2:0 ADTS[2:0 | ADC auto trigger source selection control bit

] When setting ADATE is one, auto triggering is enabled, trigger source is control by

ADTS.

When setting ADATE is zero, auto ADTS setting is useless. Rising edge of selected

trigger singal interrupt flag will start one conversion. When trigger source is switched

from interrupt clear to interupt enable, trigger singal will generate a rising edge, if

ADEN is set in this case, ADC will also start a conversion. When in continurous

conversion mode (ADTS=0), Auto-triggering is disabled.

ADTS[2:0] Trigger source

Continurous conversion mode

Comparator 0/1

External interrupt 0

Timer/Counter 0 compare match

Timer/Counter 0 overflow

Timer/Counter 1 compare match B

Timer/Counter 1 overflow

Njfojoa|~h[{W|IN|=|O

Timer/Counter 1 input capture event

ADMUX--ADC mutl-channel selection control register

ADMUX--ADC mutl-channel selection control register

Address: 0x7C Default value:0x00

Bit 7 6 5 4 3 2 1 0

Name0 REFS1 REFS0 ADLAR CHMUX4 | CHMUX3 | CHMUX2 | CHMUX1 | CHMUXO0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial 0 0 0 0 0 0 0 0




Bit Name Comment
7:6 REFS[1:0 | In combination with REFS2 in ADCSRD register to select ADC reference voltage
1 source.
By setting REFS control bit to select reference voltage, if changing REFS setting
during conversion, such change only effect after conversion is complete.
REFS2, REFS[1:0] Reference voltage selection
0_00 AREF
0_01 AVCC
0_10 On-chip 2.048V reference voltage source
0_11 On-chip 1.024V reference voltage source
1_00 On-chip 4.096V reference voltage source
5 ADLAR Conversion result left adjustment enable control bit
When setting ADLAR to one, conversion result in ADC data register is left adjustment
When setting ADLAR to zero, conversion result in ADC data register is right
adjustment
4:0 CHMUX[ | ADC input source selection control bit
4:0] CHMUX[4:0] Singe-end input source Comment
0_0000 PCO external input port
0_0001 PC1
0_0010 PC2
0_0011 PC3
0_0100 PC4
0_0101 PC5
0_0110 PE1
0_0111 PE3
0_1001 PC7
0_1010 PFO
0_1011 PE6
0_1100 PE7
0_1110 4/5VDO Internal voltage division
0_1000 1/5VDO circuit
0_1101 IVREF Internal reference
0_1111 AGND Analog ground
0_xxxx DACO Internal DAC output

ADCSRC--ADC control status register C

ADCSRC--ADC control status register C

Address: 0x7D

Default value:0x00

Bit 7 6 5 4 3 2 1 0
Name0 OFEN - SPN AMEN - SPD DIFS ADTM
R/W R/W - R/W R/W - R/W R/W R/W
Bit Name Comment

7 OFEN 1=Enable detuning compensate

0= Disable detuning compensate




Unimplemented

5 SPN ADC conversion input polarity control, only used in detuning calibration. In normal
mode it must be cleared.
4 AMEN Channel auto monitoring enable:
1: enable channel auto monitoring
0: disable channel auto monitoring
3 - Unimplemented
2 SPD 0= ADC low speed conversion mode
1= ADC high speed conversion mode, only used for analog input with low resistance
1 DIFS 0= ADC conversion from ADC multiplexer
1= ADC conversion from internal differential amplifier
0 ADTM Testing mode, internal reference voltage is output from AVREF port

DIDRO0--Digital input disable control register 0

DIDRO--Digital input disable control register 0

Address: 0x7E Default value:0x00

Bit 7 6 5 4 3 2 1 0
Name0 PE3D PE1D PC5D PC4D PC3D PC2D PC1D PCOD
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Name Comment

7 PE3D 1= shut down PE3 digital input function

6 PE1D 1= shut down PE1 digital input function

5 PC5D 1= shut down PCS5 digital input function

4 PC4D 1= shut down PC4 digital input function

3 PC3D 1= shut down PC3 digital input function

2 PC2D 1= shut down PC2 digital input function

1 PC1D 1= shut down PC1 digital input function

0 PCOD 1= shut down PCO digital input function

DIDR1--Digital input disable control register 1

DIDRO--Digital input disable control register 1

Address: 0x7F Default value:0x00

Bit 7 6 5 4 3 2 1 0
Name0 PE7D PE6D PEOD COPD PFOD PC7D PD7D PD6D
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Name Comment

0 PD6D 1= shut down PD6 digital input function

1 PD7D 1= shut down PD?7 digital input function

2 PC7D 1= shut down PC?7 digital input function

3 PFOD 1= shut down PFO0 digital input function

4 COPD 1= shut down ACOP digital input function (LQFP48)

5 PEOD 1= shut down PEO digital input function

6 PEGD 1= shut down PEG6 digital input function

7 PE7D 1= shut down PE7 digital input function




ADCSRD--ADC control register D

ADCSRD--ADC control register D

Address: 0xAD Default value:0x00
Bit 7 6 5 4 3 2 1 0
Name0 BGEN REFS2 IVSEL1 IVSELO - VDS2 VDS1 VSDO0
R/W R/W R/W R/W R/W - R/W R/W R/W
Bit Name Comment
6 BGEN Internal reference globe control enable, 1=enable
5 REFS2 In combination with REFS in ADMUX register, used to select reference voltage of ADC
conversion, referring to definition of REFS in ADMUX.
5:4 IVSEL When ADC reference voltage is set as VCC or AVREF, IVSEL is used to control
internal reference of output voltage:
00 = 1.024V
01 =2.048V
1x = 4.096V
3 - reserved
2:0 VDS[2:0] | Voltage division circuit input source selection
000/111 =shut down voltage division circuit modular
001 = ADCO
010 = ADC1
011 = ADC4
100 = ADC5
101 = external reference input (AVREF)
110 = system power
DAPCR--Differential operation amplifier control register
DAPCR--Differential operation amplifier control register
Address: 0xDC Default value:0x00
Bit 7 6 5 4 3 2 1 0
Name0 DAPEN GA1 GAO0 DNS2 DNS1 DNSO0 DPS1 DPS0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Name Comment
7 DAPEN 1= enable differential amplifier
1= disable differential amplifier
6:5 GA[1:0] Differential amplifier gain control
00 = x1
01 =x8
10 = x16
11 = x32
4:2 DNS[2:0] | Differential amplifier reverse input source selection bit

000 = ADC2/APNO
001 = ADC3/APN1
010 = ADC8/APN2




011 = ADC9/APN3

100 = PEO/APN4

101 = ADC multiplexer

110 = AGND 111 = disable differential amplifier reverse input

1:0

DPS[1:0]

Differential amplifier forward input source selection bit
00 = ADC multiplexer

01 = ADCO/APPO

10 = ADC1/APP1

11 = AGND

OFRO0--Detuning compensate register 0

OFRO0--Detuning compensate register 0

Address: 0xA3

Default value:0x00

Bit 7 E E 4 E E 1 0
Name0 OFRO0[7:0]
R/W W/R
Bit Name Comment
7:0 OFRO Detuning compensate register 0

OFRO is value with symbol, saved in format of two’s-compliment
OFRO0--Detuning compensate register 1
OFRO0--Detuning compensate register 1
Address: 0xA4 Default value:0x00
Bit 7 E E 4 E E 1 0
Name0 OFR1[7:0]
R/W W/R
Bit Name Comment
7:0 OFR1 Detuning compensate register 1

OFR1 is value with symbol, saved in format of two’s-compliment
ADMSC--ADC channel monitoring status control register
ADMSC--ADC channel monitoring status control register
Address: 0xAC Default value:0x01
Bit 7 6 5 4 3 2 1 0
Name AMOF - - - AMFC3 AMFC2 AMFC1 AMFCO0
R/W - - - - R/W R/W R/W R/W
Bit Name Comment
7 AMOF Auto-monitoring overflow event type flag bit

1=overflow

O=underflow
6:4 - Unimplemented
3:0 AMFC Auto-monitoring digital filter control bit

0000 = diable configuration
0001 = one conversion, no filter

0010 = two in consistent




0011 = three in consistent
1110 = 14 in consistent
1111 = 15 in consistent

ADTOL--Auto-monitoring underflow threhold low 8-bit

ADTOL--Auto-monitoring underflow threhold low 8-bit

Address: 0xA5 Default value:0x00

Bit 7 E E 4 E | 2
Name ADTOL[7:0]

R/W WI/R

Bit Name Comment

7:0 ADTOL Auto-monitoring underflow threhold register low 8-bit

ADTOh--Auto-monitoring underflow threhold high 8-bit

ADTOL--Auto-monitoring underflow threhold high 8-bit

Address: 0xA6

Default value:0x00

Bit 7 6 E 4 |3 | 2
Name ADTOh[7:0]

R/W W/R

Bit Name Comment

7:0 ADTOH Auto-monitoring underflow threhold register high 8-bit

ADT1L--Auto-monitoring overflow threhold low 8-bit

Address: 0xAA

Default value:0x00

Bit 7 E E 4 E | 2
Name ADT1L[7:0]

R/W WIR

Bit Name Comment

7:0 ADT1L Auto-monitoring overflow threhold register low 8-bit

ADT1H--Auto-monitoring overflow threhold high 8-bit

ADT1H--Auto-monitoring overflow threhold high 8-bit

Address: 0xAB

Default value:0x00

Bit 7 E E 4 E | 2
Name ADT1H[7:0]

R/W WIR

Bit Name Comment

7:0 ADT1H Auto-monitoring overflow threhold register high 8-bit

VCAL-- Internal reference calibration register

VCAL-- Internal reference calibration register

Address: 0xC8 Default value:0x00

Bit 7 6 5 4 3 2




Name VCAL[7:0]

R/W W/R

Bit Name Comment

7:0 VCAL Internal reference calibration register. After power on, load calibration value of 1.024V

by default.

Writing calibration value of other reference voltage to this register can acheive
calibration of relevant reference.

l.e. reference is set as 2.048V, writing VCALZ2 to this register, calibration of internal

reference to 2.048V is complete.

VCAL1-- 1.024V reference calibration register

VCAL1-- 1.024V reference calibration register

Address: 0xCD

Default value:0x00

Bit 7 E 5 4 E | 2 1 0
Name VCALA1[7:0]

R/W R/0

Bit Name Comment

7:0 VCAL1 Calibration coefficient of 1.024V internal reference

VCAL2-- 2.048V reference calibration register

VCAL2-- 2.048V reference calibration register

Address: 0xCE

Default value:0x00

Bit 7 E 5 4 E | 2 1 0
Name VCAL2[7:0]

R/W R/0

Bit Name Comment

7:0 VCAL2 Calibration coefficient of 2.048V internal reference

VCAL3-- 4.096V reference calibration register

VCAL3-- 4.096V reference calibration register

Address: 0xCC

Default value:0x00

Bit 7 6 5 4 |3 | 2 1 0
Name VCAL3[7:0]

R/W R/0

Bit Name Comment

7:0 VCAL3 Calibration coefficient of 4.096V internal reference

Page 247---page 258, refer to data sheet of Chinese version.




