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WAT-AVR128

1. ATMEGAT28A

1.1. 54
o VA5, KT, Atmel AVR 8 UIE Dl0|ARAE ST

o SFALEl RISC 0}7|EIX

- 133 JHQ 225 9gl - R AZSAIZ 43
32 JHO ¥ YAAER + e |HH &

16Mhz JHA| Jbs

- 2 AOIZ2 S|

o I 22

- 128Kbytes == d J}sgt Flash Z=d 0| 22|
- 4Kbytes EEPROM

- 4Kbytes ¥ SRAM

- 2|2 64Kbytes 22| &7 Jts

- T2 Yot gt H 3

- SPI QI8 0]~

e JTAG CIE{T 0]~

- 219 8U|E EIOIH/I}2H]
- 2209 16U|E E}0|D{/IF2H
- 2742 8UIE PWM
- 62 2 ~16 UIE ¥ Jtsst PWM
=9 dluwo|
-8 Mg 100|E otd=0C0AE A0H
2 M4 USARTS
- Master/Slave SPI Al2|g ClE{H 0]~
- AXE= EO|TY
® 53 12| I/O Lines

e 2.7 ~ 5.5V, 16MHz
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FFa . PFT FAD- FaT Poo - PCT z| s
= |
= :__ _ _____ _{_i_i _{_{ 4‘_$i ________1__I_1__}_I_1__}_1__ _ ____1_ T_[_1__I_I_I_1 BN 1
G |
i FORTF DANERS PCATE DRIVERS FORTE DRVERS
Jw.'r.t. RESISTER DATS DIR. CATA REGISTER DATA DR CWTA REGISTER CATA DIR.
REG. FDFrrF FEG Fcﬂm F-u:rrc FEQ. pnmc

E-BIT DATA EUS

avcc

e - hoc | INTERRAL i
1 ]

AONO-T CECILLATOR |

sz [ | »
£ L ] l DECILLATCA |
-

FROGRAM ETACK WATCHDCG
ITRGTEF | |<—
—’-| : COUNTER POINTER TMER e
I =t | |
FROEFRAM SRAM |_‘_, =T cmmal TIMNG AND
"IM"PDEE"-"-"'-T FLAZH | ::I AEGISTER CONTRCL
‘ [ i
TIVER
GEMNERAL *
Sy COUNTERS s
FEQISTERZ

INETRUCTION
E
FETRAJCTICN ¥ IN'I'EFlFI.lF'T

REGHETER
DECCOER LIHI'I'

ETATUS
FEGISTER

Es 1
y h 4
T IFE SERIAL
USEATH | AIEAFT | | INTERFACE
& 1 I

W] “Z@W i it T T
----------- SIS S
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3. H ™9

Eﬁg:
o o= B M < Ul W P e
0000 0000 =
OO oG e A i O
UDLLEEEEEEEE L L
SR enr=28gzY
S 0= o0obodoooi =0 o
oo O o o T o o o o i
— T8y CcERBREEBRBIZHEG ST
PENC1 o 48 [0 PA3 (AD3)
RXDo/(PDI) PEo [ 2 47 [ PA4 (AD4)
(TXDo/PDO) PE1 [ 2 46 [ PAS (ADS)
(XCKo/AIND) PE2 ] 4 45 [ PAB (ADS)
(OCam/AIN1) PEZC 5 44 [ PAT7 (AD7)
(OC3B/NT4) PE4A[] 6 43 [] PG2(ALE)
(OCaC/INTs) PES O 7 42 O PCT (A15)
(Ta/INT8) PE6 | 8 41 [JPCs (A14)
{ICP&rINT?} PE7[]|go 40 [ PC5 (A13)
SS) PBO 0 10 30 [0 PC4 (A12)
iSCK}lPB1E11 38 [0 PC3 (A11)
(MOSI) PB2 ] 12 37 [ PC2 (A10)
(MISO) PBa[] 13 36 [ PC1 (A9)
(OC0) PB4 ] 14 35 [0 PCO (AB)
(OC1A) PBS ] 15 24 [1 PG1(RD)
[OEBIPBELITE, e wi it Qi b aE o e  PE0VR]
— v~ — @ O o ooy D Doy O o o
R 3 s O 7 5 O i
Toaml38Id 85883888
agasgEIacdcaacndad
GaGk X xErENFEETEN
— ’_E’_’—D-Et::
588 Z=£=00
5885 -
o SE2EE

Mota:  The Pinout figure applies to both TOFP and MLF packages. The bottom pad under the QFMN/MLF
package should be solderad to ground.
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VCC :
GCND : 2}
Port A (PA7:PAO)

- vk 1/0

- 5 o222 FA/HO0IE ( bit7 ~ bit0)
Port B (PB7:PBO)

1/0

l/
(PC7:PCO)

1/0

| 22| F4/40l8 ( bit15 ~ bit8)
D (PD7:PDO)

1/0

T/
E (PE7:PEOQ)
l/
l/
(PF7:PFO)
1/0

=2
[S)

[l
i
0F0

)
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e
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Port
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e

O

Port

a
=

e
.

Jm

@)

Port

o
=

@)

ne
.

Jm
TP

(@)

Port

gt
/

Port G (PG4:PC0)

- 54 1/0

/RESET @ 2|A &

-—

e

>
)

XTALT @ Ao 1AE1 (L= Qa0 &
XTALZ @ Ac|AE HEE2

AVCC @ ADE &1# &
AREF @ e A Q)

PEN : AVR Z=2 0 Jbsopl &7 &

=)
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1.4. &8l IXI~8 ( SREG )

o SHf A= ALt A tiet 2 E JHALD et

Status Register =2 @ 0x5F

Bit 7 6 5 4 3 2 1 0

| H S V N / C
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

http://WhiteAT.com
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1.5. ¥§& el XlAH

e ATMECA128A Ol= ¥& el AIAEJE 32bytes JF &Moot RISC 2 Atts Slol 2 et Ch
RO ~ R31 JHAI2l 0| && JHELICH

7 o Addr.
R 300
Ri 3011
Rz 02
Ri2 300
Garsral R1d F0E
PUrposs RIS $0F
working RIE $10
Registars RIT #11
R2E F1A Heragishar Low Byts
R27 $1B H-ragisker High Byts
R2E $1C Y-ragistar Low Byts
28 31D ¥-ragi=tsr High Byte
R0 $1E Z-reqistar Low Byha
R $1F Z-registar High Eyle

R26,R27 = X elA£E, R28, R29 2 YelAl£H, R30, R31 & Z elA2~Eetd otof X\Y,Z @l

AAEE 16UE2 AA A o T AFSELICH

15 *H xL 0
27 (318 R26 (31A)

15 YH YL

7 o7 of
R2a ($10) Raa ($1C)

15 ZH yal

: T a
R21 (B1F) 30 (S1E)

http://WhiteAT.com
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1.6. 28 ZOIE ( Stack Pointer )

o ~AEIZ2 HOIHE AN M Wl 0T S2obi AMSELUILHL =2 &4 S50lM MEE0 &
==

T BN M HHE A Mot 2E E Wl MEE gfe= Sot=0 ALEE L

Status Register =4 @ 0x5D ~ Ox5E

Bit 15 14 13 12 11 10 9 2
5P15 SP14 SP13 SPi2 SP11 SP10 SP9 SP8 SPH
SPT 5P6 5P5 SP4 5P3 sP2 SP1 SPO SPL
7 5] 5 4 3 2 1 4]
ReadWrite RW RW RAW RAN RW RAW RW RAW
AW RAW RAN R RANY R RW RV
Initial Value 0 0 0 0 0 0 0 8]
0 o] 4] 4] 4] 0 0

1.7. RAMPZ - RAM Page Z Select Register

e / EOIEE CIE W 0x0000 ~ Ox7FFF (lower 64Kbytes) & WM~ &b ZiolX|, 0x8000 ~
OxFFFF (higher 64Kbytes) & WA~ o X E AL CL.
Bit 7 & 5 4 a 2 1 0
I - | - | - | - | - | - | - | RAMPZO I RAMPZ
Read/Write R R R R R A R R
Initial Valus 0 0 4] 0 0 0 0

http://WhiteAT.com
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Program Memaory
F0000

Application Flash Section

m——

Boot Flash Saction

$FFFF

http://WhiteAT.com
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1.9. Ol0lE] o2&

Memory Configuration A

Data Memory
32 Registers | $0000 - $001F
64 1/0 Registers | $0020 - $005F
160 Ext I/O Reg. | $0060 - $00FF
$0100
Internal SRAM
(4096 x 8)
$10FF
$1100
External SRAM
(0 - 64K x 8)
| |
| |
| |
| —_— - -
| = T S
e E T |
i 1
|
i |
' | SFFFF

e o e T Ve i

http://WhiteAT.com
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WAT-AVR128

. General Digital 1/0

e /O = HWRE UF NS Sde= I D Yot 2ol Wet Tri-state = 2t & QU
S L.
I
|
S
|
|
: HF-‘U
P i : L Logic
L
Com | See Figure
| "General Digital I'O" for
| Details
= v e o o e .
< I/O Pin Equivalent Schematic >
PUD
DDxn | PORTxn | (in SFIOR) o Pull-up | Comment
0 0 X Input Mo Tri-state (Hi-Z)
0 1 0 Input fes Par will source current if ext. pulled low.
0 1 1 Input Mo Tri-state (HI-Z)
1 0 X Output Mo Cutput Low (Sink)
1 1 X Cutput Mo Output High {Source)

< Port Pin Configurations >

http://WhiteAT.com
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WAT-AVR128

e PORTA = 2% Ol2e| F=4/U0lE]l (bit7 ~bit 0 ), Lot LAY U&=z ALEEUH OIIM=
H

oA S

Port Pin Alternate Function
PAT AD7 (External memaory interface address and data bit 7)
PAG ADE (External memory interface address and data bit )
PAS ADE (External memory interface address and data bit 5)
PA4 AD4 (External memaory interface address and data bit 4)
PA3 AD3 (External memory interface address and data bit 3)
Paz AD2 (External memary interface address and data bit 2)
PA1 ADA (External memory interface address and data bit 1)
FAD ADQ (External memory interface address and data bit 0)

< &1 PORTA 9 CI2 Jls >

e PORTA - Port A OIOIE &IAl~H
Port A 2 =< 4f0] HICH, LOW ©2IX AF-stC (1 @ HIGH, 0 : LOW )

Bit 7 8 5 4 3 2 1 0
— I —— I —— I
[ PORTAT | PORTAG | PORTAS | PORTAS | PORTAS | PORTAZ | PORTA1 | PORTA0 | PORTA
ReadWrits AW RW RAW W RW AW AW RW
Initial Value 0 0 0 0 0 0 0 0

e DDRA - Port A HIOJE{ &2at gl A~

S
Port A & &/&9 Weats 2-guch (1 : 25,0 299 )

Bit 7 ] 5 4 3 2 1 u]

I DDAT DDAG DDAS DDad DDAZ DDAz DDA DDA I DDRA
ReadWrite R R RW R RW RW R RAW
Initial Value [u] ] 0 Ja] a0 u] 0 [u]

http://WhiteAT.com
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WAT-AVR128

e PINA - Port A 22 00|
Port A & Qao=2 AR Al &3 g0l S0 sLich
Bit 7 B 5 4 3 o | 0
[Pinaz PINAG PINAE | PINAL | PINAZ PINAZ PINAA PINAD |  PINA
ReadWrite R R R R R R R R
Inifial Valus M m M MIA NI~ MIA o M
e PORTA U|EOZ HIGH, £ LIH{Al= LOW == oAl
DDRA = OxFF; /) ZE A E E8o=2 AH
PORTA = 0x01 // ZE A9 U|EQTF HICHZ Br=7|
e PORTA U|E7Z HIGH, 2 LIH A= LOW= 2t== 0f|A|
DDRA = OxFF; // ZE A & &gc=g MY
PORTA = 0x80 // LE A% U|E78t HICHZ Bt=7|
e PORTA & YgHo=2 ALZot0] HOIEH 9= oA
DDRA = 0x00; // ZE A & ggoz MY
byte byteData = PINA; // ZE A9 Q&Zt=2 pyteData 150 21
e PORTA U|IE7 ~ 4 S Qg o2 UE3 ~ (0 & &2z MHsl= oA
DDRA = OxOF; // ZE A AIQI4U|ES 2= 6IP4U|ES &0z A
PORTA = OxFF; // o9l 4H|EES HICHZ &2, A9 4H|E= T =22 Al
byte byteData = PINA; //ZE A2 =gt byteData B0l 2= (&9 4UHIEDE R ])

http://WhiteAT.com
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2.2. PORT B

e PORTB = S4¢t JlsGE &%)

ol tholf 2HsHUSLICEH

e
['(I
a
al
T
i)

922 MEED 0IIM= 28 OA

e
1K)
A

Port Pin | Alternate Functions

PRE7 0C2/0C1C" (Outout Compare and PWM Output for TimerCounter2 or Output Compare
and PWM Output C for TimernCounter1)

PB& OC1B (Output Compare and PWKM Qutput B for Timer/Counter1)
PBs OC1 A (Qutput Compars and PWRM Qutput A for Timer/Counter1)
PB4 OC0 (Output Compare and PWM Qutput for TimerCounterd)
PB3 MISO (5Pl Bus Master Input/Slave Output)

PRz MOSI (5Pl Bus Master Output/Slave Input)

PBE1 SCK (SPI Bus Serial Clock)

PBO 55 (5P| Slave Select input)

Mote: 1. OC1C not applicable in ATmega103 compatibility mode.

< FD D PORTB & ttE Vs >

e PORTB - Port B UIOIE] &l A|~E]
e DDRB - Port B UIOIE] 2fel 2l A~
e PINB - Port B &8 Ol0IE
PORTA 2| elAIAH &4 dyilt st

http://WhiteAT.com
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WAT-AVR128

2.3. PORT C

e PORT C & 2% ol=2e| F=4/Ul0lE] (bit15 ~bit 8), LYt CIAIE

= 2t OAE ==l ol ddopl&L

i)

o=z AZEH IA

Port Pin Alternate Function

PCT AlS
PCa A4
PCs A13
PC4 A1z
PCa Al
PCz2 Al0
PCA Ag

PCo Ag

< &1 PORTC 9 2 Jls >

e PORTC - Port C UHI0IE{ &l Xl~H
e DDRC - Port C Ol0|E{ %2k el Al~H
e PINC - Port C 2& OIO|E]
PORTA 2| 2llAl~H Ad 9t sdatct.

http://WhiteAT.com
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24. PORT D

e PORTD = SY¢t

J 2e OAIE g8 ASEHN 0JIME=E &t TA|
ol tholf 2HsHUSLICEH

e
e
L

Port Pin Altemate Function
PO7T T2 (TimerCountzr? Clock Input)
PD& T1 (TimerCounter1 Clock Input)
PDs XCKA™M (USART1 External Clock InputfCutput)
PD4 IGP1 (TimerCounterl Input Capture Pin)
PDa THNT3THDIM (External Interrupt3 Input or JART 1 Transmit Pin)
PD2z TNTZHED T (External Interrupt2 Input or UART1 Receive Pin)
PO INT1/SDA™ (External Interrupt? Input or TWI Serial DAta)
PDO TNTT/SCLY (External Interruptd Input or TWI Serial Clodk)

< &1 PORTD 2 ChE Jls >

e PORTD - Port D OI0IE{ &l Xl~H
e DDRD - Port D OI0JE{ 2haf il Al K
e PIND - Port D 24 OIO|E]

PORTA 2| ellAl~E Ad 9y =

il

LI Ct.

http://WhiteAT.com
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2.5. PORT E

e PORTE = 54l

L, 2u CAIE gs8es ASEN 0DIM=E & OA
ol tholf 2HsHUSLICEH

e
1K)
L

Port Pin | Alternate Function

PE7 INTTACP ™ (External Interrupt 7 Input or TimenCounterd Input Capture Pin)

PEs& INT&/ T3 {Extemal Interrupt 6 Input or TimerCounterd Clock Input)

INTS/OC3C (Extemal Interrupt 5 Input or Output Compare and PWM Output C for
PES L
TimerCounterad)

INT4OCIEM (External Interruptd Input or Qutput Compare and PWM Output B for
PE4 TaiC
TimerCounterd)

AIN1/0C3A ™ (Analog Comparator Negative Input or Output Compare and PWM Output A
PE3 i
for TimerCounterd)

PEZ AINOXCKO™ (Analog Comparator Positive Input or USARTO extemal clock input/output)
PE1 POOTXD0 (Programming Data Output or UARTO Transmit Pin)
PED PDIRXD0O (Pregramming Data Input or UARTO Receive Pin)

< &3 PORTE 9 ChE Jls >

e PORTE - Port E OIOIE &IAIAH
e DDRE - Port E OlO[E] &gf 2l XIA~H
e PINE - Port E &2 00| &
PORTA 2| el A~E A LY st

2

http://WhiteAT.com
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2.6. PORT F

e PORTF = Analog Digital Converter J|s(Z &%), 2ot [|XE Ad&EHo2 AZED HIIM=

2et CIAIE =50l ol ddoASLICH

Part Pin Alternate Function
PFT ADCTTDI (ADC input channel 7 or JTAG Test Data Input)
PF& ADCETDO (ADC input channel 6 or JTAG Test Data Output)
PFs ADCSTMS (ADC input channel & or JTAG Test Mode Select)
PF4 ADCATCK (ADC input channel 4 or JTAG Test Clock)
PF3 ADC3 (ADC input channel 3)
PFz ADC2 (ADC input channel 2)
PF1 ADCA {(ADC input channel 1)
PFO ADCO (ADC input channel 0)

< 23 0 PORTF 9 Cf2 Jls »>

e PORTF - Port F dlOl& el XIAH
e DDRF - Port F OI0lE] @&k 2| K| £2H
e PINF - Port F /<! Ol0|E
PORTA 2| 2lAI~E A Yeint sdatlct

on

http://WhiteAT.com
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2.7. PORT G
e PORTG & SS9t JlsGE gxn)e=2 AMEE 0 Ut OAE dEHe=2 AHE0| 2Jts @t
Port Pin Altermnate Function
PG4 TOSC1 (RTC Oscillator Timer/Counter()
PG3 TOSC2 (RTC Oscillator TimernCounterd)
PGz ALE (Address Latch Enable to external memory)
PG1 RD (Read strobe to external memory)
PGO WH (Write strobe to external memory)

< 31 : PORTG 9 .2 Jls »

o UUHOAY ZEZ ALE =Jtotol 28t OXIE /oo 2td & A~ It SlEsLCh

http://WhiteAT.com
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LIC}. & O AMMlo] &=

[=]

o
e
=)
T
30
i

2ol AMEEE Jl=A0l Jls =

O J1EAl ATMEGAT28A 9

I
ot Vlss 2eld HI0IHAIES 20

Qll

751

o
r
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ATMEGA128A
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g &4
ATMECAT128 HE =29 HUL=2 AVRStudio, Codevision, IAR 50| 2A&L|ICH AVR Studio=
JheE 2ol At2E= Hutd S LI Codevision 2 ZEMETE 0o =70 2= AMMHS Off
He|guch IAR 2 &= gA0AM AMEE = 2=
1.1. 2 s
AVRStudio 2t WinAVR = o of £ A& T AVRStudio = 2 Y ok=0 Helgt 2tE8=
H&25td WinAVR 2 Z o= Magtuct
e IZ M [REE
http://www.atmel.com 0 Jt2] & AVRStudio T2 1H#HE C}RYUS & ASLIC
http://winavr.sourceforge.net/ OlAl J12 Q10| WinAVRE L2823 & USL|CL
° EE_IE, il
HAM WIinAVRE AX|st & AVRStudioS A x| etL|LC}.
AVRStudio = HII S ¢ =tFx= =2 M35t
WIinAVR 2 g ol 0ot etol=2efelet B utdef(AVR-gce)E M-S EHLICH
WinAVR AR =0 AVRStudio S A X|all 0F 504,
WinAVR2 ghat FAMHE S ALE8 0k Lt

_22_
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AVH Studio

- Fle Project

N@HEG fE2ERES0 B M .6545

=

race Dizable

5|

Build Edit wew Tools Debug wWindow Help

= G O oL T B GR Mo S m

o

WiEww

|
=i

Marre

|Va,,,

FEltjo view | @ nfo |

Message

£

Loaded plugin STKR00
Logded plugin &WR GCC

Loaded padfile: C¥Program FilesWatmel®avA TDDISWPanDescriptiunFilsV_,i
. ; .II ¥

Build  #@Message | SRFind in Files |@Breakpoints and Tracepoints |

§

2

< AVRStudio 23 3H >

DM MRE TRHMES MM
Fi En:ljectt Build Edit “iew Took Debug ‘Window Help
: O G Project Wizard Sh o) o %‘f Eﬁ -4 4 ’}, 3 El
: Ha«:'_r| hew et |$’ B T oD e e
Open Project ——
Jjove = - x|
e —] Save Project —
Marme B A,
Cloze Project T
Recent Projects *
B0 view | @info |
Message
I nadad nliain STKEAD ] |
< ZRAE QYA >
bgo ZeMeys 24 it
http://WhiteAT.com
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WAT-AVR128

Create new project
Project typsr Project name:
& Airnel AR Assembler |I.ssl:‘]
¥ Create méial file &
Initial file:
llesﬁ .1::
Location:

Ver 412460 W Show dislog at statup

|[ Mewt>> |  Frish Cancel | Heb

/N
[&l
i
=)
(m
ol
i)
ox
A4

Sefect debug platform and device

Debug phatform; Device:
JTAGICE mkll ATI0CAM128 FY
ICE4D
ICES0 ATmegalf
JTaG ICE ATmegalE2
LA Simulator ATmegalBd
ICE200 ATmegal?
ATmegad23
ATmegabd
Nl

Poet: [Aute -I [~ Open platform optiors

Wer 412460

«Back [[ oo ] Frish Concel | Hen

>
Finish& =i S=otd, O|M o428 dde & As 20| Sl

OlM <ol =L

http://WhiteAT.com
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WAT-AVR128

AVE Studio - [D:¥WdataVWestl Wiestl.cl

Ble Project Buld  Edit  Wiew

Tools Debug  Window  Help -8 X
O = BES o e
VR GCC x| [T
=965 test] (default)
|23 Source Files
= testl.c

43 Header Files

= External Dependencies
L9 Other Files

]
“CEavR GOC | FRI/o view | @B1nfo

|

3
" B D:WdataWtest1Wtest1.c 4P
Message ®
Loaded partfile: C:#FProgram FilesWatmelWayh ToolsWParDescriptionFiles®aTrme A
Loaded plugin AYR GCC
Loaded parffile: CH¥Pragram FilesWaAtmelWAVE ToolsWPanDescriptionFilesaTme
. . g %
aBpyid @ Message | SRFind in Fles | Breakpnints and Tracepoints
ATmegalze
2MEHSHA A8 HE G,
#include <avr/io.h>
int main({
DDRB = 0OxFF; // output
PORTB = 0x00  // LED ON
return 0O;
- o5 —
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AVH Studio - [D:WdataWtesti Wiestl.c]
Eie gmpctlawldi Ecdt View Iook Debug Window Help

= {23 Seuree F| X Jean
[£] testl.q Export Makefila
3§ Header File
- i3 External Dependencies
[5] inttypes.h
(2] io.h
{?‘_‘} iom128.h
[1] portpins. h

L
1] sir_defs, h <l

A autput

M or OFF

DEEG |1’*_°°; Build F7 h 1T, T T
| Rebuid Al I
S [E¥ Buid and Run_Ctri+F7 |
a 'ﬁ-tnstl tdefauﬂiﬁ Compie Alt4+F7 j
” Fi2

W4 atedin b

Gav acc [0 vew | @info " B D:WdataWtest1Wtest1.c
Buid

{.data + .bs2z + .nedinde)

Build succeeded with 0 Warnings...

> %

<
4™ Build | @ Message | TRFAN in Fies |l Breakponts and Tracenoints
ATmeagalZa

Build and Run
clolgl o= ¢

< AL 5] >

£ AAHGI0] testl.hex THLO0| MAEA 20l
U2 chs &Zol JqE&Lic

_26_
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2. T2 W 20|18

o

dut

El

a
2
0>~
0>~
ra
I
=
l'-_l
e
2
Pal
l'-_l
e
]
a
alo
A=
m
rlo
0
s
|0
]
L)
=
om
i
o
30

GLILCL.
- Ponyprog T2 M} TEIE ZTEE 0|2

- AVRStudio Z=# 1 WAT-AVR ISP ( USB & AVR ISP)E 0|&

2.1. USB & AVR ISP

OgAME AVR 2=2F USB ISP A0S 21 &0t USB ISP 0I5 PC2l USB ZE0

AZgiLCh

R

http://WhiteAT.com
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2.1.1. A&

AVRStudio 2| STK500 =—*d}0il A

gl 2t

ClO|Oj2 0 YbA T} LFEFLERL|CY.

Lombens ok e e o

Select &R Programmer

‘Display the Connect Dialog' HHE

= 2¢%/ot¥ ISP o1&

Flatform:

&R ONE] =
STKEO0
QTR0
£YRISP mkll
STKS00
JTAGICE mkl|
akidB Dianon

Tip: To auto-connect to the programmer uzed lazt time, prezs the ‘Programmmer’

buttan on the toalbar.

[Haote that a ool cannot be used for programming az long az it iz connected in
a debugging seszion. In that caze, zelect 'Stop Debugging' first.

Dizconnected Made. .

| Connect... I

Cancel |

Baud rate:
{15200

2
Baud rate changes are
active immediately.

o 2 =S
S Ch 22 d35tH Z=20d etojgo ZtEE Colof=20

(Connect)2

ST gD A

_28_
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STESDD with top module "0=19" in ISP mode with &Tmegal28 == |

Main  Program lFuses | LockBits | Advanced | HW Settings | HW Info | Auto |
—Device

| Erase Device |

[+ Erase device before flagh programming [T “erify device after programrming
—Flash
il = = e e o e R e = e )
& Input HEX File || |
Program | Yerify Fead |
—EEPRCM
o se Earrent Sl star Enml ater EERE R G0 ety
@ Input HEX File | |
Program | Yerify Read |

—ELF Production File Forrnat

Imput ELF File: | |

Save From: [ FLASH ¥ EEPROM [~ FUSES I LOCKBITS Fyuses and lockbits

settings must be specified
Program I Save I befare saving to ELF

Detecting on "COME", ‘J
SYRISP with Y2 firmware found on COME

Getting revisions,, HW: Ox02, W Major: O:02, 5W Minor: IIIHE:-}J;Z_.;-S% v f J
Getting isp parameter,, S0=0<00,, O =l =il

http://WhiteAT.com
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2.1.2. tjglo|~ 23

(Device and Signature BytesJOIAM AtEE ClUto|£~HE MEISID (Settings]OlA = Etst 2tolg

S=8 AFULY,

STESDD with top module "0=19" in ISP mode with &Tmegal28 == |

Main IF‘rD!:lramI Fuses | LockBits | Advanced | HW Settings | HW Info | Auto |

- Badiemandefigaabua.Bitas

&Trmegalfa Erase Device I

|III><IZIIII 000 D200 FRead Signature |

WARMING: Signature does not match selected device!

—Prograrming Mode and Target Settings -
[ISP mode =] Setings., |
lar rreguency. nodd MHz

Getting isp parameter,, S0O=0:00,, Ok

http://WhiteAT.com
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S TESDD with top rodule 0213 in ISP mode with &Trmega 128

Main  Program IFLISES | LockBits | Advanced | HW Settings | HW Info | Auto |

~Device
| Erase Device |

¥ Erase device before flagh programming [~ “erify device after programming

“= Flazh
1 s Eurrent Sl atorEnml story FLLAER T ermmr

L Input HEX File ] [ el

Program r Yerify Fead |
—EEPRCM
o se Earrent Sl star Enml ster EERE R G ermsry
& Input HEX File | |
Program | Yerify Read |

—ELF Production File Format

Imput ELF File: | |

save From: ¥ FLASH [ EERPROM [~ FUSES ™ LOCKBITS Fuses and lockhits
settings must be specified

I R I before saving ta ELF

Prograrm

Detecting on "COME',,,
SMBISE with W2 firmware found on COME
Getting revisions,, HW: 0x02, SW Major: 0:02, SW Minor: IIIH%-Z“@;Z_.;;S!.;”; 3

Getting isp parameter,, S0=0<00,, O

http://WhiteAT.com
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2.1.4. FUSEGZ) B4

ofeffef 20| dde 4 ASUICL Y WOl A5 = 290l 20 Wt vde & ASL L

S TESDD with top rodule 02193 in ISP mode with &Trmega 128

Main | Program Fuses !Lu:u:kE!itSI Advanced | HW Settings | HW Info | Auto |
Fuse | Yalue | B
FAT03C [ 14
WOTOMN []
QOCDEM ] -
JTAGEM WES
SPIEM [wt)
EESAVE []
BOOTEZ Bo | - b
BOOTRST [] 2|4
CEOPT ] -
BODLEVEL — [RE3E0I 2 v 0l v
BODEM [ TEOD AEHETAIE
SUT_CKSEL  |E{E% £E Fl
ExTEMDED OxFF
HlGH 0=09
Ly 0xDE
¥ &uto read
v Srnart warnings
v “erify after pragramming Frogram l [ Fead |
' 2]
etting mode and device parameters,, OK!
Entering prograrmming mode,, O]
Reading fuses address Oto 2. DxDE, 0%59, 0%FF .. OK!
Leaving programming mode,, OF] ;I

_32_
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2.1.5. ollg] LAl

0

Al

s

€2 olefor edsetttd AVR &2 ooty HAZL 0 UCHH SCK

0 2gst etole 555 2otof giLiCh

i
e
M
al
32
rr

Ol

_—_

i

]|

A problem occurred when executing the command, Make sure that you are usin% the caorrect
prograrnming method, Current mode is ISP, See the command output for rore info,

The troubleshooting section in the helﬁ 5ﬁstem containg more infarmation an what may
have caused the problemns, To open the help systerm, click the Help button below:,

Cuick Tips: Yerify that the device is placed in the correct socket, and that the |SP

cable is properly connected, Check that the ISP programrmming frequency specified on the
‘Main' page iz well below 1/4 of the clock frequency of the device, Extra precaution
should be made when using the CEDIY fuse and/or Clock Prescaler Register (CLEPR) an
patts supporting this, :

ISP Clock

ISP Freq:

Mote: The

[1.343MHz =| Attainable:
ook _ W |
115.2 kHz

57.5 kHz Close |

4,00 kHz
1.21kHz L be less than 1/4 of the target

3 =N F

http://WhiteAT.com
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2.2. T2IE EER AVR ISP
JgAE AVR 251t ISP A 0l&& H&otd ISP Z20d3|0l&& PC2| Z2lH ZE
AZet
e+ AU

< AVR128 2=1F i{E ISP ¢1& >

http://WhiteAT.com
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PonyProg =2 dls Aot ofefet &0l =80l A L(C)

U] PonyProg2000 - Serial Device Programmer
Fila Edit Device Command Script Utility Setup 7 Window

2 etk DBE EEHEQ 2™ [whRmm ] far
LI AR famps ¥l

*: No Name

B[i=1:3

<
PoryProg2000 ATmegal2s Size 135168 Bptes  CRC 0000,

< PONYPROG A3 3}4 >

Device Family MBI ATMECA128Y HA20l= AVR Micro

il
rx
NitL
o
C
O

Il PonyProg2000 - Serial Device Programmer
File Edit [Device Command Script Uity Setup 2 MWindow

g2 B SPE TEsags

EREs CamR Lame ¥

Ay No Name

L >
PoryProgain ATmegs128 Sive 135163 Byles  CRC 0000
< Device Family A8 >
Device TypesS MEHOIAM ATMEGA128Y A<0l= ATMEGCA128= HE4SH| L.
http://WhiteAT.com
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I] PonyProg2000 - Serial Device Programmer
File Edit Device Command Script Lty Setup 2 Window

g 28 JEE CHasae s A

PEREE TR Lamo ¥

<

PoryFrogzion ATmegal2s  Size135168Ewes CRC 8a01h

|

)

< Device Type A¥ >

Clee=z Z=20ds 2Hol2ol AISe 2ES dH e,
[
33

[Setup) => [Interface Setup) Hw= M

i
_Oi
=
iz
0
]
1
30
>
i
O

PCel Zelel ZE(LPTHE AVR-ISPE AEE 29

Interface board Setup

140 part setup

" Serial o Parallel

Ayr 5P 10 v]

CLPTS

b3 6 LPTY

Select Polarity of the Contral lines

I Irwert Reset
[ lnwert SCEL

[ Invert DN
[ Inwvert DOUT

Probe:

< interface A#A >

_36_
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AVRE AI25HJ| Mol fuseS AXall0F ghL|Ch..

(Command) => (Security and Configuration Bits) 075 M E510{ Configuration Bilts &2 <0

ot=dlofoll S &d et

L PonyProg?2000 - Serial Device Programmer

Flie [Edit Device el Serpt LRty Setup T Window

]_E: B! E g &E‘id i Cul-A tﬁ'v'F-l G

FAead Program (FLASH)

_'_'] IATmng.ﬂlQ :I

i | Fead Dats (EEPROM)
R B

Wirkte Al Cul=-W

Werily All Cul-v
Verlty Program (FLASH)
Verlty Data (EEPROM)

Erase e Cul-E

Getindo

Fasel Cul-T
Program Cul-P
Program Oplions

Read Osc Calibration Byte Cul=0

Ogc, Calibration Op¥ons

<
PorgFrog2000 ATregal 28 Size 135768 Bpes  CAC BAO1h

‘write [iata (EEFROM)

79

AVR Alg]Z+= fuse g Aol d&=d w$ Fastt.
Z3 A& AVRO] fuse AAS WA Holof gty

Mol AW A% BE 0EAY

WAT-AVR128 REA 7|Eo= AFgats F= Ay thSa) 72}
= = [ Bootlock12 I Bootlockll [ Bootlock02 [ BootleckDl [ Lock2 I Lockd

I I T M =0 2 ™iosc T woTok

W OCDEN W JTAGEM ™ c7ifr T CEOPT [T EESaVE [ BDOTSZ1 v BOOTSZ00 BOOTAST

[ BODLEVEL ¥ BODEN W SUT1 [ SUTO [ CKSEL3 I CKSEL2 I CKSEL1 W ik\

Cancel |[ 0 | Cearal | Setan | wite | Read |

- Q¥ 78 ~E(11.0592MHz) A&

_37_
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OIMl Jl=Hel ME2 el OlM AL S 2told ofH Fulth

(File] => [Open Device File) 0575 MEISH0] AT S MEdSHLCL

O PonyProg?000 - Serial Device Programmer

RCW Edit [evice Command Script Uity Selup 7 Window
hiew Window (@Sl e| S [Rmee =] [ATmegarza -]
Opan Program (FLAZH) File_, ot Al

Chpen [ata (EEPROM) File,,

Save Dewice File

Save Dawice File gs

Save Program (ELASH) File As
Save Data (EEPROM ) File As. .

fieload Files Ciri-L
Prind_ ..

Close
Enit

allawve, hex
tec_awr hex

< »
ForyPog2000  ATwegal?3  Sies 135158Epe:  CAC BATH

< PONYPROG Z=2¥ 2olgl >

Open device content file

e gD (LW EM =~ =®EcEE
4 oMy Nirual Machines o White AT
I_a:.} (&1 My Webs pWindows_HP_Professional 5P I_Keygen
lHHZEH = Mysetup I Work
= Syocad_lib CyzipEE2
: (3 PADS Projects = [lest hex
B £ (ipatch
3 AT
__,_.a? realgaln
LH 2M CateceviedFile
1 Cysource nsight
ﬂ! tec
W 2FH ytest foider
.’;"l] push
i avC
lf HESHI B8 |, ¥

MH B ftest hax
W e [-hen

t =R |
=

L4 e

<A} kel A >

http://WhiteAT.com
— 38 —



WAT-AVR128

2d=S Melsh 20| [Command] => [(Write AllJS &elistX 2t0|E 0] &l E LI

L] I"[;lnl_,ll'rng}'l]ll[l LSeral Device I:r.1gr.';qn'|rnr-r

Elie Edit - [evice QLNENG N =crigt Ly Setup 7 Window
i (el pey  Dewd Al Cul-R PV

i L= = | AT megal 2B -

E’ E ﬁ & Fead Program (FLASH) | =i ATt =

; Read Data (EEFACHM)

&*EPGEE "3

e ettingeWd.C ‘Write Program {TLASH)
UABBIE) BT B o A P R il
000828) BC O oo ASH) Oh B ieecuassasind
epenIe) BC Bl oo EESROMD - T R R R S §
opooso) oc pf  YETY V@ T T
BD0OSE) BC 9 geoyity and Configurstion Bits.,, Cwl-S PE BB BB liaeieieieaesn
sssere) ac 3| L= il &R e

Getiple. ==@0202020202 0 pon ol Eramssmsamansese
doamAB) Ooc 9 Ra CHl-T LB R 2  cccerenserwmaans
panEsa) 92 0l b =¥ ap a0 am c BBy, =
9BOBAD) 3D 31 progrses P 30 30 3D  —-mmm—m—mm—mmaee |
ovanew 30 3t 030 .. ma® oo
BREEDA) BB Bl  Resd Osc.Calibration Byte Cirl-0 30 9p 3D e mEEEEme -
:::::; 32 :L Osc, Calibration Oplions, 3: g: 3z .
- S - i TR T T — ket

oag1e@) 2D 30 3D 30 3D AD AD ID - 3D 00 B0 BA PE FA 25 60 02 mescmswes e .
oagtiIm) 25 43 2% 63 25 A3 DE B0 - BD A BD DA 28 BE K3 Ly b Do 1op 1 S, LCD ==

< - 5
ForwFrogi000 ~ ATmegsl28  Gos135/68Bwe:  CRC 5254k

http://WhiteAT.com
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ATMEGAT128A
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1. 1/0 £E

INPUT/OUPUTE ATMEGAT128 2| 1/0 dIA 2B E SallAM Moler & ASLICH

/O ZEOo| tist AEs f2AMSLICL Aol AtE

oz
ik
r1o

i
fol

|22 WAT128 =9 o1&
Ot et &Z&L L PORTA &= FND DATA &1, PORTC = FND M8 &5 PORTD=
PORTE= LED, PORTF & ADC 2l= 0 A&AE 0 JUSLILCH

>
$
>

VECE 12K Rf D1_ay| ” 2 | PEO/PDI/RXDO
12K R2 D2 BI77 3 it
PE1/PDO/TXDO
12K R3 s BI77 4
PE2/AINO/XCKO
12K __R4 Y Bl 5 AL
PE3/AN1/OC3A
12K _R5 05 BI77 6
PE4/INT4/0C38
12K _R6 06 BI77 7 e
PES/INT5/0OC3C
12K R7 D7 xx 8 . :
PE7/INT7/ICP3
< LED 912 3=z2% >
Q0O > =
Lol
ECEPax
mmrE OB h
S —0No o100 =~
o O o o N e i v i U :
(o K o B o 2% o T s TR o 0N o DY . 2006 Voo
e Ll
LDl O CO| O O ~— O T
Ol O O O\ O 02 0 O S
— DiFd Riy 4 JK/608
o DIFT  Riz”. 4 TKIE08
i F{'w? AR08
DIFP7 o | ==3 R:Wf: Alii)
DIPB& — e
Bips i Bl NN AL
DIP4 —r Sl HW"-'\-' s
DIP3 SW DIP-B
DIP2 ==
DIP1 GND
DIPO

< DIP SWITCH 472 3=2% >

http://WhiteAT.com



WAT-AVR128

http://WhiteAT.com
— 42 —



WAT-AVR128

')
tl u 4.... . i

< AVRI128_EXT H =9} [0&ADC REE=¢ LEDY 4 >

http://WhiteAT.com
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1.2. & =%t

o
[‘O
Iy
_Oi
39
|0
c
>
fuu}
HL
o
Yy
0
Q
rr
>~
i
for
©
ol
_E
=}

ATMEGA128 MCU &t I/O HI2~E 25
of

ol=dl ™A http://whiteat.com/57035
MCU=Z =% gtL|Ct.

|0 f=10pd ot siAP Ij= ATMEGA128

Ofelf 2f Z0] $= of ol

M s 2 == LEDIE HAIL, FNDOl=  “12347 JF 20|20
LED= D1 2 WA D, D2= 2t

K
O
w

4
O
co
=}
N
Pl
el
04
z
bl
|0
HU
Q
N
Mo

o

o ot ZuCh

®

WAT~10KADC
hEtpc//aniteaT
X
Ay
[l 51
e Y
W]
L
o108
an ¥

.

[~

SIXF SASHA WSCHR Jol2 APS =0Ist $ CHAl AASHAIN BT

o
J
-
['
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1.3. LED =
LED= & Zofl Zels= X2 2ol ON &= AXALCEH A0 2F 0V &= 5VE Q1 JfotH
LED= HAXIAl £&LILE S22 0l= bV, ThE Sole 0VE Yot HYst Mo A=z AZE 0
A0{0F LEDE oHHoIH ON & 4 &L L.

ATMEGA1282 PORTE 0] ¢1Z%=l LEDZ ONoldd®™ PORTEZE LOW(OV) = =&ioll0of &tL|Ct.
PORTEZ HICH(5V)E &g o6lM LED &F ZZ0f| Q&= Mol @F 5V 017 W20 LED = AKX
&L L

1.4. PORT &8
ATMEGA1282] XE M 0= ATMEGCA128 ellAl~H 2t2 READ/WRITE 610 Jbs & 24l Ch
Ol ==& dlz SAEUL

#include <avr/io.h>

int main(){
DDRE

PORTE

while(1){}
return 0;

= OxFF;
= 0x00;

{

Iy

<78 =
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#include <avr/io.h> // ATMEGCA128 = M 0jat)| ¢let & et
/) dAIAH M-S

int main() // C AL AZHZ main
{

DDRE = OxFF; // PORTE € &852= A%

PORTE = 0x00; // LED HJ|

while(1){} // Fatol ]

return 0;
}
cools =30|2tE vl 20|2tH main, while, return® 0Fa! AL|Ct otA| 2 S Al DDRE,

ot delet 4ol gl olels 8lol Bupd gLCh

T
@)
v
_‘
m
rr
40
NS
o
\d
ey
|’C
5>
rﬂ!

DDRE, PORTE & el A|2~E{ (Register)eiuict.

A AE = CAHAOAM HEeEA e ALSED el A 2B ool 8UIE gt Writing o064 ATMECAT128 =

L

Moot Jbsst ALt DDRE= PORTES] INPUT/OUTPUTS AE5t= el Al 2E 022 PORTEES
PORTES] &9 gt= MOiot= el A LT

o A&olM At AFSobHl == el AI2El= DDRA, PORTA, DDRB, PORTB, DDRC, PORTC,
DDRD, PORTD, DDRE, PORTE, DDRF, PORTF 0|04 ATMEGA1280ll= 10074 O[&fe| el XAl A~E{ It

ASLICH

http://WhiteAT.com
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I

——

=0} 2tA DDRE
= 0b11111111 & Z¥&LILh

OxFF DDRE =

PORTE

, PORTES| 2

A 5® 2= LED= ON ELUCh

Ob111111 11

Eol LOW(OOV)E

1

a
_

-
J

2 DDRE =

)

3

LE

DE ON, OFF, ON,

OFF, ON, OFF, ON, OFF= 5te{™ OfeH 2f

N
=

p

ClotH

=SB

m

#include <avr/io.h>

int main()

{
DDRE =

PORTE =
while(1){}

return 0;

OxFF;

// ATMEGA128 =2
dIAIAE Ms

ol
-
©)

Moiatal #let Jl=

0
4
L

//
//
//

/) C AL AlZFE main

=

==

= cdo =2

—_

// PORTE =
// 0b01010101

// Fetol tJ

A
=

0

0x55;

Of mwj HufAstD

0xbb= GtA|

s =2

[oX =4

ATMECA128 2=2 2}0|8ol= ot

—

A QloAlel oF EL|Chl

N?

PORTEZ2| 0] HIGH
AE&LICH PORTES

A7 (DDRE=0xFF)al{ 0

(GV)OIAHLE LOW(OV)Oll =
12 PORTE 2llAl~

| =9
= MO1oF It

i
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o
=

i

1-1

LEDOI 20| S0{@H 5l s Ehel= o
2519 Lch DO(PORTA.00
DAl At 2 LHAIZH ONE
SASUC
CF OpX|B) L
SIS 0IIIA 28t vH=aoF SiLiCl,

ED Jt ON/OFF & =0ll= UAl Mse=
I.

DO:
DT1:
D2:
D3:
D4:
D5:
D6:
D7:

| ]0]0]0]0]0[0]e,
Oe0O0O0000O
0000000
OCO00O@0O000O
0]0)0)0] I0[0]e,
0000000
0]0)0]0]0l0] 1@,
0000000 ®

EX_01_01.c

LED &AH <=2 ON obJ|

AVRStudio 4.18

*/

#include <avr/io.h>

/)L NZE Zlo] (o 1)

void Delay()
{
register unsigned long i;
for(i = 0; i < 300000; i++)
{
asm volatile(" PUSH RO ");
asm volatile(" POP R0 ");
asm volatile(" PUSH RO ");
asm volatile(" POP R0 ");
asm volatile(" PUSH RO ");
asm volatile(" POP R0 ");

_48_
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asm volatile(" PUSH RO ");
asm volatile(" POP R0 ");
asm volatile(" PUSH RO ");
asm volatile(" POP R0 ");

}
}
int main()
{
DDRE = OxFF; // ALL OUTPUT
PORTE = OxFE; // PORTE.O LED ON
while(1)
{
Delay();
if(PORTE == 0Ox7F) // OFX|SF LED JF ON & CHHA,
{
// M2 LED ON Al
PORTE = OxFE; // PORTE.O LED ON
}
else /) OEX ZCHA
{
PORTE <<= 1; // gt 2t 0|]= ( PORTE = PORTEKK 1; & =Y )
PORTE |= 1; // OFX|2t LED = OFF ( PORTE = PORTE | 1; 2 ¢ )
}
}
}

http://WhiteAT.com
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o
=

i

1-2

PORTESl 0 ~ 7 &0l LED 8MJF A&X0 A
LEDOl =01 S0 ot aiedsl= ol 00 &
=<ot™ &utt. PORTD of o1&8& @ A%A ON/OFF=
LED € MOolgt & A= SA9A 189S ON ot DOt
ON, &4%9A 181= OFF ot? DOJF OFF &3, LIo{A|
HARA 2 ~ 79 LEDS OFEHIEFAI 2 ON/OFF oh=
Ol Ml & LT

DIP SWITCH 181 ON

@O0O0O0O000O

DIP SWITCH 1,281 ON
00O O0O0O0OO

DIP SWITCH 5% ON

0000000

DIP SWITCH 25 ON

A= 1-2

#include <avr/io.h>

int main()

{
DDRE = OxFF; // PORTE ALL OUTPUT
PORTE = OxFF; // ALL LED ON

DDRD = 0x00; // INPUT for DIP SWITCH

while(1)
{

PORTE = PIND; // &2%1x gt PORTE =

ut=
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o
=

i

1-3

PORTES| 0 ~ 7 o LED 877} A &s 0
LEDOI 20| S0l olei® ale ol 0 2
=2folw FU|CL Y29A 1812 ON ot
DO(PORTE.Q0 Q1ZE LED)LE DIIA Adlth =
ONE| T YA9|A 1S OFF of¥ OFX|9F 242 LEDRH
OFF = ol M LiCt.

DIP SWITCH 1¥ ON

po: @OOOOOO
pi: @@OOOO
2 @@@OO
ol I I I J@
e X I X J )

i O0O00®

oy I I I I J@
3 OO@@®O
02 @@@OO
pi: @@OOO

Q@OOOO

DO:

ZE 1-3

/%
EX_01_03.c

PORTEZ| 0 ~ E0 LED 81JF HHZE 0] A
LEDAl =0 3015371| ol allgdsEl= 2E

o =@

‘00 & =dotH gLt

2% A 1HES ON ofH

DO(PORTE.O0 HAZF LED)SHE D7I7HA At = ONE 2
CIASIX| 1¥1S OFF ol% ObX|8t HZ LEDYE OFF &=

Ol M 2L T

LED: PORTE of o1&

DIP SWITCH: PORTD off &A1&

AVRStudio 4.18

*/

#include <avr/io.h>
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/) L AIZE 2 0]
void Delay()

{

register unsigned long i;

for(i = 0; i < 300000; i++)

{
asm volatile(" PUSH RO ");
asm volatile(" POP R0 ");
asm volatile(" PUSH RO ");
asm volatile(" POP R0 ");
asm volatile(" PUSH RO ");
asm volatile(" POP R0 ");
asm volatile(" PUSH RO ");
asm volatile(" POP R0 ");
asm volatile(" PUSH RO ");
asm volatile(" POP R0 ");

int main()

{

DDRE = OxFF; // PORTE OUTPUT
PORTE = OxFF; // ALL LED OFF

DDRD = 0x00; // DIP SWITCH 822 2l
while(1)
{

Delay();

if(PIND & 0x01) == 0x00)

{
// DIP 1 0] ON 0]|H
PORTE <<= 1,
PORTE |= 0; // OFAIEE LED &= ON &
}
else
{
// DIP 10 OFF 0™
PORTE >>=1;
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PORTE [=0x80; // A& LED = OFF =
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o
=

>

1-4

ZEte| 29 A 2ES Anode Typell FND 9o & Uiay
Atelol =5t 2Hel 2R gol ‘00 ¢
Sob wl Aels Yo §F UM Aelel &8 EJlols

Ol Ml 2 L T

=
=)
ik
3

AL 1-4

/*****************>k>k>k**************************

2E 2| (Rotary) 2% X gt= Anode FND TALe| o ZEAlot= Ol A

WAT-AVR128 2E°| PORTA => WAT-IO&ADC 2=9 FND DATA(T) of i
WAT-AVR128 2&9] PORTC => WAT-IO&ADC ®=2| FND CONTROL(2) o ¢1&
WAT-AVR128 2&9| PORTF => WAT-IO&ADC 2=9| ADCU5) off o1&

PORTC.0 : 2E{e| 00 A& ()

PORTC.1 : 2H¢e| 10 A& (=)

PORTC.2 : 2E{e| 201 A& ()

PORTC3 @ 2E{2| 301 A& ()

PORTC.4 : FND TAt2[0 SEL &l= (
PORTC.5 @ FND 2Atefoll SEL ¢&l= (
PORTC.6 : FND 3At2|ofl SEL &= (
PORTC.7 : FND 4At2|ofl SEL &= (

JB oy Y R
NN

U

PORTA : FND UOI0IE 2= (&)

J

Main Clock : 11.0592Mhz

Tools : AVR Studio 4.16
AP = ¢ WAT-AVR128 2= + WAT-I0&ADC
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>k>l<>l<***************>k>k>k************************/

#include <avr/io.h>

#include "wat128.h"

int main()

{

BYTE bytelLastFNDO = 0;

// FND4 z=J|at

INitFND40);

// 2HZ 2R =I5t

InitRotary();

g _FNDI(0]) = 0;
g FND(1]) = 0;
g_FND(2]) = 3;
g_FNDI(3] = 4;
BUZZER_INIT;
while (1)

{

/) 2EEl AR ¢k 2]

g_FND(0) =

GetRotaryInt();

if(g_FNDI[0) !'= bytelLastFNDO)

{

byteLastFNDO = g_FNDI[0]J;

if(byteLastFNDO ==0)

{

// HlZE W]
BUZZER_ON;

DelayMS(10);
BUZZER_OFF;

/) SFYUM Atels St
if(++g_FND(1)>=10)
g FND(1]) = 0;
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// END 4Xt2] A
DisplayFND4(g_FND(0),g_FND(1]),g_FND[2),g_FNDI(3));

http://WhiteAT.com
— 56 —



WAT-AVR128

o
=

i

1-5

7| IHES A(WAT-KEY4x4) MO oM 2L|Ct 2

&
flo
>
el
N
[0
Hu
-
O
Hu
|'>|
b
Qi
2

QUEO &5t= oM 2L T

Kl
In
T
(8]

Qs W=
1. WAT-AVR128 (2&

2. WAT-AVR128 EXT (2h22 =)

3. WAT-KEY 4x4 (915 )

=> WAT-KEY 4x4 2= PORTA o ¢12ist of

el

s
Ax4 BHE2 I HEE A2 Stlez PCOIAM HAZIC= ZAl

- C# (VS2008)

gl
a

*/
#include <avr/io.h>
#include "WAT128.h"
void OperatingFromPC();
int mainO{
/) ANeld stlez pPCol d&ah| glet 2R01E &7

OpenSCIl0(57600);

// INME Z=D|35}
Initkey4x4();

while(1)
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{
/) IIHES S YOlM PC2 HE
OperatingFromPC();

}

BOOL bPCHeadCheckOK = FALSE;
INT16US g_uiPCRecevingDataCount = 0;
BYTE g_bytePCDatalRX_BUFFER_SIZE);

//V RX Y Z=0| st

void RXClearFromPC(){
g_uiPCRecevingDataCount = 0;
bPCHeadCheckOK = FALSE;

//! RX XMe| 2E
void OperatingFromPC(){
BYTE byteCommand;

INT16S iRxData;
iRxData=CetByte0();

if( 0<= iRxData && iRxData<=255 ){

if (TRUE == bPCHeadCheckOK)
{

// STX € STt (0|0| LiztCHH)
g_bytePCDatalg_uiPCRecevingDataCount)
if(++g_uiPCRecevingDataCount> =RX_BUFFER_SIZE )

{

g_uiPCRecevingDataCount =0;

if (COMM_ETX == iRxData )

{

byteCommand = g_bytePCDatal0);
switch(byteCommand)

{
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case 0x10: // key 4x4
if ( g_uiPCRecevingDataCount>=7)
{
if (COMM_ETX == g_bytePCDatal6] )
{
SendKey4x4( GetKey4x4());
}
RXClearFromPCQ);
}
break;
default:
RXClearFromPC();
break;
}
}
}
else
{

// STX JF Lh@Al FACHH STX JF Lh=W VLAl J|CHElC.
if (COMM_STX == iRxData)

{
bPCHeadCheckOK = TRUE;
g_uiPCRecevingDataCount = 0;
Yelsef
}

http://WhiteAT.com
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2. LCD Hl0f

2.1. Character LCD

16x2 Wi 22| Character LCD = €8t o= 1612 &0| 22l 2} J|s2 US4 &&Lth

s oy s
1 GND Ground, 0V
2 VDD Logic power supply, +5V
3 VO Voltage for LCD drive
4 RS Data / Instruction register select
5 R/W Read / Write
6 E Enable signal, start data read/write
7 DO
8 D1
9 D2
10 D3
Data Bus Line
11 D4
12 D5
13 D6
14 D7
15 A LED Anode, power supply +
16 K LED Cathode, ground 0OV
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Character LCD = & 1109 Instruction(¥3&)0| o LISy &Z&L|C

) Instruction Code Executed
Instruction DESCRIPTION Time{ fosc
RS |RAWV|DBT7|DB6|DBS |DB4|DB3| DB2|DB1| DBO =270KHz)
Clear Display Write “20H" to DDRAM and set
10111 %]°]°]°| " |DDRAM address to “00H " from AC |!-23MS
Set DDRAM address to “"00H” from
AC and return cursor to its original
Cursor AtHome | | 4 | o | g | 0| o|o|o|1] - |Positon if shifted. 1.53mS
The contents of DDRAM are not
changed.
Entry Mode Set ; Assign cursor moving direction and
el | Il ] ol Bl enable the shift of entire display. 39uS
: Set display (D), cursar(C), and
ggﬂ%ﬁ Onfoft | o lolololo|ol|1|0o|c]| s |Blinking of cursor(B) ON/OFF control 39uS
bit.
Cursor or Set cursor moving and display shifts
Display ofo|j0j0Q|0|1|sCrRL|- cursor bit, and the direction, without | 39u5
Shift changing of DDRAM data.
Sets interface data length
. i (DL:8-BIT/4-BIT), number of display
LI~ P e | o8 s O E lines(N:2-line/1-line) and, display font 39S
type (F:5x11dois/5x8 dots).
Set CGRAM Set CGRAM address in address
Adkiioss o| 0| 0|1 |acslacd|aca|acz|act|aco i 39uS
Set DDRAM Set DDRAM address in address
Address 0| 0| 1 |ACE|ACS |AC4|AC3 [ACZ [ACT [ACO e 39uS
Whether during internal operation or
Read Busy :
not can be known by reading BF.
;I;:?rsgsd 0| 1 | BF |ACEIACS ACH1ACS |AC2|ACT\ACD |10 e ontents of address counter can| O
also be read.
Write Data to Write data into internal RAM
RAM t|0o|D7|D6|D5 | D4|D3|D2|D1| DO (DDRAM / CGRAM) 43uS
Read Data Reads data from internal RAM
from RAM VU [P U Us | DA DS 02 DY) DO LA CORAM) 43uS

=_"don't care

NOTE : When an MPU program with checking the Busy Flag(DBT7) is made, it must be necessary 1/2Fosc
is necessary for executing the next instruction by the falling edge of the ‘E’ signal after the Busy
Flag(DB7)goes to “LOW” .
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LCD2tH = CLEAR, HAME zt=

aoto 2 olsot=s WL L

ot CLEAR
HHS oy dio| g
4 RS LOW
5 R/W LOW
7~ 14 DO ~ D7 0x01

HME zt=5 2ttte =2 0|ls
ngis oy olole
4 RS LOW
5 R/W LOW
7~ 14 DO ~ D7 0x02

Ol LCDOl Ydol= &d 2 El0|YEZ V4ol &2 2t=0 @9 Chsdt &L
void CLCD_Command(BYTE data)
{

while(CLCD_BusyCheckO){} // &9l LCD HW&o| &= m)rxl J|CH

ClearBit(CLCD_CONTROL_PORT,CLCD_RS);
ClearBit(CLCD_CONTROL_PORT,CLCD_EA);
DelayUs(1); // 1uS €dl0]
CLCD_DATA_PORT= data;

DelayUS(50); // 50uS 20|
SetBit(CLCD_CONTROL_PORT,CLCD_EA);
DelayUS(20);  // 20uS o]
ClearBit(CLCD_CONTROL_PORT,CLCD_EA);
DelayUS(50); // 50uS €&0]

CLCD_Command(1); // &% CLEAR
CLCD_Command(2); // 2AIM& HOME 22
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THS =0y diolg]

4 RS HIGH

5 R/W LOW

7~ 14 DO ~ D7 =dat 2AF g

S Z9ots AYUS Elo|YS wEloto et o

void CLCD_PutChar(BYTE data)

{
while(CLCD_BusyCheckO){}  // &2l LCD
ClearBit(CLCD_CONTROL_PORT,CLCD_EA);
SetBit(CLCD_CONTROL_PORT,CLCD_RS);

DelayUS(2); // 2 us delay
CLCD_DATA_PORT= data;
DelayUS(50); //  delay

SetBit(CLCD_CONTROL_PORT,CLCD_EA);

DelayUS(50); //  delay

ClearBit(CLCD_CONTROL_PORT,CLCD_EA);

CLCD_PutChar( ‘A’ ); // 'A' &%
CLCD_PutChar( ‘y" ); // 'y &%
CLCD_PutChar(0x57); // '"W' £¢&]

WAl J1CH

_63_

http://WhiteAT.com



WAT-AVR128

2.2. Character LCD A&

WAT-CLCD&t WA
LCD oIy =& A&

VR12| 5K Jt¥H Aete

- RS @ PC1
- R/W: PC3
-E 1 PCH
- DO : PAO
- D1 : PA1
- D2 : PA2
- D3 : PA3
- D4 : PA4
- D5 : PA5S
- D6 : PAG6
- D7 : PA7
- BUTTONI
- BUTTON2 :
- BUTTONS3 :
- BUTTON4 :
- BUTTONS :

: PCO

PC2
PC4
PC6
PC7

AVR128 2= Ofeh

O} 7FO| Oj)dol,o:i AlEl =S |6OH8}7'|/1/\LIEP PORTA 0“

ot PORTC ol= AESRW, CS, B)E AZgLCh

=2 Graphics LCD2| W2l0|E 8|8 der & AUELICh.
vce
U3
l GNDI|
I |—; VSS
vR2 < 3 &ED
103 ¢
PC1 4 | oo
BC3 5 Q
PC5 6 | RW
pe— E
GND PAO 7
PAT g | B9
PAZ 91D Q
PA3 70152 4
PAZ 11| D3 M
PAG 12104 X
PAG 13 | Do
D9 PA7 14 | D6 F;
1N4148 D7 o
VCCO N 15 1A
16
K
GND
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cRARRERRRS "ARERERRRS

WAT-CLCD mva
https//WhiteAT .com

< AVRI128_EXT, CLCD HE= 944 g5 >
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ATMEGA128 MCU °F WAT-CLCD 2E2 A&stdel] Az AZEA=AE =els] 2ot
of 2= delof d=urd ro] AL Ifd= ATMEGAT28
b EHE D olHel HES

of=0l ™A http://whiteat.com/68839
e gt Ch.
Faieio|ct

o =
a2 ¢of

MCU= C}
“abcdefghijkimnop”" 2F 7 0123456789ABCDEF"

o YA OR of

ofei b 20[ LCDO
AP HAEHAH

il |10 7

WAT=CLCD rev.:
http://WhiteAT.com |

™ " 'v-_hllllhl.l.hhll ‘ I
|

JGR:

‘!‘!!!lﬂﬂ 16

4
ORbblLLL

NS

< AVRI128_EXT CLCD HE= &% >

HAXME SAoHAl d=CHE A0l A
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WATI128.hoIlM D= 22 A

Ok
Q'J
rr
oo
>
rr
(@)
o
)
my
o>
c
o

akul

#define CLCD_RS 1

#define CLCD_RW 3

#define CLCD_EA 5

#define CLCD_DATA_PORT PORTA
#define CLCD_DATA_PORT_DIR DDRA

#define CLCD_CONTROL_PORT PORTC
#define CLCD_CONTROL_PORT_DIR DDRC

void CLCD_XY(BYTE x1, BYTE vy1); /) &8 ZH 0ls

void CLCD_Command(BYTE data); // CLCD ¥W&

void CLCD_On(); // CLCD #AHJ|

BYTE CLCD_BusyCheck(); // CLCD UiJ| AEfelX A=
void CLCD_PutString(BYTE x, BYTE vy, char =str); // x,y ZEZ0l 2X1Y &2
void CLCD_PutChar(BYTE chr); // 8t A &9

void CLCD_Clear(); // CLCD Z2¢g]0]

void CLCD_Init(); // CLCD Z=JI13}
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BYTE CLCD_BusyCheck()
{

DelayUS(200);
DelayUS(200);
DelayUS(200
DelayUS(200
DelayUS(200
DelayUS(200);

DelayUS(200);

)

’

)

)
)
)
)
)
)

return (0);

void CLCD_PutString(BYTE x, BYTE vy, char *str)
{

int len = 0;
CLCD_XY(x,y);

while(xstr ){
if(len>16) break;
CLCD_PutChar(str++);

len++;

void CLCD_PutChar(BYTE data)

{
while(CLCD_BusyCheck());
ClearBit(CLCD_CONTROL_PORT,CLCD_EA);
SetBit(CLCD_CONTROL_PORT,CLCD_RS);
DelayUS(2);
CLCD_DATA_PORT= data;
DelayUS(50);
SetBit(CLCD_CONTROL_PORT,CLCD_EA);
DelayUS(50);
ClearBit(CLCD_CONTROL_PORT,CLCD_EA);

http://WhiteAT.com
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void CLCD_Clear()

{
CLCD_Command(1);
DelayMS(1);
CLCD_Command(2);
DelayMS(1);

void CLCD_XY(BYTE x, BYTE vy)
{
BYTE position = 0;
if(x>16) x = 0;
switch(y)
{
case O :
position = 0x80;
break;

case 1 :

position = 0xCO;
break;

}

CLCD_Command(position + x);

void CLCD_Command(BYTE data)

{
while(CLCD_BusyCheck O){}
ClearBit(CLCD_CONTROL_PORT,CLCD_RS);
ClearBit(CLCD_CONTROL_PORT,CLCD_EA);
DelayUS(1);
CLCD_DATA_PORT= data;
DelayUS(50);
SetBit(CLCD_CONTROL_PORT,CLCD_EA);
DelayUS(20);
ClearBit(CLCD_CONTROL_PORT,CLCD_EA);
DelayUS(50);
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void CLCD_On()

{
CLCD_Command(0x01);// dummy
CLCD_Command(0x38);
CLCD_Command(0x0C );
CLCD_Command(0x01);
CLCD_Command(0x06);
CLCD_Command(0x01);
DelayMS(2);

void CLCD_Init()

{
SetBit(CLCD_CONTROL_PORT_DIR,CLCD_EA);
SetBit(CLCD_CONTROL_PORT_DIR,CLCD_RS);
SetBit(CLCD_CONTROL_PORT_DIR,CLCD_RW);

ClearBit(CLCD_CONTROL_PORT,CLCD_RW);

CLCD_DATA_PORT_DIR = OxFF;

CLCD_OnO;
CLCD_Clear(;
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B LCDUl $5AE =2 =ALE Aot

HEO =2 4% BE YEE FZAotk= oML Ch

abcdefghi jkImnop
0123456789ABCDEF

kU
In
iy

#include <avr/io.h>
#include "WAT128.h"

int main()

CLCD_Init();
CLCD_PutChar('a");
CLCD_PutString(1,0,"bcdefghijkimnop™);
CLCD_PutString(0,1,"0123456789ABCDEF");

while(1)
{

// LCD Z=J|s}

if ((CLCD_CONTROL_PIN & 0x01) ==0)
CLCD_PutString(0,1," TTTTTTTTT1111111");

}else if ((CLCD_CONTROL_PIN & 0x04) ==0)

{ CLCD_PutString(0,1,"2222222222222222");

}else if (CLCD_CONTROL_PIN & 0x10) ==0)

{ CLCD_PutString(0,1,"3333333333333333");

}else if (CLCD_CONTROL_PIN & 0x40) ==0)

{ CLCD_PutString(0,1,"4444444444444444");

}else if (CLCD_CONTROL_PIN & 0x80) ==0)

{ CLCD_PutString(0,1,"5555555555555555");

else

CLCD_PutString(0,1,"0123456789ABCDEF");

R
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LCDOIM "A'. 'B" S2 2Ak= CCROMOI MEE0] 2LOIM Ot~I1E e di2 &9
Jbsguth . ot £ <ol 2ASLICH otAl2E CCROMO gl= ZE= {80 S2ne?
CCRAM & AbEotH EL|t

CGRAM 2 x7T=ZEE =zt 8 &ADF MEE L

Character Codes Character Patterns
: -

(DDRAM data) LERAM g (CGRAM data)
6543210 5 43210 76543210
High Low High Low High Low

B »+ +J1 11 1]0}

100 1 1Jo 0 o]1

‘0 1 0 1pooofill o
0000=000 i ool F1 “““?Paﬁ?ﬁtﬁ)

o i R

‘1 0 0 1fo]1fo o

i1 0 1 1]o of1]o

= U 1]0 0 o1

= S * * xi0 0 0 0 0|} Cursor position

‘0 0 0 « x =[1]o 0 of1]

100 1 o 1]o]1]o

iﬂ w9 %1 : ln} Character
0000 =001 g % gt ok SO0 O Pattern (2)

i1 0 0 1111 1]

5 i | 10 o]ifo o

i1 1 0 0 olajo of

T . * =« =:0 0 0 0 0|} Cursor position

00 0 ® & ti

0 0 1 A
000D0=111 NE ;

‘10 0 ;

15 G I !

TR v i

ks [ S | ® % x,

CGRAME| 2t9] 208I0IE&= 0122 A (5, 0x40)0|0{, BIE5,4,32 812 OI0IE 52004,
519 3UE= OI0|Ef T4t
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ol
Im
o
2
U
in
2
K
¥
1y
c
a

s% tUsAd duth

)]

eelel I I 1@
00000000
000000 w
00000000
eelel ]| I l0e)

=& U0|e{E CGRAMO

g gt

CLCD_Command(0x40); // CGRAM 2| 0HX|I2E A ZotUCt.
CLCD_Data(0x00);
CLCD_Data(0x0A);
CLCD_Data(0x1B);
CLCD_Data(0x1F);
CLCD_Data(Ox1F);
CLCD_Data(0Ox0E);
CLCD_Data(0x04);

CLCD_Data(0x00);

=E HolgatHol 9Lt

CLCD_Command( 0x80); DDRAM 22 HL{ZC}. (&tHol| =

( H3t2ct)
CLCD_Data( 0x00); // CGRAMS| 0#iX|o| StEES &
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MEH LCDUl 25AME JtLCte(MEA Al ZE)E
FAlot= OIA LI

aLc 2-2

#include <avr/io.h>
#include "WAT128.h"

/) ZEXANHA
¥oid SetFont()

int i

unsigned char font() = {0x02, Ox1a, 0x0Oa, 0x0Oa, 0xOb, 0x0Oa, 0x0a, 0x02, //7J}
0x02, 0x12, 0x12, 0x12, 0x1B, 0x02, 0x02, 0x02, //L}
0x02, OxTA, 0x12, 0x12, 0x1B,0x02, 0x02, 0x02, //C}
0x00, 0x0a, Ox1b, Ox1f, Ox1f, OxOe, 0x04, 0x00}; //GIE

CLCD_Command(0x40);
Eor(i=0; i<32; ++i)

CLCD_Data( font(i));

return

}

int main()
CLCD_Init0; // LCD Z=J|3at
SetFont();
CLCD_Command( 0x80); //set ddram
CLCD_Data( 0x00); //7t
CLCD_Data( 0x01); //ut
CLCD_Data( 0x02); //C}
CLCD_Data( 0x03); // heart
while(1)

// Set|
}
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2.4. Graphics LCD &
128x64 BiZ€ 2| Graphics LCD (WAT-GCLD )S Al 0{oll 224 &LICt.

vCC

U1

VSS
VDD
VL

®
Z
9O
(X1 EN

vR1 <

5K

)

PBO

[S1F-8

DO
D1

D2
D3 |=J=
D4
D5 @)

D6 g
D7

|

i

AR
‘jo

/C81

PC2 4| 1Cs2
PC3 15 | /RESET
PC4____6 | RW
PCc5 47| P/

VEE
VCCO D1 ” 1N4148 19 ANODE

J_— CATHO

< Graphics LCD 44 3=2% >

LCD 2| DATA line2 ATMEGA1282] PORTA o ¢1&5t1, CONTROL line2 PORTCE

ANEZEHLICE VR12| 5K I MEE2 Graphics LCD2| YWel0lE Hole =&dE 4 &Lt
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stolESA

WhiteAT.com

AE 2-3

#include <avr/io.h>
#include "WAT128.h"

int main()
GLCD_Init();
GLCD_ShowCursor(1); // HAMEZO[A SIAL
GLCD_String(0,0," SIO|ESY ");
GLCD_String(1,0,"  WhiteAT.com ");
while(1)
{

// 2k200ms OfCH'E' &=
GLCD_English('E',0);
De layMS(200) ;
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oHAE 2-4
ST LCD of AZE, @, M2 Dels oML, WhiteAT.com
IS 2-4
int main(){
GLCD_Init();

GLCD_String(0,0,"  WhiteAT.com ");

/] AZM (AM2ZEE) ael7|
GLCD_DrawRect(0,0,127,63) ;

// thztd 2| 7|
GLCD_DOT_Line(0,0,127,63) ;
GLCD_DOT_Line(0,63,127,0);

= =1

GLCD_DOT_DrawCircle(64,32,10);
GLCD_DOT_DrawCircle(32,32,14);
GLCD_DOT_DrawCircle(96,32,14);

while(1)
{
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CIEHEE
OIEPEE 20| Flss 522 poks st WHQLICHL QHYED} Helw S HYS
AollotAl 20 CIHEE MUlA FHES WA dHdlst = Chg a0l AdEHLICHL PIHEE MU~
SEID pElE CHYE YWE, AHYE AR Y dAAH SOl e MYS T2 s
JiL|Ch
Vector Program
Mo. Address® | Source Interrupt Definition
" External Pin, Power-on Reset, Brown-out Reset,
1 $oooot! RESET Watchdog Reset, and JTAG AVR Reset
2 $oon2 INTO External Interrupt Request O
3 $0004 INTH External Interrupt Request 1
4 $0006 INTZ2 External Interrupt Request 2
5 $0008 INT3 External Interrupt Request 3
& FO00A INT4 External Interrupt Request 4
7 FO00C INTS External Interrupt Request &
a F000E INTE External Interrupt Request &
9 $0010 INTY External Interrupt Request 7
10 $0012 TIMERZ COMP TimerfCounter?2 Compare Match
11 $0014 TIMERZ CVF TimerCounter2 Overflow
12 0018 TIMER1 CAPT Timer/Counter! Capture Event
13 $0018 TIMER1 COMPA TimerCounter! Compare Match A
14 FO01 A TIMER1 COMPB TimerfCounter1 Compare Match B
15 $0C1C TIMER1 CVF TimeriCounter1 Overflow
16 JO001E TIMERO COMP Timer/Counterd Compare Match
17 $0020 TIMERD OVF TimerCounterQ Overflow
18 $0022 SPI, 5TC SP1 Serial Transfer Complete
19 $0024 USARTO, RX USARTO, Rx Complete
20 $0028 USARTO, UDRE USARTO Data Register Empty
21 $0028 USARTO, TX USARTO, Tx Complete
22 F0024 ADC ADC Comversion Complete
23 oczc EE READY EEFROM Ready
24 J002E ANALOG COMP Analog Comparator
25 $00300 TIMER1 COMPC Timer/Countre1 Compare Match C
26 $0032% | TIMER3 CAPT Timer/Counter3 Capture Event
27 $00341 TIMER3 COMPA TimerfCounterd Compare Match A

<A, JHHE WY HeolE >

http://WhiteAT.com
— 78 —



WAT-AVR128

Vector Progra m
Mo. Address'™ | Source Interrupt Definition
28 $0036 TIMER3 COMPEB TimerCounterd Compare Match B
29 $00380 TIMER3 COMPC TimerCounterd Compare Match C
30 $002A% | TIMER3 OVF Timer/Counter Overflow
K $o0acE LISART1, RX USART1, Rx Complete
a3z $003EE LUSART1, UDRE USART1 Data Reqister Empty
33 $00401 USARTY, TX USART{, Tx Complete
34 $004208 TWI Two-wire Serial Interface
35 $0044% | SPM READY Store Program Memory Ready
Motes: 1. When the BOOTRST fuse is programmed, the device will jump to the Boot Loader address at
reset, see “Boot Loader Support — Read-Whils-Write Self-Programming” on page 277.
2. When the IVSEL bit in MCUGCR is set, interrupt vectors will be moved to the start of the Boot
Flash section. The address of each interrupt vector will then be address in this table added to
the start address of the boot Flash section.
3. The Interrupts on address $0030 - $0044 do not exist in ATmegal 03 compatibility mode.

<A, JEHE HE Hols >
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4.2. 2|5 IHHYE dAIAH

QT CIEHEZS ASote|™ EICRA, EICRB, EIMSK, EIFR dIAIAEE A2l OF 2fLlCh,

e EICRA - External Interrupt Control Register A
e FICRB - External Interrupt Control Register B
EICRA, EICRB & Ec|J YAls d- gLt

Bit 7 & 5 4 3 2 1 0

I ISC21 1SC30 Isc21 1SC20 ISC11 ISC10 IsCo1 ISCo0 I EICRA
Read/Write R/W AW RW RAW AW R/W R/W AW
Initial Value 0 0 0 0 0 0 0 0
Bit 7 6 & 4 3 2 1 0

I ISCT1 ISCT0 ISC61 ISC60 ISC51 ISC50 ISC41 ISC40 I EICRB
Read/Write RW AW R/W R/W RMW RW RAW RW
Initial Value 0 0 0 4] 0 0 0 4]

a4 g2 2 HolEY Sol=dl Jls2 tsd dsLth

ISCn1 ISCn0O s
0 0 Low levelOlAM QIHEE @H

AT 2T H E
Ol Ao QT H E

0z | Qb ise
Ol | 03¢ | alo

1
0
1
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e FIMSK - External Interrupt Mask Register

EIMSK = 2|5 2IHHEESE AE< Z0A OldAIE Edot= dIAASHYLCH

Bit 7 6 5 4 3 2 1 0
INT7 | INT6 | INTS | INT4 | INT3 | INT2 | INT1 | INTO J EIMSK
Read/Write RW RW R/W RW RIW RW RW RW
Initial Value 0 0 0 0 0 0 0 0
e FIFR - External Interrupt Flag Register
EIFR = 917 2AHEE S0 dAAHZ FRAHYE BUHFSE LIEIH LT
Bit 7 6 5 4 3 2 1 0
I INTF7 | INTF6 [ INTF5 [ INTF4 | INTF3 | INTF2 | INTF1 [ IINTFO | EIFR
Read/Write R/W RW RW R/W RW RW R/W RW
Initial Value 0 0 0 0 0 0 0 0
e SREG - Status Register
SREG 9f bit7 = M| QHEES AMESe AA OtdAIE 2de it
Bit 7 8 5 4 3 2
I ! v N Z C | SREG
Read/Write RIW R/W RW RW RW RW RW R/W
Initial Value 0 0 0 0 0 0 0 0
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Az 4-1
WAT-CCLD 22 AHES5t0] JH2le]l LCD of SW1, SW2
WEO =2 248 J2E ol HMYALICE (alling cdge ALR) | T 1€ASE push..
43, 12
FE 41

#include <stdio.h>

#include <avr/io.h>
#include "WAT128.h"

/] ZI2E3H
int g_iSW1Count
int g_iSW2Count

0;
0;

/] EHBLUAHS

char g_Temp[20];

int main()
EICRA = 0x22; // 7,6,4 Hfalling edge 0010 0010
EIMSK = 0x05; // 0000 0101
sei(); // MAJAHHE
CLCD_Init(); // LCD =7|=}

CLCD_PutString(0,0,"Please push..");

/] TARIIREHES
\ghi le(1)

sprintf(g_Temp,"  %4d, %4d", g_iSW1Count,g_iSW2Count) ;
CLCD_PutString(0,1,g_Temp);

/ INTO Z&2|H
SR( INTO_vect)

g_iSWiCount++; // g_iSWiCount &7}

/ INT2 Z2|H
SR(INT2_vect)

Aa— N A —

g_iSW2Count++; // g_iSW2Count &7}
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5. Timer/Counter

ATMEGA1280ll= 2712 8UIE ELOIOI/I}
EfOI0 2t II2H =

o

E

H0

=
gejo AIRGIE EL0l0], 9% JIRE TS

b 27Hel 1681 EHOIO/IHZEI Tt

AELICH

A= olClolM E=otol wel =g uUCh

MCUQ| fel=2 He AUeloz AZSHH IH2E D)
g LIt
EIO|0/7I2H =2 CIHEHEEZE WMSIHL PWMS LS 0] JHX A2l 282 &
AE&LIC.
Timer/Counter | Timer/Counter Timer/Counter Timer/Counter
0 2 1 3
HIE 8 16
2 9y m TOSCI1 T2 T1, IC1 T3, IC3
Lo ey 1, 8, 32, 64, 128, 256, 1024 1, 8, 64, 256, 1024
TCCRTA, TCCRI1B, TCCR3A, TCCR3B,
TCNTO, TCCR2, TCCRI1C, TCCR3C,
TCCRO, TCNT2, TCNTTH, TCNTI1L, TCNT3H, TCNT3L,
OCRO, OCR2, OCRTAH, OCRT1TAL, OCR3AH, OCR3AL,
221 AKX A OCR1BH, OCR1BL, OCR3BH, OCR3BL,
ASSR, OCR1CH, OCR1CL, OCR3CH, OCR3CL,
SFIOR, SFIOR, ICRTH, ICR1L, SFIOR, | ICR3H, ECR3L, SFIOR,
TIMSK, TIMSK,
TIFR TIFR TIMSK, ETIMSK, TIMSK, ETIMSK,
TIFR, ETIFR TIFR, ETIFR
Normal, CTC,
Normal, CTC, Fast PWM,
SE 2= Fast PWM, Phase Correct PWM,
Phase Correct Match Phase and Frequency
Correct PWM
=9 - 0CO 0C2 OCTA, OCIB, OC3A, OC3B, OC3C
OocCi1C
Overflow, Output
CIHHE Overflow, Output Compare Match A/B/C,

Compare Match

Imput Capture
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5.1. Timer/Counter QIEIHE

ENOIO/2I2B= & 1409

B EJL A8 E LI

4 9lo0| =2 Compare, Overflow, Capture

10 0012 TIMERZ COMP Timer/Counter? Compare Match
1t S0014 TIMERZ GVF Timer'Counter2 Overflow
12 50016 TIMER1 CAPT Timer/Counter! Capture Event
13 0018 TIMERT COMPA, Timer/Counter! Compare Match A
14 S001A TIMER1 COMPE Timer/Counter! Compare Match B
15 s001C TIMER1 OVF TimerCounter! Overflow
16 S001E TIMERO COMP Timer/Counterd Compare Match
17 50020 TIMERO OVF Timer/Counterd Overfiow
25 $0030™" | TIMER1 COMPC | Timer/Countre1 Compare Match C
26 80032 TIMER3 CAPT Timer/Counterd Capiure Event
27 $0034 TIMER3 COMPA Timer/Counterd Compare Match A
28 $00361 TIMERS COMPE Timer/Counterd Compare Match B
29 $00381 TIMER3 COMPC Timer/Counterd Compare Match C
30 S003A° TIMER3 OVF Timer/Counter3 Overflow
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5.2. Timer/Counter 0

ELOI0{/2}2EI0 & 8HIEO0I0{ ASSR, TCCRO, TCNTO, OCRO, TIMSK

Q&L L

e ASSR - Asynchronous Status Register

el Al SE2F 2k

Bit 7 6 5 4 3 2 1 0

I - | - | - ] - ] As0 | TCNOUB | OCROUB | TCROUB |
Raad/Write R R R R AW R R R
Initial Value 0 0 0 0 0 0 0 0
ASOJE 07 0l I/O 282 A&Edt 17 0|2 TOSClol &= =212 A&ttt

e TCCRO - Timer/Counter Control Register

Bit 7 B8 5 4 2 1 ]
[ FOCO | WGMOD | COMO1 | COMOO | WGMO{ Cs02 CE csoo |
RoadWrite ] AW RAW AW RAW AW RW AW
Initial Value ] 0 0 3] 0 0 ]
Bit 7 —— FOCO: Force Output Compare
Bit 6, 3 — WGCMO01:00 Waveform Ceneration Mode
Table 14-2. Waveform Generation Mode Bit Description
WGMoi' WGMO00'"! | Timer/Counter Mode Update of TOVDO Flag
Mode (CTCO) (PWMO0) | of Operation TOP OCRO at Set on

o 0 ] Mormal 0xFF Immediate MAX

1 0 1 PWM, Phase Correct | OxFF | TOP BOTTOM

2 1 0 CTC OCRO | Immediate | MAX

3 1 1 Fast PWM OxFF | BOTTOM MAX
MNote: 1. The CTCO and PWMO bit definition names are now obsolete. Use the WGMO01:0 definitions.

However, the functionality and location of these bits are compatible with previous versions of

the timer.
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Bit 5:4 — COMO01:00 Compare Match Output Mode

Table 14-3. Compare Output Mode, non-PWM Mode
COMO1 COMO0 Description
0 o Normal port operation, ©CO disconnected.
0 1 Toggle OC0O on compare match
1 0 Clear OC0 on compare mafch
1 1 Set OCO0 on compare match
Table 14-4. Compare Output Mode, Fast PWM Mode!!)
COMO1 COMOO Description
0 0] Mormal port operation, OC0 disconnected.
0 1 Reserved
1 0 Clear OCO on compare match, set OCO at BOTTOM,

(non-inverting mode)

Set OCO on compare match, clear OCO at BOTTOM,
(inverting mode)

MNote: 1. A special case occurs when OCRO equals TOP and COMO1 is set. In this case, the compare

match is ignored, but the set or clear is done at BOTTOM. See “Fast PWM Mode” on page 99
for more details.
Table 14-5 shows the COMO01:0 bit functionality when the WGMO1:0 bits are set to phase cor-
rect PWM mode.

Table 14-5. Compare Qutput Mode, Phase Correct PWM Mode!"
COMO1 | COMOO | Description

¢] 1] Normal port operation, OCO disconnected.

t] 1 Reserved

1 0] Clear OCO on compare match when up-counting. Set OCO on compare match
when downcounting.

1 1 Set OCO on compare match when up-counting. Clear OCO on compare match
when downcounting.

Mote: 1. A special case occurs when QCRO eguals TOP and COMO1 is set. In this case, the compare
match is ignored, but the set or clear is done at TOP. See “Phase Correct PWM Mode™ on page
101 for more details.

+« Bit 2:0 - C502:0: Clock Select
The three clock select bits select the clock source to be used by the Timer/Counter, see Table
14-6.

http://WhiteAT.com
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Bit 2:0 — CS02:00 Clock Select

Table 14-6.  Clock Select Bit Description
cso2 cs01 Cs00 Description
0 0 0 Mo clock source (Timer/Counter stopped)
0 0 1 Clkroe/(No prescaling)
0 1 t] Clktoe/8 (From prescaler)
0 1 1 ClK1ge/32 (From prescaler)
1 0 0 Clkne/64 (From prescaler)
i 0 1 Clk1oe/128 (From prescaler)
| 1 (0] Clkzn=/256 (From prescaler)

clkyps/1024 (From prescaler)

e TCNTO - Timer/Counter Register

Bit 7 g 5 4 3 2 1 0
| TCHTO[T:0] I
AeadWrite AW AW RW AW = RW AW AW
initial Valus a 0 0 0 0 a o 0
8UIE EIOIH/Ft2E el Xl 2~H
e OCRO - Output Compare Register
it 7 B 5 4 a3 2 1 o
OCRO[T:0]
= . = = -
ReadWrite = = = AW AW RW AW =
Initial Valus 0 o o o o 0 o o
UIE dlw gk
e TIMSK - Timer/Counter Interrupt Mask Register
Hit 7 g 5 4 3 2 1 0
[ToCiEz | T0lEz | TICIET | OCIEIA | OCIEIB | TOIET OCIED | TOIED |
ReadWrite AW AW RW RW RW RW AW RW
Initial Valus i} o 0 a o i} 0

e Bit 1 —— OCIEO: Timer/Counter0 Output Compare Match Interrupt Enable
e Bit 0 — TOIEQ: Timer/Counter0 Overflow Interrupt Enable
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5.3. Timer/Counter 0 Mode

EFOIOI/PH2EI0 S22 == TCCRO elAIA~E 2] WGMOT~0001AM 278 stH OCO Eol ol mtel=

S

Table 14-2. Waveform Generation Mode Bit Description

WGMO1'" | WGMO00'" | TimeriCounter Mode Update of TOVO Flag
Mode {cTCO) (PWMO) | of Operation TOP OCRO at Set on
1] 0 0 Marmal OxFF Immediate MAX
1 0 1 PWM, Phase Correct | OxFF TOP BOTTOM
2 1 0 CTC OCRO Immediate MAX
3 1 1 Fast PWM OxFF BOTTOM MAX

Mote: 1. The CTCO and PWMO bit definition names are now obsolete. Use the WGMO01:0 definitions.

However, the functionality and location of these bits are compatible with previous versions of
the timer.

e Normal Mode

WGCMO01:00 == 00 & I M
TCNTO 2t0] 0 ~ OxFF JIA| Y=o =2 S}
TCNTO 20l OxFFOIAl 0x0022 & Wl Overflow CIE{HE 2k

[

- TCNTO2F OCR0O2| gto| &0}& M Compare CIHHHE Ui

e Clear Timer on Compare Match (CTC) Mode

- WGMO01:00 == 01 & mj M &
- TCNTO 2t0] 0 ~ OCRO Al Yt=sAo=g2 S}
- TCNTO2F OCR0O2| g+0] &0t uf Compare CIEHHHE Ui

()

T T T OCn Interrupt Flag Set
i i ¥
| |
r Li ¥ -
I L
TCNTR / A1
OCn : | —
\ (COMN1:0=1)
(Toggle) — L1 L : £ ;
Period IL 1 'JI' 2 I 3 -Jl- 4 I
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e Fast PWM Mode

- ChE PWM 20 dlalf 2uf el utrE 2o Hhaesh PWM A0 ALE
- WCMO01:00 =112 ddot0 =2 Fi+2 PWM =9 Iieds &l

=2o

- EHOIO/7F2E] el Al~Ef TCNTOIt 2taf BOTTOMOIIA TOP2l HL2l0A SJtot= YWeto =0t

o o

dtsMoZ2 ol

- TCNTO2F OCRO2| gfo] 2Alet A5 oCcoEe= UHOIE It 28510 TOPgL0l & d5 CHAl
OCO He= HolEet &9

- COMO01:00=10 &
TCNTO == OCRO &€ &% OCO &&=t 0
TCNTO == TOP & A% OCO &g4l=Jt ‘1

- COMO1:00=11 &
TCNTO == OCRO & &% OCO &8tz 1’
TCNTO == TOP & &% 0CO &84zt

OCAN Interrupt Flag Set

DGR Update
and
TOVn Interrupt Flag Set

-V VW

OCn ] ] [COMR1 D = 2}

W |_| l_l [COMR1:0 =3}
S R R P P

T*
o
=
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e Phase Correct PWM Mode

- Fast PWM 2=0 Ulalo] 1/2 42 Ful

- WCMO01:00 = 01= Aol =2 =ols2 PWMEE IS

- ELOI01/2F2H el AI2~E TCNTOE &gk IH2E =AM BOTTOM
CtAl otet Ft2E =AM BOTTOM =2 U4odls S48 UHsH

- 0 SZ0IAM TCNTO2E OCRO2| g0l LAIotH OCO &= Soto] g 59
(efet JH2EIRL otet IHR2E S Eeitla= vhfolof COMOT0IAM Z2EE)

- COMO1:00=10& ,

eieIL2E 2t TCNTO2F OCROVE Y A|oHH OCO0l 07 &9

otetIb2E et TCNTO2F OCROJE & X|stH OCo0l ‘17 &9
- COMOT:00=11¢&

eIetIb2El St TCNTO02F OCROVE Y Aot OCO0| ‘17 &9

otetIb2E et TCNTOL OCROVE Aot OCO0| 07 =9

OCRnx / TOP Update
and

OCnA Interrupt Flag Set
or |CFn Intermupt Flag Set
{Entermupt on TOP)

TOWn Intrrupt Flag Set
{Enterrupt on Botiom)

/\.
_/ ‘;\/\ A v
TCNTn // \/

v

OCrx (COMncd :0 = 2)
OCro (COMnxd -0 = 3
Penod | 1 -l 2 -l 3 Pl 4 .l

[ [ [ [ |
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5.4. Timer/Counter 2

EIOIO/2I2E2 = 8UIEO|T]

Q&L L

TCCR2, TCNT2, OCR2, SFIOR, TIMSK BIA|A~E eF £t

TCCR2 - Timer/Counter Control Register

Bit 7 g 5 4 3 2 1 a

I FOC2 WGM20 COM21 COM20 | WGEM21 | Cc522 csH C520
ReadWrite W RW AW R AW AW RAW RAW
Initial Wales 0 a o a a o 8] a

e Bit 7 -FOC2: Force Output Compare
e Bit 6, 3 -WGCM21:0: Waveform Generation Mode

WGM21 WGM20 | Timer/Counter Mode of Update of TOV2 Flag
Mode (CTC2) (PWM2) | Operation TOP OCR2 at Seton
0 0 0 Normal OxFF Immediate MAX
1 0 1 PWM, Phase Correct OxFF TOP BOTTOM
2 1 0 CTC OCRZ2 | Immediate | MAX
3 1 1 Fast PWM OxFF BOTTOM MAX

e Bit 5:4 -COM21:0: Compare Match Output Mode

Table 17-3. Compare Output Mode, Non-PWNM Mode
ComM21 COM20 Description
0 0 Mormal port operation, OC2 disconnected.
0 1 Toggle OC2 on compare match
1 0 Clear OC2 on compare match
1 1 Set OC2 on compare match

Table 17-4 shows the COM21:0 bit functionality when the WGM21:0 bits are seat to fast PWM

mode.
Table 17-4. Compare Output Mode, Fast PWM Moda!"
COM21 COM20 Description
0 0 Mormal port operation, OC2 disconnected.
0 1 Reserved
1 0 Clear OC2 on compare match, set OC2 at BOTTOM,
{non-inverting mode)
1 1 Set OC2 on compare match, clear OC2 at EOTTOM,
(inverting mode)
Mote: 1. A special case occurs when OCR2 equals TOP and COM21 is set. In this case, the compare

match is ignored, but the set or clear is done at BOTTOM. See “Fast PWM Mode” on page 154
for more details.
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Table 17-5. Compare Output Mode, Phase Correct PWM Mode!!)
com21 COM20 | Description

0 0 MNormal port operation, OC2 disconnected.
0 1 Reserved
1 ] Clear OC2 on compare match when up-counting. Set OC2 on compare match

when downcounting.

1 1 Set OC2 on compare match when up-counting. Clear OC2 on compare match
when downcounting.

Mote: 1. A special case occurs when OCR2 equals TOP and COM21 is set. In this case, the compare
match is ignored, but the set or clear is done at TOP. See "Phase Correct PWM Mode® on page
156 for more details.

® Bit 2:0 - CS22:0: Clock Select

cs22 cs21 cs20 Description
0 0 ] Mo clock source (Timer/Counter stopped)
0 0 1 Clky/(NC prescaling)
0 1 o Clky'8 (From prescaler)
0 1 1 clky'64 (From prescaler)
i 0 0 Clky /256 (From prescaler)
i 0 1 clky/1024 (From prescaler)
1 1 0 External clock source on T2 pin. Clock on falling edge
1 1 1 External clock source on T2 pin. Clock on rising edge

http://WhiteAT.com
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e Bit 2:0 — CS22:20 Clock Select

cs22 cs21 Cs20 Description

0 0 o Mo clock source (Timer/Counter stopped)

0 4] 1 clky,/{No prescaling)

0 1 0 clk,o/8 (From prescaler)

0 1 1 clky64 (From prescaler)

1 0 0 clk,/256 (From prescaler)

1 0 1 clkyo/1024 (From prescaler)

1 1 0 External clock source on T2 pin. Clock on falling edge
1 1 1 External clock source on T2 pin. Clock on rising edge

e TCNT2 - Timer/Counter Register

Bit 7 g 5 4 3 2 1 ]
Tt
| TCHT2[7:0] |
ReadWrite AW AW AW AW AW AW AW AW
Initial Valss 0 ] ] Q 0 Q 0 ]
SUIE EtO|01/7}2H el A 2H
e OCR2 - Output Compare Register
Bit T & 5 4 3 3 1 0
| OCAZ[T:0] | ocmz
ReadWrits RAW AW RAW AW RAW AW W RW
Initial Vahss i 0 1] 0 il 0 ] 0

SUIE Ul gk
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e TIMSK - Timer/Counter Interrupt Mask Register

Bit

HeadYWrite
Initial Value

7 B 5 4 3 2 1 0
OCIEZ | TOIEZ | | TIGIE] | OCIEIA | OCIEIB | TOIE1 | OCIED | TOIED |
AW AW RW RW RAW W RAW AW

g 0 o 0 0 0 0 0

e Bit 7 — OCIE2: Timer/Counter2 Output Compare Match Interrupt Enable

e Bit 6 — TOIE2: Timer/Counter2 Overflow Interrupt Enable

e TIFR - Timer/Counter Interrupt Flag Register

AeadWrite

Initial Value

T ] B “ 3 2 1 0
OCF2 TOV2 ICF1 OCF1A OCFiB TOV OCFD TOVOD
AW AN AW AW RAN A R AW
"] 0 &) o a 0 o 0

e Bit 7 -OCF2: Output Compare Flag 2
e Bit 6 -TOV2: Timer/Counter2 Overflow Flag
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5.5. Timer/Counter 2 S%2} 2%

TCCR2 A AE2] WGM21~2001M &7 0t0{ OC2

ol ol neds

WGM21 WGM20 | Timer/Counter Mode of Update of TOV2 Flag
Mode (CTC2) (PWM2) | Operation TOP OCR2 at Set on
0 0 a Mormai OxFF Immediate MAX
1 ] 1 PWM, Phass Correct 0xFF TOP BOTTOM
2 1 0 CTG QCR2 | Immediate MAX
1 1 Fast PWM OxFF BOTTCOM MAX
Mote: The CTCZ and PWM2 bit definition names are now obsolete. Use the WGM21:0 definitions. How-

ever, the functionality and location of these bits are compatible with previous versions of the timer.

e Normal Mode

WGM21:20 == 00 & f A&

TCNT2 ¢t0] 0 ~ OxFF 7HA| gt=sAo =
TCNT2 g0l OxFFOIIAl 0x002= & «
TCNT22t OCR29| gto] &0t wf Compare 2IE €l

St

UkA
(=]

e Clear Timer on Compare Match (CTC) Mode

- WGM21:20 == 01 & [ 8

- TCNTO 2(0] 0 ~ OCRO JHA| gt o2 S}

- TCNTO2F OCR0O2| g+0] Z0t& uf Compare ClE{HE LAl

Overflow CIEH{HE il
E

-
gt ——— o
-

TCNTn

OCn ]
{Togagle)

Period l- 1 Je 2 L 3 R 4 o

OCn interrupd Flag Set

[COMn

1:0=1)
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e Fast PWM Mode

CtE PWM 2=0f dloll 20f2l5ItrE 2820 thest PWM A0l ALE
WGM21:20 =11= 235t =2 052 PWM &9 Ilals U
ELOIO1/2H2E] el Al~El TCNT2It eb2f BOTTOMOIA TOP2l HRI0lA SJtok=

- L AN =
o2 Lo

0z
0o
|0
Hu
e

tn

TCNT22F OCR22| 40|
OC2 He= Holeit =
COM21:20=10 &
TCNT2 == OCR2 & &% 0C2 &gtl=7t ‘0’
TCNT2 == TOP & 4% 0C2 &&itl=ot 1
COM21:20=11 & uH

TCNT2 == OCR2 & &% 0C2 &&8tl=7t 1’
TCNT2 == TOP & H2 0C2 &84la7}t

Agt 37 0C2ee= HlolEIF &5 3 TOPgol 2 &7 CHAl

Jf” mo

OCRn Intermupt Flag Sat

OCRn Updata
and
TOVn Intarrupt Flag Set

e —
- —
s
s

TCNTn /

ocn J —| (COMN1-0=2)
OCn |—| | | |_| {COMN1:0=23)

Period |‘—1 —f— | 3 o 4 o 5 - E—rd—?—-|
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e Phase Correct PWM Mode

rlo

- Fast PWM 20| H|oto] 1/2 &

- WGM21:20 = 012 235l =2 =2dls2l PWMEE! Tt

- ELOI0/2}2E dIAIAE] TONT2E &gt
CHAl otet IF2El2AM BOTTOM Q= H4ot=
- 0 SZ0IAM TCNT22 OCR29| gt0l €=
(&gt 71282t ofet IH2H 2
- COM21:20=10¢ 0f,

oli
[‘CI

AebIb2El 2t TCNT22F OCR2IF Y A5HH O

Ol

tebob2E et TCNT22F OCR27tE Al ot
- COM21:20=11< Uf,

FH2E 2™ TCNT22F OCR27F YR
otetIH2E et TCNT22F OCR27t & X|

oll
0

ol

Af

0

_Oi
=
©)
O
%)
2

SOl AL

oAl TOP 22 ZolsiAci)
Sx2 g=ENo2 Ly
0C2 T2 ot se2 52

[i)]
]

Ty
i

Ty
i

OCn Intsrrupt Flag Set

OCAn Wpdate

—

TCWn Interrupt Flag Set

N

TCNTn

OCn |r_| |_ (COMRA-0 = 2)
OCn |—| |—| |— (COMRA-0 = 3)
Period I 1 I 2 I: 3 i
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5.6. Timer/Counter 1, 3

EFOIOI/2H2E112 16HIE 0| PWM &2 & A ei= JHAl D A& (OCTA, OCI1B,
OCI1C) EIOI0/2F2EI1S 16HIE 0l0f PWM &2 % X = JHA 0 &Lt (OC3A,
OC3B, OC3C) Ze|xaldejol 2ol 1, 8, 64, 256, 1024 & otLtS ME5I 25 &5 0
Atetet 25 sUth 16UIE2tM 0 ~ OxFFFF JHAl b2 E &L

EtOIO1/2t2E 12 SFIOR, TCCR1TA, TCCR1B,TCCRI1C,TCNT1H, TCNT1L, OCRTAH, OCRTAL,
OCR1BH, OCRIBL, OCRT1CH, OCRI1CL, ICRTH, ICRTL, TIMSK, ETIMSK, TIFR, ETIFR &l A|~E| 2}
2t QL1 EROI01/9H2EI32  SFIOR, TCCR3A, TCCR3B, TCCR3C, TCNT3H, TCNT3L, OCR3AH,
OCRS3AL, OCR3BH, OCR3BL, OCR3CH, OCR3CL, ICR3H, ECR3L,TIMSK, ETIMSK, TIFR, ETIFR
oF 2tH ASLCL

SFIOR - Special Function 10 Register

Bit 7 & 5 - 3 2 1 D

I tsm | - | - — ACME PUD PSRO | PSR3xi ||
Read/Write AW A A RAN RiW AW RAW
Initial Valus o o D 0 o 0 o D

e Bit 7 —— TSM: Timer/Counter Synchronization Mode
e Bit 0 —— PSR321: Prescaler Reset Timer/Counter3, Timer/Counter2, and Timer/Counter]1

TCCR1A - Timer/Counter1 Control Register A

Bit 7 B 5 - 3 2 1 0

| comiai | COM{AD | COM{BA | COMHBO | COMMCY | COMMCO | woMii | wemio |
ReadWrite RAW AW W AW AW AW R RN
Initial Valus 0 o 0 0 o 0 0 0

TCCR3A - Timer/Counter3 Control Register A

it 7 6 5 4 3 2 1 o
COMIAT | COMZAD | COMIBI | COMSBO | COM3CT | COMICO | WGM31 | WGM30

ReadWrite R =R AW AW AW AW AW AW

Initial Valus 0 ) o 0 o 0 o 0

e Bit 7:6 —— COMnA1:0: Compare Output Mode for Channel A
e Bit 5:4 — COMnB1:0: Compare Output Mode for Channel B
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Table 15-2.

Compare Ouiput Mode, non-PWM

e Bit 3:2 — COMnC1:0: Compare Output Mode for Channel C

COMnA1/COMNB1/ COMnANCOMNBOY
COMRCA COMRCO Description

0 0 Mormal port operation, OCnAOCNBOCRC
disconnectad.

o 1 Toggle CCnAOCNBOCHC on compara match.

1 a Clear OCnAOCNB/OCNC on compare maich
(et output to low level).

1 1 Set OCnA/OCNB/OCNC on compare match (set
output to high kevel).

Table 15-3 shows the COMnx1:0 bit functionality when the WGMn3:0 bits are set to the fast

PWM mode

Table 15-3.

Compare Ouiput Mode, Fast PWM

COMnA1/COMnE1/
COMnCH

COMnAQNCOMnBO/
COMnCO

Description

0

.

Mormal port operation, OCnAOCNBOCHC
disconnectad.

WGMRA:0 = 15: Toggle OCnA on Compara
Match, CCnBAOCNT disconnacted (normal port
oparation).

For all cther WGMn setlings, normal port
operation, QCnADCNBOCHC disconnectad.

Clear QCnAOCnB/OCHC on compare match,
sef OCnA/OCNB/OCHC at BOTTOM,
{non-inverting modsa)

Sat OCnA/OCnBOCNT on compare match,
clear OCnA/OQCNBAOCNE at BOTTOM,
{irvarting moda)

Mota:

A spacial case occurs whan OCANAOCRANE/OCRENC equals TOP and

COMnA1/COMNB1/COMNCT s set. In this case the compare match is ignorad, but the sat or clear
is done at BOTTOM. See “Fast PWM Mods” on page 1286. for more details.

Table 15-3 shows the COMnx1:0 bit functionality when the WGMn3:0 bits are set to the phase

correct and frequency correct PWM mode.
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Table 15-4. Compare Output Mode, Phase Caorrect and Phase and Frequency Correct PWM

COMnA1/COMnB1S
COMnCH

COMnAQ/COMPEN
COMRCO

Description

o

1]

Mormal port oparation, OCnAOCRB/OCRC
disconnected.

WGEMR2:0 = 9 or 11: Toggle OCnA on Compare
Match, OCnBOCNC disconnactad (normal port
oparation).

For all othar WGMn setiings, normal port
opearafion, OCnANCNBAOCHE disconnected.

Clear GCnAOCnB/OCnC on compars maich
when up-counting. Set OCnA/CCRB/OCRC on
compare match whan downcounting.

Set OCRADCRBAOCHC on compare match when
up-counting. Clear OCnAOCRBAOCHC on
compare match whan downcounting.

MNote: 1.

A special case occurs whan OCRrA/OCRRB/OCRNC equalks TOP and
COMnA1COMNB1ACOMNC is sel. See "Phase Correct PWM Mode” on paga 128. for mora

details.

e Bit 1:0 — WGMnN1:0: Waveform Generation Mode

Table 15-5. Waveform Generation Mode Bit Description
WGMn2 WGMn1 WGMnO Timer/Counter Mode of Update of TOVn Flag
Maode | WGMn3 | (CTCn) | (PWMni) | (PWMnO) Operation' TOP OCRnX at Seton
0 0 0 L 0 Mormal OxFFFF | Immadiate MAX
1 0 0 0 ] PWM, Phase Corract, 8-bit 0x00OFF | TOP BOTTOM
2 0 0 1 0 PWHM, Phase Corract, 9-bit 0x01FF | TOP BOTTOM
3 0 0 1 1 PWM, Phase Corract, 10-bit 0x03FF | TOP BOTTOM
4 0 1 0 0 CTC OCRnA | Immediate WA
b 0 1 0 1 Fast PWM, B-bit Ox00FF | BOTTOM TOP
G 0 1 1 0 Fast PWM, S-bit 0x01FF | BOTTOM TOP
7 0 1 1 1 Fast PWM, 10-bit Ox03FF | BOTTOM TOP
B 1 i) 0 o gu::gcfhase and Fraquency ICRn BOTTOM BOTTOM
9 1 i) 0 1 Eu:::cf‘hase and Fraquency ocana | BoTTOM BOTTOM
10 1 0 1 0 PWM, Phase Corract ICRn TOP BOTTOM
i1 1 0 1 1 PWM, Phase Corract OCRnA | TOP BOTTOM
WGMn2 | WGMni WGMno Timer/Counter Mode of Update of TOVn Flag
Mode | WGMn3 | (CTCn) | (PWMni) | {(PWMnO) Operation'’ TOP OCRnX at Seton
12 1 1 a 0 CTC ICRRn Immediate hAK
13 1 1 1] i {Raservad) = = 5
14 1 1 1 0 Fast PWHM ICRn BOTTOM TOoP
15 1 1 1 1 Fast PWM QCRnA | BOTTOM TOP
Mote: 1. The CTCn and PWMn1:0 bit definition names are obsolete. Usa the WGMn2:0 definitions. However, the functionality and

location of these bits are compatible with previous versions of the timer.
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TCCR1B - Timer/Counter1 Control Register B

Bit
AeadWrita
nitial Valus o 0 o 0 o C 0 0
TCCR3B - Timer/Counter3 Control Register B
Bit T B 5 4 3 2 1 o
Iim:a | IEEEJ [ - ] \EEHBJ | HE;Mn | Eisaz | ::_5.31 | Csil
AeadWrita A R A R HW RAY AW RNy
Initial Valus o 0 0 0 0 0 0 0
* Bit 7 — ICNCn: Input Capture Noise Canceler
* Bit 6 — ICESn: Input Capture Edge Select
* Bit 5 —— Reserved Bit
* Bit 4:3 — WGMn3:2: Waveform Generation Mode
* Bit 2:0 — CSn2:0: Clock Select
CSn2 CSmi CSnl Description
0 (] i} Mo clock sourca. (TimearCountar stoppad)
0 0 1 clk/1 {No prescaling
E] i i} clk /8 (From prescaler)
0 1 1 clkyo/64 (From prescaler)
1 0 0 clky/256 (From prascaler)
1 0 1 clky/1024 (From prescaler)
1 1 ] Extamal clock source on Tn pin. Clock on falling edgsa
1 1 1 Extamnal clock source on Tn pin. Clock on rising edos

http://WhiteAT.com
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TCCR1C - Timer/Counter1 Control Register C

Bit 7 B 5 4 ! 2 1 a0
[Focia | Focie | Focic | - = = - =
AesdWrite W W W R A R
Initial Value a 0 0 0 0 0 0 0
TCCR3C - Timer/Counter3 Control Register C
Bit 7 g 5 4 3 2 1 o
[Focih | Focae | Focsc | = = = —_—— |
Read/Write W W m R A = A =
Initial Valus ) 0 o 0 0 o 0 0
e Bit 7 —— FOCnA: Force Output Compare for Channel A
e Bit 6 —— FOCnB: Force Output Compare for Channel B
e Bit 5 —— FOCnC: Force Output Compare for Channel C
e Bit 4:0 — Reserved
TCNT1H and TCNTI1L - Timer/Counter]
Bit 7 & 5 4 3 2 1 0
TCNT1[15:8] |
TCNTI[7:0] |
ReadWrite AW AW RW AW RAW AW AW RW
Initial Value 0 0 0 0 o 0 o 0
TCNT3H and TCNT3L - Timer/Counter3
Bit 7 B 5 4 3 2 1 0
TCNT3[15:8]
TCNT3[T:0]
ResdWrite AW AW RW AW RAW AW AW RAW
Initial Valus 0 o 0 o 0 0 0 a
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OCRTAH and OCRTAL - Output Compare Register 1 A

Bit 7 B 5 4 3 2 1 0
| OCR1A[15:8] |
| OCR1A[T:0] |

AesdWrits AW AW RAW AW RAW RAW AW RAW

Initial Valss 0 0 a0 o 0 0 0 a

OCR1BH and OCR1BL - Output Compare Register 1 B
Sit 7 g 5 4 3 2 1 o
CCRIB[15.E]
OCRIB[7:0]
= . = e
ReadWrite AW AW AW AW AW AW AW AW
Initial Valus 0 0 o 0 0 0 0 o
OCR1TCH and OCR1CL - Output Compare Register 1 C
Sit 7 B 5 4 3 2 1 0
OCR1C[15:8]
OCRIG[T:0]
ResdWrite AW AW RW AW RAW RW AW RW
Initial Valiss 0 0 0 0 0 o 0 0
OCR3AH and OCR3AL - Output Compare Register 3 A
Bit 7 B 5 4 3 2 1 0
OCR3A[15:8]
OCR3IA[T:0]
Raad/Writa AW AW AW RW AW RAW RAW RW
Initial Value 0 o 0 0 0 0 o 0
OCR3BH and OCR3BL - Output Compare Register 3 B
Bit 7 B 5 4 3 2 1 0
OCRIB[15:8]
OCR3B[T:0]
M ey = 34 AR s = e
Read/Writa RW AW RW AW RW RW RW RW
Initial Value 0 i 0 0 0 0 ] ]
OCR3CH and OCR3CL - Output Compare Register 3 C
Bit 7 B 5 4 3 2 1 o
OCR3C[15:8]
OCRAC[T:0]
Read/Write RW RW RW RW RAN RW I RW
Initial Value 0 o 0 0 0 0 0 o
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ICRTH and ICR1L - Input Capture Register 1

Bit 7 B 5 4 3 2 1 0
ICR1[15:8]
ICRA[7:0]
Read/Writa RW AW RW AW RW RW RW RW
Initial Value 0 o 0 0 0 0 0 0
ICR3H and ICR3L - Input Capture Register 3
Bit 7 B 5 4 3 2 1 0
ICR3[15:8]
ICRA[T:0]
ReadWrite = =T = AW AW = = AW
Initial Value 0 0 0 0 o 0 0 0
TIMSK - Timer/Counter Interrupt Mask Register
Bit 7 B 5 4 3 2 1 0
| ocie2 | ToIE2 | TICIEY | OCIE1A | OCIEiB | TolEi | ©OCIED | TOIED |
RoadWrite RW R/W W AW RW RW RW RW
Initial Value 0 o 0 0 ] 0 0 0
e Bit 5 — TICIE1: Timer/Counter1, Input Capture Interrupt Enable
e Bit 4 — OCIETA: Timer/Counter1, Output Compare A Match Interrupt Enable
¢ Bit 3 — OCIE1B: Timer/Counter1, Output Compare B Match Interrupt Enable
e Bit 2 — TOIE1: Timer/Counter1, Overflow Interrupt Enable
ETIMSK - Extended Timer/Counter Interrupt Mask Register
Bit 7 B 5 4 3 2 1 0
I - | - | TCE3 | OCIE3A | OCIE3B | TOIE3 | OCIE3C | OCIEAC |
RaoadWrite R B RW RW RW BW RAW RW
Initial Value 1] ] ] ] 0 1] 0 0

Bit 7:6 — Reserved

e Bit 5 — TICIE3: Timer/Counter3, Input Capture Interrupt Enable

e Bit 4 — OCIE3A: Timer/Counter3, Output Compare A Match Interrupt Enable
e Bit 3 — OCIE3B: Timer/Counter3, Output Compare B Match Interrupt Enable
e Bit 2 — TOIE3: Timer/Counter3, Overflow Interrupt Enable

e Bit 1 — OCIE3C: Timer/Counter3, Output Compare C Match Interrupt Enable
e Bit 0 — OCIE1C: Timer/Counter1, Output Compare C Match Interrupt Enable
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TIFR - Timer/Counter Interrupt Flag Register

Bit 7 B 5 4 3 2 1 0
| ocr2 | TOVZ | ICF1 | OCFiA | OCFiE | Tovi | ocFo | Tovo |

ReadWrite RAW RAW RAN RN RAW RAN AW W
Initial Value 0 y 0 0 o o ] 0

e Bit 5 — ICF1: Timer/Counter1, Input Capture Flag

e Bit 4 —— OCF1A: Timer/Counter1, Output Compare A Match Flag

e Bit 3 — OCF1B: Timer/Counter1, Output Compare B Match Flag

e Bit 2 — TOV1: Timer/Counter1, Overflow Flag

ETIFR - Extended Timer/Counter Interrupt Flag Register
Bit 7 B 5 4 3 2 1 0

I_- | = | ICF3 | OCF3A | OCF3B TOV3 OCF3C_| OCFiC |

ReadWrite AW AW AW RAW RAW RAW AW AW
Initial Value 0 0 0 0 0 0 0 0

e Bit 7:6 — Reserved

e Bit 5 — ICF3: Timer/Counter3, Input Capture Flag

e Bit 4 — OCF3A: Timer/Counter3, Output Compare A Match Flag

e Bit 3 — OCF3B: Timer/Counter3, Output Compare B Match Flag

e Bit 2 —— TOV3: Timer/Counter3, Overflow Flag

e Bit 1 —— OCF3C: Timer/Counter3, Output Compare C Match Flag

e Bit 0 — OCF1C: Timer/Counter1, Output Compare C Match Flag
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5.7. Timer/Counter 1,3 Mode

ELOIO1/9H2E112] S2& 2 == TCCR1A [TCCRIB BIAIA~E2] WGM13~100I1M &7 otod
COM1IxT:001 2fali OCTA, OC1B, OCIC &0 o mds s=letA 2de & ASLICL

ELOIO1/9H2 B39 S22 == TCCR3A ,TCCR3B I Al£~E2] WGM33~300Il A &7 5t
COM3x1:001 2lall OC3A, OC3B, OC3C ol o Iteds s=letAl 2de & ASLth

Table 15-5. Waveform Generation Mode Bit Description

WGMn2 WGMn1 WGMnO Timer/Counter Mpde of Update of TOVn Flag
Mode | WGMn3 | (CTCn) | (PWMni) | (PWMnO) Operation' TOP OCRnX at Seton
0 0 0 0 0 MNormal 0xFFFF | Immediata MAX
1 0 0 0 1 PWM, Phase Corract, 8-bit 0xQOFF | TOP BOTTOM
2 0 0 1 0 PWM, Phase Corract, S-bit Ox0HFF | TOP BOTTOM
3 0 a0 1 1 PWM, Phase Correct. 10-bit Ox03FF | TOP BOTTOM
4 0 1 0 0 CTC OCRHnA | Immediata Max
b 0 1 0 1 Fast PWM, B8-bit 0x00FF | BOTTOM TOP
G 0 i 1 0 Fast PWM, 9-bit 0x01FF | BOTTOM TOP
7 0 1 1 1 Fast PWM, 10-bit 0x03FF | BOTTOM TOP
8 1 0 0 o El‘.::.-;cfhase and Fraquency ICEn BOTTOM B0TTOM
9 1 0 0 1 El\;:-ic?hase and Fraquency ocanA | BoTTOM BOTTOM
0 1 0 1 0 PWM, Phase Corract ICRn TOP BOTTOM
i1 1 0 1 1 PWM, Phase Corract OCRnA | TOP BOTTOM
WGMn2 | WGMn1 WGMno Timer/Counter Mode of Update of TOVn Flag
Mode | WGMn3 | (CTCn) | (PWMni) | (PWMnO) Operation'’ TOP OCRNYX at Seton
12 1 1 0 0 CTC ICRn Immeadiate MAX
13 1 1 li] i (Resernvad) = ad =
14 1 1 1 0 Fast PWM ICRn BOTTOM TOP
15 L 1 1 1 Fast PWM OCHnA | BOTTOM TOP
Mote: 1. The CTCn and PWMn1:0 bit definition names are obsolate. Usa the WGMn2:0 definiions. However, the functionality and

location of these bits are compatible with previous versions of the timer.
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e Normal Mode

WGCMn3:0 == 00 & [ M&

TCNTn 20l 0 ~ OxFF JIA| vtxo=z2 =J}

TCNTn 20l OxFFOIlAM 0x002=2 € [ Overflow CIE{HE il
TCNTne} OCRn9| gto] Z0ot2! m Compare CIE{HE vt

e Clear Timer on Compare Match (CTC) Mode

- WGMn3:0 == 01 & | A=

- TCNTn 30| 0 ~ OCRnA Al Bt o= Jt

- TCNTn2F OCRn2| Zt0| Z0FZ&! i Compare CIHHHE il

ol

COCnA Interrupt Flag Sat
or [CFn Interrupt Flag Set
(Intarrupt on TOP)

-

S
e N
[ NN

on

OCnA 1 1 ] k9 i ]
(Toggle) —— LI L

(COMnA1D=1)

ti—  —t—————— ] —————

=]
3

Period I: 1 »le
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e Fast PWM Mode

- THE PWM 20l dlolf 2uiel ot S
- WGMn3:0 == 5,6,7,14, 15 &2

- L AN =
o2 Lo

- TCNTn2F OCRnx2| 20| &X&t A2 OCnxZ e = UO0|EJF EHE 0 TOPg0l & AS CHA
OCnx oz dolefot =
- COMn1:0 == 10 &
TCNTn == OCRnx & H<2 OCnx &g¢lsIt 0
TCNTn == TOP & A% OCnx &40 ‘17
- COMn1:0 == 11 & [}
TCNTn == OCRnx & &< OCnx &48ISJt ‘1
TCNTn == TOP & 4<% OCnx &g4l5It ‘0
QCRnx / TOP Update
and TOWn Intermupt Flag
| , , | , \ Set and OCnA Interrupt
| | | | | ¥ Fiag Sat or ICFn
i i i Interrupt Flag Set
+ + * + ! ,-"" {Interrupt on TOP)
| P
P
| S |
# s
TCNTn / ’
r r & ¥
OCnx | ] (COMnx1:0 = 2)
OCnx |_| |_| (COMMx1:0=3)
Period |~— —v|~— —vlt— 3 —-|~—4 —l-|- |< 7 a —I-|
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e Phase Correct PWM Mode

- Fast PWM 2%=0d| 0|5
- WGMn3:0 ==
- E}O|O{/II2E HIAIAE TCNTne AHSF IIRE

1,2,3,

= A

o

10,11

CIAl olef II2HEAM BOTTOM 22 LU45l=s S48 Utsr o2 4ol
- 0] SZ0IA TCNTn2 OCRnx2| 40l Aot OCnx #1& Soti] tlaE =
(ahek JH2E 2t otek IHREQ &8s = Yol COMnxOIA 28 &)
- COMnx1:0 == 10 o,
o2 E 2t TCNTn2t OCRnAJE 2 XGHH OCnx 0 07 &9
otebgbzE 2t TCNTn2b OCRnAJE 2A|5HH OCnx 0 ‘17 &9
- COMnx1:0 == 11< [,
2ebIl2H 2™ TCNTnet OCRnAJE X6t OCnx 0 ‘17 &Y
oteIt2H 2t TCNTn2l OCRnAJE € X[otH OCnx 0 0" &9
(& =0l wekM TOP 282 0x00FF, 0xO1FF, Ox3FF, ICRn, OCRnA = A|[H&gh
OCRnx / TOP Update
and
OCnA Internept Flag Sat
of ICFn Interrupt Flag Saet
(Internept on TOP)
TOVN Internept Flag Set
i (Interrupt on Bodtom)
L L
. Ve
~ \ Y
a
TCNTn N
OCnx | (COMnx1:0 = 2}
OCnx Iu:_t:{:-h-'ln x1:0 = 3)
: L. 4 o e |
Period [ an 2—.-|4—3 o 4 "
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e Phase and Frequency Correct PWM Mode

- WGMn3:0 == 8,9 2 AZHolH =2 F149 PWM &2 1jg S il
- E}0|0{/7t2E @ XI2~E|l TCNTn 0] 0x0000 ~ TOP 22 ZJI512CHE TOP ~ 0x00002 2

Sl e e e
oot S22 viExo2 L

N

a

- Phase Correct PWM Mode®t 72| X2t Ctg 2 ToPe = A& = dAIA~E 240l

WLE = AIE0] Phase Correct PWM ModeOllAM= TCNTn 0] TOPOIIA H2al& D 0]
LE0 A= 0x00000( A1 241

- COMnx1:0 == 10¥ m,

\J

2okl 2t TCNTneb OCRnAJE 2X|stH OCnx 0 ‘00 &Y
Stefgt2e 2™ TCNTn2t OCRnAJE & AI5tH OCnx 0] ‘17 &Y
- COMnx1:0 == 11<& @,
AobIt2E 2t TCNTn2b OCRnAJE X6t OCnx 0] ‘17 &
otk e et™ TCNTn2b OCRnAJE 2X[6HH OCnx 0] ‘00 &9
(82 2=0 WetM TOP 242 ICRn, OCRNA 2 X[H g
OCnA Interrupt Flag Sat
or ICFn Intarrupt Flag Sat)
(Intarrupt on TOP)
OCRAnx { TOP Update
and
L TOWn Interrupt Flag Sat
¥ ¥ {Intarrupt on Bottom)
T :
TCNTRn
OCnx |_| {COMnx1:0 = 2)
OCnx |_ ({COMNx1:0 = 3)
Period I 1 ~I- 2 I* 3 ~I= 4 ~I
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& 5-1
Gty B2 ARSI O Timerd C po: @OOOOOOO
elay &T= =0 s L imer ompare
olEIEES 018 stol PORTEN oi2d Lepg Azese | D1 O@OOO000
OIMIQILICE °F 1% 2tH o= 0|50 OFAIS LED I} p2: OO0O@OOOOO
ON &% CIAl X2 LEDSE ONEL|C D3: QO0.00QO
ps: OOO0O@OOO
ps: OOOO00O@OO
pe: OOOOOO@O
p7: OOOO0O000@
A= 5-1
/*
EX 05 0l.c
PORTEO| ZE LED & A|ZEst= oA JYt}
delay BfTE ARSSHA| 2811 ERO|H compare JIHHAEE AMEFY T

Main Clock : 11.0592Mhz

AVRStudio 4.18
2012-09-08

*/

#include <stdio.h>

#include <avr/io.h>

#include <avr/interrupt.h>
#include "WATI128.h"
#define LED PORT PORTE
/I 1EALRE

unsigned int g Timer = 0; ) )
unsigned int g TimeTick = 0; // 1=ZA sl

// EtO|MHcompare 1B HEFH
// 1ms OfCHAl 2 =
ISR(TIMERO_COMP  vect)

TCNTO =0x00;
g Timert++;
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if(g_Timer>=1000)

g TimeTick ++;
g Timer = 0;

}
H

// 1ms OICHAE A= =QlE{ & E
void InitTimer0()

{
ASSR = 0x00;
TCCRO = 0x04;
TCNTO = 0x00;
OCRO = 171;

H

int main()
InitTimer0();
// LED €4 82244
DDRE = OxFF;

LED PORT = OxFE;

/| EtO|HIE B E
TIMSK=0x02;

/I HAHIEE Elool =

sei();

while(1)
if(g_TimeTick >=1)
/I 1E7+8 2=l 2d et
if(LED_PORT == 0x7F)

/| M 2LED ON 7|
LED PORT = OxFE;
}

else

LED PORT <<= [;
LED PORT |- I;
}

g TimeTick = 0;

// MAX -> BOTTOM il ZafaAl

// Match Register

// OFX|ZHLED 7}ON &) ¢lth.

PORTA.0 LED ON
/I AR et

5t

g
o

| =
// OFX|ZHLED +=OFF 7
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olg 5-2

Timerl S Akgstof LED @012 Moo= diAguUct | ps. OO0 @O0
PB5. PB6, PB7 o ¥J12 212t 0 ~ 100%77 Z0tet | ne. OO 0000 @O

5 100 ~ 0% 2 245l oiHALCH
° p7: OOOO0O0O00 e
3E 5-2
/*
EX_05 02.c

TIMER] SA}Z23}0{PORTB.5, PORTB.6, PORTB.7 9| A A LEDY 7| =
0 ~ 100, 100 ~ 0 Z7FX| M O Sh=0f| A & L C}.

Main Clock : 11.0592Mhz

AVRStudio 4.18

2012-12-20

*/

#include <stdio.h>

#include <avr/io.h>

#include <avr/interrupt.h>
#include "WAT128.h"

int main()

{

SFIOR = 0;

http://WhiteAT.com
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DDRB = (1<<PB7 |1<<PB6 |1<<PB5 ); // PB7, PB6, PB5

TCCR1A=0xAA; // MODE=10, FAST PWM

TCCRIB=0x19; // 12F/ 5913}
ICRI=100; // 0 ~ 100 7}X| 2| ZfEALE

OCRIA =100;
OCRIB =100;
OCRIC = 100;

while(1)

{
OCRI1A -=1;
OCRIB -=2;
OCRIC -=4;

if(OCR1A>100)
OCRIA =100;
if(OCR1B>100)
OCRIB =100;
if(OCR1C>100)
OCRIC =100;

DelayMS(20);
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g 5-3

TIMER3 SAHE0I0{PORTE.3, PORTE.4, PORTE.5 off

ZE LEDO YIIZ 0 ~ 100, 100 ~ 0 DAl Moiahks ofH | D3 OCO0e0O000O
oIt ps: OOO00O@OOO
ps: OOOO0O0@OO

K
In
(8]
1
w

/*
EX_05_03.c

TIMER3 SAF23}0IPORTE.3, PORTE.4, PORTE.5 ¢ ¢14% LED9 ¥7]|=
0 ~ 100, 100 ~ 0 7}FX| M O{5t= oA L},
Main Clock : 11.0592Mhz

AVRStudio 4.18
2012-12-20

*/
#include <stdio.h>
#include <avr/io.h>

#include <avr/interrupt.h>

#include "WATI128.h"

int main()

{

http://WhiteAT.com
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SFIOR = 0;

DDRE = (1<<PE3 |1<<PE4 |I<<PE5 );
TCCR3A=0xAA; / MODE=10,  FAST PWM
TCCR3B=0x1A; // 825

ICR3=100; // 0 ~ 100 77}X|2|ZtEALE

OCR3A =100;
OCR3B =100;
OCR3C = 100;

while(1)
{
OCR3A -=1;
OCR3B -=2;
OCR3C -=4;

if(OCR3A>100)
OCR3A =100;
if(OCR3B>100)
OCR3B =100;
if(OCR3C>100)
OCR3C =100;

DelayMS(20);

http://WhiteAT.com
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6. Serial Peripheral Interface - SPI

6.1. SPI

SPIE MCUL2F 25 AAF 2Holl 21E HI0IE St #3010 RESCIA A L EASLICH T =2

A/D @zt D/A Hat AKXt EEPROM, Touch Controller 2AI2ES] EA101 240 At2EL

I

Dataln, DataOut, ChipSelect, Clock 2| 4749 HEZ A5 2} VCC, GND 2teg2 EAI0| JtsE

Cl.

Ve VCC
GND - GND
Data Out Data In
Data In « Data Qut
Clock Clock
Chip Select > Chip Select
MCU QIE A%}
<SPl 7%= >

http://WhiteAT.com
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5 -
-leu
1M
] MOE]
XTAL MSB LSB s &
i & BIT SHIFT REGISTER o]
READ DATA BUFFER 5'
DIVIDER b
/2/14/8M1B/32/84/128 .. 5
* O
&
¥ * CLOCK =
SPI CLOCK (MASTER g o
SELECT | CLOCK ¢ s
| LOGIC o M
K I.‘_l ‘_‘__;_. ™ E %
JHE: —1 =]
v oy ry E
o I'_"IT
ol & &
=| @ o
— 1 MSTR
<SP
SP] CONTROL *
M C; g Kl J = = =2
z o 3 ol o K & 8 B & H E
r.-'.-"ﬁ"lllll% zr.-'.ur.nn.c_Jl;_J':..':-r.n'J
| 5PI STATUS REGISTER | [ 5PI CONTROL REGISTER
] a
3 7

SPIINTERRUFT INTERNAL
REQUEST CATA BUS

< ATMEGA128 SPI Block Diagram >

MSB MASTER LSB  {,cq wiso MSB SLAVE LSB
8 BIT SHIFT REGISTER * * 8 BIT SHIFT REGISTEH'—‘
Faa s
. MOSI MOSI
SHIFT
EMABLE
5Pl SCK  SCK
CLOCK GENERATOR e -
|58 S5

< SPI| Master-Slave A& >
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SPI= SPCR, SPSR, SPDR Al ~E Qb &t & LICH

o SPCR - SPI Control Register

Bit 7 B E 4 2 1 0
[ SPE | sPe DORD | MSTR | CPOL | CPHA SPA1 | SPRO |
ReadMWrits RW AW AW AW RW RW RAW AW
Initial Value 0 0 o o o 8] o
Bit 7 — SPIE: SPI Interrupt Enable
Bit 6 — SPE: SPI Enable
Bit 5 — DORD: Data Order
Bit 4 —— MSTR: Master/Slave Select
Bit 3 — CPOL: Clock Polarity
CPOL Leading edge Tralling edge
0 Rising Falling
1 Falling Rising
Bit 2 — CPHA: Clock Phase
CPHA Leading edge Trailing edge
0 Sample Setup
1 Setup Sample

Bits 1, 0 — SPR1, SPRO: SPI Clock Rate Select 1 and 0

SPI2X SPR1 SPRO SCK Frequency
0 0 0 focld
] 0 1 fee /16
0 1 0 fo /64
] 1 1 f /128
1 0 0 f .2
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e SPSR - SPI Status Register

Bit 7 B 5 : 3 2 1 0
SPIF | wooL | - - - | - - sPizx |
ReadWrite A A A H AW
Initial Valus V] 0 0 0 0 0 0
e SPDR - SPI Data Register
gt 7 6 5 : 3 2 1 0
| EEE | LSB
ReadWrite RIW RW AW RIW RW RW RW RW
Initial Valuz X X X X X X X X

http://WhiteAT.com
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L5 6-1

WAT-AT45DB 2= PORTBO| &0
ATA5DBO4T HIOIE] iAol HlolE S Write/Read slw | O @O @O @O @ 0x55
HsUL

0 ~ OxFF JbAlel diolE S #20 goiM d= HoEH O 000 0 Q@@ 0xM0
Sol5i0l (k552 CI2W 0xF0 2 Z2isis of ML)

kU
In

/*

M

EX 06 0l.c
SPI ZDataFlash 2 1A =0 K| QlL|C}.

SPI £ Z=7|3} st

HO|HE A4

olo &
T

812 OOo[H 7} S&etX]

=

gHolstL|C}.

—

ZtE PORTEZ ZA|ZLICE.
AVRStudio 4.18
2013-03-08

*/
#include
#include

#include
#include

<stdio.h>

<avr/io.h>
"WAT128.h"
"AT45DB161D.h"

BYTE Data[256];
BYTE ReadData[256];

int main()

{
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const BYTE BufferNum =AT45DB_BUFFER 1;
const BYTE PageNum =4;

DDRE = OxFF;
PORTE = OxFF;

// ATA5DB &SPl x=7|3}
Spilnit();
SFlash_GetID();

/] HIH 22HH M FOFSICH(Z )
PageToBuffer(1,0);

// Data O &2|2|gt
for(int i=0;i<256;i++)
{

Data[i] =
}

// Data gtSHIHO0|E 7|
SFlash_WriteBuffer(BufferNum,0,Data,256);

// HIH S H O K| (A M| &M & e K|)of| A4 7|
SFlash_BufferToPage(BufferNum, PageNum, 1);

21 0| 2 H==(ReadData)0j| & 2| 2| gf A 7|
for(mt i=0;i<256;i++)
{
ReadDatal[i] = Oxff;
}

// HO|X|HO|H EHH 27t 27|
PageToBuffer(BufferNum,PageNum);

// B{IH | O|E{ £ReadData2 7} 2 7|
GetMemBuffer(ReadData);

//
for(int i=0;i<256;i++)
{
if(ReadDatali] !'= Datali] )
{
while (1)
{
/] #2020 0|7t Ct2CHH
PORTE = 0x55;
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}

}
}
/20212 H 0K 7ts 2ot tHH
PORTE = 0xf0;;
while(1)
{
}

http://WhiteAT.com
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7. Universal Synchronous and Asynchronous Receiver and Transmitter - USART

7.1. USART

OHm
rz
2

ATMECGA128A Oll= 2712l USART & W&ot ASLCH SI, US| LE0M H0ls S

Jtsgu

CHFE
éEBD
S EN@ IR BN i o
OO0 00000 o — o
oo oooOoo o s
LTI M. . S e, S SRS L L
SEEproRrrei28gsy
SO0 b0 S o o
AN P T E F0FE CLE 6
S PR ER B EREBRGEET
PENC1 f 48 [1 PA3 (AD3)
RXDO/(PDI) PEO ] 2) 47 [ PA4 (AD4)
TXDO/PDO) PE1 ] 3 46 [] PAS (ADS)
(XCKO/AIND) PE2 | 4 45 [ PA6 (AD6)
(OC3A/AINT) PE3 [ 5 44 1 PAT7 (AD7)
(OC3B/INT4) PE4 [ 6 43 [0 PG2(ALE)
(OC3C/INTS) PE5 ] 7 42 [ PCT (A15)
(T3/INTE) PE6 [ 8 41 ] PC6 (A14)
(ICP3/INT7) PE7 [ 9 40 1 PC5 (A13)
(SS) PBO ] 10 39 [0 PC4 (A12)
(SCK) PB1 ] 11 38 [0 PC3 (A11)
(MOSI) PB2 [] 12 37 (1 PC2 (A10)
(MISO) PB3 13 36 [ PC1 (A9)
(OCD) PB4 ] 14 35 [1 PCO (A8)
(OC1A) PB5 O] 15 34 (1 PG1(RD)
iDG1BiPBBE1ﬁ,\mmcrmmﬂmmﬂmc,_%%ﬂ%mwm
- = = 60 O NN O NN N D om
BRI R E eSS R ERE BRLRRgR
O - 00 N2 oo @l v oo
EefMozddPRIRRRERPRE
oM °kksdaslrera
o olr el Bl g &
QA8 zzlzzlcg —~
g PP 3AEE[ T
o e
< USART & ¥l >
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UBRR[HL]

'

SAUD RATE GEMERATOR =

UDR {Receive)

CHECKER

[ 5vYHC LOGIC |——— i
-t KCK
w| CONTROL
| T _______________?ra_n;-lﬂer_:
e ™
: UDR (Tranzmit) T
7 BARITY |
| GEMERATOR |
| - TRANSMIT SHIFT REGISTER r\_ N | p! Tem
| e e T ,.,_!/ CONTROL | =
I T S P SN
M Receiver |
| cLock | RX |
| RECOVERY | CONTROL |
| I
l DATA PN |
I - RECENE SHIFT REGISTER el controL [ Rx0
- |
| ¢ |
| PARITY |
I I

< USART Block Diagram >
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7.2. USART &lAlI£E

USART AtEste{™ UDRO, UCSROA, UCSROB, UCSROC, UBRROH, UBRROL, UDR1, UCSRTA,
UCSR1B, UCSR1C, UBRR1TH, UBRRTL BIA|AEE A7Hal OF efLlCh.

UDRn - USARTn I/O Data Register

Bit 7 [ 5 4 3 2 1 0
e AR
RXBn[7:0] UDRn (Read)
TXBn[7:0] UDRn (Write)
T T s 0 . L TP . S . - -
Road/Write AW RW RW AW AW AW AW RW
Initial Value 0 0 0 0 0 0 0 0

* Ho]§ $412 UDRn

it

23, AL UDRn

ftlo
o

UCSRnA - USARTn Control and Status Register A

Bit 7 L 5 4 3 2 1 0

RXCn TXCn UDREnN FEn DORN UPEn UzXn MPCMn | UCSRnA
ReadWrita R RA R H R R RW RAW
Initial Value 0 0 1 0 0 0 0 0

* Bit 7 — RXCn: USART Receive Complete

* Bit 6 — TXCn: USART Transmit Complete

e Bit 5 — UDREn: USART Data Register Empty

* Bit 4 — FEn: Frame Error

* Bit 3 - DORn: Data OverRun

* Bit 2 — UPEn: Parity Error

* Bit 1 — U2Xn! Double the USART Transmission Speed
* Bit 0 — MPCMn: Multi-Processor Communication Mode

http://WhiteAT.com
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UCSRnB - USARTn Control and Status Register B

Bit 7 & 5 4 3 2 1 ]
T T P L LT i A - AT T

I RXCIEn | TXCIEn | UDRIEn | RXENn | TXENn | UCsZn2 | RXB&n TXB8n I UCSRAnE
Road Write RwW RwW AW AW R R R AW
Initial Value 0 0 0 0 0 0 0 ]

Bit 7 — RXCIEn: RX Complete Interrupt Enable
Bit 6 — TXCIE: TX Complete Interrupt Enable
Bit 5 — UDRIEn: USART Data Register Empty Interrupt Enable

Bit 4 — RXENn: Receiver Enable
Bit 3 — TXENn: Transmitter Enable
Bit 2 — UCSZn2: Character Size

Bit 1 - RXB8n: Receive Data Bit 8
Bit 0 - TXB8n: Transmit Data Bit 8

UCSRNnC - USARTn Control and Status Register C

Eit Fi 6 5 4 3 2 1 0
- | U!iSELn | UEMM | LI-F'MnD | i.IEElSn | UIESZm UIESZHD UC-PE}LHI UCSRnC
RaadWrite RAN BwW AW RAW AW RAW RA AW
Initial Value 1] 0 o 4] [ 1 1 0
® Bit 7 - Reserved Bit
¢ Bit 6 - UMSELn: USART Mode Select
Table 77. UMSELn Bit Settings
UMSELn Mode
0 Asynchronous Operation
1 Synchronous Operation
e Bit 5:4 - UPMn1:0: Parity Mode
Table 78. UPMn Bits Settings
UPMni UPMnO Parity Mode
0 0 Disabled
] 1 (Reservad)
1 a Enabled. Even Parity
1 1 Enabled. Odd Parity
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e Bit 3 - USBSn: Stop Bit Select
Table 79. USBSn Bit Settings

USBSn Stop Bit(s)
0 1-bit
1 2-bits

e Bit 2:1 - UCSZn1:0: Character Size
Table 80, UCSZn Bits Settings

UcsZn2 ucsZm UCsZnl Character Size
0 0 0 5-bit
0 0 1 &-bit
0 i 0 7-bit
0 i 1 8-bit
1 0 i) Reserved
1 0 i Reserved
1 1 0 Reserved
1 1 1 9-bit

e Bit 0 - UCPOLN: Clock Polarity

UCPOLnN

Transmitted Data Changed (Output of
TxDn Pin)

Received Data Sampled (Input on
RxDn Pin)

0

Rising XCKn Edge

Falling XCkn Edge

1

Falling XCKn Edge

Rising XCKn Edge
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UBRRnH, UBRRnL - USARTn Baud

Rate Register

Eit 15 14 13 12 14 10 g g8
M- 1 - 1 - 1 = UBRAN[11:8]
| UBRRN[7:0]
Fi B 5 4 2 2 i 0
Read/Write R R R R RW AW AW AW
W AW RAW AW RW AW RW AW
Initial Value 0 L] 0 0 0 0
0 0 ] 1] 0 0 0 0

UERRnH
UERRANL

* Bit 15:12 — Reserved Bits

e« Bit 11:0 — UBRRn11:0: USARTn Baud Rate Register

2 0lE 4d oAl

f.,.=18.0000 MHz f_..=11.0592 MHz f...=14.7456 MHz
g::;‘ U2X = 0 U2 = 1 U2X =0 U2X =1 u2x =0 U2X = 1
(bps) UBRR Error UBRRA Error UBRR Error UBRRA Error UBRR Error UEBRR Error
2400 207 0.2% 416 4% 287 0.0% 575 0.0% 383 0.0% 767 Xz
4000 103 0.2% 207 0.2% 143 0.0% 287 0.0%: 101 0.0% 383 0.0%%
9600 51 0.2% 103 0.2% 7 0.0% 143 0.0% a5 0.0% 191 0.0%
14,44 24 0.8 B3 0.6% 47 0.0% o5 0.0% 83 0.0% 127 0.0%
19.2k 25 D.2% 51 0.2% 35 0.0% 71 0.0% 47 0.0% 85 0%
208k 18 2.4% 24 -0.8% 2 0.0% 47 0.0% a1 0.0% 83 0.0%
0.4k {2 0.2% 25 0.2% 17 0.0% a8 0.0% 29 0.0% 47 0.0%
576k g 355 16 2.1% 11 0.0% 2 0.0% 15 0.0% a1 0.0%
6.8k & T0% 12 0.2% 8 0.0% 17 0.0% i1 0.0% 23 0.0%
115.2k 3 8.5% B -3.5% 5 0.0% 14 0.0% 7 0.0% 15 Xz
2304k 1 8.5% 3 8.5% 2 0.0% 5 0.0% 3 0.0% 7 0.0%
250k 1 0% 2 0.0% 2 7.85 5 7.8% 3 7.8 g 5.3%
0.5M ] 0% | 0.0% % e 2 8% i T .8% 3 -7 8%
M i = o 0.0% = s s i o iy 1 i 7.8%
Ma 1) 0.5 Mbps 1 Mbps B01.2 kbps 1.3824 Mbps 021.6 kbps 1.B432 Mbps
i UBRA =0, Ermor = 0.0%
http://WhiteAT.com
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f... = 16.0000 MHz fo. = 18.4320 MHz f e = 20,0000 MHz
chroy UZX =0 U2X = 1 U2X=0 U2X = 1 U2X =0 U2X = 1
{bps) UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error
2400 418 -01% g3z 0.0% 475 0.0% 250 0.0% 520 0.0% 1044 0.0%
4800 207 0.2% 418 0.1% 238 0.0% 470 0.0% 250 0.2% 520 Eig
4a00 103 02% 207 0.2% 118 0.0% 239 0.0% 120 0.2% 250 0.2%
14 4% €3 0.6% 138 0.1% 70 0.0% 150 0.0% 86 0:2% 173 0.2%
19.2% 51 0.2% 103 0.2% 50 0.0% 119 0.0% 64 0.2% 129 0.2%
28.Bk 34 -08% 63 0.6% g 0% 79 0.0% 4z 0.8% 85 0.2%
38 4k 25 02% 5 0.9 20 0.0% 50 0.0% az -1.4% &4 0.2%
57.6k 16 2.1% 34 0.8% 18 0.0% 29 0.0% 21 -1.4% 42 0.8%
TE.Bk 12 0.2% 25 0.2% 14 0.0% 29 0.0% 15 1.7% a2 A%
1152k ] -35% 16 214% g 0.0% 19 0.0% 10 -1.4% 21 -1.4%
2304k 3 8.5% B -35% 4 0.0% ) 0.0% B.5% 10 1.4%
250k | 0.0% 7 0.0% 4 78% 2.4%, 0.0% 0.0%
0.5M 0.0% 3 0.0% - - F.B% - - 0.0%
1M a 0.0% 1 0.0% - - - - - - - -
Max (1) 1 Mops 2 Mbps 1.152 Mbps 2.304 Mbps 1.25 Mbps 2.5 Mbps
1. UBAR =0, Eror = 0.0%
g1o] #2 298 & £ UX0| oldzs zltet =017 floiME= 11.0592MhzE AtEdH=
Z5LICE 16Mhzel BI2IZ220lM 115200bps 2| Sl & 3% 0ld=0| 3.5%Lt L.
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7.3. RS-232C &¢I ¢

WAT-AVR128 A&dI|EZ RS-232C S4l= of 2ASLICL Al JHolS2d AedIES Ot 2t

WAT-AVR128 =9t ZFE Ale|d L& of of
Alelel ZEJL gt USBtoSerial #0I20=2 tAlgr & ASLIC

1) USBtoSerial http://kit128.com/goods/view.php?seq=49 oA +uf 7}t

http://WhiteAT.com
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Ag 7-1
AxH=2 A~ 7 gr=sMo2 85 oM Lch
a2c 741
/*
EX 07 0Ol.c

USARTO Z'A' H-E]'7' dlo]|E =33 Hj = 4]
B o] E: 115200 bps

AVRStudio 4.18
2012-06-05

%

#include <avr/io.h>
#include "WATI128.h"

int main()

{
char chData = 'A";
OpenSCI0(115200);
while(1)
{
}

}

// USART 0 €7]

DelayMS(300); /I okzreld g o]
PutCharO(chData); // -AFH 1] 7]
/17" 7 e = A ARE A 2L

if(++chData> 'Z")
chData = 'A’;
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D !
3K
a
10
Pl
o
e
Oim
=
[H
Hu

- COM NUM BALUD RATE
Eafimest I . i ;
o7 vi ©0OB00 14400

oM IO E 2H0F LCD off &d¢et = o2 E 2= oM Llch

""'*!" ”“1"" —
WAT=GLED reuy
httosifayrtg.cam

{+ 57500
Dismnnéctl 1200 19200 ¢ 115200
" 2400 ¢ 28800 (128000
' 4800 ) 38400  2SE000
9800 ¢ Ss000 O
— T
u |
I msez 2uol | mS DICH BLICH,
I bTR
—Rx
r HX’HEXA? R i?]il I maE!E HQ— | llr_;."?l] LLR
abcd1234990kkke | apy e
s 7-2
/%
EX_07_02.c
HFHOAM USARTO = &2 Ul 0|E{= Character LCDOl =4
A= o7 2
e 0lE: 57600bps
AVRStudio 4.18
2011-08-16
%/

#include <avr/io.h>
#include "WAT128.h"

int main()

{
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INT16S iRxData;

OpenSCIl0(57600); // USART 0 €7
CLCD_Init(); // LCD =7|a}
while(1)

{

iRxData=CetByte0();
if( 0<= iRxData && iRxData<=255 ){

// CLCD of &
CLCD_PutChar(iRxData);
PutCharO(iRxData); // echo 2L 7|
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5B WAT-AVR128 £ =% FNDUIOIH, LED OI0I8 #M HEHE H&Eotn L=0lM

(e] — O
ZFHZ DIPEIAl g, 2Hel &R 3, CDS gt JIHAME gt & AAZte =2 HE6ts=
Ol Al & L] T
: rﬁ WAT-IORADC EA T2 T8 VC++60 - [httpi/Wh..
oy WAT-IORADC B4 EEIH - N
— - — oYE BEE 270 ESUH
COM HUMBER  COM4
[Comd -] T80~ CLOSEl
~FND LD
ST [ LED] +(T%
ﬁ LEDT «(T:0) ! )
5634 i, S |1 (Y- [ — I~ LED3
. o= "R JFFFR | | C
=~ EILED4 [TIEEl
DI SWTCH 71 LEDS s I~ LEDR !
7| LEDE R [ LED7?
| | | : | | I | e ELCER RN EEDE S
LR | [ —— ~ROTARY-
AERERNRNEN N |
i f ROTARY: .
CR¥ DATA
! 3 02 08 03 00 76 01 00 03 CC 03
WR: |_J f [
=H| ,;JJ]

sasguess

L
|

[
@" L

http://WhiteAT.com
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A 7-3

/*
EX 09 03.c

USART0 & H=9o] A pCc2 A%
PCol A LED, BUZZER, FND | ]
AVRStudio 4.18

2012-06-05

HOMEPAGE: http://WhiteAT.com
SHOPPING: http://kit128.com

*/

#include <avr/io.h>
#include "WAT128.h"

BYTE g FNDData[4]={1,2,3,4};
BYTE g BUZZER = 0;
BYTE g LED = 0;

UINT16 g adcCDS; // CDS %R
UINT16 g adcVR; /1 7V A S gk R

void OperDisplayFND()
{

DisplayFND4(g_FNDData[0],g FNDData[1],g FNDData[2],e FNDData[3]);
H

INT16 g byteOperPCTXTimer = 0;
void OperPCTX()

{

if(--g_byteOperPCTXTimer>0)
return;

PutChar0(0x02); /10 A& S
PutCharO(PIND); // 1 DIP SWITCH
PutChar0(GetRotarylnt()); /"2 ROTARY
PutChar0(g_adcCDS>>8); /'3 CDS 913k
PutChar0(g_adcCDS); // 4 CDS &} %k
PutChar0((g_adcVR)>>8 &OxFF); // 5 7} A a}Ak9] gk
PutChar0(g_adcVR&OXFF); /6 7V A &k ¢k
PutChar0(0x03); // 7
PutChar0(0xCC); /18 AAA
PutChar0(0x03); /9 EX%
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}

/7R

g byteOperPCTXTimer = 20;

, CDS #SADCEY] 7]

void OperReadADC()

{

}

int main()

{

INT16 uiTemp; / A ¥4

g adcCDS = 0;
I o) 2B A Zha M gk ¢ o] ST,

for(uiTemp = 0; uiTemp<l6;uiTemp++)
{
ADMUX=0x40 | 0x00;
ADCSRA = 0xD7;
while((ADCSRA & 0x10) !'= 0X10);
g adcCDS += ADCL + (ADCH*256);

}

g_adcCDS>>=4;

g adcVR = 0;
I o) 2B A 2k el M gk 2w ¢ o]

3 HIt,

for(uiTemp = 0; viTemp<l6;uiTemp++)
{
ADMUX=0x40 | 0x01;
ADCSRA = 0xD7;
while((ADCSRA & 0x10) != 0X10);
g adcVR += ADCL + (ADCH*256);

}

g _adcVR>>=4;

BUZZER_INIT; / BUZZER *7]3%}
OpenSCI0(115200); // USART 0 47]

InitFND4(); // FND % 7] 8}
InitADC(); /I ADC %73}

DisplayFND4(3,4,5,6);
InitRotary();
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DDRD = 0x00; // H =92 =92 o= A4
PORTD = OxFF;
DDRE = OxFE; // LED

while(1)

{
BUZZER_OFF,
OperDisplayFND();
OperReadADC();
OperPCTX();

if(0x02 ==GetByte0())

{
UINT16 uiData = 0;
uiData = GetByte0(); //1
uiData<<=§;
uiData += GetByte0(); //2

//buzzer
g BUZZER = GetByte0();

g LED = GetByte0(); //4
GetByte0(); /5
GetByte0(); //6
GetByte0(); //7
if(0xCC == GetByte0() && 0x03 == GetByte0() )
{
if( g BUZZER)
{
BUZZER _ON;
DelayMS(2);
}

/| PCAIMHFELED #tS&9
PORTE =~((g_LED)&0xFC);

// FND 3A]

g FNDData[0]=((uiData/1000)%10);
g FNDData[1]=((uiData/100)%10);
g FNDData[2]=((uiData/10)%10);

g FNDData[3]=(uiData%10);
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. Two-wire Serial Interface - 12C

8.1. TWI

ATMEGAT28A o= 1702 TWI & W&ot &Lt TWi= 2912 & (Data, Clock) 22

Stlot=s 44010 12C 2tus gfLth

ot=Alol 22 1Hel DIAEDE o] Jiel Sd0l2 & e et Stlg & 2D sd01=
A

A 22 HoleHE &plet £% ASLICE SDA, SCK 2 @Z =2 UAo2 F o] 20| Ut=A|

-

E2Y Mal( 47K dZalof guic

-

Device 1 Device 2 Dievice 3 Dievice n A2

SDA - -

SCL - =

< TWI Bus Interconnection >

TWI £ HIE 9= HIOIHE d&e & =0 SDA HI0IE I et 2EfolA SCK ol 2=

Data Stable | | Data Stable |

< "oy dF Epolw>

http://WhiteAT.com
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RTols, W2l =2

£ &tlotut £Llsttt® REPEATED STARTE AME

&e|= STOP tle= Chsa

i

my
i)y
c
o
e
2

39
iy
c
a

SDA

dot= 4 dEi= START

e A=0 Aol MSBE

YA Al gfLlCh

Addr MSB

Addr LSE

ACK

J J.l
= A G 8 ¢ / >< /
Y Fi
F R /
SCL .._l.-'r \ r." b /_\ /_\ _,."',_\
Y ¢ - ! i Vi
1 2 ) 7 8 9
START
A dole ZoE Cts1 &&Ltt
Al M5B AddrLSE RWwW ALK Data M5B Dal| Lse  ACK i

A

START

\/)i'

/NS
1

A\

U,\XL_;

a¥aTa

SLA+RW

XX
AVA

Data Byta

XX\

AVAVANY,

sTOP
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8.2. TWI BlX|£HE

TWI AtEodte{™ TWBR, TWCR, TWSR, TWDR, TWAR, HIAIA~HE A

TWBR - TWI Bit Rate Register

doll OF gLt

Bit 7 8 5 4 3 2 1 0
| TWBR7 | TWBR6 | TWBR5 | TWBR4 | TWBR3 | TWBR2 | TWBR1 | TWBRO | TWEBR
Read/Write AW R/W R/W AW AW AW RW AW
Initial Valus 0 0 0 0 0 0 0 0
- TWI B4 §= 27
TWCR - TWI Control Register
Bit 7 8 5 4 3 2 1 0
TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN - TWIE TWCR
Read/Write AW R/W AW RW R AW R AW
Initial Value 0 0 0 0 0 0 0 0
e Bit 7 = TWINT: TWI Interrupt Flag

e Bit
e Bj
e Bj
* Bit
* Bit
* Bit
* Bit

2 — TWEN: TWI Enable Bit
1 - Res: Reserved Bit
0 - TWIE: TWI Interrupt Enable

6 - TWEA: TWI Enable Acknowledge Bit
t 5 - TWSTA: TWI START Condition Bit
t 4 - TWSTO: TWI STOP Condition Bit

3 - TWWC: TWI Write Collision Flag
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TWSR - TWI Status Register

Bit 73 g 3 4 ) o 1 0
[ Tws7 | TWS6 | Twss TWS4 TWS3 - TWPS1 | TWPSO | TWSR
ReadWrite = R R 7] = = R RAW
Initial Value i 1 1 1 | 0 ] 0
e Bits 7.3 - TWS: TWI Status
e Bit 2 - Res: Reserved Bit
e Bits 1..0 - TWPS: TWI Prescaler Bits
TWPS1 TWPSO0 Prescaler Value
0 0 1
0 1 4
1 ] 16
1 1 64
TWDR - TWI Data Register
Bit 7 [ 5 4 3 2 1 0
| TWD7 | TWDé | TWD5 TWD4 TWD3 TWD2 TWDH TWDO | TWDR
ReadWrite AW R AW AW AW R RAW AW
Initial Walue 1 1 1 1 1 1 1 1
e Write/Read O|0|E
TWAR - TWI (Slave) Address Register
Bit 7 g 5 4 9 2 1 0
[ TWAE | TWA5S | TWA4 | TWA3 | TWA2 | TWA1 | TWAD | TWGCE | TWAR
FeadWrita W AW RAW RAW AW AW B RwW
Initial Value 1 1 1 1 1 1 i 0

e Bits 7.1 - TWA: TWI (Slave) Address Register
e Bit 0 - TWGCE: TWI General Call Recognition Enable Bit
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9. Analog to Digital Convertor — ADC

ATMEGA128 2 812l 108|E ADCE M =gt

9.1. A&

Hel|SHHAE ADCI0 &80t WAT-CLCDE ¢1&5t0| A= of 2 &LICH

J3

ADC1 1
M8_Gvau:7§
M8_VCCO——=

CON3

9.2. Hel&H MM 55

ADC gt &0t LCDOIl &6t HelE Alttols I =YLt

while(1){
ADMUX=ADC_VREF_TYPE;
ADCSRA = 0xD7; // start conversion and clear ADIF
while((ADCSRA & 0x10) !'= 0X10);
suml = ADCL + ADCH=%256;
Delay_ms(1);

sprintf(g_chTemp,"ADCO Value:%5d ",sum1);
LCD_PUTSTRINGS(0,0,g_chTemp);
sprintf(g_chTemp,"ADCO Value:%5d ",sum1);
LCD_PUTSTRINGS(0,1,g_chTemp);

Delay_ms(50);

http://WhiteAT.com
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10.

WAT-AVR128 Module
J|=2 = ol

|'o|\

[s13

10.1.

mE=

E &)

o

g 7l

<
I_
SEI} 5128

o e U EebreE MEY

Jm
0

Atmel 2| ATMECAT128AS
Zofoltd 2120, SP3232 RS-

T SF

LI CF.

Szt =2 ATMECAT28A 20
232C ICE &2folo] PCIO Stls

0l

L

ANESTE Y 3.3V ~ 5.0V
AD M4 8AM'E 10bit
CLOCK 11.0592 Mhz
oy

242 TTL LEVEL di&

Lo} RS-232C dl¥el FIHA = HlS

ISP HYE M=

SIPEX3232EC &
Jtsglth

ANEGHH 2

MOl MAX232 =

AE

rin

5.0V 0[M2F RS-232C S

ol It

3.3V ~ 5.0V )0lIM RS232-C S410]

Lict)

S
=

]

o
=

=6
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10.2. /&

229 A= 41mm(W) x 49.5mm(H) 0lK, & Zol= 2&Me] ot (Pitch © 2.54mm)E
M=otol AFESHI| Hobdl dAl = AE L T

http://WhiteAT.com
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o HA o
dolltd 2= AFSoI 2 ZRF Aot AbEE & ASU T
11.1. # Y9
z 5 £ 5
1. VCC 2. VCC 41. VCC 42. VCC
3. ADC7/TDI 4. ADC6/TDO 43. ADO 44. AD1
5. ADC5/TMS 6. ADC4/TCK 45. AD2 46. AD3
7. ADC3 8. ADC2 47. AD4 48. AD5
9. ADC 10. ADCO 49. AD6 50. AD7
11. AREF 12. AVCC 51. ALE 52. NC
13. PEO 14. PE1 53. A15 54. A4
15. PE2 16. PE3 55. A13 56. A12
17. PE4 18. PE5 57. A1 58. A10
19. PE6 20. PE7 59. A09 60. AO8
21. GND 22. GND 61. GND 62. GND
23. PBO 24. PB1 63. /RD 64. /WR
25. PB2 26. PB3 65. PD7 66. PD6
27. PB4 28. PB5 67. PD5 68. PD4
29. PB6 30. PB7 69. PD3 70. PD2
31. NC 32. NC 71. PD1 72. PDO
33. PG3 34. PG4 73. TXDO_12V 74. RXDO_12V
35. nRESET 36. NC 75. TXD1_12V 76. RXD1_12V
37. GND 38. GND 77.GND 78.GND
ISP H
108 ISPE HUYE S M3olo] ISP2 =2 ™ 20|’ 0] Jhsguth

0
ul
rr
2l
w
ol

A AEO0l JtsEiL
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(0]
&

ADO
GND [ ApT
vce 3
z vee
[e)
1R03K/1608U2 3B |3[BBIBBBB| B BB
21 C5_]]0.1uF/1608
Qo 85ag8xwos 2 858 \Yelo I—I
[— w [afa)a)
1| ey 25% gééggée@ z 333 Ve [z 1ce I|Io.1u|:/1osos |||-GND
DEBUG_FROM PC 232 MOSI PEO 2 SI5535880 =<
DEBUG_TO_PC 232 MISO PET 3| PEO/PDI/RXDO =Ltk aoa
— PED 3| PE1/PDO/TXDO EE e 4 AD3
PES 5| PE2/AINOXCKO Trew PA3/AD3 1 ADZ
PEZ & PE3/AN1/OC3A [ PA4/AD4 1 ADE
PEE 7| PE4/INT4/0C3B PAS5/AD5 ADE
PEE g | PES/INT5/0C3C PA6/ADE 173 D7
PET 9| PE6/INTE/T3 PA7/AD7 {5 ACE
————— - PE7/INT7/ICP3 PG2/ALE {5 A5
PC7/A15 1 AT
o PC6/A14 [
SCK 25? 9 | pBo/SS ATMEGA128 PC5/A13 38—',,}]—3;
PB2 77| PB1/SCK PC4/A12 38— AIT
B3 PB2/MOSI PC3AM [57—ATo
PBZ 2| PB3/MISO PC2IA10 3 ADd
PB5 5 PB4/0CO o <85 PC1/A9 35 — A0B
PEG 5| PBSIOCIA 8 _ o8R8 PCO/A8 =
PB6/OCIB SO O QOLE N JRD
S=N®c
588 ECELAS o PG1/RD 33— TWR
g (m 8 g ££2£22xtk PGOWR [~
R 7] QO I I ScADRITOHORN
[ ORO] Y] z = = [ayajajajajala)a]
0.4 Al O X X 00000000 32006, 03. 02 fhiteAT

7
8
9
0

22
23
24
25
26
27
28
29

PB7

PD7
PD6
PD5
PD4
TXDT PD3
RXDT PD2
PDT
PDO

2
o

PG3
PCZ

TRESET

Y1
. 11.0592MHz/SMD
C7

18pF/1608 —— —-—cCs8
18pF/1608
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J2
4
2
1
= 5267-02
GND
us
vce ] VCC [ ovee
E— — N vee
vee 43 ADO
ADC7/TDI___ 3 PAO/ADO 744 ADT
ADCO/TDO 4| PF7/ADC7/TDI PAT/AD1 [z AD?
ADCS/TMS 5 | PF6/ADC6/TDO PA2/AD2 g AD3
ADCATCK 6| PF5/ADC5/TMS PA3/AD3 [47 D74
ADCE 77| PF4/ADCA/TCK PA4/AD4 45 D5
ADCS 5| PF3/ADC3 PAS/AD5 19 ADG
ADCT 9| PF2/ADC2 PAG/ADE |57 AD7
ADGO 7o | PF1/ADC1 PA7/AD7
PFO/ADCO 51 ALE
AREF 1 PG2/ALE |
AVCC 12 | AREF 53 A15
AVCC PCTIA5 [54 ATd
PE 13 PC6/A14 [5e A3
BE 74| PEO/PDIRXDO PC5/A13 [2g ATo
PE 15 | PE1/PDO/TXDO PC4/A12 [57 AT
3 16| PE2/AINOXCKO PC3/A11 [5g ATO
BE 77| PE3/AN1/OC3A PC2IA10 [5g 209
PES 15 | PE4/INT4/0C3B PC1/A9 [go 08
BEG 79| PES/INT5/0C3C PCO/A8 |
BE 20| PE6/INT6/T3 _ /RD
PE7/INT7/ICP3 PG1/RD. ‘&7_64 TWR
PBO 23 _ PGO/WR |
5B 1 54| PBO/SS 65 PD7
P52 55| PB1/SCK PD7/T2 [gg 5D6
PE3 56| PB2/MOSI PD6/T1 [47 FD5
PB4 77| PB3/MISO PD5/XCK1 [gg 504
PB5 28 PB4/0C0 PD4/ICP1 69 PD3
FB6 59| PBS/OC1A PD3/INT3/TXD1 79 5D
FE7 50| PB6/OC1B PD2/INT2/RXD1 7 5D 1
PB7/0C1C/OC2 PD1/INT1/SDA 75 500
PG3 33 PDO/ANTO/SCL
BG4 347 PG3/TOSC2
PG4/TOSC1 73 TO_MAIN 232 TEMP
/RESET 35 | —— TXDO_12V 1774 FROM_MAIN 232 _TEMP.
RESET RXDO_12V 7z TXDT 15V
RS2y p—mory
WAT AVR128
211 GND GND [
577 GND GND [77
38 ] GND GND [7g
GND GND
GND GND
2x19 pin HEADERCONNECTOR
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J1
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3 vcc
MOSI 1 2 Q RXD1 12V 1
3 4 TXD1_12V 2
/ReEseTZ 5 6 3
SCK 7 8 J_—
MISO 9 10 . 5267-03
P-HEADER 5x2 | _ GND
GND
ISP CONNECTOR RS-232C EXT
vece c14
o 0.1uF/1608
c9
0.1uF/1608
[-GND
©
U3
8 2
DEBUG_TO_PC_232 11 > 14 TO_MAIN 232 TEMP
TXD1 o | T1N T10UT = TXD1_12V.
DEBUG_FROM_PC_232 12 | 12N T20UT T3 FROM_MAIN_232_TEMP
RXD1 9 | RIOUT R1IN 175 RXD1_12V.
R20UT R2IN
e !
Cc1+
c11
0.1uF/1608 5 a c12
6 | C2- z |3 0.1uF/1608
N o c1-
c13 o SP3232EEY
0.1uF/1608 -
GND
SP3232 PART
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11.2. CI2 250 oA

WAT-AVR128_EXT 2E=(2Zt @ E5)E AIZ0IM CIE 220 & 92 & & ASELLh

29 gc 49
WAT-KEY 4x4 4x4 UG HE=IA I2E 2= (Input 2 E)
WAT-CLCD Character LCD 2=
WAT-GLCD Graphics LCD 2%
WAT-10&ADC LED, FND 2 JtH Mot HIAE 25
WAT-KEY 2x4 2x4 Hlgel I|12= 2E (Input A& E)
WAT-LED 842 LED 2=(Output A &)

< SHFLPeR A4E Jiseh 2= )
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WAT-KEY 4x4 2=

4x4 Bl@=2 A9AE 2ol MCU2l 8712l #idt VCC dgte 2 16712 ~2AE Mojol=

HME M=elth
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H B2 AR ol

Ef AxE= E7 o] A (http://whiteat.com)| A &<l
R t2go] 7heduth
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