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AT89 series

(Intel 8051 architecture)

AT90

(AVR architecture)
Attiny
Atmega
ATxmega

AT91SAM
(ARM architecture)

AVR32

(32-bit AVR architecture)

MARC4

8-bit

+ MCS-48
8048 family
8035, 8038, 8039
8040, 8X42, 8X49
8050; X=0 or 7

+ MCS-51
8051 family:
8X31, 8X32, 8X52
X=0, 3,0r7

+ 8xC251
16-bit

*+ MCS-96
8096 family
8061Intel

» MCS-296

Mic.Tec.

8-bit

+ PIC10

+ PIC12

+ PIC16
PIC16F628
PICAXE

+ PIC18

16-bit

*« PIC24

* dsPIC

32-bit

+  PIC32MX

TMS370
8-bit

MSP430
16-bit, Ultra-low-power

TMS320F28xx
32-bit

C2000

32-bit, Real-time control

Stellaris
32-bit, ARM Cortex-M3

TMS570
32-bit RISC

Older:
* Zilog Z8
8-bit architecture

« Zilog 7180

780 based micro

Newer:

* Zilog eZ8
« Zilog eZ80
* Zilog Z16
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ON-CHIP B

PART ON-CHIP
NUMBER CODE MEMORY DATA MEMORY
8051 4K ROM 128 bytes 2
8031 0K 128 bytes 2
8751 4K EPROM 128 bytes 2
8052 8K ROM 256 bytes 3
8032 0K 256 bytes 3
8752 8K EPROM 256 bytes 3
- e —

Table 1-5: Versions of 8051 From Atmel (All ROM Flash)

Part Number ROM RAM VO pins Timer Interrupt
ATROCS1 4K 128 2 6
ATEILVS] 4K 128 32 2 6
AT89C1051 1K 64 15 1 3
ATE9C2051 2K 128 15 2 6
ATE9CS2 8K 128 32 3 8
ATB9LVSZ B 128 32 3 8
Table 1-6: Various Speeds of 8051 From Atmel
Part Number Speed Pins Packaging
AT89CS1-12PC 12 MHz__ 40 DIP plastic
AT89CSI1-16PC 16 MHz 40 DIP plastic
AT89C51-20PC 20 MHz 40 DIP plastic
mhols =LV CMOS (5455 =C ATMEL 4=, =AT

.



= e e —

S5m0 pl Sl &g

snl& stiuaés

e i
LV N
] UL

- O v e
L TT TITT T]

PO P2 P1 P3 TXD RXD
0318 [ yuydT

— "

PO.0- PO.T

R Ml i

2.
Partd
ves [ Dirivers Drivers




S031 =

Schematic b
Pin out sl

VS§S

o R
1 8 P
QIMA

—

]

w.ﬂ@

I._lM

w9l
&

e
e B

!
5]

|

7

v —

o s Ll Ol 4 ACOY wl Fr 5l 4l VY
LS o o s A 82505
dien oy glite 3 s FY 0 5l Lt YF

S g 4 Wl (or oS3 S 5 LA
Bl w5l 65lpe by b Blil sl dls
2555 %

S Jlas L bl o ol @0 L a
S bl 5 £k LED S aile 2o

RN

.

(RXD)P3.0
(TXD)P3.1
(INTO)P3.2
(INT1)P3.3

r1.o 3
P11
p1.2 3
P13 3
P14
P15
P16 3
rL7 3
rsT 3

(TO)P3.4
(T1)P3.5
WR)P3.6
RD)P3.7
XTAL2
XTAL1
GND

oooooooonon

© O ~NO oA WN R

N T Y
S©m®m®»NoO 0 s wWNPR O

40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21

ajajujuinjajujujninjajujupnjaiajujuiuin

ve e ——

Vce

P0.0(ADO)
PO.1(AD1)
P0.2(AD2)
P0.3(AD3)
PO.4(AD4)
PO.5(ADS5)
P0.6(AD6)
P0.7(AD7)

‘EA/VPP

ALE/PROG
PSEN
P2.7(A15)
P2.6(A14)
P2.5(A13)
P2.4(A12)
P2.3(A11)
P2.2(A10)
P2.1(A9)
P2.0(A8)



4d% oYLt O

: (pin40) Vcc -

.w@rﬁt;bw;qﬂ;\sju,Vcc .

g“_ﬂw\s;}}+b@‘j5)\.:.:.>)}54i..\a}'}lﬂ} .

(pin20) GND -

o)

v ————

c2

._SEpF II
__:gl I

30pF

3 Olegd Sl 53959 O

S L Sl 4315 gy g Sl Olug S Glls ArdY
ol ooy sl Juzme V4 5 VA (gl 4l 4 oS b S

Syse S5 55 el enls OLES Oy e 4 Jlaslbl gla O3 0

L (o 5

g o530 Ji S 4 5L Ll sl 55 5le Ol

XTALZ s XTALL « OT Jlast s TTL [l i &S5l

> gad 05lazul

13



oo (illofy: (pin9) RST

(c,.w‘o.:;la,C.._.-.éj)zdsl.c‘l@_lfi‘):)»;@JMVQWJJAJQ.A‘_;U”&&Q =

Lles BLYL dle s o 93 55 Bl Conl o YU AL

Vcee
? 338 o JLelRST & YU L oS5 o8 Sl ™
| 23lie (bS5 s el (510 ol o )lgs J ST 5 S
~— 10UuF
af— N . e s
A dal e LU s LS
| EAIVPP Bt -
T %
PP = 19
|:| 11.0592 MHz
82K -I—
2] X2
$ 30 pF 18
I 5] RST

_ Y ———

=B wywd: (pin3l) /EA

Sl 35 g ALYY gAY )’6‘43";76})(‘)@-“
QQ;JJ@GNDAi.s.sjfdaaf.%f)B&ébéjijf;.s;up:'kh&;ﬁlé\jﬁJl "
.gﬁ?_wljsu\.s;_,uw@)u(\)é\j ALE,/PSEN =

.»Jf@y)VCCA{J‘,WJ‘,LA{/EA OuhoY s

4ol 9 0 >3 3w J3: (pin29) /PSEN
il oo b |y oyl ol bl &S ol g S e S

sd pdy O 0T 3lasl  sle Cob 0l b 35 8 o oz ROM G O b 4 Y gans 0l o

~ A  —————

14



o031 culi 3w J8: (pin 30) ALE =

35 gn oalial puysT 50313 o808 (Siluldr (s 5355 on Jlab YU Comds 53 5 Sl (s 5 o OS
2350 S 4 3T o8 LI b Cal Olge 4 a5 035 o808 Dl 4y oa ADY 53+ o s
23Uzl TALS373 G wl & Jlasl 5l Jaw g esls 5 uysT 038 oS o> gl ALE - 51 =
Ny g
I Go990 0 S 4l =
Syls sy P3 }PZ P1.PO olf):)ke- "

el b A lyls u\f)b,h -

s agr 93 (29 G5 s al ol o

(ol 9 2 63555 05 3 gz slyls A0
PO (P0.0~P0.7) : (pins 32-39) 0.&,, =
355 58 S 4oy st an g 563555 o 53 Ol 4 (Son 1l 2aS b b s 0
s noslizal odd Sl (Hloosls 5 uysT o858 Olgie 4 L5 gls 1 b 55 o

P1 (P1.0~P1.7) : (pinsl-8) 1.8, =
gy )8 4 ol Bl LU Gl 5L Syse s 0

P2 (P2.0~P2.7) : (pins21-28) 2.8, =
.CM‘AJ_,J&.'.A}AA?J:&(.; o
355 20 4 2ol Al b o1 b s 5T VL ol L 5 ager (2o S G3505 Olste 4 0

P3 (P3.0~P3.7) : (pins 10-17) 3.&,s =
ool by 615 0T sla il 51 a o gae s 63309 51 b 45 Sl pse 55 o6 s oS

el
‘ v L ——

15



Yol cw pL 4L el o Shoe
P3.0 RxD 10 I e o 55 (g1 0315 2L 53
P3.1 TxD 11 I o 55 (g1 o3l Ly
P3.2 INTO 12 C Tl Ay
P3.3 INT1 13 V ol iy
P3.4 TO 14 C bl o s
P3.5 T1 15 Vbl ol 2900
P3.6 WR 16 (ool il 5 285l Jlob SIS
P3.7 RD 17 ool il 1 0l jle Jlab S

5 SPLglimul 4 6T aen a5 3505 355 5P3 sP2 (P1 aPO@ﬁAel?J:JLﬁ.L:affSJ)J@JLu

ADY 55 151/0 o8 s ;1;,3&“(1,?\,_: 25 S s oy ghate 53 0355 e enlimal 0T 311/0 (ol

Write
to latch

8051 internal bus (
)

Read
pin
' Port

pin

Port
latch

*0pen drain output for

Port 0 when operating
as an /O port

i - —

16



1/O o5 yo ylsLu

y

:I/O&Laalf):j\-ail.;,a -

CPU L b5l gl Jslscpu o8, 08 =

aly las g 5l o

3l Dlatch ¢ =
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Wl e LY W
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Read latch
/\ TB2

1. write a 1 to the pin

Internal CPU

bus

Write to latch

Read pin

.

s P58

SLGate=0 B1 ¢

4w (Gate=1 Jf [

PLX @l y8 =955 50 «)» g
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A | Load(L1)
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D 0 1 L—> P1.X pin
P1.X output 1
ck @ | 0 M1
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80511C
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Read latch —‘
P TB2

~
1. write a 0 to the pin
Internal CPU D Q 0
bus PL.X

PLX 4l 38 95 10 «o» cyidigd

Write to latch —C—— % © 14{

ﬂ TB1
Read pin

e

Yo

Read latch
TB2

1. write a1 to the pin /\
~N

Internal CPU bus D Q

P1.X
— 0

Write to latch Clk Q

|

Vce
Load(L1)
2. output pin is ground
P1.X pin
output 0
M1
80511C
e ———

$59,9 4L 5 High guites

F TB1
Read pin

3. Read pin=1 Read latch=0 Write to latch=1

.

\zd

Vee
Load(L1) 2. MOV AP1
1 external pin=High
—
P1.X pin
M1
8051 IC
e ——

18
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ACC* Accumulator 0EOH
B* B register OFOH
PSW* Program status word ODOH
Sp Stack pointer 81H
DPTR Dafa pointer 2 bytes

DPL Low byte 82H

DPH High byte 83H
PO* Port 0 80H
P1* Port 1 90H
p2* Port 2 0ACH
P3* Port 3 0BOH
Ip* Interrupt priority control OBSH
IE* Interrupt enable control 0ASH
TMOD Timer/counter mode control 89H
TCON* Timer/counter control 88H
T2CON* Timer/counter 2 control 0C8H
T2MOD Timer/counter mode control 0C9H
THO Timer/counter 0 high byte 8CH
TLO Timer/counter 0 low byte 8AH
TH1 Timer/counter 1 high byte 8DH
TLi Timer/counter 1 low byte 8BH
TH2 Timer/counter 2 high byte 0CDH
TL2 Timer/counter 2 low byte 0CCH
RCAP2H T/C 2 capture register high byte 0CBH
RCAP2L T/C 2 capture register low byte 0CAH
SCON* Serial control 98H
SBUF Serial data buffer 99H
PCON Power control 8TH

e
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Pin  Description

1 Protective ground

2 Transmitted data (TxD)

3 Received data (RxD)

4 Request to send (RTS)

35 Clear to send (CTS)

6 Data set ready (DSR)

7 Signal ground (GND) 1 13
8 Data carrier detect (DCD) Y N/
9/10  Reserved for data testing

11 Unassigned 000000000000

12 Secondary data carrier detect O &. 0000000000 O
13 Secondary clear to send

14 Secondary transmitted data

15 Transmit signal element timing 14 . _4 25
16 Secondary received data

17 Receive signal element timing

13 Unassigned RS232 Connector DB-25

19 Secondary request to send

20 Data terminal ready (DTR)

21 Signal quality detector

22 Ring indicator

23 Data signal rate select

24 Transmit signal element timing

25 Unassigned

Pin  Description

1 Data carrier detect (DCD)
2 Received data (RxD)

3 Transmitted data (TxD)

4 Data terminal ready (DTR)
5 Signal ground (GND)

6 Data set ready (DSR)

7 Request to send (RTS)

8 Clear to send (CTS)

9 Ring indicator (RI)
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START: MOV TMOD, #20H ;Put T1 in mode2
MOV TH1, #-3 ;9600 baud
MOV SCON, #50H ;8b, 1stop, 1start, REN enabled
SETB TR1 ;start timer T1
AGAIN: CLR TI ;ready to transmit
MOV SBUF, #A’ ;letter A is to be transmitted
HERE: JNB TI, HERE ;poll TI until all the bits are transmitted
SJMP AGAIN ;while(1) loop (forever loop)
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START: MOV TMOD, #20H ;T1 in mode 2
MOV TH1, #-3 ;9600 baud
MOV SCON, #50H ;8b, 1start, 1stop
SETB TR1 ;start T1
AGAIN: CLR RI ;ready to receive a byte
HERE: JNB RI, HERE ;wait until one byte is Rx-ed
MOV A, SBUF ;read the received byte from SBUF
MOV P1, A ;display on P1
SJMP AGAIN ;while (1)
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Oscllator (8hits) (Bbits)
T COverflow
C/T=0 TR=1 TF is set when Flag
FFFF—0000
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. MOV TMOD,#01H
THO 5TLO (51, s js3lie s .Y
. MOV THO,#FFH
. MOV TLO,#FCH
TRO=0 ulis &S 1 o, o6 S g ¥
. CLRTFO
LS byl el F
. SETBTRO

Start timer Stop timer

TF=0 TF=0 TF=0 TF=0 TF=1
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LS a &S, TF cA*0Y &S s 5 #0000 4 FFFFH ITHO - TLO ™ Sl %

Bl Gl g a2 B AT I el o 5L Y
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HERE:

DELAY:

AGAIN:

e o plowl 1 YU & g5 slad Sl Ol g Jliy S a4 0d A5 &S 0 288 L s

MOV TMOD,#01
MOV TLO,#0F2H
MOV THO,#0FFH
CPLP1.5

ACALL DELAY
SJMP HERE

SETB TRO

JNB TFO0,AGAIN
CLR TRO

CLR TFO

RET

e

S oIS & JETSETBTRO ,gews L+ o6 DELAY Jls) 05,5

;Timer 0,mode 1(16-bit)
;Timer value = FFF2H

Jbe

il I R

:

50% —»}4— 50%

whole clock

;start the timer 0

;stop timer 0

;clear timer O flag
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By o d RS AL BV ol 612 PLS

A% esl> 1 3TMOD = 0000 0001

A& ,l38,L THO — TLO ,> FFF2H
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XTAL =11.0592 53 L.dS o sbml ) ,asb jleslinel LPLS (55, 2 (o m 50 &K a0l )

AGAIN:

BACK:

MOV TMOD,#10H

MOV TL1,#34H
MOV TH1,#76H
SETB TR1

JNB TF1,BACK
CLR TR1

CPL P1.5

CLR TF1

SJMP AGAIN

e |y 53 MHz

;timer 1, mode 1
;timer value=3476H

;start
;stop
;next half clock
1 s a 1

Solution:
FFFFH - 7634H + 1 =89CCH = 35276 clock count
Half period = 35276 x 1.085 us = 38.274 ms
Whole period = 2 X 38.274 ms = 76.548 ms
Frequency =1/ 76.548 ms = 13.064 Hz.
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?A)}T;ﬂw:«ngH,T& polae Oly o
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..\1;5(.59aor95l yn
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50 HZ S b m o 30 250 & o 3 51 a0l XTAL = 11,0592 MHz 5 3

Al L5 P23 65,

- -
1/50Hz:20ms:l{wlﬂ\j@fcyg}t:aﬂ;
10ms b ol 2 oo e Gl L YL 2

10 ms / 1.085us = 9216

65536 -9216 = 56320 in decimal = DCOOH in hex.
TH1 =DCH ,TL1 = 00H

MOV TMOD,#10H
AGAIN: MOV TL1,#00
MOV TH1,#0DCH
SETB TR1
BACK: JNB TF1,BACK
CLR TR1
CPL P2.3
CLR TF1
SJMP AGAIN

e

;timer 1, mode 1

;Timer value = DCOOH

;start

;stop

;clear timer flag 1

;reload timer since mode 1 is not

;auto-reload
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XTAL | /42 B = TEX
Oscillator (8bits) 8
-0 TT 3 Overflow

TR=1 Flag
THX
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YO 5 el sl

= MoV TMOD,#02H
THO (| adsl I die puns .Y
= MoV THO,#38H
TFO=0 sl ST 1y oo 5 ¥
= CLRTFO
3,8 @ TLO ;50T 51 oS SSSABY (ks 108 ,L g A lie o LTHO oS! 51y F
= TLO=THO=38H
Sl L5 5T
= SETBTRO
as oo bl [y LB TLO I3l LASGY 8
* TLO=38H,39H, 3AH,...
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" A )

TFO il 5 oo G2 b ol 4 opmled ST LTFO 53,8 o 55, TLO 68 oS sl oo o6 3L il a5
e 5 s e T s 1,

ol L TRO AT 3 05 ST (o gz (51
= CIrTRO
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(¥ i
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) TL1 TH1
Timer Clock — \ N end _
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FIGURE 4-5
Timer 1 operating in mode 1
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input Pin
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Dol b Gl o s g ¢ sl ST i T oy Csla s L ST uS” o5 ®

M;oL:uPZPl)u.z)L“:)TLl W})u\iu

- "

MOV  TMOD,#01100000B ;mode 2, counter 1

MOV  TH1,#0

SETB P35 ;make T1 input port
AGAIN :SETB TR1 ;start
BACK: MOV ATL1

MOV  P2A ;display in P2

IJNB TF1,Back :overflow

CLR TR1 ;stop

CLR TF1 :make TF=0

SIMP  AGAIN ;keep doing it
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