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ABSTRACT
At present, there are many kinds of network for data transmission
service. In order to obtain more efficient the transmission line such as copper'
wire and fiber opti¢ cable must be tested. This equipment is call Bit error rate
tester. It use to check the energy distortion,cross talk, attenuation and leakage

of wire by loop test
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text DB ‘The FIRST Program.....", 13, 10, 0
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= 1 mnefevaed LD Tugaia hindousudeyade Ty Suiiiseninvuiumslszuianann
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fdauvsudeyalyds CG 3o DD-RAM (Write Data to CG or DD-RAM)

D, D

1]

d7 dé ds d4 d3 a2 di do

v v
-4 °

& b 4 Yo b4 ar — ° W d’ y
Wiedsams lémdetidesimunldvnidygia R/W = 0 ua RS = 1 1ue fideild
o ‘v 1y o o ' 3 5 2 v o °
dmiudedoynlids €G vio DD-RAM Tudumisueninsaidoems eduediuntsimun
. v [ } 4 » [}
Aumueawmsalu CG nie DD-RAM Asumitiiszdidoyailuda fideiifinadoniosis
L ] ' ¥ aysl ' 14 A a v o LR (4
m3fmus Inuamsiiauneumiisleiies WaanSemiualu Ac ndanderiiulug
4 AP
Teyouda Fudurnaunindidedmua Inuatleudoya (entry mode command)

*
od ' ¥

1398114937910 CG 130 DD-RAM (Read Data from CG or DD-RAM)

D, D,

d7 dé ds d4 d3 d2 dl do

Lﬁaa"mﬂ1s'1§’f'ﬁ1z’}'qf:ﬁmﬁmuﬂ'lﬁ'mﬁ'nga,;mR/W =1 4ay RS =1 iue Mdeild
dmfugudeynnn CG nie DD-RAM ‘hwi1u'nu'auawmmﬁv’(aan1s§qi‘fua;}ﬁumsﬁmuﬂ
Aumsueamsalu CG nie DD-RAM fiaunﬁ'ﬁ"iﬂ:‘h’f'ﬁ':f‘?ﬂd1uﬂﬂqaf':uﬁ'1

Tsunsunaaey LCD Tuaaf:zﬁun1ﬂ%’uuﬁ1é’amuau LcD Tuganldlumsidou
Tsunsu TaTusunsuflesimsfoudasousliée Lep Tugaliugaswanuneonds
mn,m'fuF‘rmmu"lﬁ:éauﬁaﬁﬂwmdnfu'lﬂma%ﬁun%’amm"wnnnmJ11 #otaTusunsuil
fie IS xAMPLEI2.A51 Taodowdiu Inadmianmsie s lugyil 22 uas Indensse
weraalugaldi 23

Yo = ]

nnndienmsvesTusunsy XAMPLEI2 sertuldiims 19Fugiusgdiuann
° v ar a 3 =] o 9 3
mauusasuRusznattluidede 1
mahnuvesFugiv
FuAufidugiu RCOM vhwihhigumaausmaiiamees Lep lugalthfu1il
) hod a1 ;0 = 1 o - "l é A
uenfiagiaed ludFugiiufituiiudesdadesuguniaduyadwiyaiiude LD Tugadieg

° ' 3 ° L s,o < 9 L4
1umxmu«mamSﬁﬂamu’mmm VINIWUBN (external memory) AIUUR madvmsé’nuna
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. LCDSET LCDRDY
ﬁuﬁ'u/ —_ —_
A——— e s,
———y _
i . ,/LC'D\\ on
a1 - hd
—— LCDRDY < hinfouiusoyn
~, -
i LCDSET -
. fin
. _———-_L_'——— /—-J—\
LCDCOM RET
———y
i 000110008
R3 =80 LCDCOM
' s o
L Reew 000011008 LCDCOM
_—_— LCDCOM —_
SETL 000001108
—_— _—y
: .. LCDCOM '
fimlure o
‘ 00000018 dirrfoyasenly
Tunmrmaxasnu
HBAIAT T 0CO01H
LCDHR
> MANIW S A,
. -~
L.CDRDY .
mumlu R WMT. 3
100 lulntdunh
T 1Sy | €
v RET Y
RET
R3=R3-1
TN T =
LCDHR
" \—__—._/l
-\\_ aﬂ H
/ ~ :
R3=0 > ~ Y )
i i
N /- waieyaoenTy |
< on
NEW . HBAASE OCO0SH
| i i |
i warr Y| i —_—
’ WAIT i
RIGHT 100 lulnshnn ;
v . ! —_—
L :
T821 N f L H ;
. RN LCDCOM '
\qnnama‘lu — ; —
N s 000111008 RET )
~. e y “
\/ P ; ,
LEFT :
- -~ |
TS .
PN L LCDCOM
< gnoaniely _——s
~T e 000110008
~ //

1N 22 uaneaTadnsanmsdouses lhsunmumaaey Lep Tuga
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salavdon (indirecr addressing) lumsidhilelaonsfmualuduenmsage (high  byte
address) 1flanesa P2 feeh 0COH uazdmunludueansad (low byte address) iy 13us
Fouaed RO wdwmiudalids Movx shmssmumaniagues LoD Tugmbingidiu
aauzvesiindi 7 lunenfaained ﬁe«fxﬁaﬁﬂm’ﬁmﬂ11uw§'au‘lums%’uﬁﬁquaz%gada
Tiwes LeD Tuga

wweess LISTING of EASM51 (XAMPLE]2) **#ss#

LINE LOC OBJ T SOURCE
1 0000 s52424 LT EXAMPLE]Z. AS| #4* 5t sasssasssansrssssosssnsssansasas
2 0000 P2 EQU 0AOH ;for higher address
3 0000 ACC  EQU 0EOH
4 0000 Addrhi EQU 0COH ; MSB for LCD address C0001H or CO09H
5 0000 addrRS0 EQU 001H ; LCD LS byte of address with RS =0
6 0000 addrRS1 EQU 009H ; LCD LS byte of address with RS = |
7 0000
8 0000 ORG 4100H
9 4100 312F {21 START ACALL LCDSET ; initialize LCD
10 4102 7B 50 (1] MOV  R3,#80 ; 80 Characters
11 4104 7A4l1 (1 MOV  R2#¥A’ ; starting with A
12 4106 EA (1] SETL MOV AR2
13 4107 314F {21 ACALL LCbCHR ; display on LCD
14 4109 0A {1] INC R2 , next character
15 410A DBFA (2] DINZ R3 SETL ; repeat
16 410C 3124 [2] NEW ACALL WAIT ; wait
17 410E 90 C000 2] MOV DPTR,#0C000H ; read keys
18 4111 EO 2] MOVX A @DPTR
19 4112 30E705 (2] INB ACC.7.RIGHT ; test bits 7 and 6
20 4115 30E706 [2] . INB ACC.6.LEFT
21 41183 80F2 {23 SINB NEW ; nothing to do
22 411A 7418 {1} LFET MOV A,#00011000B ; shift display S/IC=1R/L =0
23 411C 3147 [2] OUT  ACALL LCDCOM ; send as LCD command
24 411E 80EC [2] SIMP NEW
25 4120 741C (11 RIGHT MOV A#00011100B ; shift display S/IC=1R/A = |
26 4122 80F8 {2] SIMP ouT
27 4124



18 FF
79 FF
00

DS FC
D8 F8
22

3141
7430
3147
740C
3147
74 06
3147
74 01
3147
315A
20E7FB
22

75 A0 CO
78 01

F2

80 06

75 A0CO
7809

F2

78 32

DB FE

75 A0 CO
78 01

(1] WAIT MOV
(1] WAITT MOV
(1] WAIT1 NOP
(1 NOP
2] DINZ
21 DINZ
(2] RET

[2] LCDSET ACALL

(1] MOV
2] ACALL
(1] MOV
(2] ACALL
(1] MOV
(2] ACALL
[ MOV
{21 ACALL
(2] LCDRDY ACALL
{2] JB

[2] RET

(2] LCDCOM MOV
(1] MOV
v} MOVX
[2) SIMP
LCDCHR EQU
2] MOV
1] MOV
2] MOVX
(1] WTI MOV
(21 WT2  DINZ
2 RET
2] RCOM MOV
(1] MOV

RO,#255 ; wait a while
R1,#255 .
; 255 * 4 microsec
RILWAIT2
R1,WAIT1 ; %255
; approx 65500*4 microsec
; LCD driver routines
LCDRDY ; wait for command to complete

A,#00110000B ;DL=1 N=0 F=0: 8bit,one line 5*7 dot
LCDCOM ; as command

A.700000110B ; D=1 C=0 B=0 display on cursor off
LCDCOM

A,#000001100B ; /D=1 S= increment w display shift

LCDCOM

A_#00000001B ; Teset
LCDCOM
RCOM ; wait until LCD ready
ACC.7.LCDRDY ; bit 7=BUSY .Flag
P2, #addrhi ; send command to LCD
RO, #addrRS0O ; RS=low < = > command
@RO A , output at address P2 R0
WTI ; wait
S , output character via LCD
P2 #Addhi ; MS address
RO.#addRS1 ; RS=high <=> data
@RO.A ; output at address P2.R0
RO.#50 ; 100 microsec
RO,WT2 ; wait
P2 #Addrhi ; read LCD status
RO,#addrRS0 ;RS=low



64 4I15F E2 {2] MOVX  A@RO ; fetch

65 4160 22 [2] RET
66 4161 END
ss333se424ssSYMBOLTABLE(2] symbols)s**esssaxssnnss
P2 : 00A0 ACC : 00EO Addrhi : 00CO addrRS0 : 0001
addrRS1 : 0009 START : 4100 SETL: 4106 NEW :410C
RIGHT :411A OUT :411C LFET : 4120 WAIT : 4124
WAIT1 : 4126 WAIT2 : 4128 LCDSET : 412F LCDRDY : 4141
LCDCOM : 4147 LCDCHR : 414F WAL : 4155 WT2 :4157
RCOM : 415A

U7 23 uanslddenmsveslusunsudegie

'
gt ot

Fugfin LCDRDY vhmhifinsssmeuuvaniadiismaneldnnduzfiu  Rcom

]
N L

Taotusznosaunseiiaani@tdudiu - o naumzﬁmuda’lﬂ%u;ﬂm‘i”ﬁwa‘hlﬁ
lulnsnoulnsawesuns LoD Tugavhauluesenugiuuasiule 1diouedn Lep Tug
andouiusdalesauysal

Fugiu Wl dudugfiumiswanlszing 100 lnsiuii minzhmsdsyan
fwadaves LD Tuga diounndetniiddnn 100 Tulnsind %’nzﬁuﬁﬂzqnﬁmh’f
wonoold LCD TugadszuanaddeRindsfudoufiszaudely

Fugiu  LCDCOM vimhitdaddeniugulids LD Tuga  Tagdimualian
doyanu RS =0 msdndumiweamsalfs Lep Tuga 19Mids MOVX isudedud
Hludughiu Rcom Hﬁemn?;uqﬂmsﬁwm’luq‘s’u;ﬁufruﬁ'aTﬂsx&nsmzn’fwj&'v;ﬁunﬁw
an 100 TulasTudide

¥U3NU LCDSET ﬁmﬁﬁﬁmmquﬂmuaumsﬁmwm LCD luga msdau
'lueﬁ'ugﬁuﬁvifuuim:ﬁ'lmsﬁ’Uﬂcﬁ'ugﬁuifuusmzv‘hm'ﬂ?ﬂﬂq?'uzﬁu LCDRDY  (HBAs29
aouldiniledeuimdidoudidalilie Lep Tugaliidhuiuy 8 dis, 1 vssvia uay
arwnziBon 5x7 yalasndesidemunuiudugin LCDCOM  ndsnndimua Tnua
msﬁNmﬁvugmuﬁﬂﬂsunsnﬁmuﬂ'lﬁtﬂmauﬂﬂwmmzﬂﬂmiuﬁmwmﬂai’waﬁu
urafiail 39 waz 40 uazdmualmuandouselluvssiad 41 wor 42 Aeviniu
Tlsunsuszdalfinfoimbsunnana  Feddaiiondodldinatlunslssurarauinds
dszuna 16 dadiund ﬁ'ufunﬁ'amnh’fmf?m'mﬂuf:uazi)‘«?aﬂlﬁ'uzﬁu LCDRDY 11

Wlumsasasasunimmisuves Lep Tuganeufiszdesidane T1dae
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g 4 0 a | 59 d’y o o ¥ v o o a
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a = a 443 v o a 4 o & deya 4 a
Fondnghunindauudugini 2 fdeilddoussdiupiuuni fe
LCALL subroutine 2
RET
] ¥ »
wiiulfidesldididon 2 wsia  ludwfimusedouumudaons9ide
<4 -d <t -
Neaussiadene
LIJMP subroutine 2
v o [ a o Y o v 2 a a s a A
ndsninnsz laa hibinuludugiud 2 udafmde RET FuRanamsendugiiui |
vqnszuIanadiefAe RET vesdugiiufl 2 unu niendndnetiffe dugiui 1 du
e RET wosdughiuh 2 inldisu drednlvdonmslugii 23 Tuvssiad 52 faudh
L 4 v 1 4 . i 4
waadumsdoulsunsuiiszsrnlseniamduasfufinisanusves hlsunsuuuuiig
() 1 4 ’
Fwdanudumuduiannlisiae  RET  winiiulduazindaduilosfidugmiauisves
1 4
lsunsudognil
mavinnuvesllunsunan
mMaeuveslsunsundn  (main  program) SuswheAMIS endugiv
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LCDSET efimualnuanmsiiauves LCD Tuga wdanmiuTusunsusrdalivhng
' v .
WeuA8nuTiIn 80 M1 TuAs ABCDEFG... TuSamitsanudwes Lep Tugadeud
widngussia NEW
o a v v A a dJo
amavhanlugl NEW Sududismsasisgeumsamlu S, uae S, dieaindmala
o A L ' o o * ° "’ A » @
Aminegluaniznes (on) szvhiifansdeiidaudsussnessuuseuanssaline
o a L A o 4
demTennunlyd: Lep Tuga TaemsiSendugiiu LCDCOM uaziionilimsifouuas
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MAX232

MAX232 {lu IC voswSinulinFudufinsa Indnd dnuasnisuenuaniiagi 1 Tag

fl MAX232 aziffudanlasusafumasgiu Rs-232 Wegluglvewseiu TTL el PORT
U J b o/ ar = d'

RS-232 aunsadeldinadu uazlunindudufiouowsssusuyniideowsh Max 232 14

81U UUB IS AULIATIZIU RS-232

+5V INPUT
A 4
hYH
_J_ Al
: = |16
. +10V TO -10V 2
Cl L Vo +10V
[_3  VOLTAGE INVERTER
4
o™ +10V TO -10V
C2 s V'_J, -10V
L5 voLTacE INVERTER 6
2INT
5V
400K
H T . Tlour 4
A | / » I y
TTL/CMOS v T jires i \> RS-232
' ! /" OUTPUTS
INPUTS k10 T2 ™ § :'>c T2 our ! L |
i
12 R ocr - o<l RIx 13
TTL/CMOS , _% 5K 1> RS-232
OUTPUTS : ; INPUTS

49R20Ur Q<1|-:'-R2I.\' 8‘ ____/)

SK

GND
115

UM 24 uerme Tnseardnsluves MAX232



Tonet Inairad

1N TDER]

C1+

LR

1 16 __— vccC ~
2 15 —_ GND

3 4 " Tloor

4 13 7 RIx

5 12 7~ Rlocr

6 " T

7 10 7 T2

8 9 —__ R2otr

117 25 ummslaseasaniouenyes MAX232

Torod Inadrnd
10 TIMER2

Fidusoudoya
hilds sBUF

1zuutianwlu

h 4

A B0 -
= | . e SBUF
CcL
[y
A 4
mantdufmqueT——— -
v |
START SHIFT DAT.
mMeATLRLNTIN /
————— 16— TXCLOCK a SEND:!
fygudumoiiun /‘-_l
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vinnofacyasty ~—
™ ~i6
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NINAS TUTOUSN !

wounan 1 it o

.

. SBUF

RXCLOCK Rt LOAD
START mamruwuniy SHIFT i

RXD

WFH T ]
I | I L A 1
—— mansaviviinvoynr
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| - -y desam 3

| SunmiviaT immed

Yumota |

: t SHIFT

Trrvvamoly

JU% 26 ugmsmsievesnaiuasnnds
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lunsdedoyodygnunanevesnlidnme sxdevhmsdedoyafidesmseoniis
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fin Tnowraiius Soines SBUF vunn 8 fin unzdedoyasonninidunasy b 80 1 5 Sudu
manunuezsunsdedeyaiiausn wisudiu o e udrnunaedeya s ia uazezeu
Aofiafiiauii 1 wue Taunsaaunung TISCON.1) awglii 3 sfudeyn w1455

arof SBUF fulasnsaaugulas Ri(SCON.0)
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Flow chart K1
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X Program
: Display

i Main
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3U% 29 uerAe Flowchart ¥8983A% Start
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Flowchart K2

Start

4

Check K3 ~ S—
/

Clear
Index =0

Main
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56



Flowchart K4
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Flowchart K5
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Tun158UnTal

Aumu Vawts%

Rl - 10kQ 147
R3,R4 - 68k 29
R5,R5 - 20002 2 7
R2(R-PACK9%v1) - 10kQx8 182
VRI - 22kQ) 143

Aufulsey

C1,C2 - 30pF50V &3513n 287
C3,C4 -47uF25V ddnnselas 269
C5,C6,C7,C8 - 10puF25V diannselad
C9 - 22 pF25v Bilnnselad 169
C10 - 1000 uF25Vv Bldnnselad 167
Cll - 470 uF25V didnnss’lad 167
unsdiensiiadai

IC1 - AT89C51 16

IC2 - MAX232 142

IC3 - LMT7805 183

TRL,TR2 - 2SC458 261

DI-D4 - IN4001 4 A7

LEDI - LED2 26
Fonifinlod

40 11 149

16 ¥1 1 A2

514‘1

LCD - DOT MARIX LCD 941 16 AI100YT 4 USINA
XTAL - A50a9a 11.059 MHz 16

S1-S6 - aianaARldpsALILLYIAUFURLN
Switch Power 220 V 142

AOUIIAADT 9 11 (DB - 9) Aatile (Port RS-232)

nleudas 12V 182



$ FUSE wou FUSE 199
mei Ac220v 1du
MIBUN 14 1dU
mesiueavien 40 181
in3eailef 1 lunmaney
%A POWER SUPPLY
LANARDY
ATTENUATION
ooad laa lay
VaAliney
ADURUADT
€18 Port RS-232

1w nazou

n319un309 BIT ERROR RATE TESTER
ATIUEIIT0VBaATBY BIT ERROR RATE TESTER musautjesaeniiude 9 lanes
Taldl
. dhunTesiageeInafnd uazgmeovesmsdemdoyn
2. ansndefeyading Port vosneuuned (RS-232) iieldlumsuaasnasen
NInBRoUNAAABT
3. amnsndons Baud Rate oz 19 lunmaneudygn1dae 3
2400 bps
9600 bps
19.2k bps

4. fUIIRENMIsUaAING lagnisnaalag
a ¢ A a v v 9
aing 1 fie Fudulumsdedoya
alad 2 fie msaumboanuilumsifudoya

alas 3 fio 19lumsifien Baud Rate

A% 4 AD MSUAAINAYOINTT Error

a ¢ - L 4

aia¥ 5 Ao Msuaniwavesnsdidoya

aint 6 fis MIueawwavesnTudeya



5. @150 Loop Test M a11iaf Error 18

ST CLR BD

O O O
O O O

LCD

c O OH

ER RC ™

SwW

3U7 36 uermsdumveunses BIT ERROR RATE TESTER

TWALIDOARN 9 VUAIUMIIUDIGART B

1.

(98 )

I

LCD
LED TX
LED RX
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ER
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- IBLAAINA
- LED UgaHavedaa 1oy TX
- LED Uanaynadgyaiu RX

adadisunatoudayan

1

aadaumizenrmuilumsifudoya

a3A91ion Baud Rate
- 3AYRHAYEL Error
- InTQNAYDY Reciver

- ﬁ?ﬂ‘fﬂﬂﬁﬂm Transmission

FUSE

LINE 220 V

PORT TX RX

&
|l

.

UAASEINNAIUES BIT ERROR RATE TESTER
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SwheiBonde q ved NSRS B4

1. FUSE220V

2. PORT i Port 719 lunsAedeya s port vosneufiumed

31X fugaseiilflumsdedeyalufmefies 1$lumsasaemoy

4 RX  dugadefiszituetaioi Loop Test nduduiofis 1lumsnoudioy
N15ABIY Port Computer

f?mumummﬁau'?i'l%”lummﬂﬁamfuﬂzegﬂuzﬂnm PATTERN SIGNAL #emuisof

szAoiiy Port w8e Computer ¢ toumasdaygumamouluglyes PATTERN SIGNAL

Tun2752999 Baud rate AU dauaasluglii 38

BIT ERROR RATE TESTER COM

RS-232

J
i

JU7 38 wanIn sy R IUNATRLUUABUNUADS

mM3Yndgga LOOP TEST LINE
flunsdygraunlflumsansaeudh il lumeidesnsizaseaeuudiinis Short

Yarwmuddoiusweasdugd 30

BIT ERROR RATE TESTER

LINE :l LOOP

31 39 uarAINIS LOOP TEST LINE



NIINAABIUATHRNIINRADY

IA383 BIT ERROR RATE TESTER w/nsnaadoygn Test Signal Fuihudygnai
Wlunmsnadevmodedagnu Tass Port RS-232 fail

2400 bps
20V,8.4ms

9600 bps
18V 201 s

19.2k bps
18V,80.41Ls

39128 uerAsdRyn I Test Signal A1FluMsnaTsLmEdS



HaN1INAQDY
TEST PORT RS-232 1 ¥ lumsnaang
BAUD RATE 2400 bps

BAUD RATE 9600 bps

BAUD RATE 19.2k bps

snud i iiams ERROR | daygnaalag
4k 2.6V,041mS
1 3 a ° Y a T o
Aanuaununhidifians ERROR | dayanualml
3.94k 2.58V,140S
' ¥ 40 9qya - Y
ANNuATUMUAYI IYRANTS ERROR | donnaein
787k 2.52V,11014S
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ajinamsaieznanimaana -
& : o r
Tumsad™e BIT ERROR RATE TESTER ii Flummamsumededygudoya

-3 A e ﬁ,
ansaagdramsinuveansse 1ddet

o

1. MAT (Tranmitter) eunsodsdgygnunacey lugdvesdya n Paten 7l Baud

Lt 7

Rate ansaiden’ls Aiv 2400, 9600, 19.2k daruidn Port RS-232 Sludanmua

nangmulumsiudedoya
2. MATY (Recviver) mMansasudganunaasudunda dasuish Port RS-232 1§y
i mumnangumsasdygnuisasa ihdugrafi ldurhmsuSouifiou

MATTUAAM R YBITRye W

s

3. mAuaaINa (Display) msouamsnadyaiunaaey lngldnoufuaosias

o v

3 L4

UAAINAYBITTUIU Bit Error iiRInMslT suiiisudyaunacou lagldee LeD



ORG 00H
JMP START1

ORG 23H
JMP START

ORG 40H
START1: MOV 30H, #00
MOV 31H, #00
MOV 32H, #00
MOV 33H, #00
MOV 34H, #00
MOV 35H, #00
MOV 36H, #00
MOV 37H, #00
MOV 38H, #00
MOV 39H, #00
MOV 40H, #00
MOV 41H, #00
MOV 42H, #00
MOV 43H, #00
MOV 44H, #00
MOV 45H, #00
MOV 46H, #00
MOV 47H, #00
MOV 48H, #00
MOV 48H, #00
MOV 50H, #00
MOV S1H, #00
MOV 52H, #00
MOV 53H, #00
MOV 54H, #00
MOV. 55H, #00
MOV 56H, #00
MOV S7H, #00
MOV 58H, #00
MOV 59H, #00
CALL INT

START:
MOV SCON, #52H
CLR PCON
SETB REN
MOV TMOD, #20H
MOV TH1, #0F4H
SETB TR1

JMP WER
STOP:

MOV A,PO
CJNE A, #0FEH, STOP

CALL INT



MOV P1, #80H
CALL PU

MOV P2, #0SH
MOV P1, #0FEH
MOV P2,#01H

MOV P1,#81H
CALL PU

MOV P2, #05H
MOV P1, #2AH
MOV P2,#01H

MOV P1,#82H
CALL PU

MOV P2, #05H
MOV P1,#2AH
MOV P2Z,#01H

MOV P1, #83H
CALL PU

MOV P2, #05H
MOV P1,#42H
MOV P2,#01H

MOV P1, #84H
CALL PU

MOV PZ, #05H
MOV P1,#49H
MOV P2, #01H

MOV P1,#85H
CALL PU

MOV. P2, #05H
MOV P1, #54H
MOV P2, #01H

MOV P1, #86H
CALL PU

MOV P2, #0SH
MOV P1,#0FEH
MOV P2,#01H

MOV P1,#87H
CALL PU

MOV P2, #05H
MOV P1,#0FEH
MOV P2,#01H

MOV P1, #88H
CALL PU

MOV P2, #05H
MOV P1, #45H
MOV P2, #01H

MOV P1, #89H
CALL PU
MOV P2,#035H

;10

;11

;12

113

;14

;15

116

' 17

;18



MOV P1, #52H
‘MOV P2,#01H

MOV P1, #8AH
CALL PU

MOV P2, #0SH
MOV P1, #52H
MOV P2, #01H

MOV P1, #8BH
CALL PU

MOV P2, #05SH
MOV P1, #4FH
MOV P2,#01H

MOV P1, #8CH
CALL PU

MOV P2, #0SH
MOV P1,#52H
MOV P2, #01H

MOV P1, #8DH
CALL PU

MOV P2, #0S5H
MOV P1, #2AH
MOV P2, #01H

MOV P1, #8EH
CALL PU
MOV P2, #0SH

MOV P1, #2AH .

MOV P2, #01H

MOV P1, #8FH
CALL PU

MOV P2, #05H
MOV P1, #OFEH

MOV P2, #01H

MOV P1, #0COH
CALL PU

MOV P2, #0SH
MOV P1, #0FEH
MOV P2, #01H

MOV P1, #0C1H
CALL PU

MOV P2, #05H
MOV P1, #OFEH
MOV P2, #01H

MOV P1, #0C2H
CALL PU

MOV P2, #0SH
MOV P1,#52H

;19

1A

;1B

; 1C

;1D

;1E

;1F

;20

;21

122



MOV P2, #01H

MOV P1, #0C3H
‘CALL PU

MOV P2, #05H

MOV P1,#41H

MOV P2,#01H

MOV P1, #0C4H
CALL PU

MOV P2, #05H

MOV P%,#54H

MOV P2, #01H

MOV P1,#0CSH
CALL PU

MOV P2, #05H
MOV P1, #45H
MOV P2,#01H

MOV P1, #0C6H
CALL PU

MOV P2, #05H
MOV P1, #0FEH
MOV P2, #01H

MOV P1,#0C7H
CALL PU

MOV P2, #05H
MOV P1, #0FEH
MOV P2, #01H

MOV P1,#0C8H
CALL PU

MOV P2, #05H
MOV P1,#54H
MOV P2, #01H

MOV P1,#0CSH
CALL PU

MOV P2, #05H
MOV P1, #45H
MOV P2,#01H

MOV P1, #0CAH
CALL PU

MOV P2, #0SH
MOV P1, #53H
MOV P2, #01H

MOV P1, #0CBH
CALL PU

MOV P2, #05H
MOV P1, #54H
MOV P2, #01H

MOV P1, #0CCH
CALL PU

123

;24

;25

126

;27

;28

;29

s 2A

: 2B



MOV P1,#45H
MOV P2, #01H
MOV P1, #OCDH
CALL PU

MOV P2, #05H

MOV P1,#52H
MOV P2,#01H

MOV P1, #0CEH
CALL PU

MOV P2, #05H
MOV P1,#0FEH
MOV P2,#01H

MOV P1, #0CFH
CALL PU

MOV P2, #0SH
MOV P1, #0FEH
MOV P2,#01H

MOV P1, #90H
CALL PU -

MOV P2, #0SH
MOV P1,#0FEH
MOV P2, #01H

MOV P1,#91H
CALL PU

MOV P2, #05H
MOV P1, #0FEH
MOV P2,#01H

MOV P1, #92H

CALL PU

MOV P2, #05H

MOV P1, #0FEH
MOV P2, #01H

MOV P1, #93H
CALL PU

MOV P2, #05H
MOV P1, #50H
MOV P2, #01H

MOV P1, #94H
CALL PU

MOV P2, #O5H
MOV P1,#52H
MOV P2, #01H

MOV P1, #95H
CALL PU
MOV P2, #05H

;2C

;12D

; 2E

1 2F

;30

;31

;32

;33

;34



MOV P1, #4FH
MOV P2, #01H

MOV P1, #96H
CALL PU

MOV P2, #05H
MOV P1, #4AH
MOV P2,#01H

MOV P1,#97H
CALL PU

MOV P2, #0SH
MOV P1, #2EH
MOV P2,#01H

MOV P1, #98H
CALL PU

MOV P2, #05H
MOV P1, #2EH
MOV P2, #01H

MOV P1,#99H
CALL PU

MOV P2, #05H
MOV P1, #2EH
MOV P2, #01H

MOV P1, #9AH
CALL PU

MOV P2, #05H
MOV P1, #2EH
MOV P2,#01H

MOV P1, #9BH
CALL PU

MOV P2, #05H
MOV P1,#42H
MOV P2,#01H

MOV P1, #9CH
CALL PU

MOV P2, #0S5H
MOV P1,#59H
MOV P2, #01H

MOV P1,#9DH
CALL PU

MOV P2, #05H
MOV P1, #OFEH
MOV P2, #01H

MOV P1, #9EH
CALL PU

MOV P2, #0SH
MOV P1,#0FEH
MOV P2, #01H

;35

136

;37

;38

;39

; 3A

: 3B

; 3C

;3D

; 3E



MOV P1, #9FH
CALL PU

MOV P2, #0SH
MOV P1, #0FEH
MOV P2, #01H

MOV P1, #0DOH
CALL PU

MOV P2, #0SH
MOV P1, #54H
MOV P2,#01H

MOV P1,#0D1H
CALL PU

MOV P2, #0SH
MOV P1, #45H
MOV P2, #01H

MOV P1, #0D2H
CALL PU

MOV P2, #05H
MOV P1, #4CH
MOV P2,#01H

MOV P1, #0D3H
CALL PU

MOV P2, #05SH

MOV P1, #45H

MOV P2, #01H

MOV P1, #0D4H
CALL PU

MOV P2, #05H
MOV P1, #43H
MOV P2, #01H

MOV P1, #0DSH
CALL PU

MOV P2, #0SH
MOV P1, #4FH
MOV PZ, #01H

MOV P1, #0D6H
CALL PU

MOV PZ,#05H
MOV P1, #4DH
MOV P2,#01H

MOV P1, #0D7H
CALL PU

MOV P2, #05H
MOV P1,#0FEH
MOV P2, #01H

MOV P1, #0D8H

+3F

;42

;43

;44

;45

;46

;47



WER1:

CALL PU

MOV P2, #05H
MOV P1,#45H
MOV P2,#01H

MOV P1, #0DSH
CALL PU

MOV P2, #05H
MOV P1, #4EH
MOV P2,#01H

MOV P1, #0DAH
CALL PU

MOV P2, #05SH
MOV P1, #0FEH
MOV P2,#01H

MOV P1, #0DBH
CALL PU

MOV P2, #05H

MOV P1, #4BH

MOV P2, #01H

MOV P1, #0DCH
CALL PU

MOV P2, #05H
MOV P1, #4DH
MOV P2, #01H

MOV P1, #0DDH
CALL PU

MOV P2, #05H
MOV P1, #48H
MOV P2, #01H

MOV P1, #0DEH
CALL PU

MOV P2, #0SH
MOV P1, #4CH
MOV P2, #01H

MOV P1, #0DFH
CALL PU

MOV P2, #0SH
MOV P1,#54H
MOV P2, #01H

CALL DELAY1

MOV PO, #OFFH
MOV A,PO

ANL A, #02H
JZ KY2

;48

;49

s 4A

;4B

;4C

;4D

; 4E

:4F



KY33:
KY44:
KY55:
KYG66 :

KY2:

MOV PO, #0FFH
MOV A,PO

ANL A, #04H
JZ KY33

MOV PO, #0FFH
MOV A,PO

ANL A, #08H
JZ KY44

MOV PO, #OFFH
MOV A,PO

ANL A, #10H
JZ KY55

MOV PO, #0FFH
MOV A,PO

ANL A, #20H
JZ KY66

JMP WER1

JMP KY3
JMP KY4
JMP KY5
JMP KY6

CALL INT
MOV P1, #0CSH
CALL PU
MOV P2, #05H
MOV P1, #43H
MOV P2, #01H

MOV P1, #0C6H
CALL PU

MOV P2, #05H

MOV P1,#4CH

MOV P2,#01H

MOV P1, #0CTH
CALL PU

MOV P2, #05H

MOV P1, #45H

MOV P2, #01H

MOV P1, #0C8H
CALL PU

MOV P2, #05H

MOV P1,#41H

MOV P2, #01H

MOV P1, #0CSH
CALL PU

MOV P2, #05H

MOV P1,#52H

; CLEAR



MOV P2, #01H

MOV P1, #94H
CALL PU

MOV P2, #05H
MOV P1,#47TH
MOV P2,#01H

MOV P1, #95H
CALL PU

MOV P2, #0SH
MOV P1,#52H
MOV P2,#01H
MOV P1, #96H
CALL PU

MOV P2, #05H
MOV P1,#32H
MOV P2, #01H
MOV P1,#97H
CALL PU

MOV P2, #05H
MOV P1, #2DH
MOV P2, #01H
MOV P1,#98H
CALL PU

MOV P2, #05H
MOV P1, #4CH
MOV P2,#01H

MOV P1, #99H
CALL PU

MOV. P2, #05H
MOV P1,#41H
MOV P2, #01H
MOV P1, #9AH
CALL PU

MOV P2, #05H
MOV P1,#42H
MOV P2, #01H

MOV 30H, #00
MOV 31H,#00
MOV 32H, #00
MOV 33H, #00
MOV 34H, #00
MOV 35H, #00
MOV 36H, #00
MOV 37H, #00
MOV 38H, #00
MOV 38H, #00
MOV 40H, #00
MOV 41H, #00
MOV 42H, #00
MOV 43H, #00
MOV 44H, #00



TTEEA:

TYA:

MOV 45H, #00
MOV 46H, #00
MOV 47H, #00
MOV 48H, #00
MOV 48H, #00
MOV 50H, #00
MOV 51H, #00
MOV 52H, #00
MOV 53H, #00
MOV 354H, #00
MOV 55H, #00
MOV S56H, #00
MOV S57H, #00
MOV 38H, #00
MOV S9H, #00
MOV R2, #0FH

MOV R1, #0FFH
MOV R3, #0FFH

DJNZ R3,S
DJNZ R1,TYA

DJNZ R2,TTEEA

JMP WER

;CALL INT
MOV P1,#01H
CALL PU

MOV P1, #8DH
CALL PU

MOV P2, #05H
MOV P1, #53H
MOV P2, #01H

MOV P1, #8CH
CALL PU

MOV P2, #05H
MOV P1, #50H
MOV P2, #01H

MOV P1, #8BH
CALL PU

MOV P2, #05H
MOV P1, #42H
MOV P2, #01H

MOV P1, #89H
CALL PU

MOV P2, #05H
MOV P1,#30H
MOV P2, #01H

MOV P1,#88H
CALL PU

MOV P2, #0SH
MOV P1, #30H
MOV P2, #01H



K311:

FEL:

MOV P1,#87H

CALL PU

MOV P2, #05H

MOV P1, #34H 4
MOV P2,#01H

MOV P1,#86H

CALL PU

MOV P2, #05H

MOV P1,#32H ;2
MOV P2, #01H

MOV P1,#81H

CALL PU

MOV P2, #05H

MOV P1,#42H ;B
MOV P2,#01H

MOV P1,#82H

CALL PU

MOV P2, #05H JA e
MOV P1,#41H

MOV P2,#01H

MOV P1,#83H

CALL PU

MOV P2, #05H

MOV P1,#55H :U
MOV P2,#01H

MOV P1, #84H

CALL PU

MOV P2, #05H

MOV P1,#44H ;D
MOV P2, #01H

CALL DELAY1

MOV SCON, #52H
CLR PCON
SETB REN
MOV TMOD, #20H
MOV TH1,#0F4H
SETB TR1

MOV PO, #0FFH
MOV A,PO

ANL A,#01H
JZ FEL

MOV PO, #0FFH
MOV A,PO

ANL A, #04H
JZ KEY32

JMP K311



KEY32:

;  CALL INT

; MOV P1,#01H

; CALL PU

MOV 7DH, #01H

JMP FE

;CALL INT

MOV P1,#01H
CALL PU

MOV P1, #8DH
CALL PU

MOV P2, #05H
MOV P1, #53H
MOV P2, #01H

MOV P1, #8CH
CALL PU

MOV P2, #0SH
MOV P1,#50H
MOV P2, #01H

MOV P1, #8BH
CALL PU

MOV P2, #05H
MOV P1, #42H
MOV P2, #01H

MOV P1, #89H
CALL PU

MOV P2, #05H
MOV P1, #30H
MOV P2, #01H

MOV P1,#88H
CALL PU

MOV P2, #05H
MOV P1, #30H
MOV P2, #01H

MOV P1, #87H
CALL PU

MOV P2, #05H
MOV P1,#36H
MOV P2, #01H

MOV P1, #86H
CALL PU

MOV P2, #05H
MOV P1, #39H
MOV P2, #01H

MOV P1, #81H
CALL PU
MOV P2, #05H



K312:

FELL:

KEY33:

.
’

.
1

MOV P1,#42H
MOV P2,#01H

MOV P1, #82H
CALL PU

MOV P2, #05H
MOV P1,#41H
MOV P2, #01H

MOV P1,#83H
CALL PU

MOV P2, #0SH
MOV P1, #55H
MOV P2,#01H

MOV P1, #84H
CALL PU

MOV P2, #05H
MOV P1, #44H
MOV P2,#01H

CALL DELAY1

MOV SCON, #52H
CLR PCON
SETB REN
MOV TMOD, #20H
MOV TH1, #0FDH
SETB TR1

MOV PO, #0FFH
MOV A, PO

ANL A, #01H
JZ FELL

MOV PO, #0FFH
MOV A,PO

ANL A, #04H
JZ KEY33

JMP K312

MOV P1,#01H
CALL PU
;CALL INT

MOV 7DH, #01H
JMP FE

; CALL INT

MOV P1,#01H
CALL PU
MOV P1, #8DH
CALL PU
MOV P2, #05H



MOV P1,#73H
MOV P2, #01H

MOV P1, #8CH
CALL PU

MOV P2, #05H
MOV P1, #62H
MOV P2,#01H

MOV P1, #8BH
CALL PU

MOV P2, #05H
MOV P1, #4BH
MOV P2,#01H

MOV P1, #89H
CALL PU

MOV P2, #05H
MOV P1,#32H
MOV P2, #01H

MOV P1, #88H
CALL PU

MOV P2, #05H
MOV P1, #0ASH
MOV P2, #01H

MOV P1,#87H
CALL PU

MOV P2, #05H
MOV P1, #3SH
MOV P2, #01H

MOV P1, #86H
CALL PU

MOV P2, #05H
MOV P1,#31H
MOV P2, #01H

MOV P1, #81H
CALL PU

MOV P2, #05H
MOV P1, #42H
MOV P2, #01H

MOV P1, #82H
CALL PU

MOV P2, #05H
MOV P1, #41H
MOV P2,#01H

MOV P1, #83H
CALL PU

MOV P2, #0SH
MOV P1, #S3H
MOV P2, #01H

MOV P1, #84H

'S

.
y o



K313:

FELL4:

KEY34:

KY4:

KY41:

KYS:

CALL PU

MOV P2, #05H

MOV P1, #44H ;D
MOV P2, #01H

CALL DELAY1

MOV SCON, #52H
MOV PCON, #80H
SETB REN
MOV TMOD, #20H
MOV TH1, #0FDH
SETB TR1

MOV PO, #0FFH
MOV A,PO

ANL A, #01H
JZ FELL4

MOV PO, #0FFH
MOV A, PO

ANL A, #04H
JZ KEY34

JMP K313

; MOV P1,#01H
; CALL PU
;CALL INT
MOV 7DH, #01H
JMP FE

JMP WER

CALL INT

MOV P1, #80H
CALL PU

MOV P2, #05H
MOV P1,#54H ;T
MOV P2, #01H

MOV P1, #81H

CALL PU

MOV P2, #05H

MOV P1, #4DH M
MOV P2, #01H

MOV RO, #30H
CALL DIS
MOV PO, #0FFH
MOV A,PO

ANL A, #01H
JZ WERT

JMP KY41

CALL INT



KY51:

WERT :

KY61:

FE:

MOV P1, #80H
CALL PU

MOV P2, #0S5H
MOV P1, #52H
MOV P2, #01H

MOV P1, #81H
CALL PU

MOV P2, #05H
MOV P1, #43H
MOV P2,#01H

MOV RO, #40H

CALL DIS

MOV PO, #0FFH
MOV A,PO

ANL A,#O01H
JZ WERT

JMP KY51

JMP WER

CALL INT
MOV P1,#80H
CALL PU
MOV P2, #05H
MOV P1, #45H
MOV P2, #01H

MOV P1, #81H
CALL PU

MOV P2, #0SH
MOV P1, #52H
MOV P2, #01H

MOV RO, #50H
CALL DIS
MOV PO, #0FFH
MOV A,PO

ANL A,#01H
JZ WERT

JMP KY61

JNB TI,$
CLR TI

MOV A, #45H
MOV SBUF, A

MOV PO, #0FFH
MOV A,PO

ANL A, #08H
JZ KEY1

R



KEY1:
KEY2 :-
KEY3:

KEY4:

YII:

MOV PO, #0FFH b
MOV A,PO

ANL A,#10H

JZ KEY2

MOV PO, #0FFH
MOV A,PO

ANL A, #20H
JZ KEY3

MOV PO, #0FFH
MOV A,PO

ANL A, #02H
JZ KEY4

JMP HER

MOV 7DH, #01H

JMP HER

MOV 7DH, #02H -
JMP HER

MOV T7DH, #03H

JMP HER

JMP STOP

MOV A, 7DH

CJNE A,#01H,CCM1
YI:

JMP YII

JMP CM1

;*******t***#’rx DISPLAY***%*%%:%%x3%

MOV P1,#0COH

CALL PU

MOV P2, #05H

MOV P1,#54H ;T
MOV P2, #01H

MOV P1,#0C1H

CALL PU

MOV P2, #05H

MOV P1,#58H M
MOV P2, #01H

MOV RO, #30H

MOV A,RO
ADD A, #0SH
MOV 7AH,A



MOV R1, #60H
TTTE: MOV RS, #00H

MOV A,@RO
TTTEO: CLR C

SUBB A, #0AH

JC TTTE1l

INC RS’

JMP TTTEO
TTTEL: CLR C

CPL A

MOV R4,A

MOV A, #0SH

SUBB A,R4

MOV R6,A

MOV A,R6
MOV @R1,A

INC R1

MOV A,RS
MOV @R1,A

INC R1

INC RO

MOV A,RO

CJNE A,7AH,TTTE

MOV P1, #0C4H
CALL PU

MOV P2, #05H
MOV A, 69H
ADD A, #30H
MOV P1,A
MOV P2,#01H

MOV P1, #0CSH
CALL PU

MOV P2, #05H
MOV A, 68H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1,#0C6H
CALL PU

MOV P2, #05H
MOV A,67H
ADD A,#30H
MOV P1,A
MOV P2,#01H

MOV P1,#0C7H
CALL PU



MOV P2, #05H
MOV A,66H
ADD A, #30H
MOV P1,A
MOV P2,#01H

MOV P1, #0C8H
CALL PU:

MOV P2, #05H
MOV A, 65H
ADD A, #30H
MOV P1,A
MOV PZ, #01H

MOV P1,#0CSH
CALL PU

MOV P2, #05H
MOV A,64H
ADD A, #30H
MOV P1,A
MOV P2,#01H

MOV P1, #0CAH
CALL PU

MOV P2, #05H
MOV A,63H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1, #0CBH
CALL PU

MOV P2, #05H
MOV A,62H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1, #0CCH
CALL PU

MOV P2, #05H
MOV A,61H
ADD A, #30H
MOV P1,A
MOV P2,#01H

MOV P1, #0CDH
CALL PU



MOV P2, #05H
MOV A, 66H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1, #0C8H
CALL PU

MOV P2, #05H
MOV A, 65H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1,#0C9H
CALL PU

MOV P2, #05H
MOV A, 64H
ADD A, #30H
MOV P1,A
MOV P2,#01H

MOV P1, #0CAH
CALL PU

MOV P2, #05H
MOV A,63H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1,#0CBH
CALL PU

MOV P2, #05H
MOV A,62H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1, #0CCH
CALL PU

MOV P2, #05H
MOV A,61H
ADD A, #30H
MOV P1,A
MOV P2,#01H

MOV P1, #0CDH
CALL PU



MOV P2, #05H
MOV A, 60H
ADD A, #30H
MOV P1.,A
MOV P2, #01H

MOV P1, #0CFH
CALL PU

MOV P2, #05H
MOV P1, #42H ;B
MOV P2,#01H

MOV P1, #0CEH
CALL PU

MOV P2, #0SH
MOV P1, #0FEH ; SPAC
MOV P2,#01H

CALL DELAY

EESE RS EEE 23 X END OF DISPLAY TX EEE R EE S X

: MOV RO, #30H

? CALL DIS
(FEEEEEEXETEIRY DISPLAY**#* 22t

MOV P1, #90H

CALL PU

MOV P2, #05H

MOV P1,#52H R
MOV P2, #01H

MOV P1,#91H

CALL PU

MOV P2, #05H

MOV P1, #58H ;C
MOV P2, #01H

MOV RO, #40H
MOV A,RO
ADD A, #05H
MOV 7AH,A

MOV R1, #60H



TTE:

TTEOQ :

TTE1L:

MOV Rs,
MOV A,@RgOOH
CILR C
SUBB 4, #0Al
JC TTE1
INC Rs
JMP TTEQ
CLR C
CPL A
MOV R4 .,a
MOV A, #09H
SUBB A,R4
MOV Rs6,A

MOV A,Rs
MOV @R1,A

INC R1

MOV A,R5
MOV @R1,A

INC R1

INC RO

MOV A,RO

CJNE A, 7AH,TTE

MOV P1, #94H
CALL PU

MOV P2, ¥0SH
MOV A, 69H
ADD A, #30H
MOV P1.,A
MOV P2, #01H

MOV P1,#95H
CALL PU

MOV P2, #05H
MOV A, 68H
ADD A, #30H
MOV P1,A
MOV P2,4#01H

MOV P1, #96H
CALL PU

MOV P2, #05H
MOV A,67H
ADD A, #30H
MOV P1,A
MOV P2,401H

MOV P1,#97H
CALL PU



MOV P2, #05H
MOV A, 66H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1, #98H
CALL PU

MOV P2, #05H
MOV A,65H
ADD A,#30H
MOV P1,A
MOV P2, #01H

MOV P1, #99H
CALL PU

MOV P2, #05H
MOV A,64H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1, #9AH
CALL PU

MOV P2, #05H
MOV A,63H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1, #9BH
CALL PU

MOV P2, #05H
MOV A,62H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1,#9CH
CALL PU

MOV P2, #05H
MOV A,61H
ADD A, #30H
MOV P1,A
MOV P2,#01H



TTTTEO:

TTTTEL:

MOV A,RO
ADD A, #05H
MOV 7AH,A

MOV R1, #60H
MOV RS, #00H
MOV A,@RO
CLR. C
SUBB A, #0AH
JC TTTTE1
INC RS
JMP TTTTEO
CLR C
CPL A
MOV R4,A
MOV A, #09H
SUBB A,R4
MOV R6,A

MOV A,R6
MOV @Rl,A

INC R1

MOV A,RS
MOV @R1,A

INC R1

INC RO

MOV A,RO

CJNE A,7AH,TTTTE

MOV P1, #0D4H
CALL PU

MOV P2, #05H
MOV- A, 69H
ADD A, #30H
MOV P1,A
MOV P2, 4#01H

MOV P1, #0DSH
CALL PU

MOV P2, #05H
MOV A,68H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1, #0D6H
CALL PU

MOV P2, #05H
MOV A,67H
ADD A, #30H
MOV P1,A
MOV P2, #01H



MOV P1,#0DTH
CALL PU

MOV P2, #05H
MOV A,66H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1,#0D8H
CALL PU

MOV P2, #05H
MOV A,65H
ADD A, #30H
MOV P1,A
MOV P2,#01H

MOV P1, #0DSH
CALL PU

MOV P2, #05H
MOV A,64H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1, #0DAH
CALL PU

MOV P2, #05H
MOV A,63H
ADD A, #30H
MOV P1,A
MOV P2Z,#01H

MOV P1, #0DBH
CALL PU

MOV P2, #05H
MOV A,62H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1, #0DCH
CALL PU

MOV P2, #05H
MOV A,61H
ADD A, #30H
MOV P1,A
MOV P2, #01H



CM1:

MOV P1, #0DDH
CALL PU

MOV P2, #05H
MOV A,60H
ADD A, #30H
MOV P1,A
MOV P2,#01H

MOV P1, #0DFH
CALL PU

MOV P2, #05H
MOV P1, #42H
MOV P2,#01H

MOV P1, #0DEH
CALL PU

MOV P2, #05H
MOV P1, #0FEH
MOV P2, #01H

CALL DELAY

*rxxxxx2+xx* END OF DISPLAY EX

JMP TOOT

MOV A, 7DH
CJNE A, #02H,CM2

MOV P1, #80H
CALL PU

MOV P2, #05H
MOV P1,#52H
MOV P2, #01H

MOV P1,#81H
CALL PU

MOV P2, #05H
MOV P1,#43H
MOV P2,#01H

MOV RO, #40H
CALL DIS
JMP TOOT

MOV A, 7DH

; SPAC

ExkEEEEEE



TOOT :

ENR:

CJNE A, #03H, TOOT

MOV P1, #80H
CALL PU

MOV P2, #05H
MOV P1,#45H
MOV P2,#01H

MOV P1,#81H
CALL PU

MOV P2, #05H
MOV P1,#52H
MOV P2, #01H

MOV RO, #50H
CALL DIS
JMP TOOT

MOV A,30H

INC A

MOV 30H,A

CJNE A, #64H,ENR
MOV 30H, #00H
MOV A,31H

INC A

MOV 31H,A

CJNE A, #64H,ENR
MOV 31H, #00H
MOV A,b32H

INC A

MOV 32H,A

CJNE A, #64H,ENR
MOV 32H, #00H
MOV A,33H

INC A

MOV 33H,A

CJNE A, #64H,ENR
MOV 33H, #00H
MOV A, 34H

INC A

MOV 34H,A

CJNE A, #64H,ENR

; MOV RO, #30H
; CALL DIS
; JMP FE

MOV R2,#01H
MOV R1, #01H



REC:

ENR1:

FE3:

MOV R3, #0FH
DJNZ R3,S
DJNZ R1,TY
DJNZ R2,TTEEl

JNB RI,FE1

CLR RI

MOV A, SBUF
CJNE A, #45H,FE3

MOV A,40H

INC A

MOV 40H,A

CJINE A, #64H,ENR1
MOV 40H, #00H
MOV A,41H

INC A

MOV 41H,A

CJNE A, #64H,ENR1
MOV 41H, #00H
MOV A,42H

INC A

MOV 42H,A

CJNE A, #64H,ENR1
MOV 42H, #00H
MOV A, 43H

INC A

MOV 43H,A

CJINE A, #64H,ENR1
MOV 43H, #00H
MOV A, 44H

INC A

MOV 44H,A

CJNE A, #64H,ENR1

JMP FE

MOV A,50H

INC A

MOV 50H,A

CJNE A, #64H,ENR2
MOV 50H, #00H
MOV A,51H

INC A

MOV 51H,A

CJNE A, #64H,ENR2
MOV 51H, #00H
MOV A,52H

INC A

MOV 52H,A

CJNE A, #64H,ENR2



FEl:

ENR2:

TTEEZ2:
TYZ2:

INT:

MOV S2H, #00H
MOV A,S53H

INC A

MOV S53H,A

CJINE A, #64H,ENR2
MOV 53H, #00H
MOV A,54H

INC A

MOV 54H,A

CJINE A, #64H,ENR1

JMP FE

MOV A,S0H

INC A

MOV S50H,A

CJNE A, #64H,ENR2
MOV S0H, #00H
MOV A,51H

INC A

MOV 51H,A

CJNE A, #64H,ENR2
MOV 51H, #00H
MOV A,52H

INC A

MOV 52H,A

CJNE A, #64H,ENR2
MOV S52H, #00H
MOV A,53H

INC A

MOV 53H,A

CJNE A, #64H,ENR2
MOV 53H, #00H
MOV A,54H

INC A

MOV 54H,A

CJINE A, #64H,ENR1

MOV R2, #02H
MOV R1, #0FH
MOV R3, #7FH

DJNZ R3,S

DJNZ R1,TY2

DJNZ R2,TTEE2

JMP FE

MOV P1,#38H
CALL PU



PU:

DEL

JT:

AY :

TEE:

TE:

CALL DELAY
MOV P1,#0FH
CALL PU
CALL DELAY
MOV P1, #06H
CALL PU
CALL DELAY
MOV P1,#01H
CALL PU
CALL DELAY
MOV P1,#0CH
CALL PU

MOV P2, #80H
MOV R1, #0FFH
MOV R2Z, #0FFH
DJNZ R2,S
DJNZ R1,JT
MOV P2, #00H

RET

MOV P2, #00H
CALL DELAY

MOV P2, #04H
CALL DELAY

MOV P2, #00H
CALL DELAY

RET

MOV R2, #02H
MOV R1, #7FH
DJNZ R1,S
DJNZ R2,TEE
RET

DIS:

TEO:

MOV A,RO
ADD A, #0SH
MOV 7AH,A

MOV R1, #60H
MOV RS, #00H
MOV A,@RO
CLR C

SUBB A, #0AH



TELl:

JC TE1

INC RS

JMP TEOD
CLR C

CPL A

MOV R4,A
MOV A, #0SH
SUBB A,R4
MOV R6,A

MOV A,R6
MOV @R1,A

INC R1

MOV A,R5
MOV @R1,A

INC R1

INC RO

MOV A,RO

CJNE A, T7AH,TE

MOV P1, #84H
CALL PU

MOV P2, #05H
MOV A, 69H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV. P1, #85H
CALL PU

MOV P2, #05H
MOV A,68H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1, #86H
CALL PU

MOV P2, #05H
MOV A,67H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1,#87H
CALL PU

MOV P2,#05H
MOV A,66H
ADD A, #30H
MOV P1,A



MOV P2, #01H

MOV P1, #88H
CALL PU

MOV P2, #05H
MOV A,65H
ADD A, #30H
MOV P1,A
MOV P2,#01H

MOV P1, #8SH
CALL PU

MOV P2, #05H
MOV A, 64H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1, #8AH
CALL PU

MOV P2, #05H
MOV A,63H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV- P1, #8BH
CALL PU

MOV P2, #05H
MOV A,62H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1, #8CH
CALL PU

MOV P2, #05H
MOV A,61H
ADD A, #30H
MOV P1.,A
MOV P2, #01H

MOV P1, #8DH
CALL PU



DELAY1:
TTEEC:
TYC:

INT_SER:

RECEIV:

TRANSMIT:

MOV P2, #05H
MOV A,60H
ADD A, #30H
MOV P1,A
MOV P2, #01H

MOV P1, #8FH
CALL PU

MOV P2, #05H
MOV P1, #42H ;B
MOV P2,#01H

CALL DELAY

MOV R2, #01H
MOV R1, #0FFH
MOV R3, #0FFH
DJNZ R3,$§
DJNZ R1,TYC
DJNZ R2,TTEEC
RET

PUSH ACC
PUSH PSW
JB TI,TRANSMIT

MOV A, SBUF
MOV @RGO,A
INC RO
CLR RI
JMP ENDSER

CLR TI



ENDSER:
TEE1L:

TEE2:

END

~

MOV R2, #0FFH
MOV R1, #0FFH
DJNZ R1,$
DJNZ RZ2,TEEl
RET

MOV R2, #0FFH
MOV R1, #0FFH
DJNZ R1,S
DJNZ RZ2,TEE2
RET

POP PSW
POP ACC
RETI



Features

¢ Compatible with MCS-51"™ Products

¢ 4 Kbytes of In-System Reprogrammable Flash Memory
Endurancs: 1,000 Wrile/Erase Cyclas
Data Retention: 10 Years

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

128 x 8-Bit Internal RAM

32 Programmable VO Lines

Two 16-Bit Timer/Counters

Five interrupt Sources

Programmable Serial Channel

Low Power Idle and Power Down Modes

® 6 © 0 O & O O

Description

The A TEYCS 1 1y a low-puwer, high-perturmance CMOS 8 it misouimputer with 4 Kbytes
of Flash Programmable and Erasable Read Only Memury (PEROM) The device 1s manufac-
tured uring Aunel's gh densiny avnvolaule memury techaolugy and ts cumpatible with the
industry standard MOS-5 17 instruction set and pinout, The un-clup Flash allows the progeam
memury o be reprugrammed in-sysiem or—by 4 conventivnal nunvotatile memory program-
mer. By combimng a versanle 8-bit CPU with Flash on a monulithic chip, the Atnel
ATB9CS1 is a powerful microcomputer which provides a highly flexible and cost effective
) 10 many embedded conuol apphcations.
The ATBYCS1 provides the fullowing standard featuses: 4 Kbytes of Flash, 128 bytes of
RAML. 32 VO lines, two 16-tat imer/counters. a five suurce twa level interrupt architecture, 2
fult duplex senal pott, va-chip usaillator and clock crcuitry In sddition, the ATBYCSI is

continued
POIP/ICarchp
Pin Contigurations

79 31400
#0400
29 3 (A0%
700 1400
P97 (a07)

RO PO L tiver 7,
HELINZRNE aetrhod
RT3 2 (] #ila

wnT A3 3 RO

e ry e LiE XTATI]
rneys
way ry e (]
B #y 7 2231000}

avaur o 212000
atagn ¢

PQFPITOFP 6no g

oy
COoOnNe

. &

asy

[LE RSN ]
L1

1a0p P30
nté) ey 3
unliver s
QLR

1y ey

nptx
COAmEA

PO 4 (804
03 1409%)
20 4 ta0t)
S #9 2 (a0
tiver

f1°e ¢ (a00)
(3P0 3 (A092
{30 & (4043
[DPe 7 (a0n
b e

PRIiAS) pkTh ey 2L]re sl4id]
PO A paTiyey ) oF2RNVITTY
P2 LAY NLN4X) (IPI A Ay

i 250
u"m"u"u"u"u

8-Bit
Microcontroller
with 4 Kbytes
Flash

ATB9CS51



Block Diagram

Vt.n .—:
. FORT 0 DRIVERS
GHo T
= NAM ADOR ronto rons 7
REGUSTER L2 Sl LALLM (A1 Taw
T
r A ey S, o W\ Yo o Y. Y.
£ 3 i
y l L 4
[ STACK
AEGISTER Acc PONTER
y
™y Tvmry
_.l MVU }q .
INTERNUPT, SEIAL PORT
ANTY TBAFR M OCXS
4
lod &
]
PSEN 4 ! i
agmnnn <4 m‘:;"- st ion | l + )
tarve - M comime AF(USTFN h 'y
RST - + M { I
[ b 4
PORT 1 l PORT )
LArCH H LATCH
! x
i
!
ose l
Mﬂnumvrns I PORT I OPTIENS
I A
[ T TR
"I’ ‘
T :i: . rio P17 M0 P17

PROGAAM
ADDRESS
REQISTEA

AUFTFR

PC
INCREMENTERN

FROGNAM
COUNTER

Y

[ wen

Y

v |

i

— Y



R S S P AT89C51

D_qs_sriplion (Continued)

Xc;lgud with stasic logic for operation duwn (o cero frequeney
and suppuxts two software sclcctable power saving nudes Tl
ldle Mode stops the CPU while alfuwing the RAM, tiner/count-
er3, serial purt and intetrug 3y stem to Lonlinus tonctnnnieg 1l
Puwer Duwn Mude saves the RAM (iitchts but liceses the us
cullatur disebling all vthes chip functions untsl the seat hardw ure
reset.

Pin Description

Vee

Supply voltage.
GHO

Ground,

Port O

Purt O is un 8-bit open dratn bidircctional VO st As an wutput
port cach pin can sink eight TTL inputs When s are wniticn to
port 0 pins, the pins can be used as high-impedance inputs

Port 0 may also be configured 10 be the muluplesed low-order
addscss/daia bus during accesscs 1o esternal prugram and date
memocy. In this mode PO has internsl pullups.

Port 0 also recerves the code bytes dunng Flash programsmng,
and outputs the code bytes dunng program venfication Exter-
nal pullups are required duting program venfication

Port 1

Port | 15 an 8-baus bedirectional VO purt with snicinal pullups 1hie
Port | output buffers can sink/source fuur Tl inputs When s
are writlen 1o Port | pins they ase pulled igh by the ntctnal
pullups and can be used as inputs. As inputs, Port | pins that are
externally being pulled low will source current (1t ) because o
the internal pultlups

Purt | also receives the low-uvrder addicss byies duning Flush
programantayg and progeain versfestm

Port2

Purt 2is an 8-but brdirectionst VO purt with internal pullups The
Post 2 output bulfers can sink/source fuur TIL 1nputs When Is
are written to Port 2 pins they are pulled high by the 1uternal
pullups and can be used 4s inputs As inputs, Pott 2 pins thet are
caternally Lesng pulled Jow will sousce current (1) because vl
the internal pullups.

Port 2 esnits the heghi-ucders address byie dunng fetches from ex-
lernal program memory and duning accesses tu cxternal data
memory that use 16-bit addiesses (MOVX @ DPTR) ln tns
application 11 uses sttung 1nteinel pullups when cmtling s

Duting sccessey o caternul date tmcnnay thet use 8 bu o

dresses (MOVX @ RI), Past 2 canats the contents ut thic 172 S

c1al Function Kegister.

Port 2 als0 reccives the high-order address bits and suine contrul
signals during Flash programming and venficativa.

Pont3 .

Port 3 is an 8-bit bidirectional O post with ineenal pullups. 1he
Puct 3 output bulfes cun sinbousce four TIL inputs. When s

. EA shuuld be st

ate writien tu Purit 3 piny they ate pulled high by the intesnal
pulluprs amd can te used as anputs As inputs, Port 3 pins that are
exteenally bang pulled luw will source current (Ii) because ot
the putlups .

Port 3 alas serves thie funcuions of vasious specral features of the
ATBXSY as listed below

Port Pin | Alternate Functions

P30 RXD (senal input port)

Pt TXD (senal outpin punt)

P32 INTO {extunat ilerrupt 0)

P33 INTT {extenal interrupt 1)

P3.4 T0 (tmer O extenal input)

P35S Tt {imer { extemal input)

P36 WH (aextenal data memory writa strobe)
P37 _ _ | RO (exiemai data memory 1ead strobe)

5
Port 3 alsw recerves some conteol signals for Flash programming
and prugramminyg vernficanon

AST
Resctinput A high on this pin for two machine cycles while the
uscillator 1s runming resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte of
the address duning accesses tu eaternal memory. Thus pin is also
the program pulse nput (PROG) during Flash programming.
In nuemal o AlLE s data rate of 1/6
the vscillator frequency, and may be used for external timing or
vl king purpuses. Nole, huwever, that one ALE pulsc is
shipped during cach access 10 external Data Memory.

If desired, ALE uperation can be disabled by sciting b Q of SFR
timation 8EH. With the bit sct, ALE 15 acuve only during a
MOVX o MOV instruciion Otherwise, the pin 1s weakly
pulled high. Sciing the AlLE-disable bit has no eflect if the
i adontsolles o i eateinal execution nusle,

PSEN -

Progeain Stute Enable 1s the read strube to external program
memory

When the ATBYCS1 18 exccuting code from exicrnal program
menixy, _PS_E_N 13 activated twice each machine cycle, except
that twa PSEN ativations wic shipped duning cach access tues-
teenal data imenuny.

éiNn

Eaternal Access bnable. EA must be sirapped 10 GND 1n ocder
t ciable the desie tu fetudi conde lrom exteraal program meem-
cry hcations stahing st (X2l up o IEIFFH. Note, however,
that of Jock et 1 s prograsmncd, EA will be internally latched on
1esct.

§ to Ve fos i I prugrame

Tins pin aiso seccives the 12-volt programming enable voltage
AVep) duning Flash programmang, fur parts that require 12-volt
Vrr.

continued
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Program Memory Lock Bits

Un the hip ase three luck bits whnch can be lelt unprogranincd
(U1 e can be programmed (P) tw oblatn the additional leastures
listeud 1 the table below

When ha b bt B prograntned. the bogic level at the EA praas
sampled and lathed dunng resct. Il the devine b powered up

Lock Bit Protection Modes

“

without a tesct, the Latch sntializes (o a random value. and holds
that vaiue unil resct iy sinvated It iy necessary that the latched
salue o A b an agrcement with the cusient Jogie level at that
oo on cader o the desie to fum o propetly.

Programming the Flash

The ATIYCS 1 1s nurmaily shipped with the ua chup Flask e
ory artay in the erased state (thats, contents = FEH) andd realy
tv be progranuned The programanng intcifoce avcepts cather o
high-voltage (12-v0l0) or a low-voltage (V) program cnabic
sgnal The tow voltage progransming nuate provides a conve
nient way o guegram the ATEPCSE snde the user’s sysicne
wihile the agh sultage programnnng made 1 compatible wah
cunsentiunal thied paty Flash ur EPROM programimers

The ATEYCS1 o shipped with enther the highovaltage or luw -
vultage programining nue cnabled. The respecine tup-side
marking and desice signature vodes are isted in e fvlluwing
table

MOVC instructions executed from extemal program memary are disabled from
letctung code bytes lrom internal memory, EA 1s sampled and latched on teset, and
further programnung of the Flash 1s aisabled.

theinal ahd dealanlt :

Program Lock Bits
LB1 LB2 LBl Protection Type
LAY U U | Noprogramiock leatures.
2 P V] U
3 P ) l;: U Same as mode 2, also venty 1s disabled.
AP E_£F

Same as moda 3, also exiernal execution ig disabled.

4 Rane EA/Vppto 12 V fu the high-voltage programming
nende
5 Pulse ALE/PROG once to program a byie in the Flash
array or the lock bits. The byte-write cycle 1s self-umed and
typically Whes av more than 1.5 ms. Repeat steps |
thruugh 5, changing the addresy and data fur the entire arvay
ot uanl the end of the ohyect hie 1s reachied
Data Polling: The ATSYCS! features Data Polling 10 ndicate
the end of a write cycle. During a wiite cyule. an attempted read
ol the last byte wrtten wall result in the complement of the writ-
ten Jatum un PO.7. Once the wiste cycle has been completed,
true Jats ase valid un all vuiputs, and the next cycle may begin.

Data Pulling may begin any tne alter a wte cycle has been
[d

The A TEYCD | cande ey aseay iy praogramimed by e by-byte
mesther programmmg swle To program any aon blank byie in
the un-chap Flavh Menunn, the entire menunty must be eraved
ustng the Clup Lrase Minde

Programmming  Algorithus:  Belwie  programming  the
ATEIUS L. the addiess, dala snd cuntrol sigials should be set up
according 1o the Flash programmng mode table and Frgures 3
and 4 To prugram the ATEYCS 1. tuhe the fullowing steps

1 laput tic desired memory location on the adsess lincs.

2. Input the approptiate duta byte un the dats tmes

3 Activate the et caumbination uf contad signals

Ready/Busy: The progress of byte programming can also be
munitored by the RDY/BSY vutput signal. P3.4 is pulled low
atter ALE gues high Junng programming to indicate BUSY.
13 315 pulled hrgh agan when prog ing 1s dore to 1nd

Program Verify: It luck bis LB1 and LB2 have.not been pro-
8t I, the prog| J code data can be read back via the
address and data hines for venfication. The lock bits cannot be
senfied directly, Venfication of the lock tits is achieved by
obscrving that their festurcs are enabled.

Chip Erase:  The entire Flash atray 1s crased electnically by
using the proper cumbinatiun of cuntrol signals and by hulding
ALE/PROG 'uw tor 10 ms. The code array 1s written wath all
“17s. The chip erase uperation must be executed before the code
tneniury can be 1e-programmed.

Reading the Signature Bytes: The signature bytes are read by
the same provedure as a noanal venfication of luocations 030H,

Vep s 12V Vep=$§V
ATB9CS 1 ATB9CS!
Top-Side Mark XXXX XXXx-S
b el . )4, LIS ) 4.4 SN /
(030H)=1EH (030H)=1EH \
Signatuse (031H)=51H | (031H)=51H READY
L. eeeme 2.{082H)=FFH | (032H)=05H

ATMEL .



OVERL and D21, exeept that V6 aml 1PV 7 miost b pelledd te g

Ingsc low The values tetutncd are as tollowe

(00H) = TEH indicates manulactured by Atnel

OV = STH imbicates ROCS

O = FFH indicstes 12 V peogramming
1021y = OSH tificaies S V programming

Flash Programming Modes

ATMEL

Programming Interface

Esery code hyte 1 the Flach arrav can he written and the entire
anav can he craced by using the appropriate comhination of
contrel agnals The wente eperatien cycle 1s <elf timed and ance
inshated, will autnmancally ume ieelf to completion,

Al mapw programming vendors olfer wewhiwide cupport foe
the Atmel microcontenller sertes Please contact your Incal pro.
gramumng sembor fir the appropteate wltware sy ssien.

o ALE/ EN
Mode asrt PSEN PROG Vep P2.6 P27 Pl6 . P37
Whnte Code Data H L \ - Hizvi" L H H H
b e - - - - - .- PR, . o e ——
Read_(_:g?e"Q?la L V' _H_ e _L NN H LI H - L _L ___l_-‘ H__
Whnte Lock Bit - 1 H L \¥ e Hi2v H H H H
Bit - 2 H L A H2v H H L L
Bit-3 H L I, H2v H L H L
Y A AU == [ S
Chip Erase H L B ey H L L L
Read Signature Byle H L H " L L L L.
Notes | The cignature byte at lew anon 032H decignates whethes 2 Chip Frace requites a 10 me FRONG pulce
Vep 2 12V or Vep = § V chnuld he uted tn enable pro.
grammng
Figure X. Programmung the Flach Fignre 4. Verifying the Flash
S5V a5V
ATBICS1 T AT89CS1
AD o RLLAN PY Vee aoon  20CA7 0o, Vee |- ' rests AT
H 3 OOOOHDFFEH ATA
OO0OHOFFFH |__ I myp.r21  po le o Lr P20-P23 PO | » (usE 10k
AS AT DATA AB- AL PULLUPS)
—— P26 wwes v P26
SEE FLASH  —-—#{ P27 ALE 1 - - PROG SEEMASH --—» P27 ALE }e--
PROGRAMMING FROGRAMMING B
MODES TABLE ~—~ ¥ P36 MODES TABLE - #] P38 v
-
- P37 ——¥ P37
(- T- oo | xTAL2 EA | ValNew —¢———{ xTAL2 EA fe
€24 MH2 .L 424 Mg
) _{—] 1 $—
I 3 | xrat AST |« Voo - | XTAL ¢ AST 4 ——— V,,
‘—’ GND PSEM -1 —{ cno PSEN |=vem
< + +

ATE89CH1 rveassssr T —————
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Flash Programming and Verification Waveforms - High Voitage Mode

. PROGRAMMING VERIFICATION
P10-P17 ' ADDRESS ' t ADDR ~
P2.0-P23 N S : DRESS
! } - - tavay
. : i
PORT 0 i { DATAIN | ! { panaour t {
s twes e ! :
faven = e r = ligiae i .
ALE/PROG ‘ J{ ! E i
J .
Rt e 'r lrarm . :
) 1 |
o AL . }\Locxc 1 !
EAVre T el e e l weIca . L. LA
- "o : Lo
P27 ‘} ({20 ] terav ‘_ - (114}4
(ENABLE) . ] i ‘i :
tavem -
P34 -l } :
(AOY.NSY) o pusy | onrany
ks Tan- N

Flash Programming and Verification Waveforms - Low Voltage Mode

P10-P17 PROGAAMMING ‘ VERIFICATION
b Ay . { Al N
P2.0-P2.3 { ADDRESS i DONESS
| ” " laov
| : :
PORT 0 RSN A {‘ DATAIN l < § DATAQUT - -~
L o o love oo ® =
laver * - u 1 toax
aeFRoE = oA ] " & [
lae * e ™ ‘
o AN Lpegeceroee . LOGIC ¢ | y
EANer IPPDSPPIIPIEE & R LLoecd Ll L e -
" lenen b leunz
Y ]
P2.7 s . l r
(ENABLE) Y , h e
lewen ™
ry4
(noymsy) . sy J 1§ ADY
twe
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Absolute Maximum Ratings*®

1
Operatiny | emperature 55°Cto +125C

Slutage Temperalue .. 05 Clu e iLtrC
Voltage un Any Pin

with Respect to Ground . .. 1OVios7.0V

Maximum Operating Voltage .66V

DC OQutput Curent 15 0 mA

D.C. Characteristics

SNULIUE Stiona heyom thune listed uader “Absalute Man-
s Rt sy cause prttanent Jarmage to the desne

i Thas en 2 sress satang only aikd Tum ol opesatun of e dae

Vi 4 these e any uther umditions beyiind tiese itdi ated 1n
the wperationad seotinns ot this specificatnn s not imphicd. Ex-
Panuse 1o sbstute maniamm rang condimons fur catcnded
penunds auy attedt device seliabibity

Taz-30Clo85C, Ve = 50V ¢ 20% (unless otherwise noted)

‘Symbol Parameter Condition Min Max Units
Vu | nputlowvonage - (EaceptEA) , 05 . 02Vcc0d V.
| Vs | Input Low Voltage (EA) iy . _-0s 0.2 Vcc-0.3 v
Vi Input High Vollage ggfc_:e_pl XTAL1, BST!‘ 02 Vec+0.9 Vee+0.S v
Nuw | input High Vonage (XTAL1, RST) ....0.7 Vee Ve+0.5 v
Quitput Low Volldge'”
Voo ' (Pons ng) low = 1 6 mA 0.-15_- \ v N
Output Low Voltage'"! v
Jou {Pon 0, ALE. PSEN) ot - 32mA 0.45 v
Quitput High Voltage lon = -60 pA, Vec =5V £ 10% 24 v
Vot (Ports 1.2,3. ALE, PSEN) on & +25 pA 0.75 Ve v
lun--ll),lA UQV(}(_: 15710 KT _____V_
Output High Voltaye lon=-B00pA Vec=5VE10% 2.4 v
Vor (Port 0.n External Bus lon = -300 pA 0.75 Vee v
Mode A BT
e o T (om e ) v
Logical 0 Input Cunrent
n (Poits 1,2.3) Vin=045V 1 -50 A
Logyrcal 1 to 0 Transion
In Current (Ports 1,2,3) Vin=2V -650 BA
Input Leakage Current #
Iu {Port 0. EA) 045 < Vin< Ve $10 pnA
RAST | ResetPulldown Resistor N Ka
| Co Pin Capacitance Test Freg. = 1 MHZ, Ta = 25'C 10 pF
Aclive Mode, 12 MH
Powaer Supply Current RE o0 od_e__.g___.{_ e et 20 mA
fce . e m—cece — s e - !E“_Bﬁo.g‘i: ‘..2_".'?.4_‘ - e e e e e mA
Vce=6V
Powes Duwn Mude'? cc=6 e pA
Vep 3V B L

1. Under stcady state (aun-transicnt ) conditiuns, kg must
be eaternally lumed as fullows

Nutes

Maaununt log per pust pin. lUmA
Maannuin lye per 8-but pun. ¢

Pun 0 2 mA

Pors 1.2, ) 15 mA

Mazimum total 101, fur all vutput prs: Tl mA

AIMEL

I TOL. caueeds the test cundiion, VOL may exceed the
1clated spevifwation Pins ate st guasanteed 1o unk
wurtend greater than the listed test comdiions.

2. Miumum VCC fur Power Downis 2 V
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A.C. Characteristics
(Under Qperaling Conditions, Load Capacatanes tor Port 0, Al FFROG, At PSEN - 100 pF, 1 ead Capactance lor aft

other outputs = BO pF)

External Program and Data Memory Characteristics

12 MHz Oscillator 16 to 24 MHz Oscillstor
Symbol Parameter M Max e Max Units
1AcLcy | Oscillator Fre_gqu_c):_ = L 0 24 MHz
L ALE Pulse Width 127 2lcLce-40 ns
taviy Address Valid 1o ALE Low .8 _}_tCLCL-13 ns
LA Address Hold After ALE Low ol 48 tCLCL-20 ns
v ALE Low to Valid Instruction in 233 4t1CLCL-65 ns
—— e T e L. 233 . . W
L ey ALE Low to PSEN Low 1. lacL-13 ns
1P PH PSEN Pulse Width - 205 Jce-20 ns
teLv PSEN Low to Valid Instruction In 145 3lcLeL-45 ns
texix Input Instruction Hold After PSEN | Y (777NN 0 ns
| texiz Input Instruction Float After Fsgg N < (S \' 59 Y tcLee-10 ns
lPxav PSEN to Address Vafid 75 tcice-8 ns
taviv Address to Valid Instruction In 312 Sleiet-55 ns
tPLAZ PSEN Low to Address Float 10 10 ns
Jmpw_| FDpusewin | 40 T R )
dowee_| FRpusewian T T w00 7T T 7 eigaiien ]
taLov RO Low o Valid Data in 252 StercL-90 ns
tArnDX Data Hold Atter RD 0 0 ns
tRHOZ Data Float After RD 97 2icLeL-28 ns
oy ALE Low to Valid Data In 517 8ICLCL-150 ns
tavov Address lo Valid Data In .585 SICLCL-165 ns
fiwe ALE Low to AD or WH Low 200 300 3tcieL-50 3tcLcL+50 ns
tavwi | Address 1o AD or WR Low 203 ftac-75 ns
tavwx | Data Valid to WH Transition 23 lcLc-20 ns
lovwn | Data Vafid to WH High 433 TicicL-120 ns
twrax | Data Hold Atter WR 33 tcel-20 ns
tRLAZ RD Low to Address Float 0 0 ns
twr | FID or WR High to ALE High 43 123 a0 loces2S ns




N ey w1 od Y |

External Program Memory Read Cycle

d o b
ALE L N —
, poso tou b
lavipe - - =" uw .
. 1 e P ———-
PSEN et Y e ( N ]
~ lpgav o
lpiaz
Pz o
LYYy f
lO‘llu Lol i‘
PORT 0 Y NSTRIN 3D} a0:a7 >
;- Tawiv -
PORT 2 b AB . A5 N As-als
External Data Memory Read Cycle
o ol n
ALE ,I' A z { W %/
l L R T
PSEN N D LA
[ e
o w b 5
m \\ % Sy iaee!
i le - s taoy J-'— taror

P } <
[o AvLL -l luaz | » v/ Y 2
PORTO D YA0-A7FROMRIOR DPL 1 ¥ —| DATA l_h_f'E, I A0 - A7 FROM PCL-INSTR IN

LR AL hnck b=

tavwa |
cames = lavey C

PORT 2 T P20.P270RAB-AIS FROMDPH "7 < AB-Al5 FROMPCH

ATmEL

-

1y



External Data Memory Cycle

luu-“'i N
ALE . Tt N o . ‘;" ) .
- = hwan
PSEN —/,_....___... - - - T T TN .
o bawe - oo twawae - o
. 0 -
WR o - fiax N -
— taiL -»J tovwx * o' o twrox
-- lovw -4
o PEp————— TP T . ——— — —— —-— e
PORTO ~-KAG-ATFROMATOR DL | BATAGUT R OxAB - AT FROMECLY STA W
e = lym - r—8
PORT 2 T $20-P2.7 OR A8 _ AI5 FROM OPH TUTW TAa-AisFROMPCH
lenex
leien o
II‘ N
/s \
. ¥ I~
R N -
—-=taex "
lerer Il Oty & ke
External Clock Orive
Symbol  Parameter Min Max Units
1AcLcL Oscillator Frequency 0 e — 2 A_-._________.’_“l‘l__ I
tac Clock Period 46 R e .
dcucx | MighTime S .- L
taacx Low Time 15 ns
tacH Biﬂ Time_ 20 ns
hqg Fall Time e e - . 20 s
12 ATEICHT m e ——————ST——t




Serial Port Timing: Shift Register Mode Test Conditions
{Yce = 50 V 2 20%, Load Capacitarnce = 8U pF)

| 12MHzOsc " Variable Oscilfator
Symbol Parameter I Min Max [Y™Y Aax Units
Ixtx, Senal Port Clock Cycle Tune i 10 121aa ns
lo;:xu Output Data Selup to Clock Fising Edye l 700 10laa-133 ns
[tox | Output Data Hoid After Clock Rising Euge ! 0 ol FaaR L |0
| tuox Input Data Hold Atter Clock Rising Edge i 0 ._ 0 _ s |
| ooy Clock Rising Edge to Input Data Vahd ! 700 10ICLCL-133 | ns

Shift Register Mode Timing Waveforms

INSTHUC TION { 0 | 1 | 2 N J M 4 1 S ) .8 7 | 8 [
- ALE R RN N R N e R RS D AR R RN -
L
r Yan .
N - . ey - % "o
cLoek ATIRANYZ R Syt U1 \NL..!
Lo §
r l‘ Il"\)l
WL 1O SBUE R S T TR R S N S S
+ - 1
OUTPUT DATA owv [~ =5 N sern!
. cm——— - - ™ e 1 GNP, N R N -
=Uo L IR s R Mg e s O s s
’
INPUT DATA A SET er
" n [
AC Testing Input/Qutput Waveforms' Float Waveforms'
. v - oo ~ J ————
Vec 05 " F02Y 109V T vlowonvly‘ vo‘_ow
N\, ”
™ TEST POINTS \ Vioao My WY Tarung Relerence R,
N 2 0, . Ponts ’
VsV N Ve - Veoaw 2"V ~ VoY
Nute 1 AL npuis during festing s diven st Ve, UV g g Note 1 Foctiming puipanes. J ot g 1 oo honger Hostuig when
logie 1 and 039V bor g dogic @ Lumng micasune 4 HRImV Change tiom load saliage teurs A poat
ments a1¢ miade at Viggman for g Jogie Tand Vip snas P begens 1o theat when a 100 mV change {rom the
tot g bugn 0 loaded Vo' Yo fevel woeun

ATMEL ;
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Ordering Information
Speed |  Power : .
{MH2) : Supply Orianng Crrter J Package Opetabon Range
| | )
12 I sveoon ATRICH) 12A0 ' AAA Commerciat
ATRACS1 12JC 14y (0"C1o 70°C)
ATRACS1-12PC ANPR
AT89C51-12QC 440
ATRAGS1-17Al 447 Inclustrial )
ATRRCS 1121 14y { 40°C 10 85-C)
ATRACS1.1201 400G
: ATROCST- 1 44Q)
) ATRACS1-12AA 44A Autormolive
| ATBICS1-12JA 44 (-40°C 10 125°C)
i ATROCST 12PA -ANPE
AT89CS1 120A 440
SV 107 ATROCHT 1200M 006G Military
ATAICST 1200 I LR { 65 C o 1260
ATAQCS T 12000 4MR0 4006 Miltary/BRAC
ATRACH1 12LM/RAD A4( Class 8, Fully Comphiant
- | (55°C 10 1257C)
16 SV +20% ATANCS T IGAC : 44A Commercial
ATRACST 1600 Al (@°Cto 70°C)
ATANCS T IRPS, ! AN
AIBRICAY 1RO l 440)
ATANCRY 16A) 5 EET trduisinal
ATRACHE 160t 1 RLY ! {40 Clo 85 (Y
ATRACS T 166 / aern !
ATROCST 1601 ) 440
ATRICST-16AA 14A Aulomotive
ATRACSI-1RJA 44.) (-40°C 10 125 C)
ATRACSI-16PA - 4006
ATB9CH1-160A 440
-20 aV 20" ATRACAHL 20AC A4A Commereial
ATRACS1 204C 44. {(""Clo 70°C)
ATANCS1.20PC 40F6
ATBICS1-2000C 440
o
ATRICS1 20A8 44A Industral
ATRACSt 201 44.) (-4rC 1o 85°C)
ATRACS1-20M1 anP6
ATBACS 1-2004 440
24 SV $20% ATBACS1-24AC 44A Commercial
ATAQCS1-244C 44 (0"C 1o 70°C)
ATBICS1-24PC 44P6
AT89C51-24QC 44Q o )
ATBACS1-24Al A4A Industnal
ATRICST 2401 441 { 40°C o AS"C)
“TRACH1 24/ 4476
A189C51-24Q1 44Q

14 AT89C51 mussssssree———————————



s AT89C51

Ordering Information

Package Type !
A4A 44 Lead, Ttun Plastc Gull Wwing Quad Flalpach (TQFP)
.—AOBG 40 Lc.aad. V] 600’ W-du.‘r;ou Windowed. Cetanue Dual Inkise Packege (Cetdip) . .
’.m ) 44 l cud. 'f’hshc J Luded Ctup Cauner (PLCC)
__4—47.-" o 44 Pad Nm-w-rm\-a-n Celauuc Leadluss Clup Cartwer (LCC)
Twors | 40tead.0s 600" Wide, Plastc Dual Iniuse Package (POIP) .
_MO u Lead, Plastic Gull Wing Oua‘d lélaiuack (PQFP)

Packaging Information

4A. 44 Lead. ‘Tin Plasuc Gull Wing Quad Flaipack
(TQHY)

Dunenssons in Mitlunciers and timhes)

12250 e 79y

[. I 1

dapdotey
LR YL P/]
0 Al dvep

e *_,_,/-Lu'wmu)m -

]L ¥ I 0wy o--oum“ .
CE UL S DAL L )

0BG O0J 1) S l

HLBHI

== | TP

1006, 40 1 cad, U 0IX)” Wide, Non-Winduwed,
Cernne Dual laline Package (Cetdip)
Duuenstuns i hwhes and (Milluneters)

MIL MY D SCUNFIG T

£ SPLTONEI ) A Gaed’
20431 M) N
1
BYIRR ARV USHERRURY> oY _._}
610015 31
$70(14 8)
[SAFARNPRORYNCAVRVARNY AV) _-omzm

- e VW08 Z6) HEF ..
231572 mlml

MAR . r'

0ul {1 52)
Z\.*.’L_ 615 { 381}
1350310 -
005 (1 63} m-%ﬁ‘;
g z 1y oisi i
02 1y)
090 12 29)
_svpsh
| %0156
ll"" I e ug;
visg set) ,l N
ous { 203
l" ’! 700 (17 8) MAX

ATmEL 15
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Packaging Information

44, 48 Lead, Mastic ) Leaded Chap Carnee (P1L.COY
Ihmensions in Inches and (Millumesess)
JFDEC OUTLINE MO 047 AC

L YIRS RN

T e o it

1y ° ! _J .

i { va I §,. ]'.
eagen | Sadlih! 11 o gaam
LTI { s 1, aevey

[ [ PR, 1, opee

. ) " 1 L YUY Y

’l ; HI\ o

onpIntve _‘ B o - [IJ m:.«.,
. t20030%
NUL")UU! -

F
o w213 v var o

b B

4L, 43 Pad. Non Windowed,
Ceramac Leadless Chip Camier (1L.CO)
IMmencions an Inches and (Millimcters)

f;"":"iiﬂ
1 I 1T

o te@rg
| I” mowm

R
000 (2 0
e e g
0381 400

mpen |G in g sOETCORNER
618 v 0}; i i
1y 'r Lo
l 0i3(
o-:pos;mm,,
Wz neee o7 ¢
[ osinan
t SR

|
L,AR
m—nive -T_’- ! }-f 040 (1071 % ¢3 (I

wo 2 nm'r B3 (i &%)

JOP6, A0 [ead, 1) 60X Waede,
Plastic Dual Inhine Package (8°DIY)
Dimensiony an [nches and {Millimciers)

20135280 ___ . _,
20451 8) PIN

3§

[BER RSN AR R AR R AR RAY 1LL ..__T
1 sesgen
( 530113 %)

INANARR SRR RN RE R ARA R AN ] i 'l
- - 0%0{23M
- MAX

n:(‘s‘svp - 190N (4R 261 NCT -' I-- m':‘z,
SFATING " )
<z I,
FEE L,
:;;_gg;:), 041 (8 04y
AT
e

. ‘__ 90175 _l

630415 S}

S P

43Q, 241 e, Plastie Gull Wing Quad Flatpack (PQEPY
Mhimencionc in Milluneters and (inches)
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040018
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General Description

I,

Va4 V/ 0 V44

+5V Powered

RS-232 Drivers/Receivers

Features

Maxim's fanuly of ine diivers/receivers are intended 4 Operates from Single 5V Power Supply

:or all RS-232 and V.28{V24 commu?icanons urt:ter- (*SV and +12V — MAX231 and MAX239)

aces, and in particular, for those apphcations where

+12V is not avgilable. The MAX230, prA\xzss. MAX240 ¢ Meets All RS-232C and V.28 Specifications

and MAX241 are particularly --ful in battery powered ¢ Multiple Drivers and Receivers

systems since their low power shuldown mode

rgduces power dissipation plo less than SuW. The ¢ Onboard DC-DC Converlers

MAX233 and MAX235 use no external components 4 +9V Output Swing with +5V Supply

and are recommended for applications whete printed

circuit board space 1s citical. 4 Low Power Shutdown — <iuA (typ)

All members ol the family except the MAX231 and 4 3-State TTL/CMOS Recelver Outpuls

MAX239 need only a single +5V supply for operation 4 30V Recelver Input Levels

The RS-232 dnivers/receivers have on-board charge

pump voltage converters which convert the +5V input

power to the 110V needed to generate the RS-232

output levels. The MAX231 and MAX239, designed to

operate from t5V and 12V, comntain a + 12V o - 12V

charge pump vollage converler.

Since nearly all RS-232 apphcations need both hine = LS Applications

drivers and recetvers, the fanuly includes both receiv-

ers and drivers in one pachage The wide vanely of Compulers

RS-232 apphications reguire dilfering numbers ol Peripherals

drivers and receivers Maxim offers 8 wide selection

ol RS-232 Wiver/receiver cumbinations in order to Modems

minimize the package count (see tuble below), Printers

Both the recetvers and Ihe line drivers (transnutters)

meet all EIA RS-232C and CCITT V.28 specilications. iggivierits.

Selection Table
No. of No. of
Numiser  Power Supply Vollage  RS-232 . RS-232 Coi’“;“‘::::‘ i O ower ShIdOW No. of Pins
Drivers Receivers
MAX230 5V 5 0 4 capacitors Yes/No 20
MAX231 +5V and +75V 10 132V 2 2 2 capacitors No/No 14
MAX232 SV 2 2 4 capacitors No/No 16
MAX233 (1-1% 2 2 Norne No/No 20
MAX234 +5V 4 0 4 capacitors No/No 16
MAX235 SV S 5 None Yes/Yes 24
MAX236 +5V ) 3 4 capacitors Yes/Yes 24
MAX237 15V 5 3 4 capacitors Nu/No 24
MAX238 +SV J 4 4 capacitors No/No 24
MAX239 *S5V and 75V lu 132V 3 5 2 capacitors No/Yes 24
MAX240 5V 5 5 4 Lapacitors Yes/Yes 44
(Flatpak)
MAX241 5V 4 5 4 capacitors Yes/Yes 28
{Small Qutline)

‘Patant Pending



+5V Powered

RS-232 Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS

A

Siresses above those listed under “Absolute Marimum Ralings™ may cause permanent damage [0 the gevica Thees ar
operation ol the device st these or any other conditions above those indicated in the operational sechions af the spectt.
/ i ¢ s~tanded perrods may allect device reliabdity

rating

-Q.3V 10 (Vg ¢ 0.3V)

....... 0.3V to 6V Short Circunt Duralinn

(Vee - 0.3V) to +14V Tout

...... 10.3V to -14V Power Dissipation
CERDIP

Plastic O1P

+ 0.3V} to (V' - 03V) Smatl Quiline (SO}

{derate 9.5mW/°C above *70°C)
{derate 7mW/*C above +70°C)

{deratn 7mW/°C above +70°C)

Lead Temperature (soldenng 10 seconds)

Storage Temperature

ELECTRICAL CHARACTERISTICS

(MAX232, 234, 236, 237, 238. 240, 241 VcC = 5V $10%: MAX233, 235Vce =
V* = 75V lo 13.2V: Ta = Operaling Temperature Range. Figures 3-14. unless otherwise noted )

+300°C

# stravs atinge nnly. and functional
iz atrons 1s anl imphad Exposure o

5V 5% C1.Cd = 1 Opf: MAX231, 230 Verr = GV £10%,

PABAMETER CONDITIONS MIN TYP MAX | UNITS
Ontpt Vollage Swing Al ansnutier Outpiats feaudesd with 3k o Gronned 5 1 v
Nodomud, Ta 000 MAX2.E? MAXITEL " "
Ve Power Supply Current MAX230, MAX234-238. MAX240 MAX24 ! R\ Y 15 | A
MAXZ31 MAXZ9 Y 1
s Poweis—uppfz S\ifjml :JA‘;\;?;;‘ 1 and MAX239 anly :zg; - ‘58 ; A
|_Shutdown Supply Current | Figwe 1.1a=425C_ .. . ! 0 A
| Input Logic Threshold Low___ | Tm. EN. Shuldown__ 0.8 v
Input Logic Threshold High iy S5 e v
- -+ | EN, Shutdown,_ # h 24
| Logic Pullup Current __ T - OV 15 20 | pA
|_RS-232 Input Voltage Operating Range . B -30 130 v
RS-232 Input Threshold Low VGC =5V, Ta= +25°C (MAX231, 230" =0v) | 0B 12 v
RS-232 Input Threshold High Vog, = 5V, Ta = +25°C (MAX231, 239 V' = 12V) 1.7 24 | v
_RS-232 Inpul Hysteresis | vec=sv__ (& . loz  os o f v_
| RS-232 Input Resistance 1 Ta= +25C,Vec =8V | | S NI _5 7 k2
|1 TL/CMOS Qutput Voltage Low our = 1 6mA (MAX231-233. kot = 3.2mA) 4 04 v
_TTL/ICMOS Output Voltage tligh | loyi=tomA . LY 35 v
TTL/CMOS Output Leakage Current | EN =Vee, 0¥ sfoyrsvee . _f.....005 10} wpA__
Output Enable Time (Figure 2) | MAX235 MAX236, MAX239. MAX240. MAX241 | . 40 | s
_(_)glpul Disable Time (Figure 2) . M_{\X_2_35_ M_A_)_(_236 MAXZ;iQ;_h!_AXZAO. MAX&%_I. ZSQ e ns
| Propagation Oelay L AS-23210 1L o 05 o ho_ws__
Instantaneous Slew Rale_ CL = 1OpF Ry = 3-7k(L TA = «25C (Mate 1) 30 Vins
Transition Region Slew Rate F,,g;;,';i,_}ignjfﬂ::,‘m Wi I A
|_Output Resistance R B R A A AT VUL L AU R
RS-232 Output Short Circuit Current . o omA
Note 1: Sample tested
MAXI/NM

2-26



+5V Powered i

RS-232 Drivers/Receivers

Typical Applications

Figures 3 through 14 show typical applications. The
capacitor values are non-critical. Reducing the capa-
citors C1 and C? o 1;F will slightly increase ihe
impedance of the charge pump, lowering the RS-23?
driver output voltages by about 100mV. Lower values
of C3 and C4 increase the ripple on the V' and V
outputs.

If the power supply input to the device has a very fast
rate-of-rise (as would occur if a PCB were lo be
plugged into a card cage with power already on), use
the simple RC filter shown in Figure 15. This bypass
network is not needed if the Vee rate-of-rise is below
1Vius.

All receivers and drivers are inverting. The ENable
cantrol of the MAX?235, MAX236, MAX239, MAX?240
and MAX241 enablns Ihe receiver TTL/CMOS outputs
when it is at a low level, and places the TTL/CMOS
outputs of the receivers into a high impedance state
when it is a high level.

When the Shutdown control of the MAX230, MAX235,
MAX236. MAX240 and MAX241 is at a logic 1 the
charge pump is turned oftf, the recelver oulputs are
put into the high impedance state, V' is pulled down
to Vee, V' is pulled up to ground, and the transmitter
outputs are disabled. The supply current drops o
less than 10uA.

. Detailed Description

The following sections provide supplementary infor-
mation lor those designers with non-standard appli-
cations and for those with interest in the internal
operation of the devices.

The devices consist of 3 sections: the transmilters,
the receivers, and the charge pump DC-DC vollage
converter.

+5V to 10V
Dual Charge Pump Voltage Converter

All but the MAX231 and MAX239 convert +5V to £10V.
This conversion is performed by two charge pump
vollnge converters. The first usns capacitor C1 to
double the 5V to +10V, storing the + 10V on the V*
output filter capacitor, C3. The second charge pump
voltage converter uses capucitor C2 to invert the + 10V,
to - 10V, storing the -10V on the V output filter capa-
citor, C4. The equivalent circuit of the charge pump
section is shown in Figure 16.

A small amount of power may be drawn from the V*
and V- outpuls to power external circuitry. Two Typical
Operating Characteristics graphs show typical output
voltage versus load current for the MAX230, 234-238,
and 241, Transmitter output currentis included in these
plots The MAX?231-233, which are not shown in the
graphs. supply less oulput curtent, and are limited to 1
or 2mA of excess outpul load current,
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For applications needing only the +5V to 110V charge
pumip voltage converter, the MAX680 1s available.

The capacitor values tor C1 through C4 are noncritical. At
the 30kHz (MAX231-MAX233, 60kHz otherwise) typical
switching frequency of the voltuge converter, a 1pF capa-
citor has approximately 1082 iimpedance and replacing the
4.7uF and 10uf capacitors shown in the typical applica-
tions with 1uF for Ct and C2 wiil increase the output
impedance of the V* output by about 1041 and the output
imepedance of V' by about 20t4. Lowering the value of C3
and C4 increases the ripple on the V" and V' outpuls.
Where operation to the upper temperature limit is not
required, or Vcc will not go below 4.75V, C1 and C2 can
be 1uF, and C3 and C4 can be 1uF per output channel
{1uF if one transmitter is used, 5uF if five transmitters are
used).

Thete are parasiic diodes which bucome torwaid
biased il V' goes below Vi, or V yoes above ground
When in the shutdown mode (MAX230, MAX235,
MAX236, MAX240 and MAX241 only), V' is internally
connected to Voo by a lhye pulldown, and V s
internally connected to ground via a 1hQY pullup

The MAX233 and MAX235 contain all charge pump
components, including the capacitors, and operale
with NO external components.

The MAX231 and MAX239 include only the V' to V
charge pump, and are intended lor applications which
have a 15V supply and either a +12V | 10% supply or a
75V to 13 2V battery vollage. When operaling with V'’
greater than 8.0V, bolh capacituis can be 1uf.

Driver (Transmitter) Section

The transmitters or line drivers are inverting level
translators which convert the CMOS or TTL input
levels to RS-232 or V.28 voltage levels. With +5V V¢,
the typical output voitage swing is 19V when loaded
with the nominal 5k() input resistance of an RS-232
receiver. The output swing is guaranteed to meet the
RS-232/V.28 specilication o! L5V minimum output
swing under the worst case conditions of all trans-
mitters driving the 3Kk mnimum allowable load
impedance, Vg¢ = 4.5V and maximum operaling
ambient temperature. The open circuit output voitage
swing is from (V! - 0.6V) to V-. .

The input thresholds are both CMOS and TTL com-
patible, with a logic threshold of about 25% of Vic.
The inpuls of unused drivers sections can be lelt
unconnected:; an internal 400k(Y input pullup resistor
1o Vec will pull the inputs high, forcing the unused
transmitter outputs low. The input pullup resistors
source aboul 12uA, and the daver nputs should be
diiven high or open crrcaited 1o mininuze power
supply cutrent in the shuldouwn mode

=

~
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When 1n the low power shutdown mode, the driver
outputs are turned off and their leakage current is less
than 1uA with the driver output pulled to ground. The
driver output leakage remains less than 1uA, even it
the transnuiler output is backdriven between OV and
(Vee + 6V). Below -0.5V the transmitter is diode
clamped to ground with 1k series impedance. The
transmutter is also zener clamped to approximately
Vee + 6V, with a series impedance of 1k{). As required
by the RS232 and V.28, the slew rate is limited to less
than 30V/us. This lunits the maximum usable baud
rate to 19,200 baud.

Recelver Section

All but the MAX230 and MAX234 contain RS-232/V.28
recetvers. These receivers convert the *5V to +15V
RS-232 signals to 5V TTL/CMOS outputs. Since the
RS-232C. V.28 specifications define a voltage level
greater than +3V as a 0, the receivers are inverting.
Maxim has set the guarantesd input thresholds of the
receivers to 0 8V minimum and 2.4V maximum, which
are significantly tghter than the -3.0V minimum and
+3 0V maximum required by the RS-232 and V.28
specifications. This allows the receivers to respond
both to RS-232/V.28 levels and TTL level inputs. The
receivers are protecled against input overvoltage up
lo £30V.

The 0.8V guaranteed lower threshold is important to
ensure that the receivers will have a logic 1 output if

- the recewver is nol being driven because lhe equip-
ment containing the line driver is turned off or
disconnected, or it the connecting cable has an open
circuit or short circuil. In other words, the receiver
implements Type 1 interpretation of faull conditions
(§7 of V.28, §2.5 ot RS-232C). While a OV or even a
-3V receiver threshold would be acceptable for the
dala lines, these lower threshoids would not give
proper indication on the control lines such as DTR
and DSR The receivers, on the other hand, have a full
0.8V noise margin for detecting the power-down or
cable-disconnected stales.

The recewvers have a hysteresis of approximately
0.5V, with a minimum guaranteed hysteresis of 200mV.
This aids in oblaining clean output transitions, even
with slow nise and fall tisne input signals with moderate
amounts of noise and ringing. The propagation delays
of the receivers are 350ns lor negative-going input
signals, and 650ns for positive-going input signals
(see Typical Characteristics graphs).

The MAX239 has a receiver 3-slate control line, and
the MAX235 MAX236, MAX240 and MAX241 have
both a receiver 3-stale control line and a low power
shutdown control. The receiver TTL/CMOS outputs
are g tugh unpedance 3-state mode whenever the
3-state ENable line 1s high, and are also high impe-
dunce whenever the Shutdown controt line is high.
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Review of EIA Standard
RS-232-C and CCITT
___ Recommendations V.28 and V.24

The most common serial interface between electronic
equipment is the "RS232" interface. This serial inter-
face has been found to be particuiarly useful for the
interface between units made by different manufac-
turers since the voltage levels are defined by the EIA
Standard RS-232-C and CCITT Recommendation V.28.
The RS-232 specification also contains signal circuit
definitions and connector pin assignments, while
CCITT circuit definitions are contained in a separate
document, Recommendation V.24, Originally intended
to interface modems to computers and terminals,
these standards have many signals which are not
used for computer-to-computer or computer-to-peri-
pheral communication.

Serial interfaces can be used with a variely of trans-
mission formats. The most poputar by far is the
asynchronous format, generally at one of the standard
baud rates of 300, 600, 1200, etc. The maximum
recommended baud rate for RS-232 and V.28 is 20.000
baud. and the fastest commonly used baud rate is
19,200 baud. Asynchronous serial links use a variety
of combinations of the number of data bits, what type
(if any) of parity bit, and the number of stop bits. A
typical combination is 7 data bits, even parity, and 1
stop bit.

RS232/V.28 physical links are also suitable for synch-
ronous transmission protocols. These higher level
protocols often use the standard RS-232C/V.28
voltage levels. Note that one type of physical link
{such as RS-232/V.28 voltage levels) can be used for
a variety of higher level protocols. Tahle 2 summarizes
the voltage levels and othe. rquirements of V.28
and RS-232.

Comparison of RS-232C/V.28
with other Standards

The other two most common serial interface specilica-
tions are the EJA RS423 and RS422/RS485 (CCITT
recommendations V.10 and V.11). While the RS-232
or V.28/V.24 interface is the most common interface
for communication between equipment made by
dilferent manutacturers, the RS423/V.10 interface and
RS422/V.11 interfaces can operate at higher baud
rates. In addition, the RS485 interface can be used
for low cost local area networks.

The RS423 and V.10 interfaces are unbalanced or
“single-ended” interfaces which use a differential
receiver. This standard is intended for data signaling
rates up to 100 kbit/s {100 kilobaud). it achieves this
higher baud rate through more precise requirements

on the waveshape of the transmitters and through the
use of differential receivers to compensate for ground
potential variations beween the transmitting and re-
ceiving equipment. With certain limitations, this inter-
face is compatible with RS-232 and V.28. The limita-
tions are:

1) less than 20,000 baud rate,

2) maximum cable lengths determined by RS-232
performance,

3) RS423/V.10 DTE and DCE signal return paths must
be connected to the the RS232/V.28 signal ground,

4) the RS-232 transmitter output voltages must be
limited to *12V, or additional protection must be
provided for the RS423/V.10 receivers, and —

8) not all RS232/V.28 receivers will show proper
power-off detection of V.10 transmitter outputs. ~

Maxim's MAX230 and MAX232-MAX238, MAX240 and
MAX241 meet restrictions 4 and 5 over the entire
range of recommended operating conditions. The
MAX231 and MAX239 meet restrictions 4 and 5
provided that the V' voltage is 12.5V or less.

The RS422, RS485, and V.11 interfaces are balanced
double-current interchanges suitable for baud rates
up to 10 Mbit/s. These interfaces are not compatible
with RS-232 or V.28 voitage levels.

Application Hints
Operation at High Baud Rates

-V.28 states that “the time required for the signal to
pass through the transition region during a change in
state shall not exceed 1 millisecond or 3 percent of
the nominal element period on the interchange cir-
cuit, whichever is less.” RS-232C allows the transition
time to be 4 percent of the duration of a signal
element. At 19,200 baud, the “nominal element period™
is approximately 50us, of which 3 percent is 1.5us.
Since the transition region is from -3V to +3V, this
means the V.28 slew rate would ideally be faster than
6V/1.5us = 4V/ys at 19.2 kbaud and 2V/us at 9600 baud.
The RS-232 requirement is equivalent to 3V/uss at 19.2
kbaud, 1.5V/us at 9600 baud, etc. The slew rate of the
MAX230 series devices is about 3V/us with the maxi-
mum recommended load of 2500pF. In practice, the
effect of less than optimum slew rate is a distortion of
the recovered data, where the 1's and 0's no longer
have equal width. This distortion generally has negli-
gible effect and the devices can be reliably used for
19.2 kbaud serial links when the cable capacitance is
kept below 2500pF, With very low capacitance load-
ing. the MAX230 and MAX234-239, MAX240 and
MAX241 may even be used at 38.4 kbaud, since the
typical slew rate is 5V/us when loaded with 500pF in
parallel with 5kQ. Under no circumstance will the
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Figure 17 Non-uwverting RS-232 Transantlors and Recevers

siew rate exceed the RS-232/V.28 maximum spec of
30V/us and, unlike the 1488 driver, no external com-
pensation capacitors are needed under any load con-
dition.

Driving Long Cables

The RS-232 standard states that “The use of short
cables (each less than approximately 50 feet or 15
meters) is recommended; however, longer cables are
permissible, provided that the load capacitance . . .
does not exceed 2500pF."

Baud rate and cable length can be traded off: use
lower baud rates for long cables, use short cables if
high baud rates are desired. For both long cables and
high baud rates, use RS422/V.11. The maximum cable
length for a given baud rate 1s determined by several
factors, inciuding the capacitance per meter of cable,
the slew rate of the driver under high capacitive
loading, the receiver threshoid and hysteresis, and
the acceptable bit error rale. The receivers have 0.5V
of hysteresis, and the drivers are designed such that
the slew rate reduction caused by capacitive loading
is minimized (see Typical Characteristics).

3

+5V Powered

RS-232 Drivers/Receivers

Non-inverting Drivers and Recsivers

Occasionally a non-inverting driver or receiver is
needed instead of the inverting drivers and receivers
of the family. Simply use one of the receivers as a
TTUCMOS inverter to get the desired operation
(Figure 17). If the logic output driving the receiver
input has less than 1mA of output source capability,
then add the 2.2kQQ puilup resistor.

The receiver TTL outputs can directly drive the input
of another receiver to form a non-inverting RS-232
receiver.

Protection for Shorts to +15V.Supplies

All driver outputs except on the MAX231, MAX232
and MAX233 are prolected against short circuits to
115V, which is the maximum allowable loaded output
voltage of an RS-232/V.28 transmitter. The MAX231,
MAX232, and MAX233 can be protected against short
circuits to +15V power supplies by the addition of
a series 22002 resistor in each output. This protec-
tion is not needed to protect against short circuits to
most RS-232 transimilters such as the 1488, since
they have an inlernal short circuit current limit
of 12mA.

The power dissipation of the MAX230 and MAX234-
MAX239, MAX240 and MAX241 is about 200mW with
all transmitters shorted to +15V.

Isolated RS-232 Inter{aces
RS-232 and V.28 specifications require a common,

- ground connection between the two units communi-

cating via the RS-232/V.28 interface. In some cases,
there may be large dilterences in ground potential
between the two units, and in other cases it may be
desired to avoid ground loop currents by isolating
the two grounds. In other cases, a computer or
control system must be protected against accidental
connection of the RS-232/V.28 signal lines to 110/
220VAC power lines. Figure 18 shows a circuit with
this isolation. The power for the MAX233 is generated
by a MAX635 DC-DC converter. When the MAXB35
regulates point “A” to -5V, the isolated output at point
“B" will be semi-regulated to +5V. The two opto-
couplers maintain isolation between the system
ground and the RS-232 ground while transferring the
data across the isolation barrier. While this circuit will
not withstand 110VAC between the RS-232 ground
and either the receiver or transmitter lines, the voltage
ditference between the two grounds is only limited by
the optocoupler and DC-DC converter transformer
breakdawn ratings.
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