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Name Mr.Poomate Jindajitawat
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Department Applied Physics

Academic Year 1997

Abstract

A device used for transmitting and receiving binary file to and from
remote host computer has been built. The device, namely Binary File
Transferring Module, employs public telephone network as a communication
media. The module functional is collecting the binary data form another devices
saved to the nonvolatile 32kB memory as a data buffering before transmitting
to the dial in computer. Main circuit of the module comprising 1) a soft
microcontroller, DS5000T, 2) RS232C interfacing circuit and 3) MODEM. The
uploading and downloading protocol is a standard XMODEM with a simple
checksum for error detection. A data packet is 128 byte long. In Addition,

ZMODEM and kermit protocol was also studied.
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MEMORY CONTROL REGISTER
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D3

D2

D1

DO
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PA3

PA2

PAl

PAO

RA32/8

ECE2

PAA

MCON.7-4 : PA3-0
[3 1 4 ]
Partition Address : 19 lumsi@endumusfozsinisutsfiufiosndunizeams Tsunsy

T o é o 1 1 o i
unznu’mﬂ’num%ga FITWITONTHUANIAN "lé’\'mmﬂﬁ 3.1

Mef 3.1 uaeanis TUsunsusn Partition Address H139e1A03 MCON.7-4

PA3 PA2 PAL PAQ Partition Address
0 0 0 0 0000H
0 0 0 1 0800H
0 0 1 0 1000H
0 0 1 1 1800H
0 1 0 0 2000H
0 1 0 1 2800H
0 1 1 0 3000H
0 1 1 1 3800H

1 0 0 0 4000H
1 0 0 1 4800H
1 0 1 0 5000H
1 0 1 1 5800H
1 1 0 0 6000H
1 1 0 1 6800H
1 1 1 0 7000H
1 1 1 1 8000H

MCON.3 : RA32/8

Range Address : 1¥ifionafininfigavesmizsnnuiimolu Tawiie

RA32/8 =0 Mnganusnezlintiennusinigluvuia 8 Koyte

RA32/8 =1 winganundneziimizsanusinieluvuia 32 Koyt




MCON.2 : ECE2
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Enable Chip Enable 2 : 191115 Enable %38 Disable dayayin CE2* Al ludyyns

MCON.1 : PAA

dhmiaenauifeyanioluTanlndssiauiiv o

partiion Address Access ¢ 1¥lunsAuguMIEsutazs ymizsawideyo

DS5000 LOGICAL ADDRESS SPACES Figure 2

64K

32K -

eK —

ADDR

PARTITION
ADDR

ENIAE
PROGRA
MEMORY

E <

255
127 128
° 0
SPECIAL
DATA FUNCTION
REGISTERS REGISTERS
/
-\
INTERNAL REGISTERS
LEGEND:

D » ON-CHIP REGISTERS

= NVRAM MEMORY

PROGRAM
MEMORY M gﬁ&y

/
« ACCESSED VIA EXPANDED BUS

Ui 3.3 ugaemsimismizenTusdnieluves DS5000
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2) M3msldsunsu¥n DS5000

Tumsiins Tdsunsudw DS5000 rannsasiims Tdsunsu'ld 2 5%

- malvaaldsnsuuuveynay  amduns Tuaalusunsinlszgndidunfy 3y
mizgaus Tusunsu Tassumanesneynsinnasg i RS232¢ delunisTnaaTdsunsu
wdewhnmliussdunesnfivt RST Il high uazfion PSEN iy low duimas
Tugilii 3.4 0. FelumsTvaaTusunsanlszynd Serial Bootstrap Loader 9ziffudasans

s TvaaTldsunsy

- oslvealdsunsunvvuiny  eeilums TvaaTdsunsuyszgndidunidu 13l
' ° v 4 @ P v o o
mizsanud ldsunsuTasiunawesnvuiy iaaeasgln 3.4 v Tagszdsuimsliy

sedudyanuidis 9 fumsed 3.2

]
@ ~

MINA 3.2 udaamsUSudganaivian g lums Tdsunsumuousiiy

MODE RST | PSEN | PROG | EA P2.7 P2.6 P2.5
Program 1 0 0 Vpp 1 0 X
Security Set 1 0 0 Vop 1 1 X
Verify 1 X X 1 0 0 X
Prog Expanded 1 0 0 Vpp 0 1 0
Verify Expanded 1 0 1 1 0 1 0
Prog MCON or Key registers 1 0 0 Vpp 0 1 1
Verify MCON registers 1 0 1 1 0 1 1




PROGRAM LOADING CONFIGURATIONS Figure 3
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Vec GND
DS5000
PROGRAM
e ey (R Y o
P23~ PR.7-
Al 20 PaeK A15AI2 iggggsm
(" — EAN pp
——-J ALE/PROG
PROGRAM <
CONTROL — P27
. ——t P26
— P25 } R<2K
| xman
[—1 PSEN
XTAL2 1

PARALLEL
LOADING

n.)

11.050 MHr=
XTAL2
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[ [}

Vee GND
DS5000
PLI-  POJ-
Pi.0 PA.0
P25 Par-
P20 Pa2
o—— P26 o .
DRIVE/
o—— p27 XD Rov | sz

. g R<2K
RST
PSEN@

SERIAL
LOADING

XTALY

v.)

FUi 3.4 ugasdnymens TsuATUIRILLYUIULAZOYNTVYDITH DS5000

Tumslfaudn Dss5000 vimthidunTeadsluus Tvalatias 19 dyanaly

weoim 1 lumsaiugumsandefemisammnasgumsiomseynsy RS232C Tagldins

Aevidnygnuveswesn I Audifundyanu RS232C unzglnsoia q Awm13ei 3.3

1 ' o 4 o ar o ¢
TN 3.3 (EAINISADVITYYIUVOINBIN 1 AUndRIaInT§Iu RS232C tinzgilnsaldn 9

NAYYIUVBINDIN 1

WYy 108 RS232C 130 gunsal

PL.O
P1.1
P1.2
P13
P14
P1.5
P1.6
P1.7

LED
CD
CTS
DSR
DTR
DTS
LED

Not use
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[ U - °
Tdsunsulumsmuguarsiu-deIddiduaeumsesnuuuiazmsiany &

- @IuU93 MAIN PROGRAM

Start

T

wait for spacebar

show Title

b 7y LOOP1

wait key press

®<—YES‘¢

NO

@—YES key is U

NO

®<—YES key is H

NO

¥

show bad_command

v »
3 3.5 uaesdupounisimludauvesTusunsundn

59



2I423M35 UPLOAD FILE

receive date & filename

send first NAK

< LOOP3

get return value

NO

YES value is 04H

NO

v y
74 3.6 ugasiunounisiinuluaiuuesms UPLOAD FILE

60



L S

27484715 DOWNLOAD FILE

send date & filename

& LOOP2

get return value

@._ves value is 06H

NO
@—YES
NO
®<—YES value is 18H
NO

S

7 3.7 uaasiupouminihieuludiuvesns DOWNLOAD FILE

61
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send next packet

send old packet
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7

send 04H

&

O

0 ®-

send 06H

&

©

send 15H

7

send detail of command

receive file's packet

equal checksum

YES
+

send 06H

e

©

O

FUi 3.8 uaasdulsznouvesTlsunsuludusn g
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UNN 4

mManaasy

o d
ﬂ'liﬂN'm‘llﬂ\‘iQ‘lJﬂiﬂl

TumsldonTugadaWdluusd simsdessuuduaaddugli 4.1

PC SERIAL MODEM

COMMUNICATION

RS2 PUBLIC TELEPHONE

NETWORK

DS 5000 R {

4 L4 o
N 41 wamsgilnsalisazaisiuvesssuy

- 2 : iy
Tavszlimsnansvuasulumsiien aede 'l

¥ o
4.1 TOIUTNITBANINN
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vufiuda pC
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connect 9600

kkkkkkkkhkhkhkhkkkkhhkhkkkkkkhkkkkhhkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkhk

THIS IS BINARY FILE SENDER

khkkkkkkkhkhhhkhhkkhkhkkhkhkkkhhhkkhkkhrxkkkhhkkkhhkkhkkkhhkkhkkrk

(PRESS H FOR HELP)
PLEASE ENTER COMMAND

COMMAND :> _

~A for ATtention , F to Switch | Capture Off | Local

7N 42 urmanhmodonSudidauumiee PC

4.2 M3 DOWNLOAD luindlna

diesnihmsfloudids D IidugdlaselddIna o euaseideladluuSesin  ©

myae u/weu /Y vesnvimafy auaz Feves WaH 18vn5du 1 I umieausun

COMMAND > D
24/05/1998 : test.exe
Receiving C: test.exe
Block # % complete Consec. errors Total errors
27 -- none None
~A for ATtention , “F to Switch | Capture Off | Local

71 43 uanambhidnlunsdaIva testexe 164 PC
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T pC udrsesundn PC 1s192id1gms DOWNLOAD IWASsszshimsdalnaud a

uaamtihdalunts DOWNLOAD 'lWadsgiii 4 3

d
4.3 M35 UPLOAD luin3iva
diasmhinsflousids U Mifugilasaldevaluund guasafdevaluuSesi
Y ]
psow Yu/@eou /Y lunsvims UPLOAD 1Wa w¥eutiade lWdfes#ns UPLOAD
Weszyinsiuin i lumiteanus udrezsinissuvaluusenn pe e iyl

Tumizganudiveunies Awaasniianluns UPLOAD AUl 4.4

COMMAND > U
PLEASE INSERT DATE >24/05/1998
PLEASE INSERT FILE NAME (11 CHARACTER ) > test.exe

Transmitting C : test.exe

Block # % complete Consec. Errors Total errors

72 95 % None None

PROTOCAL TRANSFER UNDERWAY --- PRESS “A TO CANCLE

Uit 4.4 nananiidalunsdalid testexe 110 PC nde gulnsaidaluuSivg

4.4 wiheayevmae (HELP)

deimstlousias H Idiugnseldalialuus aunselaeWdluwsessinms

v
o/

£ ]
a1y o dsnaaslugily 4.5

v
s

HEANA NS ATV N TUYBIAT
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COMMAND > H
COMMAND FUNCTION
D DOWNLOAD FILE FROM BINARY FILE SENDER
U UPLOAD FILE TO SAVE AT BINARY FILE SENDER
A for ATtention , "F to Switch | Capture Off | Local

4‘ ¥ 1 A A o o v o_ o u’:
31"" 4.5 HTANMUIANS YN ABNHAAINITIDSHUINVOIAITIU 9

ualunsaimihmsfloudidefiassiimsudsninBanaiauaz 1o us 1 dalnsles

woraslugli 4.6

COMMAND > P

BAD COMMAND - PLEASE TRY AGAIN

COMMAND >

~A for ATtention , °F to Switch | Capture Off | Local

1
o

4 ' o A o
U 4.6 uarammbiiemsihaudelinmstleusdeianarn

4.5 msnaassad lldluwsszeIna

Tunsnaneserihmsiuuazadeia labelexe seninneniaunes fugunsaldala
P

-3 o 4 - é o/
Tuud udahnsfulidsunsuieasivaeuninufianaa Fanaaens lugin 4.7
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Filename bft.asm

Description send and receive binary file with XMODEM
protocol

Hardware 89¢51, DS5000T

Assembler sxa51

Start — date November 1997

Modify — date March 1998
ORG  0000H

BS - EQU  08H
CR 'EQU ODH
LF- EQU ' 0AH
EOS EQU . 10H
XON  EQU- ~1IH
XOFF" EQU- -~ 13H
MCON EQU . 0C6H
TA BQU  0C7H

LIMP MAIN
ORG  0100H
INIT: MOV  TMOD,#00100000B

MOV  SCON,#01010010B
MOV  TCON,#01101001B
MOV  TH1#0FDH

SETB TR



JNB TLSEND

SEND:
CLR TI
MOV  SBUFA
RET
RECEIVE: JNB  RI,RECEIVE
CLR  RI
MOV ASBUF ;GETIT
RET
SEND_CR: MOV  A#CR
LCALL SEND
MOV A#LF
LCALL SEND
RET
BACK SP: MOV A#BS
LCALL SEND
MOV ~A#BS
LCALL SEND
RET
SEND_STRING: CLR A

MOVC A,@A+DPTR
CINE A#EOS,SEND STRINGI

RET



FRE D e wm

SEND_STRINGI: PUSH DPL

FIR_NAK:

COM_SEQ:

SEND_END:

PUSH DPH
LCALL SEND
POP DPH
POP DPL
INC DPTR
SIMP SEND_STRING

MOV A#15H
LCALL SEND
LCALL WAIT
JNB  RLFIR NAK
CLR RI

MOV ~ A,SBUF
RET

MOV 60H,R0
ANL  60H#0FFH
XRL  60H#0FFH
MOV  R1,60H
RET

MOV A #04H
LCALL SEND
RET



SUMC: ADD AR4
MOV R4,A

EXR_SA: MOV TAM#OAAH
MOV  TA#055H
MOV MCON#00000010B
MOVX @DPTR,A
RET

EXR_RE: MOV TAH#0AAH
MOV TA#055H
MOV MCON,#00000010B

MOV A #00H
MOVX A,@DPTR
RET

SEND_FILE: = PUSH MCON
MOV ~ A#01H ;SOH IS 0x01
LCALL SEND
CALL SUMC
MOV AJRO ;ROIS SEQ
LCALL SEND
CALL SUMC
MOV ARl ;R1IS CSEQ
LCALL SEND
CALL SUMC



rmmmen

- e

TV e % re wm wm

Il .

SEND_FILEl: MOV TA#0AAH

DELAY:
DE:

WAIT:
WA2:

MOV  TA#055H
MOV  MCON,#00000010B
MOV  A#00H

MOVX A,@DPTR

LCALL SEND

CALL SUMC

INC DPIR

INC RS

CINE RS5#80H,SEND FILE]
MOV  AR4

LCALL SEND

POP  MCON

RET

MOV R6#00H
MOV~ R7,400H
DINZ R7$

DINZ R6,DE

MOV  R2#0CH
MOV RI1#09DH
DINZ RL$
DINZ R2,WA2
RET



T o W emmam w

T e w e

< ek sk ok ok ok sk e sk ok ke sl sk skeok st kok ok kol ok kol sk ool kool st b ook ko ke ok sk ok sk ke ke ko sk ek ke sk ke kb sk ko ke sk ok
’

o e e 2k ok ol o o ol ofe ok ofe sk ke sfe e ke ke ke ofe o MAIN PROGRAM e o sk o ok ok e ok o ke ok ok o o st o ok ofe o ol o ofe sl sk ke ke e skeoke ok
H

o3k 3 e ke ke o s sbe ke o ok obe e ok ok ok sbe e e e ok o o e ok ok ok s ke e ke o ok o she e e e o s o sk ke e s sk sk sk e e ok ok ok sk ok ok ok ok ook ok ok ke kol ok ke ok
’

MAIN:

BOOT:

SHOW1:

SHOW2:

NEXT1:

MOV SP#50H
LCALL INIT

LCALL RECEIVE
CINE A #20H,BOOT
LCALL SEND CR
MOV DPTR#TITLEL
LCALL SEND. STRING

SETB P1.0
SETB P16

LCALL SEND CR
MOV DPTR #TITLE2
LCALL SEND STRING

LCALL RECEIVE
LCALL SEND

CINE A#44HNEXTI
LIMP BOOKI1

CINE A#55H,NEXT2
LIMP BOOK2



NEXT2:

NEXT3:

CINE A#48HNEXT3
LIMP BOOKS5

MOV DPTR#BAD_COMM
LCALL SEND_STRING
LIMP SHOW1

o sk desdeskoofeodedk ook skl kool kol ok skl ok sk sk sk ke e e e e ok obe ook sk sl s o s ok o ste sk sk sk ok sl s o o sk sk sk sk sk sk s sk s sk ok sk ok ok ko ok
s

;********************* DOWNLOAD FILE SECTION Aok sk ok ofe ok o oo o o sk keokoke ke ke ok ok

+ 303k e el st st ool ok sbe s sl e e ok o e ook o e e b ot o e ke ol sk s e sl s ol ol sl s sk s o e e s o o ok e ol s s e e ke ok st ok sk oo sk ke sk ok
»

BOOK1:

RT1:

RT2;

PUSH MCON
MOV DPH#00H
MOV  DPL#00H
MOV R7#00H
LCALL SEND CR
LCALL EXR_RE
LCALL SEND

INC DPTR

INC R7

CINE R7#0AHRTI
MOV A#3AH
LCALL SEND
MOV  R7#00H

LCALL EXR RE
LCALL SEND
INC DPTR



Ll T R R —

BOOK3:

LOOP:

CHECKI:

CHECK2:

CHECK3:

SD_NEW:

INC R7
CINE R740EH,RT2
POP MCON

MOV  RO#01H
MOV  R2#00H
MOV R3#00H
MOV  61H#1AH
MOV 62H#00H
MOV 63H#1AH
MOV 64H,#00H
MOV  DPTR#SE_BEGIN
LCALL”SEND_STRING

LCALL RECEIVE

CINE  A#06H,CHECK2
LIMP SD NEW

CINE A#15H,CHECK3
LIMP SD_AGAIN

CINE A#18H,LOOP
LIMP EN_CON

INC RO
INC R3
MOV 61H,63H



T T - —— %

SD_AGAIN:

EN_CON:

MOV 62H,64H

CLR P10

MOV R4#00H
MOV  R5#00H
MOV DPH,62H
MOV  DPL,61H
LCALL COM_SEQ
LCALL SEND FILE
MOV  64H,DPH
MOV  63H,DPL
MOV AR3

CINE A,65H,LOOP
LCALL SEND END
LCALL RECEIVE
LCALL RECEIVE
CLR P10

CPL P1.0
LCALL DELAY
CPL PI1.0
LCALL DELAY
CPL P1.0
LCALL DELAY
CPL P1.0

LIMP SHOWI1



2ok ok e e e ok e ok s sk sk ok ok sk sk s sk sk e ok oke e ke stk okok ok sk stk sk sk sk sk sk ke sl sl e s skl sk sk sk kool kol dolok kol ok ok ok
H

;******************** UPLOAD FILE SECTION s s e e e ofe e e e e o ok ke ok e ke sk sl ok ke sl ok

ook e s ke sk o sk sk ke sk ok sk koo ok sk kokok ok ok ol sl ok ok st st sk st st sk ok sk s stk sk o skoksokoksiolololokdokskokok ko ok ek kokok
’

BOOK2:

TI1:

TI2:

PUSH MCON

MOV DPTR#TI_BEGIN
LCALL SEND_STRING
MOV _ R7#00

MOV  DPH,#00

MOV  DPL#00H

LCALL RECEIVE
CINE = A#O0DH,TI2
PUSH DPH

PUSH DPL

MOV~ DPTR#TI READY
LCALL SEND.STRING
POP DPL

POP DPH

POP MCON

LIMP TI3

LCALL EXR_SA
LCALL SEND
INC R7

INC DPTR
CINE R7#0AH,TI1
PUSH DPH



TI3:

NAL:

NA2:

NA3:

At “wdigite WG

PUSH DPL
MOV DPTR#TI_READY
LCALL SEND_STRING

LCALL SEND_CR

MOV DPTR#NA_BEGIN
LCALL SEND_STRING
POP DPL

POP DPH

MOV - R7#00

LCALL RECEIVE
CINE A#0DH,NA3

MOV A#00
LCALL EXR SA
INC R7

INC DPTR

CINE R7#0EH,NA2
JMP NA4

LCALL EXR SA
LCALL SEND

INC R7

INC DPTR

CINE R7#0EH,NAI



" TSR e v e o

e e

NA4:

BOOK4:

RC_FILE:

RC_LOOP:

RC_LOOPI:

RC PI:

RC_P2:

RC_LOOP2:

MOV DPTR#NA READY
LCALL SEND STRING
POP MCON

CLR P16

MOV  DPTR#RC _BEGIN

-LCALL SEND STRING

MOV R3#00H
MOV 61H#1AH
MOV 62H,#00H
MOV 63H#00H
MOV 65H,#00H
PUSH MCON

LCALL FIR_NAK

MOV DPH,62H
MOV ~DPL,61H

CINE A#04HRC_P2
LIMP RC_END

CINE A#01H,RC_P3

MOV R4#00H

MOV  R5#00H
LCALL SUMC



o

RC_LOOP3:

RC_P3:

LCALL RECEIVE
LCALL SUMC
LCALL RECEIVE
LCALL SUMC

LCALL RECEIVE
CPL PL6

MOV TAH#OAAH

MOV  TA#055H

MOV - MCON,#00000010B
MOVX @DPTR,A
LCALL SUMC

INC DPTR

INC RS

CINE RS5#80H,RC LOOP3
LCALL RECEIVE

MOV 63H,R4

CINE A,6AH,RC_LOOP4

INC R3
MOV  62H,DPH
MOV  61H,DPL
MOV A #06H
LCALL SEND

LCALL RECEIVE
LIMP RC Pl



RC_LOOP4:;

RC_END:

MOV  A#15H
LCALL SEND
JMP RC_LOOP1

MOV  A#06H
LCALL SEND

MOV 65H,R3

POP MCON

LCALL DELAY

LCALL DELAY

LCALL DELAY

MOV DPTR#RC_COMP
LCALL SEND_STRING
JMP SHOW1

» 3k ok st o ok e o abe e dbe e o oo ol S ke o o obe ke she ool sk s e st ok ol she e ok abe e sk sfe e b sfe e ol sfe sk sl o e e ok ol s ook ok sk e sk ok ke sk ok e e ok ke sk ok
’

LAk sk Rk Rk i DT T PR TR P PR P T R
; HELP SECTION

o3 2ok o e o o o ofe e s s o s e e ofe e o S e s ke e sk obe e sk e ok o e o ok o e e sk sbe e 2k obe e ok ke o ok ek sheoke ok ok e ofe e o ol o ke e ke ok sk ok ok ke ok
’

BOOKS:

PUSH DPH

PUSH DPL

MOV DPTR#H_DETAIL
LCALL SEND_STRING
POP DPL

POP DPH

LJIMP SHOWI
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« 3 e ofe s sk o ok st ok ke e ok e ok ok e ok ke o o oo ko ke ke ke ok
)

sk sk ook o sk sk sk ok ok b st ok o ook ok ok sk kb sk sk skeok o

R T PR TP R stk ks sk ek sk ks ko R
; MESSAGE SECTION

o 32 e oo ok oo e s obe e S ofe 2k she e e e e sheofe o e oke o obe ke o e e ol e e o e o sk e ok sk ok she ke sk oke sk ok sk sk sk of sk ok sk s ke ko ok kel keok ool ckok
’

TITLE]:

TITLEZ2:

BAD_COMM:

SE_BEGIN:

RC_BEGIN:

RC_COMP:

DB CR’LF,"********************************************************"
DB CR,LE,"*####xrixex THIS IS BINARY FILE SENDER ***##sktssssu

e o ofe o ofe ok o ok ofe ode ofe ok sfe ofe sfe ofe s she e she ol e sl sk sbe ke sheoke sk e ke ook sk sk sk sk ok ok sk sk ke skeskok ok ksl sk ok sk sk sk sk sk sk
DB CR,LF,

DB CR,L ’n "
DB CR,LF,"  (PRASS HFOR HELP)"

DB CR,LF," PLEASE ENTER COMMAND "

DB CR,LF,EOS
DB CR,LF," COMMAND :> ".EOS

DB CR,LF," *** BAD COMMAND !!! PLEASE TRY AGAIN ***"

DB CR,LF,EOS

DB CR,LF," ***YOU CAN DOWNLOAD BINARY FILE NOW ***"
DB CR,LF," **** PLEASE COME TO RECEIVE FILE ****"

DB CR,LF,EOS

DB CR,LF," *** YOU CAN UPLOAD BINARY FILE NOW ***
DB CR,LF," **** WAITING FOR MOVE FILE *¥**"

DB CR,LF,EOS

DB CR,LF," *** READY FOR UPLOAD BINARY FILE ***"

DB CR,LF,EOS
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SE_COMP:

TI_BEGIN:

TI_READY:

NA_BEGIN:

NA_READY:

H_DETAIL:

DB CR,LF," *** READY FOR DOWNLOAD BINARY FILE ***"

DB CR,LF,EOS
DB CR,LF," PLEASE INSERT DATE > ",EOS
DB CR,LF," DATE ARE SAVE SEADY "EOS

DB CR,LF," PLEASE INSERT FILE NAME (11 CHARACTER)> ",EOS

DB CR,LF," NAME ARE SAVE READY "
DB CR,LF,EOS

DB CR,LF," COMMAND FUNCTION "

DBCR,LF," === e
DB CR,LF," D DOWNLOAD FILE FROM BINARY FILE SENDER "

DB CR,LF," U UPLOAD FILE TO SAVE AT BINARY FILE SEND‘ER "

DB CR,LF,EOS
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DALLAS

SEMICONDUCTOR

DS5000(T)
Soft Microcontroller

FEATURES
* 8-bit 8051 compatible uC adapts to task—at-hand:

— 8 or 32 Kbytes of nonvolatile RAM for program
and/or data memory storage

— Initial downloading of software inend system
via on—chip serial port

— Capable of modifying its own program and/or

data memory in end use

® Crashproof operation:
— Maintains all nonvolatile resources for 10 years
in the absence of V¢c
Powertail reset
Early warning power-fail interrupt
— Watchdog timer

© Software Security Feature:

— Executes encrypted software to prevent unau-
thorized disclosure

® On—chip, full-duplex serial VO ports

* Two on—chip timer/event counters
® 32 parallel /O lines

® Compatible with industry standard 8051 instruction
set and pinout

e Optional Permanently Powered Real-Time Clock
(DS5000T)

DESCRIPTION

The DS5000(T) Soft Microcontrolleris afully 8051 com-
patible 8-bit CMOS microcontrofler that offers “soft-
ness” in all aspects of its application. This is accom-
plished through the comprehensive use of nonvolatile

technologyto preserve all information in the absence of.

system V¢g. Theinternal progranvdata memory space

PIN ASSIGNMENT
pro [B1 7 «0B| vee
Pt |H2 30§ Po.oaDO
P2 (B3 as @| po.1ADY
P13 B 4 37 B| Po2AD2
P14 |IBs 36| Po3aAD3
P15 |Bs as || Po.4ADs
PL6 (B 7 34 [3| Posaps
P17 B 33| Po.6ADs
RST |[B o a2 f| Po.7AD?
RXDP3.0 [ 10 a1 @ EA
™D P31 B 0 30| ALE
iNfo P32 |B 12 20 | PSEN
iNT1P33 JB 13 28 B P27A15
ToP34 |f 14 27 | PasA4
T1P3S B 15 26 E P25 A13
WRPaE B 16 25 B P42
RDP37 (A7 24 Bl P23aAn
xTAL2 |H 18 23 B p22a10
xTALY (B0 22 8] Patae
eno (B 20 21 B p2oas

40-Pin Encapsulated Package

is implemented using either 8K or 32K bytes of nonvola-
tile CMOS SRAM. Furthermore, internal data registers
and key configuration registers are also nonvolatile. An
optional real-time dock gives permanently powered
timekeeping. The clock keeps time to a hundredth of a
secon using an on—board crystal.
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ORDERING INFORMATION

PART NUMBER RAM SIZE MAX CRYSTAL SPEED |  TIMEKEEPING?
DS5000-8-8 8K bytes 8 MHz No
DS5000-8-12 8K bytes 12 MHz No.
DS5000-8-16 8K bytes 16 MHz No
DS5000-32-8 32K bytes 8 MHz No
DS5000-32-12 32K bytes 12 MHz No
DS5000-32-16 32K bytes 16 MHz No
DS5000T—6-8 8K bytes 8 MHz Yos
DS5000T—8-12 8K bytes 12 MHz Yes
DS5000T-8-16 8K bytes 16 MHz Yes
DS5000T—32-8 32K bytes 8 MHz Yos
DS5000T-32-12 32K bytes 12 MHz Yes
DS5000T—32-16 32K bytes 16 MHz Yes

Opoerating information is contained in the User’s Guide section of the Soft Microcontroller Data Book. This data sheet

provides ordering information, pinout, and electrical specification.

DS5000(T) BLOCK DIAGRAM Figure 1

DSS000FP

BYTE-WIDE
ADDRESS BUS

8K OR 32K
SRAM
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PIN DESCRIPTION

PIN NUMBER

DESCRIPTION

-8

P1.0-P17
General purpose VO Port 1

RST

Active high reset input. A logic 1 applied to this pin will activate a reset state.
This pin is pulled down internally so this pin can be left unconnected if not
used.

10

P3.0 RXD
General purpose VO port pin 3.0. Also serves as the receive signal for the on
board UART. This pin should not be connected directly to a PC COM port.

11

P3.1TXD
General purpose /O port pin 3.1. Also serves as the transmit signal for the on
board UART. This pin should not be connected directly to a PC COM port.

12

P3.2INTO
General purpose /O port pin 3.2. Also serves as the active low External Inter-

rupt 0.

13

P3.3INTT
General purpose /O port pin 3.3, Also serves as the active low External Inter-

upt 1.

14

P3.4T0
General purpose VO port pin 3.4. Also serves as the Timer 0 input.

15

P3.5Tt
Ganeral purpose VO port pin 3.5. Also serves as the Timer 1 input.

16

P3.6WR
General purpose /O port pin. Also serves as the write strobe for Expanded bus

operation.

17

P3.7RD
General purpose /O port pin. Also serves as the read strobe for Expanded bus

operation.

18,19

XTAL2, XTAL1
Used to connect an external crystal to the internal oscillator. XTAL1 is the input

to an inverting amplifier and XTAL2 is the output.

GND
Logic ground.

21-28

P2.0-P2.7
General purpose VO Port 2, Also serves as the MSB of the Expanded Address
bus.
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PIN NUMBER

DESCRIPTION

29

PSEN

Program Store Enable. This active low signal is used to enable an external
program memory when using the Expanded bus. It is normally an output and
should be unconnected if not used. PSEN also is used to invoke the Bootstrap
Loader. At this tima, PSEN will be pufled down extemally. This should only be
done once the DS5000 is already in a reset stats. The device that pulls down

should be cpen drain since it must.notinterfere with PSEN under normal opera-
tion.

30

ALE
Address Latch Enable. Used to de-muttiplex the mutltiplexed Expanded

Address/Data bus on Port 0. This pin is normally connected to the clock input
on a ‘373 type transpaient Jatch. When using a parallel programmer, this pin
also assumes the PROG function for programming pulses.

31

EA
External Access. This pin forces the DS5000 to behave like an 8031. No inter-

nal memory (or clock) will be available when this pin is at a logic low. Since this
pin is pulled down internally, it should be connected to +5V to use NVRAM. Ina

parallel programmer, this pin also serves as Vpp for super voltage pulses.

32-39 P0.7-P0.0

General purpose 'O Port 0. This port is open—drain and can not drive a logic
1. It requires external pull-ups. Port0 is also the muttiplexed Expanded
Address/Data bus. When used in this mode, it does not require puli-ups.

40 Vee
+5 volts.

INSTRUCTION SET

The DS5000 execttes an instruction set whichis object
code compatible with the industry standard 8051 micro-
controller. As a result, software developmentpackages
which have been written for the 8051 are compatible
with the DS5000, including cross-assemblers, high—
level language compilers, and debugging tools.

A complete description for the DS5000 instruction setis
available in the User's Guide section of the Soft Micro-
controlier Data Book.

MEMORY ORGANIZATION

Figure 2 iflustrates the address spaces whichare ac-
cessed by the DS5000. Asillustratedin thefigure, sep-
arate address spaces exist for program and data
memory. Since the basic addressing capability of the

machine is 16 bits, a maximum of 64 Kbytes ¢f program
memory ard 64 Kbytes of data memory can be ac-
cessed by the DS5000 CPU. The 8K or 32K byte RAM
area inside of the DS5000 canbe used to contain both
program and data memory.

The Realtime Clock (RTC) in the DS5000T is reached
inthe memory map by setting a SFR bit. The MCON.2
bit (ECE2) is used to select an alternate data memory
map. While ECE2=1, all MOVXs will be routed to this
alternate memory map. The real-time clock is a serial
device that resides in this area. A full description of the
RTC 2ccess and example softwareis givenintheUser’s
Guide section of the Soft Microcontroller Data Book. if
the ECE2 bit is set on a DS5000 without a timekeeper,
the MOVXs will simply go to a nonexistent memory.
Software execution would not be affected otherwise.

042183 4718
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DS5000 LOGICAL ADDRESS SPACES Figure 2

64K —~

N
DATA
MEMORY

255

127

PARTITION
ADDR

2

FUNGTION
REGISTERS REGISTERS
V
INTERNAL REGISTERS
LEGEND:

l = ON-CHIP REGISTERS

« NVRAM MEMORY

PROGRAM LOADING

The Program Load Modes allow initialization of the
NVRAM Program/Data Memory. This initialization may
be performed in one of two ways:

1. Serial Program Loading which is capable of per-
forming Bootstrap Loading of the DSS000(T). This
feature allows the loading of the applicationprogram
to be delayed until the DS5000(T) is installed inthe
end system.

2. Parallel Program Load cycles which perform the ini-
tial loading from parailel address/data information
presented on the VO port pins. this mode is timing—
set compatible with the 8751H microcontroller pro-
gramming mode.

PROGRAM
MEMORY

DATA
MEMORY

VA « ACCESSED VIA EXPANDED BUS

The DS5000is placed in its Program Load configuration
by simultaneously applying a logic 1 to the' RST pin and
forcing the PSEN line to a logic 0 level. Immediatsly fol-
lowing this action, the DS5000 will look for a parallel
Program Load pulse, or a serial ASCH carriage return
(ODH) character received at 9600, 2400, 1200, or 300
bps over the serial port.

The hardware configurations used to select these
modes of operation are illustrated in Figure 3.
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PROGRAM LOADING CONFIGURATIONS Figure 3

L

[ [

Vee GND Vec GND
DS5000 DSS000
PROGRAM
P17 P0.7—~ P RNERIFY PLZ-  FOZ-
PLO P0.0 @ DATAOUT P1.0 Po.0
P23~ P3.7- <: PROGRAM P25~ P3.7-
P2.0 P34\ A15A12 ADDRESS P20 P32
(( ——) EAVpp o— P26 . |
— | oruve/]
— ALEPROG RS232C
PROGRAM Oo— P27 RXD RCV
CONTROL § — o p27
—»{ P2.6
i P25 3 R<2K 3 R<2K
RST RST
I | XTALY a1 I | XTALY
=] PSEN 11.050 MHz &= PSEN
PARALLEL SERIAL
LOADING LOADING

Table 1 summarizes the selection of the available Paral-
lel Program Load cycles. The timing associated with
these cycles is illustrated in the electrical spacs.

SERIAL BOOTSTRAP LOADER

The Serial Program Load Mode is the easiest, fastest, ©
most reliable, and most complete method of initially
loading application software into the DSS000 nonvola-
tile RAM. Communication can be performed over a
standard asynchronous serial communications port. A
typical application would use a simple RS232C serialin-
terfaceto program the DS5000 as a final production pro-
codure. The hardware configuration wiich Is required
for the Serial Program Lead mode is flustrated in Figure
3. Port pins 2.7 and 2.6 must be either open or pulied
hightoavoidplacingthe DS5000ina parallelioad cycle.
Although an 11.0592 MHz crystalis shownin Figure 3,a
variety of crystal frequencies and loader baud rates are
supported, shown in Table 2. The serial loader is de-
signed to operate across a three—wire interface from a
standard UART. The receive, transmit, and ground
wires are all that are necessary to establish commu-
nication with the DS5000.

Theo Serial Bootstrap Loader implements an easy—to~
use command line interface which allows anapplication

program in an Intel hex representation tobe loaded into
and read back from the device. Intel hex is the typical
forrmat which existing 8051 cross—assemblers output.
The serial loader responds to single character com-
mands which are summarized below:

COMMAND FUNCTION
c Return CRC—~16 checksum of em-
bedded RAM
Dump Intel Hex File
Fill embedded RAM block with
constant
Load 40-bit Encryption Key
Load Intel Hex File
Read MCON register
Trace (Echo) incoming Intel Hex
data
Clear Security Lock
Verify Embedded RAM with in-
coming Intel Hex
Write MCON register
Set Security Lock
Put a value to a port.
Get a value from a port.

~3mmrm X Mo

OONgE <cC
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PARALLEL PROGRAM LOAD CYCLES Table 1

MODE RsT PSEN PROG EA P27 P26 P25
Program 1 0 (o] Vep 1 (4] X
Security Set 1 0 0 Vep 1 1 %
Verity 4 X X 1 0 0 X
Prog Expanded 1 0 o Vpp 0 1 o
Verify Expanded 1 0 1 1 ] 1 0
Prog MCON or Key registers 1 0 0 Vep 0 1 1
Verify MCON registers 1 0 1 1 0 1 1

The Parallel Program Cydle is used to load a byte of
data into a register or memory location within the
DS5000. The Verify Cycle is used to read this byte back
for comparison with the originally loaded value to verify
properloading. The Security SetCycle may be usedto
enable and the Software Security feature of the
DS5000. Onemay also snter bytes forthe MCON regis-
ter or for the five encryption registers using the Program
MCON cycle. When using this cydle, the absolute regis-
ter address mustbe presented at Ports 1 and 2 asinthe
normal program cycla (Port 2 should be 00H). The
MCON contents can likewise be verified using the Verify
MCON cyde.

When the DS5000 first detects a Parallel Program
Strobe pulse or a Security Set Strobe pulse whilein the
Program Load Modae following a Power On Reset, the
irternal hardware of the DSS000 is initialized so that an
existing 4 Kbyte program can be programmed into a
DS5000 with little or no modification. This initialization
automatically sets the Range Address for 8 Kbytes and
maps the lowest 4 Kbyte bank of Embedded RAM as

program memory. The next 4 Kbytes of.Embedded
RAM are mapped as Data Memory.

In order to program more than 4 Kbytes of program
code, the Program/Verify Expanded cycles can be
used. Up to 32 Kbytes of program code can be entered

- and verified. Note thatthe expanded 32 Kbyte Progranmy

Verify cycles take muc¢h longer than the normal 4 Kbyte
Program/Verify cycles.

A typical parallel loading session would follow this pro-
cedure. First, set the contents of the MCON register
with the correct range and partition only if using expand-
ed programming cydes. Next, the encryption registers
canbe lcaded to enable encryption of the program/data
memory (not required). Then, program the DS5000 us-
ing either normal or expanded program cycles and
check the memory contents using Verify cycles. The
last operation would be to tum on the security lock fea-
ture by either a Security Set cycle or by explicitly writing
to the MCON register and setting MCON.Oto a 1.

235
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SERIAL LOADER BAUD RATES FOR DIFFERENT CRYSTAL FREQUENCIES Table 2

BAUD RATE
CRYSTAL FREQ (MHz) pvs 1299 2400 9600 19200 57600
14.7456 Y Y Y Y
11.0592 Y Y Y Y Y Y
921600 Y Y Y Y
7.37280 Y Y Y Y
5.52960 Y Y Y Y
1.84320 Y Y Y Y

ADDITIONAL INFORMATION

A complete description for all operational aspects of the
DS5000, is provided in the Usar's Guide section of the
Soft Microcontroller Data Bock.

DEVELOPMENT SUPPORT
Dallas Semiconductor offers a kit packaga for develop-
ing and testing user code. The DS5006TK Evaluation

Kit allows the user to download Intel hex formatted code
directly to the DS5000 from a PC-XT/AT or compatible
computer. The kit consists of a DS5000T-32~12, anin-
terface pod, demo software, and an RS232 connector
that attaches to the COM1 or COM2 serial port of a PC,
Seo the User’s Guide for further details.

042193 /18
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Ground
Operating Temperature

Storage Temperature

Soldering Temperature

-0.3Vto 7.0V
0°C to +70°C
—40°C to 70°C
260°C for 10 seconds

* This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi
.mum rating conditions for extended periods of time may affect reliability.

DC CHARACTERISTICS (ta = 0°C t070°C; Vo = 5V + 5%)
PARAMETER SYMBOL | MIN TYP MAX UNITS | NOTES
Input Low Voltage ViL 0.3 0.8 A 1
Input High Voltage Vims 2.0 Vce 40.3 v 1
Input High Voltage RST, XTAL2 Viyz 35 Ve +0.3 \ 1
Output Low Voltage @ lo =1.6mA Vout .15 0.45 A
(Ports 1, 2, 3)

Output Low Voltage @ loy =3.2mA Vo2 BT 0.45 v 1

(Ports 0, ALE, PS E

Output High Voltage @ loy=-80pA Vou1 24 4.8 v 1

(Ports 1,2, 3)

Output High Volage @ 1o=—400 pA Vouz 24 4.8 v 1

(Ports 0, ALE, PSEN)

Input Low Current Vygy = 0.45V (Ports Iy -50 pA

1,2,3)

Transition Current; 1 1o 0 I -500 BA

Vi =2.0V (Ports 1, 2, 3)

input Leakage Current i +10 HA

0.45 < Vy < Ve (Port 0)

RST, EA Pulldown Resistor RRe 40 125 Ka

Stop Mode Current lsm 80 HA 4

Power Fail Warning Voltage Verw 4.15 4.6 4.75 v 1

Minimum Operating Voltage Veenmin 4.05 4.5 4.65 v 1

Programming Supply Voltage Vpp 125 13 \" 1

(Paratie! Program Mode)

Program Supply Current lpp 15 20 mA

Operating Current DS5000-8K@8 MHz lec 252 43 mA 2

DS5000-32K @ 12 MHz 35.7 48

DS50007T-32-16 @ 16 MHz 456 54

Idle Mode Current @ 12 MHz lec 4.5 6.2 mA 3
042103 918
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AC CHARACTERISTICS
EXPANDED BUS MODE TIMING SPECIFICATIONS

(ta = 0°C t070°C; Vg = 5V + 5%)

# | PARAMETER SYMBOL MIN MAX UNITS
1 | Oscillator Frequency 1Mok . 1.0 8(-8) MHz
12(-12)
16 (-16)
2 | ALE Pulse Width taLpw 2etok ns
3 | Address Valid to ALE Low tavALL tork -40 ns
4 | Address Hold After ALE Low tavaav toik -35 ns
5 | ALE Low to Valid Instr. In tauvi dtcc-150 [ ns
@16 MHz 4toLk -90 ns
ALE Low to PSEN Low taLLpsL teik -25 ns
7 | PSEN Pulse Width tpspw 3teyk -35 ns
PSEN Low to Valid Instr. In tostvi 3tk -150 ns
@16 MHz 3ty -90 as
9 | Input Instr. Hold after FSEN Going High tesv 0 ns
10 | Input Instr. Flat after PSEN Going High tesix teLk -20 ns
11 | Address Hold after PSEN Going High tpsav terk -8 ns
12 | Address Valid to Valid Instr. In tavvi Stork ~150 ns
@16 MHz SteLi -90 ns
13 | FSEN Low to Address Float tpsiaz 0 ns
14 | RD Pulse Width tropw Stepi -100 ns
15 | WR Pulse Width twRPwW 6toyx -100 ns
16 | RD Lowto Valid Data in taoLDY Stk -165 ns
@16 MHz Stex -105 ns
17 | Data Hold after RD High tRoHDY 0 ns
18 | Data Float after RD High troHDZ 21k -70 ns
19 | ALE Low to Valid Data In taLLvD 81k -150 ns
@15 MHz 8oLk -90 ns
20 | Valid Addr. to Valid Data In tavov Otoy i -165 ns
@16 MHz ok -105 ns
21 | ALE Low to RD or WR Low taLL ROL Stk -50 | 3o +50 ns
22 | Address Valid to RD or WR Low tavRDL 4to k -130 as
23 { Data Valid to WR Going Low tOVWRL toLk -60 ns
24 | Data Valid to WR High tovwan e -150 ns
@16 MHz Tterk -90 ns
25 | Data Valid after WR High twRHOV toik -50 ns
26 | RD Low to Address Float thouAz 0 ns
27 | RD or WR High to ALE High tRDHALH teik ~40 terk +50 ns
042193 10118
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EXPANDED PROGRAM MEMORY READ CYCLE

2

3

3
€

PORT 0 A7-AD INSTR IN Y >> A7-AD >—
e il X e

EXPANDED DATA MEMORY READ CYCLE

®

=/ -, N

_—@

—d
O+ D

PORT 0 (m%?gpq } DATAIN ? >___-< ?;Et;’ INSTR

4——@—-—..

(20) >
& -
PORT 2 P2.7-P2.0 ORA15-A8 FROM DPH >< A15-A8 FROM PCH
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EXPANDED DATA MEIACRY WRITE CYCLE

G2
F——.O N

3 A INSTR
PORT 0 A0S DATAOUT PCL) IN
{Rn OR DPLY (

PORT2 P2.7-P2.0 OR A15-A8 FROM PDH X A15-A8 FROM PCH

EXTERNAL CLOCK TIMING

-/

s
)
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AC CHARACTERISTICS (cont'd)
SERIAL PORT TIMING — MODE 0

(ta = 0°C t070°C; Voo = SV 4 5%)

# |PARAMETER SYMBOL MIN MAX UNITS
35 | Serial Port Cycle Time tspeix 121k Hs
36 |[Output Data Setup to Rising Clock Edge toocH 10ty -133 ns
37 | Output Data Hold after Rising Clock Edge tcHoo Aok -117 . ns
38 | Clock Rising Edge to Input Data Valid teHov 10tc k -133 ns
39 | Input Data Hold after Rising Clock Edge teHoV 0 ns

POWER CYCLE TIMING
v,
«“ Verw —N e e e T
Veoun _k _______________ o N
74 __k b\
INTERRUPT
SERVICE
ROUTINE
(AT JUUIT
CLOCK
OosC f{ ,-U-l{
N @
f
INTERNAL J
RESET /
[
LITHIUM / J —\
CURRENT
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AC CHARACTERISTICS (cont'd)

PARALLEL PROGRAM LOAD TIMING (ta = 0°C t070°C; Vee = 5V + 5%)
‘# | PARAMETER SYMBOL MIN MAX UNITS
40 | Oscillator Frequency 1ok 1.0 120 MHz
41 | Address Setup to PROG Low tavPRL 0
42 | Address Hold after PROG High teaHav 0
43 | Data Setup to PROG Low toveaL 0
44 | Data Hold after PROG High teAHDV 0
45 | P2.7,2.6,2.5 Setup to Vpp te27HVP 0
46 | Vpp Setupto PROG Low tvpHPAL 0
47 | Vpp Hold after PROG Low torHvPL 0
48 | PROG Width Low topw 2400 tek
49 | Data Output from Address Valid tavov 48 telk

1800°
50 | Data Output from P2.7 Low tovr2nL 48 tolk
1800
§1 | Data Fleat after P2.7 High tp27HDZ 0 48 toix
1800°
52 | Delay to Reset/PSEN Active after trORPY 21504 terk
Power On
53 | Rese/PSEN Adtive (or Verify Inactive) to trAvPH 1200 towk
Vpp High
54 | Vpp Inactive (Between Program Cydes) tvpppc 1200 tolk
2400 to

* Second set of numbers refers to expanded memory programming up to 32K bytes.

042183 1518
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PARALLEL PROGRAM LOAD TIMING

— —_
ADDRESS ADDRESS ADORESS
A

g —(
Q
@
"""\
- H—C= = C
—
o o 3
9-C-
Ver
E_AN” V“ ‘/
P2.7, P2.8, P2.5
ACTIVE
. )[
v/ |.®
AST
PSEN
CAPACITANCE (test frequency = 1 MHz; t4 = 25°C)
PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Output Capacitance Co 10 pF
Input Capacitance C 10 pF
042103 16118
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DS5000 TYPICAL Icc VS. FREQUENCY

ts CURRENT (mA)

45.0

30.0

15.0

5.0

16 Mz /

12 MHz

aMHz\A

~

OPERATION |~

NORMAL

iCLE MODE
OPERATION

0.0

5.0

10.0

(Vecmt5V. 15=25°C)

Normal operation is measured using:

1)
2
3)
4)

Extemal crystals on XTAL1 and 2
All port pins disconnected
RST=0 voits and EAchc
Part perferming endless loop writing to internal memoxy.

\dle mode operation is measured using:

1)
2
3)
4)

15.0

FREQUENGY OF OPERATION (MHz)

External clock source at XTAL1; XTAL2 floating
All port pins disconnected
RST=0 volts and EA=Vcc
Part set in IDLE mode by software.

245
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T~

TRTATES TSI

NOTES:
1. All voltages are referenced to ground,

2. Maximum operating Icc is measured with afl output pins disconnected; XTAL1 driven with tCLKR,

toixe=10 ns, Vi, = 0.5V; XTAL2 disconnected; EA = RST = PORTO = Vg,

3. ldle mode I Is measured with all output pins disconnected; XTAL1 driven with taxn. ke = 10 ns,

Vi, = 0.5V; XTAL2 disconnected; EA = PORTO = Vg, RST = Vss.

4. Stop mode I is measured with all output pins disconnected: EA = PORTO = Vce; XTAL2 not connected;

RST = Vss.

5. Crystal start up time is the time required to get the mass of the crystal into vibrational motion from the time that
power is first applied to the circuit until the first clock pulse is produced by the on-chip oscillator. The user

should check with the erystal vendor for the worst case spec on this time.

PACKAGE DRAWING
l A ot INCHES
r ; MIN MAX
O AN, 2080 [ 2100
BIN. 0.680 | 0.700
CIN. 0.200 0310
DIN. 0.000 | 0110
EIN, 0.040 0.060
FIN. 0.165 | o0.185
B GIN, 0.016 0.020
HIN. 0.500 | 0.610
E I
J ‘ ‘ 1N 0.000 0.012

=

T Ty yy Yy vrvrTTY
o el S

—

——————e B e

042183 18118



¥ A
BRI INB

Kenneth J. Ayala, The 8051 Microcontroller : Architecture, Programming
and Applications, West Publishing Company, USA, 1991.

Usiug dszueniumd, Jowed rindly, gileuazmstszgndldanu lulas
aowlnsamed MCs-51, uSHn Sidagady Sracuma).

Timothy S. Monk, Guide to Serial Communications, pp. 299-353, Sams
Publishing, 1992,

Y

Y a g é
wa. Sasde qwiad, msflemideyaneuiamesiazszuuniets, wh

o o

- o 1 a &
17-75, UsHN ATUINTINITHUN 91NA
4

Peter W. Gofton (FauitaTag 33dnd 1mflesg ls, msifemnseynsuvy PC,
o o g o o @
win 312-350, u3HM FPagindu Sifa@ma).
a & a = o - A v [ 9/ o
Yszdns IneTsnsol, madiamsdeminielugy, mih 19-80, won.dnin

- gy & Lo o
AunAandduaes



L) Y A
sz ingdien

= = Y] a o 4 d o
wieges Juadsdean!  Madufl 24 wunan we2520 dudentsdnyiseiy
UsewAnyireumennlsaSeudnuniine Tl wa2s37 18dhsunisdnmdeinig

-~ - o 4 =~ I'd Y] V-] LY
wdndisegnd  ausInnmans anfuma TuTagnszveundudnammsnanseti
duFomsdnmludl we2s41





