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AANHIN N.1

'iﬂnmmmrrwnminw'uaafm-suﬂmﬁtmmazmnamﬂuﬁ‘tgtmmﬁﬁmn

ORG %000H
[C_ADC EQU O0E04AH ; port input of ADCO#04
D_DSP EQU OEWIH ; port control LED flag
pP_DSP EQU OE0(2H ; port enable LED flag
FLAG EQU ©6H ; data to enable LED flag
DSP EQU 9F00H : displey buffer (7 scgment)
BUF EQU $F07TH ; diaplay bufier (BCD)

;U“O‘.ttlt““‘tal.

; MAIN PROGRAM *

;'!ittttlilt'!it.ti!

IN_ADC: MOV DPTRMC_ADC ; point to input port
MOVX A@DPTR s tesd input (from ADC0804)
MOV ROA ;88ve input
LCALL DSP_FLAG  ; display input to LED flag
LCALL DSP _SEG  ;displsy input to 7 scgment
DELAY: MOV R6,MFH ; delay time
DELAY1: DINZ RSDELAY1
AJMP IN_ADC ; Joop for read input continue

;i‘i.#i.“‘tt“‘.‘l‘..‘44'!“‘0‘.‘

; SUB, DISPLAYLEDFLAG *

;tl.tl..!‘ti!it"t!!t.!"t..ttttii

DSP_FLAG: MOV DPTR,#P_DSP ;sct flag active
MOV AWFLAG
MOVX @DPTRA ; enable flag
MOV DPIR,#D_DSP
MOV ARD 3 Betinput
MOVYX @DPIR,A ; out data to flag
RET '

;‘lllt.‘l“‘.!.i‘ttt.l.‘i““t!“‘

; SUB.DISPLAY 7 SEGMENT *

:..Q.Q“ti‘tt..i‘.tO!!i‘!‘lt“‘t!i

DSP_SEG: MOV DPTR#BUF+2



MOV ARO , et input
MOVX @DPTR,A ; store BUF+2

MOV R2,A ; store input HEX_BCDS
MOV  R3,400H

MOV  AW#14H ; enl{ HEX_BCDS
LCALL 0030H ;HEX ->DEC

MOV DPTR,#BUF+1 ;storo input UNPACK
MOV AR3

MOVX @DPTR,A

MOV DPTR,#BUF+0

MOV AR2

MOVX @DPIR,A

MQV  A#32H ; call "UNPACK"
LCALL 0030H ; BUF -> DSP
MOV DPTRWMDSP+1 ; shift digitto left
MOVX A@DPTR

MOV DPTRADSP+0

MOVX @DPTRA

MOV  DPTR,#DSP+2

MOVX A@DPTR

MQV DPTR.ADSP+1

MOVX @DPTR,A

MOV DPTR ¥DSP+3

MOVX A@DPTR

MOV DPTR#DSP+2

MOVX @DPTR,A

MOV  DPTR#DSP+3

MOV  A#00H

MOVX @DPIR.A

MQV  ARDAH ; call "DISPLAY"
LCALL 0030H

RET

END



ANHUIN N2

Tusunsamageumaihanuvesrsasunadyanaddneail udygnaeznaen

ORG #000H
IC_DAC  EQU OE048H

DSP EQU 9F00H , buffer display (7 seg.)
BUF EQU 9F07H ; butler dispiay (BCD)
HEXBUF EQU 22H ; dota (HEX) bulfer
DECBUF  EQU 23H ; data (DEC) buffer
KEYBUF EQU 25H s key buffer (7 seg.)

-.l‘l't".“t-"!.l"'

. i* MAINPROGRAM *

;“'l!.“i..*.".t#"

START: MOV HEXBUF,#00H il first display
MOV DECBUF#00H
SETUP: MOV DPTRMBUF+!

MOV ADECBUF
MOVX @DPTR,A

s input HEX

MOV  DPTR¥BUF+2

. MOV AMEXBUF
MOVX @DPTR,A
MOV A¥32H
ECALL 0030H

; input DEC

s call "UNPACK”

: BUF -> DSP

MOV DPTR,#DSP+0

MOVX A@DPTR
ORL AHEDH H
MOVX @DPTR.A

set dot

MOV DPTRADSP+2 off DSP

MOV  AM0H
MOVX @DPTR.A

MOY DPTRMDSP+3

MOVX @DPTR,A
SCANKEY:; MOV A, ¥25H
LCALL 0030H

; enll "SCAND"
; scan DSP & KEY

CINE AM#3H,CHECK] ; check Enter key

LCALL BEEP
AJMP ENDSCAN

1 il Enter <> ENDSCAND

CHECK1: CINE AH#0AH,CHECK2 ; check 0-9 only

AJMP SCANKEY
CIIECK2: JNC SCANKEY .

; over 9 -> SCANKEY



LCALL GETZ2 1 check 2 input
LCALL BEEP

LCALL DELAY

AIMP SCANKEY

ENDSCAN: MOV DPTR #DSP+0

MOVX A@DPTR

ANL AMHTFH ; clenr dot

MOV  A#2RH ; cali "SCANPACK"
LCALL 0030H ; DSP -> BUF
MOV DPTR,#BUF+1

MOVX A@DPTR

CINE A#51H,CHECK3

CHECK3: JNC SETUP

MOV RZLA

MOV DECBUF,A  ;save data display
MOV A#0SH ; call "BCD_HEXS"
LCALL 0020H ; DEC -> HEX
MOV  DPTRAOUTTAB

MOV AR2

ADD ADPL

MOV DPL.A

MOVX A@DPTR  ,datsout

MOV HEXBUF,A  savedataout
MOV  DPTRAHIC_DAC ; out port DACO832
MOVX @DPTR.A

LCALL DELAY

LIMP SETUP

;‘OU‘FU.D““‘.“ltt.*iii

;*+¢ GET 2-DIGIT SUB. ***

;‘t“ttltt“‘tttt.t““--

GET2:

DIGITZ:

MOV - DPTR#SEGTAB ; addrcss table

ADD ADPL i low byte + key code
MOV DPL,A ; keep low hyte address
CLR A

ADDC ADPH

MOV DPHA ; keep high byto addross

MOVX A@DPTR 3 7 code of key
MOV KEYBUF,A  ;save 7 code of key
MOV DPTRADSP+i ; point io digit 2

MOVX A,@DPTR

CINE A#00H,DIGIT1

MOV AKEYBUF

MOVX @DPTR,A H wrile digit 2

8l



AIMP ENDGET

DIGITI: MOV A#SH  DEC DPTR
LCALL 0030H ; point to digit 1
MOV  AKEYBUF
ORL A,HBOH ; set dot display
MOVX @DPIR,A s write digt |
INC DPTR
MOV A #00H
MOVX @DPTR,A

ENDGET: RET

BEEP: MOV A 418H ; el "HI_BEEP"
LCALL 0030H
RET
DELAY: MOV RZ#00H
DELAY1: MOV R3400H
DELAY2: DINZ R3,DELAY2
DINZ R2,DELAY1
RET

SEGTAB: DB 3FH06H,5BHAFH,66H ;01234
DB 6DH,7DH,07H,7FH,6FH ;567&9%

OUTTAB: DB 000H,005H,00AH,00FH,014H
DB 019H,01FH,024H,029H,02EH
DB 033H,038H,63DH,042H,04TH
DB 04DH,052H,057H.05CH.061H
DB 066H,06BH,070H,075H,67AH
DB O7FH,045H,08 AH,06FH.094H
DB 099H,09EH.0A3H,0ARH,0AEH
DB 0B3H,0BRH,0BDH,0C2H.0CTH
DB 0CCH,0D1H,0D6H,¢DBH,0E1H
DB OEGH,0EBH,0FOH,0FSH.OFAH
DB OFFH
END
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org §000h
mav SCON,H#01010010b
moy ‘TMOD,#00100000b
mov TH1,#11111101b
setb TR1
"% Jjob RIS
clr Rl
mov wSBUE
cjne a,#0dh,x0
mov dptr,Mable
1% movx a,@dptr
Jcall tx1 )
inc dpir
¢ine a,#0ah (x
simp X
x0; feall wl
mov a i@ ;Datp = 20h
leall wl
sjmp %
table: db ‘Progrurn Test RS-232",0sh

isub program send dutn 1byte to RS-232
ixl: inb T1,3

clr 1

mov SBUF ..

rel
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;‘t"i‘ittt.‘t‘t’t“i#t#“t*l'itlt..“‘

:* PROGRAM Ratcmeter drive through :
;* TO R8-232 out to com2 at 1200bps A

;!#O.tit LLL]

;*+**REGISTER DECLARE**** )
ORG ®00DH ; program start address
D DSP EQU O0E001H ; port control LED flag
P_DSP EQU O0E00ZH ; port enable LED flag
{C_ADC EQU U0E04AH s port input of ADC0804

FLAG EQU 06H ; data to enable LED flag
DSP EQU 9F00H ; display buffer (7 segment)
BUF EQU 9F07H ; display bufYer (BCD)

;i.lii‘.l‘.‘.".““

; MAIN PROGRAM *
EETTETTEETE R PIERI L
ACALL ST RS232
STRT:  ACALL RX_RS222
CINE AM#12H,CHK_ENT If RO:=#12H{cwl-r) then resct
MOV A WOIH ;eall RESET sub routine
LCALL 30H
CHK_ENT: CJNE AMW13H.STRT
ACALL BEEP1
MOV  DPTRWMIC _ADC ;Point to input port
MOVX A @DPTR Read input form ADC0304
MOV ROA ;Save dsta for flag display
ACALL TX_RS232  ;send dats to R5-232
ACALL DSP_FLAG ; display input to LED flag
ACALL DSP_SEG ; display input to 7 segment
SIMP STRT ; Ioop for rend command to send again

; 2 BEEP!I Gennerate

BEEP1: PUSH 01H
PUSH 02H
PUSH 03H
MOV R1#30H ;SET FREQUENCY 1



MOV R2,#FFH ;SET TIME

MOV  AWZCH ;CALL SUB ROUTEEN
LCALL 30H

POP 02H

POP 02H

POP 0OIH

RET

:O‘t!l‘tt!!*!“.l““!‘t‘ltttttttt

; SUB. DISPLAYLED FLAG *

;i‘t“‘!l!i“i‘t““"""‘!!!'t**

DSP_FLAG: PUSH ACC
MOV DPTR,#P_DSP ; aot Hag active
MOV  AWNFLAG
MOVX @DPTR,A  ;cnable flag
MOV DPTR,#D_D3P

MOV ARO ; getinput

MOVX @DPTR,A  ;out data o flag
POP ACC

RET

;!tt.t‘t!!tttt“‘tt“““““““‘

i SUB DISPLAY 7SEGMENT =

;t"U!!!‘t“"t...“‘tttttttttttt‘

DSP_SEG: MOV DPTR #BUF+2

MOV ARD ; get input

MOVX @DPTR,A + alore BUF+2
MOV R2,A ; store input HEX BCDS
MOV  R3,#00H

MOV AM4H  ;call HEX_BCDS
LCALL 0030H  ;HEX->DEC

MOV _ DPTR#BUF+1 _ ; store input UNPACK.
MOV AR3 |
MOVX @DPTR,A

MOV DPTR,¥BUF+0

MOV AR2

MOVX @DPTR,A

MOV AW3ZH  ;call "UNPACK"
LCALL 003H  ;BUF->DSP

MOV DPTRADSP+l ;shift digitta of
MOVX A@DPTR

MOV  DPTRADSP+)

MOVX @DPTR,A

MOV DPTR,ADSP+2

MOVX A.@DPTR



MOV DPTR,ADSP+1
MOVX @CPTR,A
MOV DPTRADSP+3
MOVX A@DPTR
MOV  DPTR,#DSP+2
MOVX @DPTR,A
MOV DPTR,#DSP+3
MOV A #00H
MOVX @DPTR,A
MOV AMAH  ;call "DISPLAY"
LCALL G030H

RET

;““th.‘li#i-".ttt#t“‘itlttl!!lt"“

i Delay ima = 256*2356 usS,

;“‘.‘.i..l"l'...“‘*i.‘..l““‘.ti...

DELAY:

NEXTL

PUSH 00H
PUSH 0IH
MOV  RO,#FFH
MOV Rl #FFH
DINZ R1,3
DINZ RONEXTI
POP 01H

POP OOH
RET

;"..'F"l‘.‘“...‘.ll“ll.l'.'l*i“..t

3 4ub, set port RS-232

;11‘t‘tt-“i‘!‘tlt“‘itlt.t!!t!t‘!itttt

ST_RS232:

TX_RS232;

RX_RS8232;

END

MOV  SCON,#01010010B ;set SCON Mode |
MOV TMOD,#00100000B ;&bit Auto refoad
MOV THI1,#11101000B ;SET BAUDRATE:= 1200 BPS
SETB  TR!

RET

JNB 1,8 ;send data to RS-232 (R0:=input)

CLR TI

MOV  SBUF,A

RET

INB RES rocive daua from RS-232 (A:;output)
CLR RI

MOV ASBUF

RET
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program sh;
Uses ort,dos;
vonst
selport = S21%;
Var
:h,n1,T,clac : integer;
nchr: char;
Jone : boojean;
procedure ShowTime;
Vi
h, m, 8, hund : Word;
function LeadingZero{w : Ward) : String;
vur
s : Sting;
beggn
Str(w:0,s);
if Lengih(s) = 1 then
s =0+,
LeadingZero 1= 3,
end,;
begin
GetTimeth,m,s,hund);
GotoXY(25,10);
Writeln{'Start ime ' LeadingZero(h),",
LeadingZero(m),"", LeadingZero(s){,
!\ LeadingZero(hund)});
end;
procedure ShowTime2;
var
h, m, 8, hund : Wurd;
function LeadingZero{w : Word) : String
vir
8 Sting;
begtn
Str(w:0,1);
if Length(s) = 1 then
s=' +g;
LeadingZero i=3;
end;
hegin
GetTime(h,m,3,hund);
GotaXY(25,11);
Writéin(Tt ia now " LeadingZeroth),",
LendingZero(m),"\LeadingZero{s){,
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' LeadingZero(hund)});
end;
procedure workinde; {show status}
bugin
potoxy(25,13):
writeLn{"GET DATA INPUT from SERIAL port.\.');
delny(30);
potoxy(25,13);
wricLn{'GET DATA INPUT from SERIAL port..i..");
delay{50);
gotoxy{25,13);
writeLn{’GET DATA INPUT from SERIAL port../.");
delay(50);
nd;
Begin
clrser;
GoteXY{20,2),
writeLn("**** Program RATE METER #*#%* %),
GotoXY¥(20,3);
write{Enter a calibration factor...");
readin{cfac);
GotoXY{(20,4);
write('Press any key 1o start.,.');
reading
frepeat }
cleser;
GowXY(20,4);
writeLn{RATE METER running now )");
GotoXY(20,5);
writeLn(PRESS ANY KEY TO STOP 1');
ShowTime;
ropeat
Showtime2;
Port[setport):=§13; {ctrd-8)

workindc;

L:={cfac)y*Portlsetport); {multiply with calibration factor)

gotoxy(25,14);

write(L,’ *);

poloxy(32,14);

write('Relaytive Counts.”);

{if i>=((cfac)}*25) then

hegin

write('worning! overflow count rac’);
rend;

end

¢lse)

g8



delay(100);
unhil kevpressed;
gntoxﬂr(ZS,IS);
WriteCOK1..recived data Completed');
Readin;
cleser,

A0UWINEUINT
AINIAVNINENRE
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;i“-.“tiitttttttttittitl!‘iiit!“"”.'t‘“‘Q"‘-‘.tt*iil!l!“l!t#t

;¢ PROGRAM SWEEP QUTPUT YOLTAGE 0-10 Vde for LLD confroll by send *

;% $14 (14H or CTRL-S) for cach step and cut data from rate meter to PC .
i* by send 513 (13H or CTRL-T). TO Reset this program, .
i* send $12 (12H or CTRL-R) from PC  out io com?2 at 1200bpe *

L T R Y P R PR R LR S LY TP S PNV SR L LA 2l Pl ]yl
’

;4++*REGISTER DECLARE****

ORG  %000H ; program start addrees
D_DSP  EQU OE00IH ; port control LED flag
p_DSP EQU O0EC02H ; port enable LED flag
IC_ADC EQU O0E04AH ; port input of ADC0804
IC_DAC EQU 0OEQ4RH ; port auiput to DAC0832
FLAG EQU 06H ; data to enable LED flag
DSP EQU 9Fo0H ; display buffer (7 segment)
BUF EQU 9F07H  ; display buffer (BCD)

;l.l.l‘#t*li#“l.‘..

i MAIN PROGRAM *

;-t.‘-t-t‘.att‘t!'--

ACALL ST_RS232

MOV  R35#00H

ielear rmmip data

STRT: ACALL RX _RS5232

CINE AWI2HPOUT

MOV A#0IH
LCALL 30H

;call RESET sub routine

JE A=#12H(ctrl-r) then reaet

POUT: CINE AH13H,SNDBCK ;if Ar=#13H then out ramp
ACALL BEEPI
PUSH ACC
MOV  ARS
MOV DPTRMIC_DAC Point 1o output port

MOVX @DPTR.A

INC RS
POP ACC

NOP

SIMP STRT

aave A

isend data 1o output port
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SNDBCK: CINE AMI14H,STRT
PUSH ACC
ACALL BEEP2
MOV DFPTR.AIC_ADC

MOVX A.@DPIR :Reod input form ADCOR04
MOV RO,A +Save data for flag display
ACALL TX_RS5232  ;send data lo R8-232
ACALL DSP_FLAG ; display input to LED flag
ACALL DSP_SEG ; display input to 7 segment

POP ACC

CINE RS,#00H,GO
MOV AK0IH
LCALL 30H

NOP

GO: SJMP STRT ; loop for read command 1o send again

. 2 BEEPII Gennerate type 1

BEEPl: PUSH OIH
PUSH 02H
PUSH 03H
MOV  R1#45H ;SET FREQUENCY 1
MOV  R24FFH ;SET TIME
MOV A#ICH ;CALL SUB ROUTINE
LCALL 30H
POP 03H
POF 0ZH
POP OIH
RET

»

; 2 BEEPI] Gennerale type2

v

EEP2:  PUSH 01H
PUSH 024
PUSH 03H
MOV R1,44BH ;SET FREQUENCY 1
MOV  R2¥FFH ;SET TIME
MOV  A#2CH ;CALL SUB ROUTINE
LCALL 30H
POP 03H
POP 02H
POP 0OlH
RET

2!



;'!l‘.l.'t'!“‘ (AIYTRTLELL LIS L L]

. SUB. DISPLAYLEDFLAG *

HIIITTI TR ISR 2 )]
’

NSP_BLAG: PUSH ACC
MOV  DPTRAE_DSP ; set tluyg active
MOV AMFLAG
MOVX @DFIR.A ; enable fNag
MOV  DPTR#D_DsSP
MOV ARD 5 et input
MOVX @DPTR.A ; out data 1o flag
POP ACC
RET

;t!“t.--ii‘!lt‘i.‘tt"l!"l‘!“"

;  SUB. DISPLAY 7 SEGMENT *

;."...ll"l.l.l.tt.‘......lll.iil

1X8P_SEG: MOV DPTRABUT+2

MOV ARO 1 getdnput
MOVX @DPTR.A | siore BUF+2
MOV R2A : store input HEX_BCDS

MOV R3,#{H
MOV Al4H i call HEX_BCDS

LCALL 0030H : HEX -> DEC
MOV DPTRABUF+1 store input UNPACK
MOV AR3

MO\ @DPTR.A
" MOV DPTRUBUF<0

MOV AR2

MOVX @DPTR,A

MOV AM3ZH  ;colt "UNPACK"

LCALL 0030H _ ;BUF ->DSP

MOV DPTRADSP+1 : shilt digit to IeR

MOVX A@DPTR

MOV . DPTR#DSP+0 .

MOVX @DPTR.A

MOV DPTR,ADSP+2

MOVX A@DPTR

MO\"  DPTR,#DSP+1

MOVX @DPTR,A

MOV DPTR#DSP+3

MOVX A@DPTR

MOV DPTR.#DSP+2

MO\X @DPTR.A

MOV DPTR,4DSP+3



MOV  A,H00H
MOVX @DPTR,A

MOV AMAH  ;culi “DISPLAY”
LCALL 0030H

RET

RITITT IR YIS LE RS LI IR LI L)L
'

s Delay lime = 256*256 uS.
;‘ttt!ﬂ!"‘t‘#tt'l!lt““t‘*!"‘ii*t“‘
DELAY: PUSH 00H
PUSH 0IH
MOV RO,4FFH
NEXTI: MOV RI¥FFH
DINZ RL1.3
DINZ RONEXTI1
POP 01H
POP 00H
RET

;ttt-ttttttitittitt*i“#t““tttttt‘#‘*

: sub, set port R3-232

RITIITYIL LTI RS EE LI LRI LY EEL LI LI ER Y]]
’

ST_RS232: MOV SCON,#01010010B ;set SCON Mode 1
MOV TMOD,#00100000B ;¥bit Auto reload

MOV THL#11101000B ;SET BAUDRATE:= 1200 BPS

SETB TRI
RET

[X_RS232:JNB  T13 ;send detato RS-232 (RO:=input)

CLR !
MoV SBUF,A
RET

KX _RS8232; INB RIS ;recive dota from RS-232 (A :=output)

CLR Rl
MOV ASBUF
RET

END
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Progrum XY_SCAN;
Uses Crt,Graph;

Const
Pattern : FillPauernType = (SFF,$FF 3FF,SFF SFF SFEF $FE,5FF),
Setport = $21%;(Ycoml*)
I;lnll = chr(300);
Var
Mux @ integer;
MuxX  integer;
MuxY integer;
Count : integer;
Loop :integer;
WhereX : integer;
WhereY | integer;
Free :integer;
StepY : orray|0..257) of integer; {304}
Chennal ; integer;
Ch  ichan
strloop : stringld};

Logo : stning]33];

Procedure Beep,
Begin

Write{chr(7));
End;

Procedure Boom:
Begin
for count:=300 to 3000 do
Bepn
Sound(count);
Delay(1);
End;
Nosound;

£ind;

I*rocedure Tick;
Begin
count;=1500;
while count<=2300 do
Begin
sound{count);

deloy(1);
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count:=¢ount+104;
End;
nosound;

:nd;

Procedurs Toch,
Begin
count:=500;
while count<=1500 do
Bewin
sound{count);
debay(1);
counti=count+100;
End;
nosound,

end;

Procedure Graphinit;
Var Gr.Gm : Integer;
Hegin
Gr:=Delect;
InitGroph (Gr, Gm, ‘e \dosapphi\ipiby');
MaodKi=GetMaxX;
MaxY =GetMaxY';

End;

Irocedure SetGrp {(X1,Y1,X2,Y2,Color : integer);
Bewn

SetFillPatern (Pattern, Color);

Bar ((X1+2)+135, 380-Y1, (X2*2)+]85, 380-Y2);

Lind;

Procedure Setline (X1,Y1,X2,Y2,Color ; integer);
legin

Seteolor{Color);

Line ((X1%2)}+15,380-Y1, (X2°2)+15, 380-Y2);

Iind;

I'rocedure SetBar (X1,Y1,X2,Y2,Color : integer);
Begin

SutFilPaticen (Pattem, Color);

Bur (X1, Y1, X2, Y2);

lind;

I'rocedure SetScale(Colorintoger);
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Begin
SetColor{Color);
Line{{(MoxX+1) div & * 7, 15, (MaxX+) div § * 7, Max¥Y-61); {]
Line{(MaxX+1) div # * 6, 15, (MCK+1) div & * 6, MaxY-61); |}
Line((MaxX+1) div B * 5, 15, (MaxX+1) div & * 5, MaxY-61); {}
Line((MaxX+1} div # * 4, 15, (MuxX+1) div & * 4, MaxY-61); {Set Lins X}
Line{{MaxXX+1) div & * 3, 15, (MaxX+1) div & * 3, MaxY-61); {}
Line{((MoxX+1) div B * 2, 15, (MaxX+1) div 8 * 2, MaxY-61); {)
Line((MaxX+1) div k, 15, (MaxX+1) div &,  MaxY-61); {}
Line(15, 381, MaxX-15, 3%1); {1
Line(15, 3%)-50, MaxX-15, 381-50);, [}
Linc(i5, 381-100, MaxX-15, 381-100); |}
Line(15, 381-150, Max(-15, 381-150); {SetLine Y }
Line(15, 3¥1-200, MuxX-15, 3¥1-200);  {]
Line(15, 381-250, MaxX-15, 381-250); {}
Line{15, 381-300, MaxX-15, 381-300); {]
Line(15, 381-350, MaxX-135, 381-350); {}

lind; ‘

I'rocedure SctBarControl (Calor ; integer);

Bogin
SeBar(2, MaxY-59, MaxX-2, MaxY-2, Color);
SetBar(12, Maxy-59, MaxX-12, MaxY-57, White);
SetBar(2, Maxy-59, 4, MaxY -2, White);
SetBar(2, Maxy-2, MaxX-2, MexY4, DarkGray);
SectBar(MaxX-2, Maxy-59, MaxX-5, MaxY-2, DarkGray);
SctBar(d, 4, MaXX-4, MaxY-60, LightGray);
SetBar(2, 2, MaxX-2, 4, White);
SctBar(2, 2, 4, MaxY-60, White);
SeBar(2, MaxY-4, MaxX-2, MuxY+2, DwkGray);
SetBar(MaxX-1, 2, MaxX-5, MaxY-60, DarkGray);
SetBar(MaxX-3, 2, MaxX-5, 2, White); | }
SeBar(MaxX~4, 3, MaxX-5, 3, White); { Conner Up Out'}
SetBar(MaxX-5, 4, MaxX-5, 4, White); { H
SetBar(12, 12, MaxX-12, 14, DarkGray);
SctBar(12, 12, 14, MaxY-3K, ParkGray); { ]
SetBar(13, MaxY-58, 14, MaxY-58, White); { Conner In Down )
SeiBar(14, MaxY-59, 14, MaxY-59, White); { H
SelBar(MaxX-12, 12, MaxX-14, MaxY-60, White);
SetBar(MaxX-14, 12, MaxX-12, 12, DackGray); | }
SvtBar(MaxX-14, 13, MaxX-13, 13, DarkGray); { Conner [n Up }
SotBar(MaxX-14, 14, MaxX-14, 14, DarkGray); | }
SetBar(15, 15, MaxX-15, MaxY-61, Blus);
Scteolor(Red);
Line(10, MaxY-54, MaxX-10, MuxY-54);
Line(10, MaxY-7, MuxX-10, MaxY-7);

96



Line(10, Max¥-7, 10, MaxY-54);
Line(MuoxX-10, Max¥-7, MaxX+10, MaxY-54);

Bnd;

I'rocedure SetSpeed,;

LI
Setbar(MaxX-150 Max Y-30,MoxX-50, Mux Y -10,Dwrkgray);
Sotbar(Max X135 MaxY-30,MaxX-63 Mix Y-10,Diluck);
Setlcolor(Blue);
Quitexixy{MaxX-125MnpxY-40,'Chunnel’);
Setcotor(LightGreen);
Quttextxy(MaxX-145MaxY-25,"");
Quitexixy{Max-60,MixY-25,'+');

(* Outtexwey(MaxX~110 Max¥-25,0500"); *)

Iind;

l’mcc:durc Set\_YRecorder;

sur isinteger;

Hegn
SetBar (0, 0, GetMaxX, GetMaxY, Blue);
SetBarControl(LightGray);

SetSpeed;

Setcolor(Blue);

Outtexoy{maxX div 12 *5 MaxY-50,7%X-Y Recorder');
Setcoler(Magenta);

Outtexxv(] 5, MaxY-35"* Resel’);
Quitextey(15,MaxY-20,'+ Stan');

i Outtexexy{15,MaxY-335,/ Range"); }

WhereNo=MuxX div 16 *5;
WhereY:=MaxY-20;
Loyo = "Department of Nuclear Techaaoloyy ¥
For count :=1 10 33 do
Begin
Setcolor{count mod 7);
Quttexxy(whereX+count*,where Y Logo{count]);
End;
lind;

I'rocedure Screen_end;
+ar sich:sinng{32};
str2:string(33);
strXsiring[23];
strd:string[ 25}
fiepin

Texthackground(bluck);



Clrscr;

loopi=2;

strl:='By, Mr Tonate Siritriwattanapom’;

ste2:='Department of Nuclear Technelogy ';

str3:="Fucully of Engancering’;

strd:="Chulalongkom University.';

Gotoxy(15,6);

for count:=] to 32 do

began
if loop>15 then loop:=2;
textcolor{loop);
wirite(str1 [count]);
loop:=loop+1;

cnd;

Gotoxy(25,7);

tor counk:=l lo 33 do

begin
if loop>15 then loop:=2;
texicolor(loop);
write(atr2[count]);
loopi=loocp+];

end;

Gotoxy(15,9);

for counl;=1 to 23 do

begin
i'loop>15 then loop:=2;
textcolor{loop);
write(sie3[count]);
loop:=loop+1;

end;

tor count:=] to 25 do

begmn
if loop>15 then loop:=2;
texteolar(loop);
wrile(strd{count));
loop:=lvop+1;

end;

Gotoxy(17,25);

lind;

'rocedurs RunX_YRecorder;

s InOK, ScaleOK : boclean;

Init  integer;
st ; string;
Begin

Grephlnit;
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SetX_Yrecorder;

Channat:=0;
loop:=500; [Old value = 500 (010697 Tunnt))
InQK:=True;
ScaleQK:~False,
ch:=readkey;
cas¢ ch of
'+ Begin
ropost
Channal:=channal+1;
Port[selport]:=$13;
delay(200});
Port{setport];=514;
StepY [channat];=port[setport];
SetLine{channal-1,stepY [channai-1],channal stepY[channal |, yellow);
Setbar(MaxX-135,MaxY-30 MaxX-65 MaxY-10,Black);
str{channal;3,8t); {convert channel no. to string for display}
Quitextxy(MaxX-125,MaxY-25,(st)); {display chaane! no.}
delay(500);
until channal=256;
Setcolor(Red);
Quttextxy(maxX div 12 *5 ,MaxY-30,'Compistel');
repest until keypressed;
closegraph;
End;
"*" bhegin
closcgraph;
portsetport]:=$12;
end;
end(*end casc*);
Sereen_end;

lind;

Bomn
RunX_YRecorder;
lind.
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HALT®
MREQH®

CH1

40 PIN Z80 BUS
00 Al0
o0 A9
oo| M
oo| A~
00 AS
oof A
00| M
00 A3
00| A2
ool A
o0 M
oo/ GND
O O| RFSHe
oO0| Me
oo} R3TE
O O | BUSRCS
O 0] WAITE
O 0| BUSAK
00 WRe
o O] RD®

cHI
0000
LT
P+ +
CNJ
XXX

DAC Vref
ANALOG |O
GND

vee JIR

BUS vCC

N2

34 PN 170 BUS

332333283

83
o

35993337

'S L R

FEERERER

Jl lo0o00C0000
00000000

PURT SELECT

Jre O] w2 O8N

JP3 I O] Jr3 (O] :

BANK HIGH SET  BANK LOW SET

JP4 JPe

o3 0 O Jrs (O Oy

BANK HIGH SET  BANX LOW SET

~ g3
ole]

FREE RUN MIE

- El
O

DACOB32 SELECT

JrP8 10}
JP9 |O]

25 Vref

wr10 O]

GND

B
" ieXe]

INTERRUPT MODE

.
00

DACI232 SELECT

JPB (O]
JP9 O}
EXT, Vref

+rC Il

EXT. VI~

CONNECTOR REFERENCE & JUMPER SET-UP
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General Description

The DACOS30 is &n advanced CMOS/SICr 8-bit mulliplying
DAC dasigned 1o interface drectly with tha B0BO, 8048,
aoas.zm’.nndonnrpopulsmluopvadepuit-
od silicon-chromium R-2R resistor ladder network divides
the reference current and provides the circuit with excellent
lemperature tracking characteristics (0.05% ol Ful Scale
Rangs madmum kneesity eror over temperature). Tha cir-
cult usas CMOS current swirches and control logic ©
adhwbuwwcmmpdmardbuwww
wnmthpoclddru.lﬁypmMTTthlctnnnvdi-
age level compatibiity.
owlebulhmcanmanACSbwlpuuvomw-
rwwmwwmmumhmmm
word, This permits the simultansois updaling o any num-
ber of DACa
The DACOS30 series are the 8-bit membars of a family of
.competible DACS (MICRO-DACTM). For ap-
plications demanding higher resolution, the DAG1000 series
{10-bits} and the DAG1208 and DAC1230 (12-bits) are avail-
abla ahernatives.

B-EET e MICAD-DAC™ s o Naiiert
2900 i 5 rogeiel Dadunek of Zog Copamlion.

&Nan'onal Semiconductor

February 1995

DAC0830/DAC0831/DAC0832 8-Bit pP
Compatible, Double-Buffered D to A Converters

Features .

# Double-buttered, singte-butiered or flow-through digitel
data inputs

B Easy interchange and pincompatible with 12-bit
DAL 1230 geries

» Direct interiace 1o all popular microprocegsors

B Linsarty specilied with zero and full scale adjst only—
NOT BEST STRAIGHT LINE FT.

B Works with =10V reference-fuli 4-quadrant
multiplication

B Can be used in the vollage switching mode

B Logic inputs which meet TTL voliage level specs (1.4
logic threshold)

B Opevates "STAND ALONE" (without pP) if desired
lAvdhbleinZD—p‘nunan-wlFmootmIdodcﬁpcuﬁa

package
Key Specifications
8 Current satting fime 1 ps
B Resolution 8 bita
m Linearity 8, 9, or 10 bits

{guaranteed cver lemp.}
m Gain Tempco
B Low power dissipation
& Single power supply

0.0002% FS/C
20 mw
510 15 Vpg

Typical Application

T

wemann-§
¥

*ASows sepy Upprace lo 13-bit DAC12A0,
Ses sppicaicn Hints

4 VgL ¢+ Y3V}

—a our

L:x.-ﬂ

Connection Diagrams (Top views)

Duskin-Line snd
Small-Outiine Psckages

’ TO peen VoL
1 1ef— iy Y/ FIThY
e =13 1
oy s 1= T
| " L] N e 1y
e
"y 0 T
L ]
L Ry 1] 83— iz
tag =1 Yl

13 Jeee By
14 pu Py
13| Wy Y3

TL/H/B08 21

1This iy necesuy lor tha
12408 DAC1 230 sarise %3
permit intarchanging rom
an 808 % » 1208 DAC
with Mo PG bowrd changse.
and no eoffware Changss,
Ses appicaions Section,

T/ H/GE08~1

Molded Chip Carriar Package

TL/H/5608-22

419086 Nahont Serecnncucior Coparasons  FL/M 75808

AAQ-B30M115/Pariedin L 3 A

$19149AUOD V 0} g PaJayng-3[qnoq ‘djquedwod dv ug-8 2£800Va/ l€9QOVG/08800VG
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Absoiute Maximum Ratings notes 152
| Militsry/Aerospace specitied devices are required,
please contect ihe National Semiconductor Sales
Office/Distributors for sveliability snd specifications.

Supply Voitage (Vo) 17Voo
Voltage at Any Dighal Input VYoo to GND
Voltage at VRgF Input +25Y
Storage Temperature Range —B5'C 1o +150°C
Dissipation

at Ta=25°C (Note 2} 500 mW
DC Vohege Appliad o

louTs o louTa (Note 4) —100 mV to Voo
ESD Susceptability (Note 14) 8pov

Lead Temperatra (soldering, 10 sec.)

Dual-in-Line Package (plastic) 260°C
Duakin-Line Package (ceramic) 300°C
Surtace Mount Package
Vapor Phase (80 sec.) - 215'C
Infrared {15 sec) 220G
Operating Conditions
Temperaturs Range Tiin<Ta< Tax
Part rumbers with ‘LCN’ suffix rCto +70°C
Purt numbers with ‘LOWM' suffix 0°Cto +70°C
Part numbers with LGV’ sulf 0'Gio +70°C
Pari numbers with ‘L G’ suffix —40°Cto +85'C
Puwrt numbers with ‘LJ* suffbx =55C o +125°C
Voitage at Any Digital input Voo to GND

Electrical Characteristics vrer =10.000 Vg uniess otharwise noted. Boldiace Bmits epply over tempora-

ture, T $Ta < Tuax- For all other imits T4 = 25°C.

e Voo = 5 Vpg £5%
g ATENDC |veg = 12 Voe £5%
gee| CCT HBTDC ] p15Vpe £5% | Limit
Parameter 5 Condidons
! Note Tested Units
Typ Limit Deslgn Limit
Note 1 {Note 8
(Note 12) (Note 5) )
CONVERTER CHARACTERISTICS
Resolution 8 8 8 bilg
Linearity Error Max Zero and full scale adjusiad 4,8
—10V<VRgr< +10V ) )
DACOS30LJ & LCJ 0.08 . 0.08 *% FSR
DACOS32LJ & LGS 0.2 0.2 *% FSR
DACOS30LCN, LOCWM & LCV 0.05 0.08 % FSR
DACOB31LCN 0.1 0.1 % FSR
DACOB321.CN, LOWM & LCV 0.2 0.2 % FSR
Differantiat Nonlinsarity Zero and full scale adjusted 4,8
Max =10V<Vper= +10V .
DACOB30LS & LCJ 0.1 0.1 % FSR
DACOB32L) & LGS 0.4 0.4 % FSR
DACOBIOLCN, LCWM & LCV 0.1 o9 % FSR
DACOB31LCN 0.2 0.2 % FSR
DACDB32LCN, LCWM & LCV 0.4 0.4 *% FSR
Monotonicity - 10V<Vagr LJ &Ly 4 8 B bita
< +10V LCN, LCWM & LCY ;] ] birs
Gain Error Max Using Internal Ry, 7
—1OVEVpgr < +10V 0.2 | %1 t1 % FS
Gain Error Tempco Max Using intemal Ry, 0.0003 0.0008 F;; c
Power Supply Rejection Al digital inputs letched high
Vog=14.5V 10 15.5V 0.0002 | 0.0025 »
11.5V 10 12.5V 0.0008 FSA/Y
4.5V 10 5.5V 0.013 0.015
Reterencs Input Max 18 20 20 ki
Min 15 10 10 kN
Output Feedthrough Error VREE= 20 Vp-p, 1= 100 kHz 3 v
All data inputs latched low mvp-p
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Electrical Characteristics vagr=10.000 Vpc uniess olherwiss noled. Boidface im!

Yure, Trams <A< Thsax- For all other mits T =25°C. (Continued)}

ts apply over tempers-

Yoo ~ 475 Voo
Yee = 15.75 Yoc

Yoo = 5Vpg 5%
Yoo = 12 Vpe +5%

Peremeter Condl See to 15 Vpg 5% Limit
Note Tested Units
Typ Limit Design Limit
Mote 12) | oee i) {Note 8)
CONVERTER CHARACTERISTICS (Continued)
Qutput Leakage | lour: | Alldata nputs  LJALCY 10 100 100 nA
Current Max latchedlow  LCN, LCWM & LCV 50 100
lourz | Aldswminputs  LJ& [Lod) 100 100 A
latched high LCN, LCWM & LEV 50 100
Oupast louT | Al data inputs 45 o
Capacitance lourz intched low 115
oure | Alldats inputs 130
louTa latched high 30
DIGITAL AND DG CHARACTERISTICS
Digital Input Max Loglc Low L 475V 0.0
Yoliages L 15.75Y .8
LcJ 4,75V 0.7 Voc
LG} 15.75¥ 0.8
LCN, LCWM, LCV 0,95 0.8
Min | LogicHigh LjaLCy 2.0 2.0 v
LCN, LGWM, LCV 19 2.0 oc
Digital Input Max Digial inputs <0.BY
Currents LaLey —50 ~200 -200 pA
LCN, LOWM, LCV —160 -200 A
Digital inputs > 2.0V .
W&LCS 0.1 +10 +10 BA
LCN, LOWM, LCY +8 +10
Supply Currant Max LWa&Ld) 1.2 3.8 3.8 mA
Drain 1.7 2.0

LGN, LOWM, LCV
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Electrical Characteristics vper=10.000 vpc uniess omerwiss noted. Boldtace fimits apply over tempara-
ture, T <Ta < Tax: For all othar iimits T = 25°C. {Continuad}

Vee=12 Vnci:S% - Vec=5Vne
Vo= 1575 Voo % 15 Voc £5% Veg=4.76 Vpg 5%
See . Limit
Symbof|  Parameter Conditions | jjotel . | Testea Design ryp |Tostmd| Desion |unks
" :'."1 Limtt Limit mot: 12|, B Limit
(Not 12)| \ote 5| (Note 6) (Note 5| (Note 8)
AC CHARACTERISTICS
is Cf.m'aﬂt Satiing Vi, = OV, Vi =5V, 10 10 us
Time
™ Write and XFER |V =0V, Viy=5v| 11 | 100 | 250 a7s | 800
Pulse Wigth Min 9 320 230 900 200
tps |DataSewpTime [Vi=0OV,Vi=5V| . | 00 [ 250 ars | 600
Min 320 320 900 200
to |DemHoldTime |ViL=OV,Vn=5v| o 30 : 50 -
Min 30 80
ics GControl Setup Time! Vi =0V, V=5V o 110 250 . 800 800
Min 220 3zo 1100! 1100
lew Conirol Hold Time |Vy =0V, V=5V s o (/] 10 . 0 [}
Min ° °

Moty tMWWWMWWWbMMmm,m-mmmmummmm
he devios beyond is spectied operating condtions.

Hote 3= All vORROSS 88 SRS wWith respact W GHO, uniass oiferwied Speciied

Motn X The powar di must be | parsturts ind 8 d by T ypanix, Pua, 80d Ths smilant ke Ta: The mexk
atigwable power desiphion of a0y tempwrshes b Pg = (Tadax -TmluuuwwhliHMwmwmhh-.Frim
ey, Togax = 129°C |plastic) or 150°C (oaresmic), end the typlond er to-ambh of tha J p g% wivin board mounied i 80C/W. For
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80C31BH/80C51BH/87C51
MCS® 51
CHMOS SINGLE-CHIP 8-BIT MICROCONTROLLER

Automotive :

8 Extended Automotive Temperature m Programmable Serial Port

Range (-~ 40°C to +125°C Amblent) s TTL- and CMOS-Compatible Logic
m High Performance CHMOS Process Levels
s Power Control Modes m 64K External Program Memory Space
m 4 Kbyte On=Chip ROM/EPROM a 64K External Data Memory Space
| 128 x 8-bit RAM ® IDLE and POWER DOWN Modes
m 32 Programmable 1/0 Lines 8 ONCE Mode Facilitates System Testing
B Two 16-Bit Timer/Counters @ Avalabile In 12 MHz and 16 MHZ
A 5 Interrupt Sources Versions
m Quick-Pulse EPROM Programming 8 Avaliable In PLCC and DIP Packages

(Sea Packeging Specification, Order #231366)

B 2-Leve! Program Memory Lock EPROM .
m Boolean Processor

The MCS® 51 CHMOS microcontrolier ucts are fabricated on Intel’s rellable CHMOS process and are
tunctionally compatible with the standard MCS 51 HMOS microcontrotier products. Thia technology combines
the high speed and density characteristica of HMOS with tha low power attributes of CHMOS, This combina-
tion expanks the effectivenass of the powerful MCS 51 microcontroller architectura and instruction set.

Like the MCS 51 HMOS microcontroller versions, the MC3 51 CHMOS microconitoller products have the
following features: 4 Kbytes of EPROM/ROM (87C51/80C51BH respectively); 128 bytes of RAM; 32 1/0 lines;
two 18-bit times/counters; a five-source two-level interrupt structure; 2 full duplex serial port; and on<chip
oscillator and clock circuliry. In addition, tha MCS 51 CHMOS microcontrolier products exhibit low operating
power, along with two software selectable modes of reduced activity for further power reduction—idie and
Power Down.

The \dle mods freezea the CPU while allowing the RAM, tmar/counters, serial port, and interrupt system to
continue functioning. The Power Down mode saves the RAM contents but freezes the osclllator, causing all
other chip functions to be inoperative.

The B7CS1 Is the EPROM version of the BOC51BH. It containg 4 Kbytas of on-chip program memory that can
be slactrically programmed, and can bo erasad by exposure to ultraviolst light. The 87C51 EPROM aray uses
a nwdlq.erg Quick-Pulse Programming algorithm, by which the entire 4 Kbyte array can be programmed i about
12 gseconds.

NOTICE:
This datasheet containg Information on products in fuil production. Specitications within this datasheet
are subject to change without npolice. Verlty with your local Intel sales office that you have the latest
datashaset before finallzing a design.

*Ontver brancis snd NTes e the of their respactive ownies.

information in this document 8 I connection with (ntel producty. ineel e L dng infingsment of sl or
caopyght, for sals end use of wmwnpmm”l'fmudwa I for such prodcts. Intel retaing the Aght 1o make
cm-mmﬂmuwmmmwmmmmmvumm apeciication Known as &Tals.
COPYRIGHT ® INTEL CORPORATION, 19065 Junusry 1085 Order Nusber: 2704 19-007
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[ iy Lo |

PORT 0 PORT 2
DRIVERS DANEIRS

[ '3

PORT O PORT 2 EPROM/
LATCH LATCH ROM

P1.0=P1.7 P3.0-P3.7

2T0418-1

Figure 1. MCS® 51 Microcontroller Architectural Block Diagram
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80C31BH/80C51BH/87C51
PRODUCT OPTIONS

Intel's extended and automotive temperature range
products are designed to mest the needs of those
applications whose operaling requirements axceed
commercial standards,

With the extended temperature range option, opera-
tional characteristics are guaranteed over the tem-
perature range of —40°Clo + B5°C ambient, For the

AUTOMOTIVE 80C31BH/80C51BH/87C51

automotive temperature range option, operational
characteristics are guaranteed over tha lemperelure
range of —40°C to +125°C ambienL

The automolive and extended temperature versions

_of the MGS 51 microcontroller product families are

available with or without burn-in options as listed in
Table 1.

As shown in Figure 2, temperaturs, burn-in, and
package options ase Identified by a one- or two-letter
prefix to the part number.

A N BQCSIBH

*Exam)|

program memory.

PROGRAM MEMORT OFTION:

3 1 = ROMLESS

51 = ROM
PROGRAM MEMORY OPFION:

0 = ROu/RONLESS

7 = EPROM
L PACKAGE TYPL OPTION:

P = PLASTIC DiP, 40 FIN

W= PLASTIC, LEADED CHIP CARRIER {PLCC), 44 PIN
TEMPERATURE OPTION:

SEE TABLE 1

phe:
ANBOCS51 indicates an automotive temperature range version of the BOCE1 in a PLCC package with 4 Kbyte ROM

270419-2

Figure 2. MCS?® 51 Microoontroller Product Family Nomenclature

Table 1, Temperature Options

Temperature Temperature T::orallng Burn-in
Classification Designation o Amp.'l: ."‘"m' Options
Extended T —4010 +85 Standard
L —40to +85 Extonded
Automotive A —4010+125 Standard
8 —40to+126 Extended
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4E T = L] ~ 40 :v“.
[4R] = ¥) s roo (A0)
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rieCy? saf1ros (am)
({84 =[] 33P0 (are)
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*EPROM only
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2704194

Pad (PLCC)

Flgure 3. PIn Connections Y

PIN DESCRIPTION

Vco: Supply voltage during normal, Idle, and Power
Down operatlons.

Vgg: Circuit ground.

Vgsy: Vesi—EPROM PLCC only} secondary
grourl. Provided to reduce ground bounce and im-
prove power supply bypassing.

NOTE:
This pin is not a substitute for the Vas pin (pin 22).
For ROM and ROMIlass, pin 1 is reserved-—do not
connact

Port 0z Port 0 is an 8-bit opan drain bidirectional 1/0
port. As an output port each pin can sink 8 1.8 TTL
inputs. Port 0 ping that have 18 written to them float,
and in that state can be used as high-impedance
inputs.

Port 0 is also the multiplexed low-order address and
data bus during accesses to extemal memory. in this
application it uses strong intermal pullups when emit-
ting 1s.

Port O alsa receives the code bytes during EPROM
programming, and outputs the code byles during
program verfication. External puliups are required
during program veritication.

Port 1: Port 1 is an 8-bit bidirectional 1/0Q port with
intemal puliups. Port 1 pina that havae 1s written 10
themn are pulled high by the intemal pullups, and in
that state can be used as inputs. As inputs, Port 1
pins that are externally baing puiled low will source

current {l;L. on the datashest) becausa of the inter-
nal pullups.

Port 1 also receives the low-order addross bytes
dwing EPROM programming and program vertfica-
tlon.

Port 2: Port 2 Is an B-bit bidirectional 1/0 port with
internal pullups. Port 2 pins that have 18 wrilten to
tham are pulled high by the intamal pullups, and in
that state can bo used as Inputs. As Inputs, Port 2
ping that are extamally being pulled low will source
current (i, on the data sheet) because of the intar-
nal pullups.

Port 2 emits the high-order address byle during
feiches from external Program memory and during
accassas to extemal Data Memory that use 16-bit
address (MOVX @DFPTR). in this application H usas
strong intemal pullups when emitting 1s.

During accesses to exiamal Data Memory that use
B-bit addresses (MOVX &R}, Port 2 emits the con-
tants of tha P2 Special Function Reglster.

Port 2 also recelves some control signals and the

high-order addresa bits during EPROM programming
and program verification.

Port 3: Port 3 Is an B8-bit bidkectional 1/0 port with
intarnal pullups. Port 3 pina that have 1s wiitten to
them are pullad high by tha intemal pullups, and In
that state can be used as Inputa. As inputs, Port J
pins that are axtemally being pulled low will source
current (L, on the datasheet) because of tha pull
ups.
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Port 3 also serves the funclions ot varous special
features of the MCS 51 microcontrolier family, as
listed below:

Pin | Name

P3.0 | RXD | Senal Input Lina

P3.1 ] TXD | Serial Qutput Line
paz| TNT0 | External Interrupt O
P3.3 | INTT | External interrupt 1

Alternate Function

P34 | TO | TimerO0 External Input
P35| T1 Timer 1 Extamal Input
P3.6| WH |Extemal Data Memory Write Strobe
p3.7| BOD | External Data Memory Read Strobe

Port 3 also receives some control signals for
EPROM programming and program verification.

RESET: Resat input. A logic high on thig pin tor two
machine cycles while the osciliator is running resats
the device. An intemnal pulldown resistor permiits a
power-on reset to ba generatad using only an extar-
nal capacitor to Vec.

ALE/PROG (EPROM Only): Addrees Lalch Enable
output signal for latching the low byte of the address
during accesses 10 external memory. This pin is also
the program pulise input (PROG) during EPROM pro-
gramming.

In nomnal operation ALE is emitted at a constant
rate of 1/6 the oscillalor frequency, and may be
used for external timing or clocking pumposes. Note,
howevaer, that ona ALE pulse ie skipped during each
access to extenal Data Memory.

PSEN: Program Store Enable is the Read strobe
to Extemal Program Memory. When the
B7C51/80C51BH is executing from Intemal Program
Mamory, PSEN Is inactive fnigh). When the devics is
executing code from External Program -Memory,
PEEN is activated twice each machine cycle, except
that two PSEN actvations are skipped during each
access to External Data Memory.

EA/Vpp: Externai Access enable, EA must be
strapped 10 Vgg in order io enable the
B87C51/80C518H to tetch code from Extemal Pro-
gram Memory locations starting at 0000H up 10
OFFFFH, [Note, however, that if either of the Lock
Bits is programmed, the logic lavel al EA is intemally
latched during reset.] (EPROM only.)

EA must be strapped to Vg for Intemal program
execution. N

Vpp (EPROM Only): This pin also receives the
12.75V programming supply voltage (Vpp} during
EPROM programming.

AUTOMOTIVE 80C31BH/80C51BH/87C51

G
NIAL2
—E—I-—/_ ATAL

Vi3

- 270410-5

Figure 4. Using the On-Chip Osclllator

NC =g XTAL2
DUTEANAL
OICLLATON ] XTAL Y
SIgMAL
I
- 2704188

Figure 5. External Clock Drive

ATAL1: Input to the inverting oscillator amplifier and
input to the internal clock generating circults.

XTAL2: Output from the inverting oscillator amplifi-
or.

OSCILLATOR CHARACTERISTICS

XTAL1 and XTALZ2 ara the input and output, respec-
tively, of an inverting amplifier which can be config-
ured for usa as an on-chip osclllator, as shown in
Figure 4.

To drive the device from an extemal clock source,
XTAL1 should ba driven, while XTALZ2 Is left uncon-
nected, as shown in Figure 5. Thara are no require-
ments on the duty cycle of the extemnal clock signal,
sinca the input to the Intemnal clocking circuitry is
through & divide-by-two flip-fiop, but minimum and
maeximum high and low times specifiad on the Data-
sheet must be observed.

IDLE MODE

in Idle Mods, the CPU puts itseif to sleep while all

the on-chip peripherals remain active. The mode is
invoked by software. The content of the on-chip
RAAM and all the Speclal Functions Reglstars remain
unchanged during thla mode. The Idle Mode can be
terminated by any enabled interrupt or by a hard-
ware raset.

It should be noted that when ldle is terminated by a
hardware reset, the device normally resumes pro-
gram execution, from whera it left off, up to two ma-
chine cycles before the Internal reset algorithm
takes control. On-chip hardware inhibits access to
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Table 2. Status of the External Pina During Idle and Power Down

Mode ’ :,":g’;,'y“ ALE | PSEN | PomTo | PORTt | PORT2 | PORT3
Idie Intermal 1 1 Data Data Data Data
ldle External 1 1 Fioat Data Address Data
Power Down Internal 0 0 Data Data Data Data
Power Down External 0 0 Fioat Data Data Data

NOTE:

For more detailed information on the raduced power modes refer to current Embedded Applications Handbock, and Applica-

tion Note AP-252, “Designing with the BOC51BH."

internal RAM in this event, but access 10 the port
pins Is not inhibited. To sliminate the possibitity of an
unexpected write 1o a port pin when Idie is terminat-
ed by reset, the instruction tollowing the one that
invokes Idle should not be one that writes to a port
pin or to external memory.

0

POWER DOWN MODE

In the Power Down moda the osclilator i3 stopped,
and the instruction that invokes Power Down is the
last instruction executed. The on-chip RAM and
Special Function Registers retaln their values untl
the Fower Down moda is teminated.

The only axit trom Power Down is a hardware reset.
Reset redefines the SFA3 but does not change the
on-chip RAM. The reset should not be activated be-
fore Vg is restored to its normal operating level and
must be held active long enough 1o allow the oscilla-
tor to rastart and stabilize.

DESIGN CONSIDERATIONS
» At power on, the voltage on Ve and AST must
come up at the same time for a proper start-up.

¢ Befora entering the Powsr Down mode the con-
tents of the Carry Bit and B.7 musi be equal.

» When the dle mode Is terminated by a hardware
reset, the davice normally resumes program exe-
cutlon, trom where R left off, up to two machine
cycles bafore the Intemal reset algorithm takes
control. On-chip hardware inhibits access to inter-
nal AAM In this event, but access io the port pins
in not mhibited. To eliminate the possibllity of an
unexpectad write whan ldle is terminated by re-
set, the Instruction following the one that invokes
idie should not be one that writes 1o a port pin or
to external memory.

s An extemal osciliator may ancountar as much as
a 100 pF load at XTAL1 when it starts up. This is
due to Interaction batween the amplifier and its
toedback capacitance. Once the extemal signal
meets the ¥y and ¥y specifications the capaci-
tance wili not exceed 20 pF.

& For EPROM versions exposure 1o light when the
device s In operation may cause logic errors. For
this reason, it is suggested that an opaque labs!
be placed over the window when the die s ex-
posed 10 amblent light.
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PROGRAM MEMORY LOCK
(EPROM Only)

The BYCS51 contains lwo program memory lock
schemes: Encrypted Verify and Lock Bits.

Encrypted Verity: The 87C51 implements a 32-
byte EPROM anay that can be programmed by the
customer, and which can then b used o encrypt
the program cods bytes during EPROM verification.
The EPROM veritication procedure is performed as
usual, axcept that each code byte comes out logical-
ty X-NORed with one of the 32 key bytes. The key
bytes are gone through in sequence. Theretors, 10
read the ROM code, ona has to know the 32 key
byles in their proper sequenca.

Lock Bits: Aiso on the chip are two Lock Bits which
can be teH unprogrammed (U) or can ba pro-
grammed (P) to obtain the {ollowing additional fea-
tures:

Bit1 Bit2 Additional Features
u Y none
P U |* Extemally fetchad code can not
access inlemal Program Memory.

* Further programming disabled.

U P |{Reserved for Future definition.}

P P |e Externally fetched code can not
access intemal Program Memory.
* Further programming disabled.

* Program verification is disabled.

AUTOMOTIVE 80C318H /80C51BH/B7CH1

Whan Lock Bit 1 is programmad, the logic level at
the EA pin is'sampied and latched during ragel. 1
the device is powerad up without & resal, the latch
initiafizes to a random value, and holds that value
until reset is activated. it is necessary that the
latched value of EA be in agreement with the current
logic level at that pin in order for the device to func-

tion property.

ONCE MODE

The ONCE {'on-circuit aemulation”} mode faclitates
tasting and debugging of systems using the 87C51
without the B7C51 having to be removed from the
cireuit. Tne ONCE mode i8 invoked by:

1. Pull ALE low while the device is in reset and
PBEN is high;

2. Hold ALE low as RST is deactivated.

Whila the device is in ONCE mode, the Port 0 ping
go into a float state, and the other port pins and ALE
and PSEN are weakly pulled high. The oscillator cir-
cuit remains active. While the B7C51 is in this mode,
an emulator of tast CPU can be used to drive lha
circuit, Normal operation is rastored when a normal
reset is applied.
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ABSOLUTE MAXIMUM RATINGS"
Ambient Temperature Under Bias - 40°C 10 -+125°C

Storage Temperature .......... -65°C to -+ 150°C
Voltage on EA/Vpp Pinto Vgg.......0V 1o +13.0V
Voltage on Any Other Pinto Vgg .. —0.5V1o + 8.5V
lop peri/Opin ......... weerrerians vensas 15MA
Power Dissipation......cocccereaens cerenans 1.5W

(Based on package heat.t'ransfer limitations, not de-
vice power consumption).

Typical Junction Temperature (Ty) ........ +135°C
(Based upon ambient temperature at -+ 125°C)
Typical Thermal Resistance Junction-to-Ambient

(8aa):
PDIP ...... R -1 75°C/W
PLCC....... SR vas..46°C/W

DC CHARACTERISTICS:

intgl.

NOTICE: This is & production data sheet. The spacifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maxvimum Ratings" may cauge permanent damage.
These are stress ratings only. Operation beyond the
“Oparating Conditions” 8 not recommended and ex-
lended exposure beyond the “Operaling Conditions "
may affect device refiability.

(Ta = —40°Cto +125°C; Vpg = 5V £10% {5V +20% EPROM Only); Vgg = 0V}

Symbol Parameter min L TYPO) | g 51,::“1“) Unit @:d’l.ﬂ:m
ViL input Low Voltage (Except EA) -0.5 0.2 Vo —0.25 v
Vie Input Low Voltage o EA 0 0.2 Vo —0.45 v
Vin Input High Voltage (Except XTAL1, RST) 0.2Vec+ 1.0 Voo +0.5 v
Vs Input High Voltage (XTALt, RST) 0.7 Vog+0.1 Ve +0.5 v
VoL Output Low Voltage (Ports 1, 2, 3} . 0450 vV {lg = 1.6mal@
Vou Output Low Voltage (Port 0, ALE, PSEN) 0.45(N vV |logL = 3.2mAR)
Vo Output High Voltage 2.4 : V | lgy = —80 gA
(Ports 1, 2,3, ALE, PSER) 0.8Veo V |lon= —10 A
Vonti | Output High Vohage (Port 0 in 2.4 V |ion = —B00 pA
External Bus Mode) 0.9Vee V | lop = —B0 pA®)
" Logical G Input Current {Ports 1, 2, 3} -75 wA |V =045V
iR Logical 1-to-0 trangition current =750 A (&)}
(Ports 1,2, 3)
Iy input Leakage Current (Port O} +10 pA | VIN = Vi or Viy
lec Power Supply Curent:
Active Mode @ 12 MHz () 11.5 25/20 mA
Idke Mode @ 12 MHz () 1.3 8/5 mA ()
Power Down Mode 3 100/75 pA [ Voo = 2.2Vi0 5.5V
RAST | inlernal Resat Pulldown Resistor 50 300 Ki
clo Pin Capacitance 10 pF

NOTES:

1, *“Typicals” are based on a limited number of sampies taken iom early manutacturing lots and are not guaranieed. The

values |isted are &t room temp, 5V,

2. Capacitive loading on Ports 0 and 2 may cause Bpurious noise puises to ba superimposed on tha Vo8 of ALE and Poris
1 and 3. The noise is due to external bus capacitance discharging inlo the Port 0 and Port 2 pins whan these ping make 1-
10-0 fransitions during bus operations. In tha worst ceses (capacitive loading > 100pF), the noise pulse on tha ALE pin may
exceed 0.8Y. In such cases it may be desimble to qualify ALE with a Schimilt Trigger,

Trigget STROBE input.

3. Capacitive loading on Ports 0 and 2 may cause tha Vo on ALE and FSEN 10 momentwrily fall below the 0.9 Vco

specification when the address bits are slabilizing.

or use an address lalch with a Schmitt
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NOTES: (Continued)}
4. Ping of Porls 1, 2 and 3 source a Iransition current when they are being exiernatly driven from 1 to D. The trangition
cutrent reaches ils maximum vaiue when Viy iv approximately 2v.
5. ICCMAX at other frequencies is given by:
Active Mode: 87C51 ICCMAX = 0.84 ~ FREQ -+ 13.71
BOCxIBH ICCMAX w 1,47 £ FREQ + 2.38
idle Mode:  ICCMAX = 0.14 > FREQ + 3.81
whera FREQ is the external oscillator frequency in MHz. ICCMAX is given in mA. See Figure 6.
&. See Figures 7 through 10 lor Ioc teat conditione. Minimum Vo for Power Down is 2.0V,
7. Under ateady siate (non-iransient) conditions, i must be axternally limited as follows:
Maximum loy per port pin: 10 mA
Maximum |y per 8-bit port

Pon O: 26 mA
Porte 1, 2, ard 3: 15 mA
Maximum total 1o for alt output pins: 71 mA

I IgL excesds tha test condition, Vo may exceed ihe related specification, Pins are not guaranteed 1o sink current greater
than the kisted taat conditions.

40 v,
: ‘ up
=° =
ro
~ 3 e ¥
) L5y M EA
E 2 ‘1f.\w“ —..I:mu:l_-
R (S = -
13 B“t"\ pr
M Idke bede Tygicel oM Jhat
10 > T HONAL
. 1 idle Mode Mex \ _E- b
f 3 3
o 1 27041910
3} 4 8 12 15
Frequancy (MHE) Figure 8. lgc Test Condtilon, Idie Mode.
157 All other pins ars disconnected.
Figure 6. icc ve. FREQ. Valld only
within frequency speclflcations of the Yee
device under test. v "ﬂvw
o
L] k |
Y, _H et G
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Yee -
!EJ b é (M) =~ u;».u
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Yego0.5 = s m——
D.43Y . T,
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Figure 10, Clock Signa) Waveform for Icc tests in Active and idle Modee,
Teren = Tener = 5ns.
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EXPLANATION OF THE AC SYMBOLS

Each timing symbol has 5 characters. The tirst char-
acter is always a ‘T’ {stands tfor time). The othar
characters, depending on their positions, stand for
the name of a signal or the logical status of that
signal. The following is a list of all the characiers and
what they stand for.

A:Address.

C:Clock.

D:input data.

H:Logic tevel HIGH.

I Instruction {program memory contents).

n
intel.
L:Logic level LOW, or ALE.
P .
Q:Output data.
R:RAD signai.
T:Time.
V:valid.
W:WR signal.
X:No longer a valid logic level.
Z:Float.

For example,

TayLL = Time from Address Valid o ALE Low.
Tiip = Time from ALE Low to PSEN Low.

AC CHARACTERISTICS: (Ty = —40°C to +125°C; Vgc = 5V £10% (5V +20% EPROM Only);
Vsg = OV; Load Capacitance for Port 0, ALE, and PSEN = 100 pF; Load Capacitance for All Other

Qutputs = B0 pF}

EXTERNAL PROGRAM AND DATA MEMORY CHARACTERISTICS

Symbol Paramster 12 MHz Osc Variable Qscillator Units
. Min Max Min Max
1/TowoL | Oscillator Frequency MHz
87C51/80C51BH/80C318H a5 12-16

TLHLL ALE Pulsae Width 127 2Teioy —40 ns
TaviL Address Valid to ALE Low 28 Toro,— 55 ns
Ty LAX Address Hold Atter ALE Low 48 ToioL—35 ns
TLLw ALE Low to Valid Instr In 224 4Toc— 110 ng
TLLPL _ALE Lowlo PSEN Low 43 TooL—40 ns
TpLPH PSEN Pulse Width r 205 Moo —45 ns
TpLv PSEN Low to Valid Instr In 135 FroroL— 115 ns
Toxix Input instr Hold Atter PSEN 0 0 ng
Texz Input Insir Float Atter PSEN 59 ToyoL—25 ns
Taviv Address Valid to Valid Insir in 312 8TeLcL—105 ns
Tpiaz | POEN Low to Address Float 10 10 ns
TRLRH FD Pulse Width ' 400 6TaLoL—100 ns
Twiwd | WA Pulse Width 400 6TcLo — 100 ne
TRLDV RAD Low to Valid Data In 252 5TorgL— 165 ns
TRHDX Data Hold Atter AD High 0 0 ns
TRHDZ Data Float After RD High 97 2TgicL—70 ns
Tri oy ALE Low to Vaild Data In 517 8Tg ey — 150 ns
Taypy | Address Valid to Valid Data in 585 9T —165 | ns
TLwL ALE Low to AD or WH Low 200 200 | 3Toice—50 | 3Tgo +50 ns
TavwL | Address Validto RDorWRLow | 203 4TcioL—130 ng

| Tovwx | Data Valid to WH Transition 23 TeLcL— 680 ns
TwHax | Data Hold Atter WR High 33 ToeL—50 ns
TaLAZ RO Low to Addregs Float 0 0 ns
Twrin | RD or WH High to ALE High 43 123 Toro—40 Toycy +40 ns
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AUTOMOTIVE 80C31BH/80C51 BH/87C51

EXTERNAL PROGRAM MEMORY READ CYCLE

Toner
ALE / \
TLpL Se——rto—— Ty —
bo— Tavil === TiLv
[4:410] Teury P \
\
Tiax TrAZ  Tax = p= PxiZ
PORT 0 Y s0-a7 INSTR N = a-a7 Yyt
Tavy —=+
PORT 2 AB=A1S X AB=A1S
270418-12
EXTERNAL DATA MEMORY READ CYCLE
ane J \ Y, \ /
. TwHLN

PSEM _/_ Tuov — N

TLiwe Toigy ——"1

1]
= Tavie [+ A /
= TLeax —1 Taaz [=— Tmov — ¢ TrHoz
RHDX = [
PORTO )4 R DATA M AO-AT FROM PCL INSTR, IN
Ton, =5
AV
PORT 2 P2.0-P2.7 OR A8-A15 FROM DPH ~ X A8-A15 FRoM PCH

27041913

EXTERNAL DATA MEMORY WRITE CYCLE

ALE

A

TWhLH
T4 \ ;
Toow ToLwn ———
Wi /
R - T P+ . TW“\ ;
Y -I I._- -1 - Twax
PORT O __—_>-4 Ed DATA OUT %0~A7 FROM PCL Jmeam{INSTR. IN
TaveL
PORT 2 £2.0-P2.7 OR AB=A13 FROM DPH S X AB-a18 FROW PCH

270418-14
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AUTOMOTIVE 80C31BH/80C51BH/87C51 ‘ ““tel .

EXTERNAL CLOCK DRIVE WAVEFORM

EXTERNAL CLOCK DRIVE
Symbol Parameter Min | Max | Units
1/TgLcL | Oscillator Frequency 35| 12 | MHz
35| 18

Tonex | High Time 20 ns

ToLex | Low Time 20 ns 27041917

Toon | Rise Time 207 ns

Touce | Fall Time 20 ns

SERIAL PORT TIMING—SHIFY REGISTER MODE

12 MHz Variable
Symbol Parameter Osclilator Osclllator Unlts
Min | Max Min Max

Tyxt | Senal Port Clock Cycle Time 1.0 12TcLeL Jre
Towx | Output Data Setup to Glock Rising Edge | 700 10TgcL— 133 ns
Txnox Qutput Data Hold After Clock Rising Edge | 50 2TgLe—117 ns
Tynpx | Input Data Hoid After Giock Rising Edge 0 0 ns
Tyrpy | Clock Rising Edge to input Data valid - | 700 10TeLcL—133| ns

SHIFT REGISTER MODE TIMING WAVEFORMS

3 | 4 1 3 | 6 | 7 | 2 ]

INSTRUCTICN | ° | 1 | 2 |
cuoex L1 TR s DN O Iy Wy B
YL X7

T 4

WA TO $8UF fdd r r s
INPUT DaTA m-m-@-m-m-@-m-m

'
SET M

OyTPUT DATA

CLEAR RI
27041918
AC TESTING INPUT, OUTPUT WAVEFORMS FLOAT WAVEFORMS
Vo083 Y oAp*HIY -0,
0.48Y Sfee it Vio=0-1¥ a B XY
270418-18

270418-18
Funrﬁmwpolﬂnpm;ini-now!bmmnm

ACbpmaﬂmhﬁannnvcc—D_shnLogb"f' mvmmmwmruw-mmm-
and 045V for s Logic “0.” Timing measLrements are made 3t V- 100 m¥ change om the loaded You VoL level ocours. Loy flov

rlhhlLoglt:“'l"wﬂV;LmnhraLogic"O“. = 20 mA.
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