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ABSTRACT

This project is applicd by microcomputer for test measure and record the antcnna pattern, It has 2
part : hardware and software. The hardware which build the antenna positioner with stepping motor that
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Trua 3 Wdmsunsioudsoynsy upy UART Taumsidnqudeyauuy 11 9a uazmmnsanlaou
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Sideulvesulnssinilvesiinesediei linse deyadifudunsemely Tashizunsadonfuld
uedadeuluteasagndesdindugaussdeyaozgmitly13luda RB8 vesivmaed SCON daudatidv
Jeyninau 8 fia szgnTnaaly13hi3Smass SBUF uazila R1 szgniiun fleftmenii idndenlusy
asevde i srvumsiudedeyassieimsiadeynimay 1 T Gudeyadun 10 §a uaidudeya
23a1H0e 8 1) e vauandanaiit wadusuiieniullseunsnoumamsen 1 du 0 i

RXD ifiefudeynludde 1 (nduliveiuilauduvesdeyalui)

3051 INVERNAL BUS

TIMER 1 TIMER 2
OVERFLOW  OVERFLOW

WRITE
10
SBUF
X0
START SHIET paTA Y
TX CONTROL
-1 TXCLOCK ¢ SEND
SERIAL
PORT
INTERRUPT
+18
. § SAMPLE
1.TO-0 AXCLOCK Rl LOAQD p=o

T.
START gz contaoL :,E,L;'T

1FFH

7 3/

INPUT SHIFT REG. .__] &
(9 91T8)

RAXO
LOAD -

7 223 uamamshaunesndemsveyauvveynnlia 1
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, 2.5 M3%ouloy MCS-51 fumileniud

mssamizsanuiidmin MCS-51 wriuih 2 dauds

- Data Memory
- Program Memory

2.5.1 Data Memory
Fhomizsanuimififiudeya finnuglafe 64.Koytes ilumizsnudnlszinns uuazidiou

18 RAM) daygnaein MCs-51 filFlumseudeyasin RAM fs RD uazdgygai 1§ lumnitioudeya

a3 RAM A8 WR

RAM (Randem Access Memory)
tﬁunﬁ’mmmé‘:ﬁmmmﬁuuuazéw«’faga‘lé’ -l’fagasquﬂgmaﬁuﬁ?}u1ﬁ'lvl1ﬁvuq wiaihy 2 yiiade
Static RAM 112 Dynamic RAM

. STATIC RAM
' S, S, - % . 1 4 a o . 4 o
rﬂmm'Jomwmwﬁnuqmw“lummmﬂ%’qmuﬂﬂmqawamaum Dynamic RAM #431819NN3UA

g9810 #89MIN13 refresh MUoA WS IRABAIIAT Static RAM #ill1Feduumsvansiteddotunaioed
anmuIRAugueImileaNd weinlsumnadmivlFouiliinginmindees TMs4016 wie

4 < @ A a’ ar 4
6116 ¥aTyu1ARAINY 2K X8 AWINIITN9MNANIY 2.24 uazAaraaived TMS4016 Asuaasiuglin 2.24

TMS4018 24.Pin plaatic

dual-in-line package
{top view}
arcl U 2 :] Ve Pin nomenciature
ae]2 n{]as AD-AI0 Adaressss
as(ds 2788 0Qi-0Q8 Oata in/data out
sl a0w f Crip satect
as(]s 001& i Output snable
e w[aw w Write ensble
a7 1875 Ve Ground
ax(ls |7:DOB Vee +6 V supply
ooi( e 8[Joa7
paz2(] 10 1503008
cas( 11 14{] pas
veg 2 137 pas

3111 224 TR I9A 1991984 Static RAM (187 TMS4016



-

T T v e T 4

T S e ke e

* W e T T wew m

Ta o O

P w.—-n-lw- - - rren . YT mmwrr e Mmoo

-

tetrq)

ADDRESS
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] wua-}
}-— tni) -] : i ' :
by i) H ! L 'du(G)
!~ _ tanis) { L tisis) —
1 X {see Notes 8,121
= : -

Lo [ o
3

aoomess X . i'><

| ~on j..uu, lsow revte 71

;\\;\\\\\"r_...” ﬂ/////////

wt

]
(7
/I

:
_i’
Sl

'luIAI ! i tvee notee, 121 )

'
'
1
!
'
L)
]
! p—IMD\-‘l(M o1 11}

OQtoury !
w10} J '
foZo T{L T} \/:““ 5
[} []

ib)
U 2.25 uana (a) Read cycle timing for the TMS4016
(b) Write cycle timing
2.5.2 PROGRAM MEMORY

dhaniarmd ity hinunsudumizsanus i Wiiudeyaldededon RoM Aygna
910 MCS-51 M11§Tun1387% ROM Ao PSEN
ROM (Read Only Memory)
dumissarmsuwuens dlevialifasfeyaligame ihumizsaaudiiaswdeyald
+ =
88191A07
EPROM (Erasable Programmable read-only Memory)

' o a & 4 .
dhamirsanusumuosslianidesefisinn Tsunsues Wiagannsa Bies Uv auteya

W

2.5.3 MINBATHARMHUIVIINUIBAIINST
nsasaTiad umiswesmiasaudfianus uiivededunszimizsanus il

2 t o e’z’ & 9 o a o 9 9 o o ] ) ! °
YUIRIANNIT 64 Kbytes AniuddsainnFssiuudlduvsnsasiadumiweaniiasn1ud: uomsiu
usnz¥ae 1l 1wu1a 4 Koytes §1uau 8 Faszify 32 Kbytes dalimansndufienasy

8000H #2912 fleiTufusaias e 9000H
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2.5.4 A15A9 MCS-51 14170 EPROM 1(as RAM

y
msse1a1uiio1n 114 Decoder innoasHzdUMIIYOIMITUANL
¥ ) '
iU (W3 12UeAAS B Program Memory taz Data Memory 1dusainsadouriueg dygnuildenide
1A Program Memory (EPROM) fifio PSTN uazdaygyraiildeudoyanin Data Memory (RAM) fifie

RD daumsifoudeyaas RAM 914 WR dalugih 2.26

»

d

vy a & 2 o
A1 dumdsdansaas 1 49

W
o
I -N
RLAW 02 AW a3 3
2.6 17 _-'l:.
& -3 ~—
"i— N R 20€ mﬁ_h. l nocznuw 20CE
2 5 2l 1 1 oo
8 7 R e 27 (POM) 5 1Al .C,
26 n E1 % NC) a1z [ #arce
=3 Port2 25 S| 2 EXI 2
24 ¥ b3} e 23
23 21 21
29 A9
19 22 v b2} V) 24
21 % 25
EPROM Ale AM
2764 (90 - i 6264 18R
27128180 A3, 62256 (32%)
2031 \ 27256 (32%) -
A 27512164x) A
o118 13 3 = 3
s 33 A e A3 4
r 14 195 7 -~ 5
ry k] 73 1246 n 6
18 —{ 150D 713 Len 21717 y 7
14— 14 rin 548 n 8
33 —113aNTD n 3 r+ol17 619 r 9
32 —120NTh e 1 u e 10
3l — 11 (XD
10 — 10 wxon 0 A ] + orxflalnslsulzuoo 0’191517151513121100
17 —{8 2 o ]
1.6 —17 n 205
15 ~6 ) 20 i
14 1% na1 mao 3 03
13 —4 % 02
12 3 3 o1
L —42 38 05
10 —{1 3 B -
CI10nF Jumpes Tadle
) } Memory Sire EPROM RAM
. Mons None
Aeset [T N NA
2% nR A5
RS 1K I—. R4B X GAK A0 NA

5171 2.26 M3AD MCS-51 1911 EPROM Lz RAM



"I e o ow

Y e R —her

X o

— e e

28

2.5.5 Msiveulod 8255 iy MCS-51

° ) * ’ -
mavinuiieg 3 Tnua fe
Tyna 0 Timsviaunyy BASIC VO ‘13l Handshake
b d
Tua 1 Tuuaiildwesm AB lunufudweyauazlimein ¢ lumsassasudygniu

(Handshake)
t J
Trua 2 Tuusiildwesy A Tumsiudsisya 2 fiemaraznein B lumszydseyauazly

wein C 1ia 0,1,2 tunsfudedeyaiia uaziia 45,6 (hudayeas Handshake

L] t (4 [ o o
mIneasHadumimeines 8255 Asuaasluzil Thiweinesnasil

CO000H-CFFFH
DO00OH-DFFFH
EQQOH-EFFFH
FOOOH-FFFFH
8000H-8FFFH
9000H-9FFFH
ACOOH-AFFFH
BOOOH-BFFFH
uazl$teniyniiduimnia (FOOOH-FFFFH) wineaswasaudy A9,A10,A11 Taald 74LS 138 Tdwesm
F800H-F9FFH
FAOOH-FBFFH
FCOOH-FDFFH
FEOOH-FFFFH
FOOOH-F1FFH
F200H-F3FFH
F400H-F5FFH
F600H-F7FFH
Faygnendendm 8255 IHueimmeim (FCOOH-FDFFH) uaz A0,Al ves 8255 vz ldivesmesndez i

227
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TR TR ®T Y g e o m

Bl e —
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— o e

/O ADDRESS 8255 PORT
FCO0H A
FCO1H B
FCO02H C
FCO3H CONTROL

71 227 BRI O Address ¥4 8255

a1sivelng 8255 W1 CPU Asusmemianalugiii 2.28

29

o 45V
U1 .
-39 ADQ
"}_______3_1_‘ EAnVP P UU
11.0592 MHz ;8.; 38 AD1 )
» X1 P03 _.35___AD_:L\ Tzs
X1 I0PF 20.4 —'BLADAW w,\l\")ﬂ Mipg V°°PAO
X2 K ATTE TN 11061 pPAllA-
T PO6 (—33 —ADS | NAD2 2 Insy pAZ
o~ ~BES 9 | peser PO.7 82 _ADT DAD3aios  PadL
JOP;I,- Nt AD 5 23--85" gﬁg—lﬁ—
NTD 12 4 i’¥o P20 21 A8 ~SDEMI5E  pagt
= P21 .22 A9 7 27
T 13 iNTA A N ¢ D7 PA 7}l
Jo.. 14 ] yo :10c5] 2 23 A0 o +5V P8 o1
| 24 A1t
B S cagast W [LO L Pl
7 8 19 AQ
P25 (26 A13 v A L iAOPBEjLL
P26 27 Al4 AD 2 4 ~ 15 Al =g
—_— 1.1 P10 y 3 N PB 52
P27 (2815 | NS 3 co—12 PB 6124
2 P11 3 D 13 9] 2 P8 725
— AR Ao RD 17 R0 N_ADS 14 @ 5
—4_ | P13 WR |16 WR_ ] ADS17 | o A& (—”—RESET gcgj;_-
—_— 5 _ 1 P14 PSEN p29 PSEN | A 2 = pgz_u.
~—— 8 P15 ALE /P30 ALE | 11 . ES%:"i
_— 7. 1 P16 ™D 11 TXD = —
8 10 RXD 1 (IR PC sH2.
—_— P17 RXD ALE [ pcai
E= T P 4 G5O
<+ 17 Vs
T ‘-GT
(A121 ] A Vcc;o b-15C000.
A3 1¢a S ;; P13 Fooq
[3] ¢
, @ o b1 8000
/—“5-5—8.2,7\8 % pi-o000
-ET nmn’: P
J_s
= !
J
7
l 6]V
—A9 1 1A Ve,
“a1027]

FUN 228 uamsmai¥eulas 8255 iy CPU
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o - 1 1 1 3 o o
e maouTusunsulyinesn ¢ Oa 7 dedieya 0 1az 1 ssmnedAsiilsile neinyes

8255 8§ FCOOH-FCO3H
=14 CONTROL WORD tils PC7

1 A’ 0XXX111b
0 A’ 0XXX110b
fzegnldsunin
ORG 800h :
START; MOV A#0Fh ; MODE CONTROL WORD PC7 =1
MOV DPTR.# OFC03h  ;
MOVX @ DPTR,A ;
MOVA#OEH . ;MODECONTROL WORD PC7=0
MOV DPTR#0FC03h  ; )
MOVX @ DPTR,A :
SIMP START

MODE1: STROBE I/O
Tnuadiszldwesn A8 lumsdedeya uazsldmein C asasasurimisy e lusunsu(Tnua
9 o o as dv
1) udanein C szszyiiumndagudad
i - o
diethiduymmedy
PCO=INTRB
PC1=1IBFB
PC2 =INTEB
PC3 =INTRA
PC4 =INTEA
PC5 =IBFA
PC6=1/0
PC7=1/0
4 o P
diedhusminmmein
PCO =INTRB
PC1 =OBFB
PC2 =INTEB
PC3 =INTRA
PC4=1/0
PC5=1/0
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PC6 =INTEA
PC7=0BFA

Tao® INTR fie INTERRUPT REQUEST (M338eveduiaeiine)
IBF A8 INPUT Buffer full (ivimesifix)
STB A8 STROBE (1Al
YO #s INPUT/OUTPUT (Bumw/ eninw) Talsunsuld
INTE s INTERRUPTS ENABLE (8uasd i uuia)
ACK #8 ACKNOWLEDGE

2.6 mamlnadyanaewaeniiu@saea

[}

ADC 0809
dl 1c dszan cMos udasdygnueuasniiuasaea. 8 fia Taoldmdnnts successive

approximation A9u(I85iRes NNy High Impedance wiiudautFoudioy 256R Taariiaed lused

(Voltage divider ) Tagl¥msduadagm3 (Switch tree ) datisariulll 8 veaduanaswsznlaswi

Yosdunusuiaen Ia lasass
an¥azyea ADC 0809
- Resolution 8 U1a
- Total error LSB 11a¢ +-1 LSB
- haifisvadanaia
- nmlumsesunes$u 100 us
A A
- 8 ¥PIAnyRIUTING2 latched control logic
- qeremaserndiylulas Tsisaed
- (81N TTL Voltage level
- No zero adjust required
- W power Fi‘l 15 mW
- latched TRI-STATE i8 Wiy



AT e W e WA 1

ey e

Wriee v e

B T —

AT T i e W

TR b e W e e o

Lo L.

REF{o} Ommmmennesy

CONTROLS FROM S A.R,
1

2858 |
.

i 4 i
l?:}‘-¥ -

REF(=} O

31]’71 2.29 era1e Resistor Ladder and Switch Tree

9103119 2.30 M990 1AAY Input state Y81 address line iMB1ABATULNA (Channel) A199 lBAIATE

szgmi1lUneaswa iWfousin Low i High sats1g
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COMPARATOR
youT

SELECTED

ANALOG CHANNEL

ADDRESS LINE

INO
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mom b o omom o | w
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3.6 WBTADYNTN RS-232
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3.7.1 Wsuasumsmhanivereuinsaeesuaia
8051 Cross-Assembler (13) (C) 1987, 1989 Binary Technology

recrder.asm

0064
0067

0069
ogecC

006E
0070
0073
0075
0076
0079
oo7a

0078
007D
0080
0083
0086
0089
008B
008D
interrupt
008F
0092
for atod
0094

00386
0097
0gea
009D
009F
00AQ
00A3
00a4
00AS

02006E
0200s0

CQED
CODo
C3
EC
23
FC
33
9284
DODO
DOEG
32

Cc298
€299
3098FD
AAS9

120096
80F2

AF88
90E0D3
7480
FO
90E00C
EF

Fo

7C55
758700
759850
758922
758DES
D28E
D2AF
D2A9

758CFE
D28C

goca

EA
B4530C
S0E003
7480
Fo
90EQOQC
EF

FO

22

CLOCK:

GO:

ORG 0O00CH
LJMP SETUP ;jump to setting serial & clock

ORG 000BH
LJHP CLOCK :jump to generate clock for atod

ORG 00S0H
PUSH ACC
PUSH PSw
CLR C

MOV A, R4
RL A

MOV R4.A
RLC A

MOV P3.4.C
POP PSW
POP ACC
RETI :back to last interrupt

NODATA: CLR RI

SETUP:

CLR TI
JNB RI.S
MOV R2,SBUF :keep data from pc

LCALL CHREY :jump to check command
SJMP NODATA

MOV R7,88H ;initial start motor
MOV DPTR.#CEQ03H ;stop motor

MOV A, #80H ;set 8255

MOVX @DPIR.A

MOV DPTR.#0EO0CH

MOV A,R7

MOVX @DPTR.A

MOV R4, #55H ;initial clock value
MOV PCON, #00H ;serial model

MOV SCON, #50H :set serial port model & enable receiver

CHKEY :
STOP:

MOV TMOD,#22H stimer mode

MOV TH1.#0e8H ;baudrate 1200

SETB TR1

SETB IE.7 ;enable interrupt

SETB IE.1 senable t0 overflow

MOV THO,#CGFEH
SETB TRO ;start t0 generate clock

SJMP NODATA

MOV A.R2 :check command
CINE A.#'S' ,FORWARD :stop or other
MOV DPTR.#0EQ03H

MOV A,#80H ;set 8255

MOVX @DPTR.A

MOV DPTR,#0EQQCH

MOV A_R7

MOVX @DPIR.A

RET
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8051 Cross-Assembler (1.3)

recrder.asm

00A6
00AS
00AC
O0AE

QO0AF
00B2
00B3
00B4
00BS

00B6

00B7
00BA
00BD
00BF

0oco
00C3
00c4
00Cs
00Cs6

gocz

gocs
00CB
00CE
00Do
00D1
00D4
00Ds
00De
0gDp7
00Ds

00DB

0onc
00DF
00E2
00E4
00ES
00E7
00ES
O0EA
00EC
O0EE
00FQ
00F2
00FS

00F7
00F8
0000=-

B4460E FORWARD:CJNE A,#'F',BACK

90ECO3
7480
Fo

90EgQGO

22

B4420E
30E0O3
7480
FO

90E006
EF
23
Fo
FF

22

B45211
9CEDO3
7480

22

B45019
906002
7D03
FO
7ESB
DEFE
EO
DDF8
c298
C299
F599
3099FD
€299

22
22

BACK:

RETURN:

AGAIN:

ATOD:

SDATA:

EXIT:

MOV DPTR, #0E003H
MOV A.#80H
MOVX @DPTR.A

MOV DPTR, #0EQ0Qh
MOV A R7

RR A
MOVX @DPTR.A
MOV R7.A:

RET

CINE A.#'B' ,RETURN
MOV DPTR,#0E003H
MOV A, #80H

MOVX @DPTR.A

MOV DPIR,#CECQQOh
MOV A, R7-

RL A
MOVX @DPTR.A
MOV R7.,a

RET

CJINE A,#'R',ATOD
MOV DPIR,#0EOQ3H
MOV A, #80H

MOVX @DPTR.A

MOV DPTIR.#0EQ00Ch
MOV A, R7
RL A

MOVX @DPTR.A

MOV R3,#666

DJNZ R3,AGAIN

RET

CINE A.#'P' EXIT
MOV DPIR, #6002H

MOV RS, #3

RDATA: MOVX @DPTR.A

DINZ R6.S"
MOVX"A,@DPTR
DJNZ RS,RDATA
CLR RI

CLR TI

MOV SBUF A
JNB TI.S

CLR TI

RET
RET

45

(C) 1987, 1989 Binary Technology

;:step forward or other

:rotate value
;step motor
:keep value step to r7

:step back or orther

;return or cther

:rotate value back
;step back

sback 666 times
s;return to start point

:plot or exit

;atod address

;3 times to read data
;start atod

MOV R6,#9BH .:set conversion time delay for atod

swait
:read data from atod
;read again

:send data to pc
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8051 Cross-Assembler (1.3)

recrder.asm

gain
atod
back
chke
clock
exit
forward
go
nodata
rdata
return
sdata
setup
stop

0oDs
oapc
00B7
0036
0050
0ors
0046
005SB
0060
00E4
oacs
OQEC
006E
gas7

(C) 1987, 1989 Binary Techndlogy

92
99

95
85
59
25
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5118 mﬂﬂiuniunmn‘mamﬁn (Visual Basic) w14 fleanin Fxrawdnansn $u (Run)

visulad daazaanlumslduas Goudavirdadnun 11a~"lﬂﬂsMaanmaunmuamuunuwa

372 aﬁU'IUﬂ'li'Vl’N'lu‘U‘iNTﬂillﬂi!J'Vlahﬂ'iﬂﬂﬂllWY\l'Vli'Ll‘\l’!Nﬂ'lUi)'lﬂ'lﬂ

msﬁammuﬂaﬂmataasuasﬂ‘lm‘mamﬂnh MSComm control Faldfumsdadoyanuy

o : v o
Wo3AOYNIU (Scrial Port) Taul4ia039u VB4.0

R

o

4 o a -
;ﬂuwwaiwaﬂﬂsuﬂinﬂﬁmnwammamﬁn Al

" Antenna Pattern Recorder ; x ' e 5_]

patternl.vby)

i Yarms (pamern dr

Fleld Srengft (dB)

qUn 3.8 paaapuesumInamvealusunsy



Tusunsuiignas19¥uTauld command buttons , text box #MIvMARITRYaABITIBATY, port
L4 5 v
control, MSComm control il umesams Foasuvueynsy , e chart iiuduaasmassnuuiunsmyl
Tnansuaznsmylfmaon

M3 IMUA object, property LAZMIBA 7199 Aeso 1T

OBJECT PROPERTY SETTING
CommonDialog Name CommonDialog1
Frame Name Framel
Caption Port Enable
Frame Name Frame2
Caption GraphType
OptionButton Name Optionl
Caption ~{ Rectangular
OptionButton Name Option2
Caption Polar
OptionButton Name Option3
Caption Enable Port
OptionButton Name Option4
Caption Disabie Port
CommandButton Name Commandl
Caption Step Forward
CommandButton Name Command2
Caption Step Backwd
Commz:ndButton Name Command3
Caption Plot
CommandButton Name Command4
Caption Clear
CommandButton Name Command5
Caption Auto
CommandButton Name : Command6
Caption Retumn

gﬂﬁ 3.9 LAAIAITNATAIMUA object, property , setteing
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&File maouFileltem
—&Open mouOpenltem
—&Save mnuSaveltem
—&Print mnuPrintltem
—&Close mnuCloseltem
—E&xit mnuExititem
&Export mnuExportltem
&About mnuAboutltemn

—about T&hesis

munuThesisltem

—about &Teechart

mnuabouchhan

W 310 dhinrsdmualas ey
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@ ' 14 [~J . : 1 P o ad ~ [
A001N TAAYDIDDUIIA ( Object’s Code ) llN"T?Uﬂ‘lﬂuﬂ'ﬁwﬂﬂﬁllﬂ'ﬂl’ﬂ?ﬂ‘\!ﬂ@ﬂ'lﬁﬂ'lﬂ'lﬂ lagly

MEMIaan  AeAe 1Ud

—

oo =

Privare Sub mnuThesisItem Click()

vbOROnly , "This Thesis is manage by Pog & gay."
End Sub

MzgBox ("Thank you for our teachers and our friends”),

3

Private Sub Optionl_Click()
TChartl.ChangeSeriesType 0, scFastLine|
TChartl.Axis.Bottom.Visible = True
TChartl.Axis.Left.Visible = True

End Sub

Private Sub Option2 Click()
TChartl.ChangeSeriesType 0, scPolar ;
TChartl.Series (0) .asPolar.Circled = True
TChartl.Series (0) .asPolar.Pointer.Visible = False
TChartl.Axis.Bottom.Automatic = False
TChartl.2xis.Bottom.SetMinNax 0, 360
TChartl.Axis.Bottom.Visible = False
TChartl.Axis.Left.Visible = False

End Sub

EEQI ’

JUA 3.11 o) uerasInavaseetliu 1 uazenilsu 2

[option3 =] Jctiex

Private Sub Option3 Click()
'Enable port
a0 HSComml.PortOpen = True
= Commandl.Enabled = True
Command2 .Enabled = True
Command3 .Enabled = True
Cormmand5.Enabled = True
Command6.Enabled = True

End Sub

Private Sub Option4_Click()
'Disable port
MSComml.PortOpen = False
Commandl.Enabled = False
Command2 .Enabled = False
Command3 .Enabled = False
CommandS.Enabled = False
Command6.Enabled = False

End Sub

Private Sub mnuCloseltem Click()

A AN s Y B3 W s e ol Y Lt b

b) larad IAAYe @1y 3 nazeaildy 4




& e el ! FORSIN I A =k
_Jhmununanun ] |cliex =1
| private Sub mnuCloseItem Click() ﬁ
TChartl.Series(0) .Clear ‘clear cchart
mnuCloseltem.Enabled = False 'dim Close command
mnuOpenItem.Enabled = True 'enable Open command
'disable text box
End Sub

Private Sub mnuExitItem Click()
End ‘cuit program
End Sub

%] Private Sub TChartl_OnClick()

= Dim t As Integer

a-e For t = 0 To TCharti.SeriesCount - 1

. If TChartl.Series(t).GetMousePoint <> -1 Then
HsgBox ("Clicked Series: " _

+ TChartl.Series(t).Nawe + "at point: " _

+ Str§ (TChartl.Series(t) .GetMousePoint))

End If
Next t
End Sub

e 2 KU 4 A , »

A IOy S——

Private Sub mnuOpenltem Click() ij
CommonDialogl.Filter = "Teefiles (*.TEE){ *.TEE”
CommonDialogl.ShowOpen
If CommonDialogl.filename <> "™ Then

Forml.NMousePointer = 11 - 'display hour glass
TChartl.Import.LoadFromFile (ConmonDialogl.filename)
mnuCloseltem.Enabled = True
Forml.MousePointer = O 'reset mouse
Else
End If
End Sub

Private Sub mnuPrincItem Click() -J
TChartl.Printer.ShowPreview
End Sub

Private Sub mnuSaveItem Click()

CommonDialogl.ShowSave

TChartl.Export.SaveToFile (CommonDialogl.filename)
End Sub

o) uaas IRAYB UNYAIN

51



amlsznoun 1muan luTusunsuil

Component*

T 1PTD image Control
. | Marquee Control Library
=77|C Microsoft ActiveMovie Control
++{C] Microsoft ActiveX Plugin
B8 TiMicrosoft Chart Control
¥ Microsoft Comm Controk5.0 (SP2)
¥ Microsoft Common Diafog Control 5.0 (SP2)
[ Microsoft Data Bound Grid Control 5.0 {SP3)
.- |Z Microsoft Data Bound List Controls 5.0 [SP3]
I Microsoft FlexGrid Control 5.0 (SP2)
{0 Microsoft Forms 2.0 Object Library
“4C Microsoft Grid Control
- 7| Microsoft Internet Controls
4] Microsoft internet Transfer Control 5.0 (SP3)
] Microsoft MAP1 Controls 5.0 (SP2)

f—IMlcrosoft Masla:d Edlt Contml 5 l] [SP2]
(3 B

P g

1A 3.2 uarasd ks zneuiiuduves s uns

nsfmuaguauTAlR ee1iin MScommi MScomm

fProperties - MSCommt. 3

Imc:--u M Comm j

et Bl 1

t:;ﬂa Sixz 1024 3

ot a1

AN

1N 313 uﬁﬁaﬂwawmm MScomml




M51A8NIHAYBINT ™Y Tee chart IAe31N 3.14

317 3.14 uAAIN151880 chart 199 11 Tee chart

B TeeChart Gallery:
Standard | Functions: Estended |

Polar - Candie -

37 3.15 uarAIns A9 1 Tee chart
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ATNABDAATHANTIINAAD

Faquszash

1. meﬁnmmwuﬁmmmmsni~qumn‘1uTﬂ5ﬂeuTmamas‘luunumqq

2. Lﬁ'auﬁuumunmsnszﬂuﬁmﬂ‘{lwamoﬂwma:szuu

w"v'mhNﬂ*?\"lﬁ'"lﬂﬂs:qnﬁ“’lix’ﬁm%’umsmnqm‘mmﬁwmmmqwmmummﬁ

4. l’W't')ﬁﬂ'H'm'lSl‘\l uuTﬂsuﬂiumynmamﬂn (Visual Basic) llﬁ:ﬁ'\ﬂ'll?lﬂlﬂﬂﬂlﬂi ulums

w%ﬂmuwnmsuﬂuaamummﬂugﬂvaaTwmswaam LasnuUA AL nrAuTeRBNRADT

1 4
4.1 madaweined
t 4 ] 1 ) )
ﬁmﬂ?_lquamas’xi‘luunma%'ﬁv‘hq1uTﬂmﬂ%uuwﬁ«m"lwﬁmuummm fdoulvifuvaain
fasamUaudygiaounnues

NANDT 2 I dumanasufidamuninulsines TudnyaizmInuRsuh

lﬂﬂ'ﬂ'N"’] 114K maaummmqmma"mo\ﬂ i)"umnumuuwmmxmmqammm U‘Uf]‘iﬂ nﬂagmuau fufe

sem i hirnsoidnuminnnla uuwmﬂmﬂ'ﬂauemaswwuuauqﬂﬂmmu"la-

YUY ATATIOY
aziihunuyesiavaan 4 e Wi seltvamamanes luudazeez

w3ad Tsimeimdauiimanonast
aﬂ'lunﬁmauuq Fansananiunimaneas Fxalamos lufirmianila msdalet

finam IdiRamnuiim
Tsm’oi'nuu'luﬁﬁmﬂﬂﬁmmsnﬁﬂvﬁﬂumum:uﬁ‘lvlunmmwﬁmmas"lwﬂﬁmqq pt1gndnane 11

4 o
4.1.1 msnaaeumallauouass
A ot d’ v Yy a Vlﬁ ﬂ w J (X .

snaalemodinng 4 maiisnzfulifemamsmianiu 3 anpaizILBgIIM
v o A::’
Hounadaii

¥ ‘v
1. One-excitation #3© half drive SumssisnssueiiivmaDaemesaiaz | ma fie P,

D2, @3, D4 Fuamudrdy mpuouiuluyi ! iainesvioudensrelugui 4

No. O] O2 O3 D4
L ] 0 0 0
2 0 1 0 0
3 0 0 1 0
4 0 0 0 1

gﬂﬁ 4.1 Onc-cxcitation
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o

LTS

T

L

Tek HITE 200 S/

Jrn

..........................

e ChT 7 240mV

3 two-cxcilation 130 full step umssiwnszuslifumamednitaz 2 ma wioumuldun P

Ch1 Period
499.9ms
Low signal
amplitude

Ch2 Period
499.9ms
Low signal
amplitude

55

29 Mar 1998

15:07:51

Jun 42 uaasdryanaiiald91nn s Ny one-excitation

B2, ©203, D304, DD 1 wyuidvuin luuvwil nsetan lAeznn s n

No. OTRE @2 O3 D4

1 1 1 0 0

2 0 1 1 0

3 0 0 1 1
o4 1 0 0 1

zﬂvdl 4.3 ILAAY two-cxcitation



e 2

oI Wsome Chi 7 240mV

31l 4.4 (1A full-step

56

Ch1 Rise
3.9ms
Low signal
amplitude

Ch1 Fall
4.21ms
Low signal
amplitude

Ch2 Rise
4ms
Low signal
amplitude

Ch2 rall
4.1ms
Low signal
amplitude

3. one-two-excitation M8 half step untsswnszualifuvaalamames 1 e ardudiuluuuy

d’ . 9V a 3’ ﬂ 1 v Y 1Y 1 A dq v
U W11ﬂﬂ1u1uﬂﬂQﬁlﬂﬂlWUﬂul U 2 N7 V02 2 LUV NUALTIVAISUDUN UM 2 1I0NUB0

No D1 D2 D3 OX
1 ] 0 0 0
2 1 1 0 0
3 0 1 0 0
4 0 1 1 0
5 0 0 1 0

.6 0 0 1 1
7 0 0 0 I
8 1 0 0 1

gﬂﬁ 4.5 one-two-cxcitation
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d 1 . " /o ' o %
seiiud lumsmuguamimshaesaaiTwemedina 3 juuy vuhimsnaasimsdumalil
3 - " ' 4 s
yoine Tnuldmsnseduuuy 1 oda ung 2 ile (ohe-excitation and two-excitation) wuhanuEEee
- o =) - A [ 1 9 t 2}
Aansdunzfounaziiaiods udes Ianumunmivvesmay14a
L4 +
msnaasamstumaliwemes Taul¥nisnseduuuy 12 ol (one-two excitation) TNITRLL
udtlymmsduazdiould widedefosziiaiummniussmsamy14hia ualinawazbuaves

msraaldunndt manseduuuy 1 e waz 2 e a2 0m
1Y .’,' P ° Vel - a 3’ . y Y
InMsnITRU 3 uuuihmsmaassssnuhifinnud wkuyuszi usdaviosas
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4.2 MInaaouA1AIIUs Linear Y83 ADC0809

7171 46 U1 1915 AR AETY Linear ¥83 ADC 0809

syqulaariias | #1149 ADC 0809
\%
0.0 00000000
0.2 00000101
0.4 00010100
0.6 00011100
0.8 00100100
1.0 00100100
12 00111100
1.4 01010101
1.6 01010100
18 01011110
2.0 01100100
22 01101111
2.4 01111100
2.6 10000100
2.8 10001100
3.0 10011100
o 10100110
3.4 10101101
36 10110111
38 11000100
4.0 11001110
42 11010110
4.4 11100100
46 11101110
438 11110111
5.0 11111111

58
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i1 4
135ims@ouldsunsunaasald ADC0809 Al

CLOCK:

GO:

NODATA:

RDATA:

SETUP:

ORG
LJMP
ORG
LJMP
ORG
PUSH
PUSH
CLR
MOV
RL
MOV
RLC
MOV
POP
POP
RETI
MOV
MOV
MOVX
MOV
DJINZ
MOVX
MOV
MOV
MOV
MOV
SETB
SETB
MOV
SETB

0000H
SETUP
000BH
SETUP
0050H
aACC
PSW

c

A,R4

A
R4,A
A
P3.4,C
PSW
ACC

DPTR, #6002H
R5, #3
@DPTR, A
R6, #9BH
R6,$
A,@DPTR
P1,A

R4, #55H
PCON, #00H
TMOD, #22H
IE.7

IE.1

THO, #OFEH
TRO

SETJMP NODATA

END

.
I

i

i

JUMP TO SETTING CLOCK

JUMP TO GENERATE CLOCK FOR ATOD

BACK TO LAST INTERRUPT

ATOD ADDRESS

3 TIMES TO READ DATA

START ATOD

SET CONVERSION TIME DELAY FOR ATOD
WAIT

READ DATA FROM ATOD

SEND DATA TO PORT 1

INITIAL CLOCK VALUE

SERIAL: MODE 1

TIMER MODE

ENABLE INTERRUPT

ENABLE TO OVERFLOW INTERRUPT

START TO GENERATE CLOCK FOR ATOD

59
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Tek ETT8 500kS/s 13 Acgs
H [ ] T l H
¥ Ol v J 1
SN ws— | S— — — N ——
N A 24
0 ) . I : . ; ) l@: —-356us
WIS I B SR ISR L] Ch]FaII
[ . s s .f“”l : . : :
[ . : : 1 . : . ] Low sﬁ;nal
T :....:...._--_....-....:....:....:...._- amplltude
: 4 : ~ . . { ch2Rise
e 1.671s
- . . . Low signal
amplitude
B
f
il
%‘
Chl ' .
Reft 100mVv SO0uS 31 Mar 1998
11:34:20
311 4.7 uama Funua 1 Hudygnanduiauves ADCO809

Fruua 2 Audeyano Clock Atfoul’ ADC0809

Tek HTT® SOMS/s 3 Acqgs
| i T } |
A\ ICs NN P S D lal2afnE
o {@: —~3.50us
- o 1
-t Ch1 rall
. ! 31.9ns
: } Low signal
[ g | amplitude
: o Ch2 Rise
. I R e, R R B L R ¢ A 60ns
I g : N + {1 Low signal
A ' { ’ : ’ T ; 1 amplitude
R]:i::f:::; 1§ff§f§§f.‘+§‘{—%§j:¢#:%§: -+ bt } ]
[ o : : : I .
| . . . L
- . - l R L I P S 1. 1 PP TR AT TSI TR
i . : : L .
L : : : r .
",..'14'.:.'“'._,‘ ......................... 4
[ ol : : . I :
. | 4
! ot B
...... R BRI :
| 4
. | ) : I : : ]
AT ES | PR A S PRI S AT SN ST SRV S S S S ST A Y S Y I a o 2 t 3 0 2 2
Chi SRS R R ATy
Ref1 100mv SOous ﬂ l’bzll4 21998

717 485unim | Hudygruidugaves ADC080?
Funva 2 Hudygnaiiannnesa 1
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o o
43fniﬂﬂﬁﬂﬂiﬂ%ﬂgﬂﬂﬂﬂﬂﬂiﬂﬂuﬂiﬂ(Seﬂalpoﬂ)

TusunsuSudoyalulvum 1 (1 start bit, 1 stop bit, 8 bit data ) sasdadoya 1200 darodni

k4
wazdsfoymiuvensinwesa 1

ORG 8000H

MOV PCON, #00H ; SMOD = 0

MOV SCON, #50H ; SERIAL MODE RECIEVE ENABLE
MOV TMOD, #20H ; TIMER 1 MODE 2

MOV TH1, #0E8H ; 1200 BAUD

SETB TR1 ; START TIMER
WAIT: JNB  RI,WAIT ; RECIEVE DATA
CLR RI
MOV A, SBUF ; DISPLAY AT P1
MOV  P1,A ; DISPLAY AT P1
SJMB WAIT
END
21NN NADDI IATYYIMUNVT Rx ¥93 ICMAX232 wld YAIUAIU
Tek TR 500 S/s 4 Acgs
: & ] |
VT 2L i ) A N . phms
i ! t ) J@: —356ms
Ch1 Fall
1.6ms
Low signal
amplitude
Ch2 Rise
. 1.67ms
| : Low signal
. 1| | amplitude
R];:;;(:';i:'x,::;:i;;:;i ' I O S O
: 1
. 'IL
R
. 1
]
. 1 I
i
R S o P PSP
1
1
. . L]
PR I P BTN ISR ST AR AT I NPT BT S s os s
Chi AARCh 2 VAR N V1T T o 1) R e v B
Refl 100mv S00us 113} I;Ijlrs11998

17 4.9 Funua 1 uansdganuiiialden p1.o
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4.4 TUADUNTINAABINITIAUNMIAT UDIAIUOINN

ﬁ1"19’1'7‘11msvmfmumsa"ﬂuwmﬁs'mmqmummsﬂﬂumms'Kﬂﬁmnﬁi 300 MHz lavldmu
prmistiuy TuTila Tnana1d 300 Mz dhidameasy

B jnsdomvemedadifuniosds Tavld mSoutiadfnourlawes (Network Analyzer)
Susathniunind 300 MHz

| v’nmsdamummm"un’hﬁ'um?ms"u (Mcasuring Receiver ML521B) A28 1-300 MHz

l“mw’hufnua'nmﬁs“mvmmmnuu‘k’f 360 pam 14 Taviimsaaitifugaiesuazuviunyu
uavﬁmﬂ’ﬂmamm'uazwmwwuamﬂﬁwamas cmum)sﬂﬂauTmamaﬂﬂummuqummmu

| msmiuﬁmiymmﬁwmmmmummmﬂsmm uazeadyg 0N ADCO809 a9sfiazi
m'snaﬂsnrmmmmemaami‘lumma wazdutdnpuianes Manesneynsy

u ﬂaummas%vuﬁmNamswﬂamaanmxﬂuﬂﬂwgﬂlmﬂwms taziuuMAoy
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4.5 wamanansan1siuldsunsu

-

2 ) [} t 4
Gy tammmiiisuvemooinis TuTu Iwainwd 300 MHz o2 1dnan1snaasadail

LS

" Antenna Pattern Recorder

sUn 410 uamraminaasuiiuns gy Inarfvesummmiuvesmeommuy TuTulna

Mnsiana21d 300 MHz
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0 * 50 100 150 200 250 300 350

Degree

U 4.11 uermswantsaasuffunsyldmBuwewmmifisuvesmuoinmuyTululna

H1nsIann1uf 300 MHz
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Private Sub Commandl_Click()
'send "Step Forward" command
MSComml.Output = "F"

End Sub f‘

Private Sub Command2_Click()
CommandZ2.Enabled = False

Commandl.Enabled = False
Command3.Enabled = False
Command5.Enabled = False
Command6.Enabled = False
Command4 .Enabled = False
Dim n As Integer

For n = 1 To 666
MSComml.Output = "F"

'waits for data o be recieved

‘into serial buffer

Do

dummy = DoEvents ()

Loop Until MSComml.InBufferCount >= 1

'print value in text box and plot chart
TChartl.Series (0) .AddXY 0.54 * n, Asc(MSComml.Input)} / 0.88,

vbRed

Next

Commandl.Enabled = True

Command3.Enabled = True
Command5.Enabled = True
Commandé6.Enabled = True
Command?2.Enabled = True
Commandd . Enabled = True

' give time to Windows...

End Sub 'receive data and add to chart

Private Sub Command3 Click()

Do ‘- )
dummy = DoEvents ()
Loop Until MSComml.InBufferCount >= 1
'print value in text box and plot chart
TChartl.Series(0).Add Asc(MSComml.Input) / 0.88, "", vbRed
End Sub

Private Sub Command4 Click()
‘clear chart
TChartl.Series{0).Clear

End Sub

Y
Private Sub Command5 _Click()
Dim i As Integer

Commandl.Enabled = False
Command?2.Enabled = False
Command3.Enabled = False
Command6.Enabled = False
For i = 1 To 165
MSComml.Output =~ "B"
Next .
Commandl.Enabled = True
Command?2.Enabled = True
Command3.Enabled = True
Command6.Enabled = True

End Sub

m"wn
’
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Private Sub Command6é Click()
'send "Step Backward" command
MSComml.Qutput = "B"

End Sub '

Private Sub Form_Load ()
Option3.Value = True -
TChartl.Axis.Bottom.Visible = False
TChartl.Axis.Left.Visible = False

End Sub

Private Sub mnuBitmapItem Click()

CommonDialogl.Filter = "BitmapFiles (*.BMP)| *.BMP"

CommonDialogl.ShowSave

If CommonDialogl.filename <> "" Then

Forml.MousePointer = 11 ‘'display hour glass
TChartl.Export.SaveToBitmapFile (CommonDialogl.filename)

Forml.MousePointer = 0 'reset mouse

Else
End If
End Sub

Private Sub mnquenItem_Clickk)

CommonDialogl.Filter = "Teefiles

CommonDialogl.ShowOpen

If CommonDialogl.filename <> "" Then

* . Tee"

Forml.MousePointer = 11 ‘'display hour glass
TChartl.Import.LoadFromFile (CommonDialegl.filename)

mnuCloseItem.Enabled = True

Forml.MousePointer = 0 'reset mouse

Else
End If
End Sub

Private Sub mnuPrintItem Click()
TChartl.Printer.ShowPreview
End Sub

Private Sub mnuShowItem_Click()
TChartl.Export.ShowExport
End Sub

Private Sub Optionl_Click{)

TChartl.ChangeSeriesType 0, scFastLine
TChartl.Axis.Bottom.Visible = True
TChartl.Axis.Left.Visible = True

End Sub

Private Sub Option2_ Click()

H

TChartl.ChangeSeriesType 0, scPolar
TChartl.Series (0).asPolar.Circled = True
TChartl.Series(0) .asPolar.Pointer.Visible = False
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TChartl.Series (0).asPolar.RotationAngle = 90
TChartl.Axis.Bottom.Automatic = False
TChartl.Axis.Bottom.SetMinMax 0, 360
TChartl.Axis.Bottom.Visible = True
TChartl.Rxis.Left.Visible = True

End Sub

Private Sub Option3_Click()
'Enable port

MSComml . PortOpen = True
Commandl.Enabled = True
Command2.Enabled = True
.Command3.Enabled = True
Command6.Enabled = True
Command5.Enabled = True

End Sub

Private Sub Optiond_Click()
'Disable port
MSComml.PortOpen = False

Commandl.Enabled = False
Command2.Enabled = False
Command3.Enabled = False
Command6.Enabled = False
Command5.Enabled = False

End Sub

Private Sub mnuCloseltem Click()
TChartl.Series(0).Clear 'clear tchart
mnuCloseltem.Enabled = False 'dim Close command
mnuOpenltem.Enabled = True +enable Open command
'disable text box

End Sub

Private Sub mnuExitItem_Click()
End 'quit program

End Sub

Private Sub TChartl OnClick()
Dim t As Integer
For £t = 0 To TChartl.SeriesCount - 1
If TChartl.Series{t).GetMousePoint <> -1 Then

MsgBox ("Clicked Series: " + TChartl.Series(tl.Name + "at point:
Str$ (TChartl.Series(t).GetMousePoint))

End If

Next t

End Sub
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"‘MCS® 51
CHMOS SINGLE-CHIP 8-BIT MICROCONTROLLER
. o Automotive

B Extended Automotive Temperature m Programrnable Serial Port

Range (—40°C to + 125°C Ambient) m TTL- and CMOS-Compatible Logic
® High Performance CHMQS Process Levels
m Power Control Modes W 64K External Program Memory Space
® 4 Kbyts-On-Chip ROM/EPROM m 64K External Data Memory Space
N 128 x 8-bit RAM m [IDLE and POWER DOWN Modes
m 32 Programmable I/0 Lines m ONCE Mode Facilitates System Testing
® Two 16-Bit Timer/Counters | Avaliable In 12 MHz and 16 MHz
m 5 Interrupt Sources - Versions
m Quick-Pulse EPROM Programming L] Avallable In PLCC and DIP Packages

{See Packaging Spacification, Order #231360)

® 2-Level Program Memory Lock EPROM '

Boolean Processor

The MCS® 51 CHMOS microcontroller products are fabricated on Intel's reliable CHMOS process and are
functionally compatible with the standard MCS 51 HMOS microcontroller products, This technology combines
the high speed and density characteristics of HMOS with the low power attributes of CHMOS. This combina-
tion expands the effectiveness of the powerful MCS 51 microcontroller architecture and instruction set.

Like the MCS 51 HMOS microcontroller versions, the MCS 51 CHMOS microcontroller products have the
following features: 4 Kbytes of EPROM/ROM (87C51/80C51BH respectively); 128 bytes of RAM; 32 /0 fines;
two 16-bit timer/counters; a five-source two-level interrupt structyre; a full duplex serial port; and on-chip
oscillator and clock circuitry. In addition, the MCS 51 CHMOS microcontroller products exhibit low operating
power, along with two software selectable modes of reduced activity for further power reduction—Idle and
Power Down.

The Idle mode freezes the CPU while allowing the RAM, timer/counters, serial port, and interrupt system to
continue functioning. The Power Down mode saves the RAM contents but freezes the oscillator, causing all
other chip functions to be inoperative.

The 87C51 is the EPROM version of the 80C518H. 1t contains 4 Kbytes of on-chip program memory that can
be electrically programmed, and can be erased by exposure to ultraviolst light. The 87C51 EPROM amay uses
a modified Quick-Pulse Programming algorithm, by which the entire 4 Kbyte array can be programmed in about
12 seconds.

NOTICE:
This datashest contains information on products in full production. Specifications within this datasheet
are subject to change without notics. Verify with your local Intel sales office that you have the latest
datashest before finalizing a design.

memunmumm

with intel p insel inctuding g of patent o
couyright.&rmmdm-dhum np:ovuodnmu'smeCaﬂﬂomof mmmmmﬁrgn make
changee % theee specifications st any time, without notice. Microcomputer Products may have minor veriations o this specification inown as emrate.
COPYRIGHT @ INTEL CORPORATION, 1995 January 1995 Order Number: 270418-007



1

)

i

[

I

)

1

]

{

1

]

]
<}_—:
=0
{
=
]
oM |
]

Corm KN |
:

{

H

t

t

!

{

PORT 3
LATCH
PORT 3
ORIVERS

7/

P3.0-P3.7

ol
-

STACK
POINTER
INTERRUPT, SERIAL PORT,
AND TMER BLOCKS
H
o
”

h 4

by

4
- e e wm em e wm s am e e

4

I

I
=
e

h 4

4

PORT O
CRIVERS
PORT ©
LATCH

il

4
+

PORT 1
LATCH
PORT ¢

DRIVERS

P1.0-P1.7
Figure 1. MCS?® 51 Microcontrofler Architectural Block Diagram

3
5 CNEE N
& = T 13

NOLLINYULSN

YAUSO
¥aqy v

=
(=
I §
=
—

H
B
REGISTER
TIING
AND
CONTRO!
Y
asc.

ﬁ;_

AUTOMOTIVE 80C31BH/80C51BH/87C51

e e cem e oot Rk s W e e anCogs ot b

T N T



- —_— —— o o T e . arg Tm e Am =

xR W m mowms w

T e e o

P

-

Iﬂ'tel o
80C31BH/80C51BH/87C51
PRODUCT OPTIONS

Intel’s extended and automotive temperature range
products are designed to meet the needs of those
applications whose operating requirements exceed
commercial standards.

With the extended temperature range option, opera-
tional characteristics are guaranteed over the tem-
peratwre range of —40°C to +85°C ambient. For the

AUTOMOTIVE 80C31BH/80C51BH/87C51

automotive temperature range option, operational
characteristics are guarantesed over the temperature
range of —40°C to + 125°C ambient.

The automotive and extended temperature versions
of the MCS 51 microcontroller product familias are
available with or without bum-in optionsg as listed in
Table 1.

As shown in Figure 2, temperature, burn-in, and
package options are identified by a one- or two-letter
prefix to the part number.

*Example:

program memory.

PROGRAM MEMORY OPTION:
31 = ROMLESS
51 =ROM
PROGRAM MEMORY OPTION:
0 = ROM/ROMLESS
7 = EPROM
PACKAGE TYPE OPTION:
P = PLASTIC DIP, 40 PIN
N = PLASTIC, LEADED CHIP CARRIER (PLCC),.44 PIN
TEMPERATURE OPTION:
SEE TABLE 1

ANBOCS51 ‘incimtes an automotive temperature range version of the 80C51 in a PLCC package with 4 Kbyte ROM

270419-2

Figure 2. MCS® 51 Microcontrolier Product Family Nomenclature

Table 1. Temperature Options

Temperature Temperature Tow;m . Bum-in
Classification Designation ,Ec IF blent Options
Extended T —401to +85 Standard
L —40 to +85 Extended
Automotive A —40 to+125 Standard
B —-40t0+125 Extended
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Diagrams are for pin reference only. Package sizes are not to scale.
[4F 1= 1} e 7.1 = 175 .
[R¥=}] 39 {3 ran (an0) H
rracys salyras (ao1) 3
[4E =] 37§30 r02 (ad2) B
rads 38 3P0 (ADS) ._‘«_QE @ =nn
nags 13 (3704 (a26) ma  iZiizifidss
nad]? s (a0s) CoRER )
rmrCls 3381908 (AS) $ 35 4 3 1 1 Mzt
=] 2200 ro7 (AD7) susC]7 p ] W]
(o) p3aC] e 31 38R /vppr el s3ms
oy r3ann 0P/ ARSE pald= 1 37704
(WT5) P32CY92 b1 rescr ] o 160
o) rsaciis P ST 3ogfi shios,,.
(o) praC]te 278,28 (Ata) aCsoRveD* 12 14 £ esenvene®
(M) rsscyis 2[res (A1) sxcs 13 Euz/ﬁf
@) »3ac]e s (a12) ss.201e nhrs .
(D) rsr 17 2483r23 (AN} 33818 3t83r27
X2 18 23022 (A10) [2 2% = RT] 302
s 203721 (A9) 3s? 28p1rLs
vgy O] 20 21{3r20 (A2) 18 19 20 2122 23 24 25 28 27 28
mure-s EEEESEEEE
Pin (PDIP) z:g;}‘gz::::
*EPROM only
**0o not connect resexved pins = 2704194
Pad (PLCC)
Figure 3. Pin Connections

PIN DESCRIPTION

Vee: Supply voltage during normal, ldle, and Power
Down operations.

Vgg: Circuit ground.

Vssy: Vssi—EPROM PLCC only) secondary
ground. Provided to reduce ground bounce and im-
prove power supply bypassing.

NOTE:
This pin is not a substitute for the Vgg pin (pin 22).
For ROM and ROMIess, pin 1 is reserved—do not
connect.

Port 0: Port 0 is an 8-bit open drain bidirectional {/0
port. As an output port each pin can sink 8 LS TTL
inputs. Port 0 pins that have 1s written to them float,
and in that state can be used as high-impedance
inputs.

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

Port 0 also receives the code bytes during. EPROM
programming, and outputs the code byles during
program verification. Extemal pullups are required
during program verification.

Port 1: Port 1 is an 8-bit bidirectional 1/0 port with
intemal pullups. Port 1 pins that have 18 written to
them are pulled high by the internal pullups, and in
that state can be used as inputs. As inpuls, Port 1
pins that are externally being pulled low will source

4

current (ly, on the datasheet) because of the inter-
nal puliups.

Port 1 also receives the low-order address bytes
during EPROM programming and program verifica-
tion.

Port 2: Port 2 is an 8-bit bidirectional 1/0 port with
internal puilups. Port 2 pins that have 1s written to
them are pulled high by thae internal pullups, and in
that state can be used as inputs. As inputs, Port 2
pins that are externally being pulled low will source
current (I, on the data shest) because of the inter-
nal pullups.

Port 2 emits the high-order address byte during
fetches from external Program memory and during
accesses to external Data Memory that use 16-bit
address (MOVX @DPTR). In this application it uses
strong intemal puliups when emitting 1s.

During accesses to extemnal Data Memory that use
8-bit addresses (MOVX @Ri), Port 2 emits the con-
tents of the P2 Spedcial Function Register.

Port 2 also receives some control signals and the
high-order address blts during EPROM programming
and program verification.

Port 3: Port 3 is an 8-bit bidirectional 1/0 port with
internal pullups. Port 3 pins that have 1s written to
them are pulled high by the internal pullups, and in
that state can be used as inputs. As inputs, Port 3
pins that are externally being pulled low will source
current (h, on the datasheet) because of the pul-
ups.
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Port 3 also serves the functions of various special

features of the MCS 51 microcontroller family, as
listed below:

AUTOMOTIVE 80C31BH/80C51BH/87C51

o
XTAL2

Pin | Name Altermnate Function
P3.0| RXD | Serial input Line G s
P3.1| TXD | Serial Qutput Line = ‘
P3.2| TNTO | Extemal Interrupt 0 270413-5
P3.3{ INT1 | Extemnal Interrupt 1 Fiaure 4. U the On-Chip Oscil
P3.4( TO |( TimerO Extemnal input 8 sing P tator
P3.5} T1 | Timer 1 External input
P3.6| WH | External Data Memory Write Strobe
P3.7| RD | External Data Memory Read Strobe e — ez
EXTERNAL
Port 3 also receives some control signals for by e
EPROM programming and program verification. _L— Vag
RESET: Reset input. A logic high on this pin for two 3 270419-6
machine cycles while the oscillator is running reset :
the device. An internal pulidown resistor permits a " Figure 5. External Clock Drive

power-on reset to be generated using only an exter-
nal capacitor to Vee.

ALE/PROG (EPROM Oniy): Address Latch Enable
output signal for latching the low byte of the address
during accesses to extemal memory. This pin is also
the program puise input (FROG) during EPROM pro-
gramming.

In normal operation ALE is emitted at a constant
rate of 1/6 the osdillator frequency, and may be
used for externat timing or clocking purposes. Nots,
however, that one ALE pulse is skipped during each
access to extemnal Data Memory.

PSEN: Program Store Enable is the Read strobe
to Extemal Program Memory. When the
87C51/80C51BH is executing from Intemal Program
Memory, PSEN is inactive (high). When the device is
executing code from External Program Memory,
PSEN is activated twice each machine cycle, except
that two PSEN activations are skipped during each
accass o External Data Memory.

EA/Vpp: External Access enable. EA must be
strapped to Vgg in order to enable the
87C51/80C51BH to feich code from External Pro-
gram Memory locations starting at G000H up to
OFFFFH. [Note, however, that if either of the Lock
Bits is programmed, the logic level at EA is intemally
tatched during reset.] (EPROM only.)

EA must be strapped to Vg for internal program
execution.

Vpp (EPROM Only): This pin also receives the

12.75V programming supply voltage (Vpp) during
EPROM programming.

XTAL1: Input to the Inverting oscillator amplifier and
input to the internal clock generating circuits.

XTAL2: Output from the inverting oscillator amplifi-
or.

OSCILLATOR CHARACTERISTICS

XTAL1 and XTALZ are ths input and output, respec-
tively, of an inverting amplifier which can be config-
ured for use as an on-chip oscillator, as shown in
Figure 4.

To drive the device from an extermnal clock source,
XTAL1 should be driven, while XTAL2 is left uncon-

- nected, as shown in Figure 5. There are no require-

ments on the duty cycle of the external clock signal,
since the input to the internal clocking circuitry is
through a divide-by-two flip-fiop, but minimum and
maximum high and low times specified on the Data-
sheet must be observed.

IDLE MODE

In idle Mode, the CPU puts itself to sleep while ali
the on-chip peripherals remain active. The mode is
invoked by software. The content of the on-chip
RAM and all the Special Functions Registers remain
unchanged during this mode. The idie Mode can be
terminated by any enabled interrupt or by a hard-
ware reset.

It should be noted that when idle is terminated by a
hardware reset, the device normally resumes pro-
gram exscution, from where it lsft off, up to two ma-
chine cycles before the internal reset algorithm
takes control. On-chip hardware inhibits access ta
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Tabie 2. Status of the External Pins During Idie and Power Down

Mode ;"’em ALE | PSEN | PORTO | PORT1 | PORT2 | PORT3
Idie Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Powser Down Intemal 0 0 Data Data Data Data
Power Down Extemnal 0 0 Float Data Data Data
NOTE:

For more detailed information on the reduced power modes refer to current Embedded Appiications Handbook, and Applica-

tion Note AP-252, “Designing with the 80C51BH.”

intamal RAM in this event, but access to the port
pins is not inhibited. To eliminate the possibility of an
unexpected write to a port pin when dle is terminat-
ed by reset, the instruction following the one that
invokes idle should not be one that writes to a port
pin or to external memory.

POWER DOWN MODE

In the Power Down modse the oscillator is stopped,
and the instruction that invokes Power Down is the
fast instruction executed. The on-chip RAM and
Special Function Registers retain their values until
the Power Down mode is terminated.

The only exit from Power Down is a hardware reset.
Reset redefines the SFRs 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 to ailow the oscilla-
tor to restart and stabilize.

DESIGN CONSIDERATIONS

e At power on, the voltage on Vg and RST must
come up at the same time for a proper start-up.

* Before entering the Power Down mode the con-
tents of the Canry Bit and B.7 must be equal.

* When the Idle mode is terminated by a hardware
resst, the device normally resumes program exe-
“cution, from where it left off, up to two machine
cycles. before the internal reset algorithm takes
control. On-chip hardware inhibits access to inter-
nal RAM in this event, but access to the port pins
in not inhibited. To eliminate the possibility of an
unexpected write when Idle is terminated by re-
set, the instruction following the one that invokes
idie should not be one that writes to a port pin or
to external memory.

s An extemnal oscillator may encounter as much as
a 100 pF load at XTAL1 when it starts up. This is
due to interaction between the amplifier and its
teedback capacitance. Once the external signal
meets the V. and V|4 specifications the capaci-
tance will not exceed 20 pF.

¢ For EPROM versions exposure to light when the
device is in operafion may cause logic errors. For
this reason, it is suggested that an opaque iabsl
be placed over the window when the die is ex-
posed to ambient fight.
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PROGRAM MEMORY LOCK
(EPROM Onty)

The 87CS51 contains two program memory lock
schemes: Encrypted Verity and Lock Bits.

Verify: The 87C51 implements a 32-
byte EPROM array that can be programmed by the
customer, and which can then be used to encrypt
the program code bytes during EPROM verification.
The EPROM verification procedure is performed as
usual, excapt that each code byte comaes out logical-
ly X-NORed with one of the 32 key bytes. The key
bytes are gone through in sequence. Therefore, to
read the ROM code, one has to know the 32 key
bytes in their proper sequence.

Lock Bits: Also on the chip are-iwo Lock Bits which
can be left unprogrammed (U) or can be pro-
grammed (P) to obtain the following additional fea-
fures:

Bit1 | Bit2 Addttional Features

u U none

P U | Extemnally fetched code can not
accass intermal Program Memory.
@ Further programming disabled.

U P  [(Reserved for Future definition.)

P P e Externally fetched code can not
access internal Program Memory.
® Further programming disabled.
® Program verification is disabled.

AUTOMOTIVE 80C31BH/80C51BH/87CS51

When Lock Bit 1 is programmed, the logic level at
the EA pin is sampled and latched during reset. If
the davice is powered up without a reset, the latch
initializes to a random valus, and holds that vaiue
until reset js activated. it is necessary that the
latched value of EA be in agreamsent with the current
logic level at that pin in order for the device to func-
tion propedy.

ONCE MODE

The ONCE (“on-circuit emulation”) mode facilitates
testing and debugging of systems using the 87C51
without the 87C51 having 10 be removed from the
circuit. The ONCE mode is invoked by:

1. Pull ALE low while the device is in reset and
PSEN is high;
2. Hold ALE low as RST is deactivated. *

While the device is in ONCE mods, the Port 0 pins
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 87C51 is in this mode,
an emulator or test CPU can be used to drive the
circuit. Normal operation is restored when a normal
reset is applied.
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ABSOLUTE MAXIMUM RATINGS®* NOTICE: This Is a production data sheet. The speclﬂ-
Ambient T Under Bi 40°Cto +125°C cations are subject 1o

emperature 1as 0 *WARNING: Stressing the device beyond the “Absolule
Storage Temperature .......... —65°Cto +150°C Maximum Ratings” may cause penmansnt camage.
Voitage on EA/Vpe PintoVgs . . . ... ... OVio +13.0v  These aro stress ratings only. Operation beyond the

Voltage on Any Other Pinto Vs - ~0.5VI0 +6.5Y 1o b ooy Lo fhor Ot Corariona

loLperl/Opin coveeeeiniiireieiiiianns 15mA  may affect device religbiilty.
Power Dissipation.........cooociiiicieionns 1.5W

{Based on package heat transter 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

(6,4a):
o = S 75°C/W
PLCC . eriiieennns e 46°C/W

DC CHARACTERISTICS:
(To = —40°C to +125°C; Veg = 5V £10% (5V £20% EPROM Only); Vgs = 0V)

Symbol Jcameter AR (87C51%?CS1BH) Unit Co::;:om
Vi Input Low Voitage (Except EA) ~0.5 02 Vee—-0.25 v
Vit Input Low Voltage to EA 0 0.2 Vce—0.45 v
Vi Input High Voltage (Except XTAL1, AST) | 0.2Vee+ 1.0 Vec +0.5 v
Vit Input High Voitage (XTAL1, AST) 0.7 Ve +0.1 Vec+0.5 v
VoL Output Low Voitage (Ports 1, 2, 3) 0.45(0 V |lgL = 1.6 MA@
Vous | Output Low Voltage (Port 0, ALE, PSEN) 0.45(N V |loL = 32mA@Q)
Vou Output High Voltage 24 V |lon = —60pA
(Ports 1,2, 3, ALE, PSEN) 0.9Vee V [lon = —10pA
Vot | Output High Voltage (Port O in 2.4 V |loq = —800 pA
Extemal Bus Mode) 0.9Vee V {lon = —80 kAW
e Logical 0 Input Current (Ports 1, 2, 3) -75 pA | Viy =045V
. Logical 1-t0-0 transition current -750 pA 4
(Ports 1,2, 3)
Iu Input Leakage Current (Port 0) +10 pA | ViN = VL Or Vi
lcc Power Supply Current:
Active Mode @ 12 MHz (5) 115 25/20 mA
Idle Mode @ 12 MHz (5) 1.3 6/5 mA ©
Power Down Mode 3 100/75 pA | Voo = 22Vto 5.5V
RRST | intemal Reset Pulldown Resistor 50 300
cio Pin Capacitance 10 pF

NOTES:

1. “Typicals” are based on a mited number of samples taken from early manufacturing lots and are not guaranteed. The
values listed are at room temp, 5V.

2. Capacitive loading on Ports 0 and 2 may cause spurious naisa pulses to be supermposed on the Vois of ALE and Ports
1 and 3. The noise is due to external hus capacitance discharging into the Port 0 and Port 2 pina when these ping make 1-
t0-0 transitions during bus operations. In the worst cases {capeacitive loading > 100pF), the noise pulse on the ALE pin may
excead 0.8V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt
Trigger STROBE input.

3. Capacitive loading on Ports 0 end 2 may cause the Vo on ALE and PSEN to momentarily fall below the 0.9 Vg
specification when the address bits are stabiltzing.

8



o

e ame RE TRRT T g

oy W

- —

B ety T TR v—

intgl.

4. Pina of Ports 1, 2 and 3 source a transition current when they are being extemnally driven from 1 to 0. The transition

current reaches its maximum value when Vi is approximatety 2V.

5. ICCMAX at other frequendies is given by:
Active Mode: 87CSt

ICCMAX = 0.94 X FREQ + 13.71

B0Cx18H ICCMAX = 1.47 X FREQ + 2.36

idle Mode:  ICCMAX = 0.14 X FREQ + 3.81

AUTOMOTIVE 80C31BH/80C51BH/87C51

where FREQ is the external oscillator trequency in MHz. ICCMAX is given in mA. Ses Figure 6.
8. See Figures 7 through 10 for I test conditions. Minimum Vg for Power Down is 2.0V.
7. Under steady state (non-transient) conditions, lop must be externally limited as follows:

Madmum lo_ per port pire
Maximum loy_ per B-bit port
Port O:
Ports 1,2, and 3:
Meaximum total I for afl output pins:

if ko exceeds the tast condition, Vo may exceed the related specification. Pine are not guaranteed to sink current greater

than the listed test conditions.

10mA

26 mA
15 mA
71mA

40

35

-

Yo
¢
30 Ve j"cc
: Lo WSS Po d-
~ 23 mﬂ’.
£ 'E_\/
E 2 ’/s S '-? L -:_.l_____
B s = s‘)“’\‘“f XTAL2
0 7/ e ode Typice ;GLQQ(NC) a2
. 1 Idle Node Nex \ s ‘
1 < =2
o 1 270419-10
8 12 16
° ‘Q Ren Figure 6. lcc Test Condition, Idie Mode.
requency
By All ather pins are disconnected.
Figure 6. lcc vs. FREQ. Valid only
within frequency specifications of the ) Veo
device under test. “:q-vcc
Vee
PO
e RST &R
g g
Yee Y T
¢ — xTAL2
t| e o
rsT 8@ Vss

{(we)—4 XuaL2
CLOCK e pd XTALS

SIGNAL s

270419-8

270418-11

Figure 7. lcc Test Condition; Active Mode.
All other pins are disconnected.

Figure 8. lcc Test Condtition, Power Down
Mode. All other pins ere disconnected.

Yeg0.5

0.7 ¥,
a.uv_{q Vo s.1 l'
Tenc,

Tere

2704198

Figure 10. Clock Signal Waveform for igc tests in Active and idle Modes.
Teren = TencL = 5ns.
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EXPLANATION OF THE AC SYMBOLS

Each fiming symbol has 5 characters. The first char-
acter is always a ‘T° (stands for time). The other
characters, depending on their positions, stand for
the namse of a signal or the logical status of that
signal. The following Is a fist of afl the characters and
what they stand for.

A:Address.

C:Clock.

O:input data.

H:Logic level HIGH.

l:instruction (program memory contents).

intgl.

L:l_.%' level LOW, or ALE.
P:PSEN.

Q:Qutput data.

R:RD signal.

T:Time.

V:valid.

W:WR signal.

X:No longer a valid logic level.
Z:Float.

For exampls,

TaviL = Time from Address Valid to ALE Low.
Tirpr = Time from ALE Low to PSEN Low.

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

Outputs = 80 pF)
EXTERNAL PROGRAM AND DATA MEMORY CHARACTERISTICS
Symbol Parameter 12 MHz Osc Vartabie Oscillator Units
Min Max Min Max
1/TcoL | Osdillator Frequency MHz
87C51/80C518H/80C318H 3.5 12-16
TiHLL ALE Pulse Width 127 2TcreL —40 ns
TaviL Address Valid to ALE Low 28 ToroL —55 ns
TLiax Address Hold After ALE Low 48 Tercr —35 ns
Teuv ALE Low to Valid Instr In 224 4TorcL —110 ns
TLLPL ALE Low to PSEN Low 43 Toror—40 ns
TPLPH PSEN Pulse Width 205 3TcoL—45 ns
Teuv PSEN Low to Valid Instr In 135 3ToicLl—115 | ns
Texix Input instr Hold After PSEN 0 0 ns
Tpxiz input Instr Float After PSEN 59 TorcL—25 ns
Taviv Address Valid to Valid Insir In 312 5TocL—105 ns
Tpiaz | PSEN Low to Address Float 10 10 ns
TRLRH RD Pulse Width 400 6ToLcL —100 ns
TwiwH | WA Pulss Width 400 6TcrcL—100 ns
TRLDV RO Low to Valid Data In 252 5TcicL— 165 ns
TrHDX Data Hold After RD High 0 0 ns
TRHOZ Data Float After RD High 97 2TcLoL—70 ns
TLLov ALE Low to Valid Data In 517 8TcroL—150 ns
Tavov Address Valid to Valid Data In 585 9Ty oL — 166 ns
TuwL ALE Low to RD or WH Low 200 300 | 8Ter—50 | 3Tae +50 ns
Tavwi Address Validto RDor WR Low | 203 ATcrLcL—130 ns
Tavwx | Data Valid to WR Transition 23 TereL —60 ns
TWHQX Data Hold After WR High 33 Torc,—50 ns
TriAZ D Low to Address Float 0 0 ns
Twhud | RD or WR High to ALE High 43 123 Torcr—40 ToLoy + 40 ns

10
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AUTOMOTIVE 80C31BH/B0C518H/87C51

EXTERNAL PROGRAM MEMORY READ CYCLE

F:Tu-m.—H
ALE

-

rLU’\. t ToLen
e— TAYU. e ,LLIV —
FSET / Truv Vg \
T
Tueax TAZ  Tpyy ol | 2
PORT 0 Y a0-ar INSTRIN J=  40-a7  Jmead
Taviv
PORT 2 ), AS-A1S X AB-A1S
27041812
EXTERNAL DATA MEMORY READ CYCLE
ALE / \ /! \ /
Ty
pseN  / % i \ ,
Titw Trian
RO —~ TaviL s /
L:: Tuax = TRaz f—Tmov — TRroz
RHOX -~ }=-
PORT 0 3-4 o DATA IN K(20~A7 FROM PCL Jmmem{ INSTR. IN
T
Tavov
PORT 2 P2.0-P2.7 OR AB~A1S FROM DPH ) 4 A8-A15 FROM PCH

270419-13

EXTERNAL DATA MEMORY WRITE CYCLE

ALE / \

/’-—_\_______/

Ty
PSEN f \
Tiwm, Tviwn
we - Ty | 1 \ / .
= Tuax “"l r—’ - wHox
PORTO }F rounionor__ N DATA OUT W Xro-47 RoM PeL Ye{INSTR. N
Tavwe

PORT 2 ). P2.0-P2.7 OR A8-A1S FROM DPH X AB-A15 FRoM PCH

270419-14
11
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EXTERNAL CLOCK DRIVE EXTERNAL CLOCK DRIVE WAVEFORM
Symbol Parameter Min | Max | Units
1/TcLcy | Oscitator Frequency | 3.5 | 12 | Mz Yoe0:3 m

351 16 oasy o 0-1Veg=0.1 Tac

Tcucx | High Time 20 ns Toa= [Dlaaw ~Tao |
Teicx | Low Time 20 ns 27041917
TcoLcw | Rise Time 20 ns
Teucr | Fall Time 20 ns

SERIAL PORT TIMING—SHIFT REGISTER MODE

12 MHz Variable
Symbol Parameter Oscillator Oscillator Units
. Min | Max Min Max

Txwa | Serial Port Clock Cycle Time 1.0 12TcLoL 1 ps
Tovxn | Output Data Setup to Clock Rising Edge 700. 10T oL — 133 ns
Txnax | Output Data Hold After Clock Rising Edge | 50 2TcreL— 117 ns
TxHox | Input Data Hold After Clock Rising Edge 0 0 ns
Txupv | Clock Rising Edge to input Data Valid 700 10TeLgL— 133 ns

SHIFT REGISTER MODE TIMING WAVEFORMS

WRITE 7O SBUF

INSTRUCTION | a | ! | 2 | 3 | 4 | L] { 8 | 7 | 3 |
ACEI I U N N O o O
==t —f
cuocx | - LASPAARRI N, o TV T (4~ LT
Txnox
ey
OUTPUT DATA N o X UL 1S LU QA |1 Y s XTI FF /

A
-] Toar ,—-‘I[‘ o

¢
SET T

MPUT DATA Qoo XvauoX  XvawoX XvauoX XewoX XvsoX XrsuoX  Xvauo)

CLEAR Ri

4
ST M
270419-18

AC TESTI

NG INPUT, OUTPUT WAVEFORMS

FLOAT WAVEFORMS

Vee=0.5

0.45Y

AC Inputs during testing are driven at Vg — 0.8 for a Logic “17
and 0.45V for a Logic *0.” Timing
min for a Logic “1” and Vy_max for a Logic 0™,

0.2V +0.8
0.2Yep=0.1

270419-16

meeasurements are made at Vy

Yioap*o1¥ Vouro-ty
v, TINING REFERENCE
Vioap™0.1Y VoL t0.1Y
) 270419-18
For timing purposes a port pin 18 no fonger floating when a 100
mV change from load voltage occurs, and bagins to float when a

100 mV change from the loaded Vou/Voy level occurs. Iy /oy
2z £20 mA.

12
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EPROM CHARACTERISTICS
(EPROM Only)

The 87C51 is programmed by a modified Quick-
Pulse Programming algorithm. It ditfers from older
methods in the value used for Vpp (Programming
Supply Voitage) and in the width and number of the
ALE/ puises.

The 87C51 contains two signature bytss that can be
read and used by an EPROM programming system

Table 3. EPROM Programming Modes

AUTOMOTIVE 80C31BH/80C518H/87C51

to identity the device. The signature bytes identify
the device as an 87C51 manufactred by Intel.

Table 3 shows the logic ievels for reading the signa-
ture byte, and for programming the Program Memo-
1y, the Encryption Table, and the Lock 8its. The cir-
cuit configuration and waveforms for Quick-Pulse
Programming ere shown In Figures 11 and 12. Fig-
ure 13 shows the circuit configuration for normal
Program Memory verification.

MODE RST | PSEN %g’-é s:: P27 | P26 | P37 | Pas
Read Signature T 0 1 1 0 0 0 0
Program Code Data 1 0 0* Vpp 1 0 1 1
Verify Code Data 1 0 1 1 0 0 1 1
Pgm Encryption Table -| 1 0 0* Vpp 1 0 1 0
Pgm Lock Bit 1 1 0 0* Vpp 1 1 1 1
Pgm Lock Bit 2 1 0 0 Vpo 1 1 0 0

NOTES:

“1" = Velid high for that pin
0" = Valid low for that pin

Vpp = 1276V  0.25V

Veg = 5V £20% during programming and verification ;
*ALE/PROG recsives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100 ps
(£ 10 ps) and high for a minimum of 10 ps.

Ao-E>

[ PR——, {

4=6MHz

+5V

1 ———p}

1oy

DJ =
LT

P3.6

87Cs1
P37

| XTAL 2

XTAL

PoK PGM_DATA

RST Th/Vpp f— 212757
ALE/PROG f————25 100 ;43 PULSES TO GND

PSEN f——me0
P2.7 1
2.6 fe———0

2.0 C:
ey AB-Al1

270419-18

Figure 11. Programming Configuration

13
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s [ I
° 270410-20
Figure 12. PROG Waveforms
through 1FH, using the Encryption Table” lev-
%gwx;;ogmmwmg els. Don't forgst that aﬂme Encryption Table \i's

The setup for Microcontroller Quick-Pulse Program-
ming Is shown in Figure 11. Note that the 87C51 Is
running with a 4 to 6 MHz oscillator. The reason the
oscillator needs to be running is that the device is
executing internal address and program data trans-
fers.

The address of the EPROM Iocation to be pro-
grammed is applied to Ports 1 and 2, as shown in
Figure 11. The code byte to be programmed into
that location is applied to Port 0. RST, PSEN, and
pms of Ports 2 and 3 specified in Table 3 are held at

the “Program Code Data” levels indicated in Table
2. Then ALE/PROG is pulsed low 25 times as
shown in Figure 12.

To program the Encryption Table, repeat the 25-
pulse programming Sequence for addresses 0

programmed, verify cycles will produce only encrypt-
ed data-

To program the Lock Bits, repeat the 25-pulse pro-
gramming sequence using the “Pgm Lock Bit” lev-
els. After. one Lock Bit is programmed, further pro-
gramming of the Code Memory and Encryption Ta-
bie is disabled. However, the other Lock 8it can still
be programmed.

Note that the EA/Vpp pin must not be aflowed to go
above the maximum specified Vpp level for any
amount of time. Even a narrow glitch above that voit-
age level can cause permanent damage to the de-
vice. The Vpp source should be well regulated and
free of glitches and overshoot.

+5V

10k

a1

Vee x8

PGM

PO} DATA

§ ————api RST B/ Vpp f—1
ALE/PRGG p¢——1
{ oo P3.6 /
s7csy  PSENfé——0
1 ——pi P37 ”
P27 =0 (ENABLE)
‘xm.z P2.8 {0
4-6 quD }-
T P2.0 :
& XTAL1 23 AB=A11
Vss
- 270419-21
Figure 13, Program Verification
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Program Verification
(EPROM Only)

If Lock Bit 2 has not been programmed, the on-chip
Program Memory can be read out for program verifi-
cation. The address of the Program Memory location
to be read is applied to Ports 1 and 2 as shown in
Figure 13. The other pins are held at the “Verfy
Code Dats” lavals indicated in Table 3. The con-
tents of the addressed location will be emitied on
Port 0. External pullups are required on Port O for
this operation. Detailed timing specifications are
shown in later sections of this datasheet.

If the Encryption Table has been programmed, the
data presentad at Port 0 will be the Exclusive NOR
of the program byta with one of the encryption bytes.
The user will have to know the Encryption Table
contents in order to correctly decode the verification
data. The Encryption Table itsalf can not be read
out.

Reading the Signature Bytes
(EPROM Only)

The signature bytes are read by the same procedure
as a normal verification of locations 030H and 031H,
except that P3.6 and P3.7 need to be pulled to a
logic iow. The values returned are:

(030H) = 89H indicates manufactured by intel
(031H) = 57H indicates 87C51

AUTOMOTIVE 80C31BH/80C51BH/87C51

Program/Verify Algorithms
(EPROM Only)

Any algorithm in agreement with the conditions list-
ed in Table 3, and which satisfies the timing specifi-
cations, ig suitable.

Erasure Characteristics
(EPROM Only)

Erasure of the EPROM begins to occur when the
chip is exposed to fight with wavelengths shorter
than approximately 4,000 Angstroms. Since sunlight
and fiuorescent lighting have wavelengths in this
range, exposure to thesa light sources over an ex-
tended time (about 1 week in sunlight, or 3 years in
room level fluorescent fighting) could cause inadver-
tent erasure. if an application subjects the device to
this type of exposure, it is suggested that an opaque
{abel.ba placed over the window.

The recommended erasure procedure is exposure
1o ultraviolet light (at 2537 Angstroms) to an integrat-
ed dose of at least 15. W-sec/cm2. Exposing the
EPROM to an ultraviolet lamp of 12,000 pW/cm2
rating for 30 minutes, at a distance of about 1 inch,
should be sufficient.

Erasure leaves the array in an all 1s state.

EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS:

(Ta = 21°C to 27°C, Vg = 5V £20%, Vsg = OV)

Symbol Parameter Min Max Units
Vpp Programming Supply Voltage 12.8 13.0 Vv
ipp Programming Supply Current 50 mA
1/TeLe Oscillator Frequsncy 4 6 MHz
TavGL Address Setup to PROG Low 48Tl

TaHAX Address Hold After PROG 48TeLcL

TovaL Data Setup to PROG Low 48ToicL

TGHDX Data Hold After PROG 48TcroL

TEHSH P2.7 (ENABLE) High to Vep 48Tl

TsHGL Vpp Setup to PROG Low 10 us
TGHSL Vep Hold After PROG 10 us
TeLaH PROG Width 80 110 us
Tavav Address to Data Valid 48Tl

TeLav ENABLE Low to Data Valid 48TooL

Tenaz Data Float After ENABLE 0 48TcicL

TeHGL PROG High to PROG Low 10 JIx]

15



e W

* o Sewe ome v

ol v

-, e

in'l'd. MC8¢-51 ARCHITECTURAL OVERVIEW

INTRODUCTION

The 3051 is the ariginal member of the MC3®-51 family, and is the core for a8l MCS-51 devices. Tha featnres of the

8041 core are:

* 8-bit CPU optimized far contral applicerions

¢ Extensive Boolean processing (single-bit bogic) capebilities

® 64K Program Memory address space

® 64K Data Memory address space

® 4K bytes of on-chip Program Memory

¢ 173 bytes of on-chip Data RAM

® 32 bidirections! and individuaily addressable £/0 Hues

¢ Two 16-bit timer/counters

* Fall duplex UART

om/mmmmw“vﬂmmm
® Oa-chip clock ascillasor

The basic architectural strucnure of this 8051 core ix thown in Figyre L.

EXTERNAL
i1
X TMER
INTERRUPT [ N 128 WY7ES :
CONTROL [ RAM TSER 0
JJ{ <
A ,
~ K

i

4 1/0 poRTS

SERIAL
PORT

e )
ADDRESS /DATA

FLOTT 0] !

!

RXD

COUNTER
NEUTS

27251~

Figure 1. Blook Diagram of the 8051 Core
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MC8%-51 ARCHITECTURAL OVERVIEW

;

L R e T T TP e Py

L T N oy N L L L LT T X T PO P P S ey

PROSRAN NIMORY DATA MEWORY
———— (utgg-}n X {san/ wwrr)
222410 i
> S
EXTORAL =y
o :
\ ‘h.

g g S

D N e L L L L L L L L L LT L L T Y ey

Lid't
Bao Kuit E
XTONAL PTINAL 3
oog ® ' 0820
dor B 702912
Fgure 2. MCS®.51 Memory Structure
CHMOS Devices MEMORY ORGANIZATION IN

Foncdoaally, ths CHMOS devices (designsted with
“C” in the middle of the device name) are all fally
contpatible with the 8031, but being CMOS, draw less
current than an HMOS comnterpart. To forther exploit
the povrer savings svailable in CMOS circuitry, two re-
duced power modss are ndded:

® Software-invoked Idle Mode, during which the CPU
is turned off while the RAM and other on-chip
petipherals continue operating, In this mode, cur-
rent draw is reduced to sbout 15% of the current
drawn when the device is fufly actve,

* Software-lnveked Power Down Mode, during which
all on-chip activities are suspended. The on-chip
RAM coutinues to bold its data. In this mods the
device typically draws less than 10 pA.

Alhough the S0CS1BH is functionally coapatibie with
its HMOS countesrpart, specific differences besween the
two types of devices must be considered in the design of
2 spplication dreuit if one wishes to ensure

interchangesbility between the MOS8 and CHMOS

For more information on the imdividual devices and
features listed in Table 1, refer to the Hardware De-
sriptions end Deta Sheets of the specific device,

1-8

MCSe.51 DEVICES
Logical Separation of Program ard
Data Memory

All MCS-51 devices have soparate address speces for
Program and Dats Memory, 23 shown in Figure 2. The
logical scperation of Program and Data Memory allows
the Data Memory to be acosssad by 8-bit addresses,
winich can be more quickly stored and mandpulxted
an 8-bit CPU. Nevertheless, 16-bit Data Memory ad-
drexses can aiso be gemersted through the DPTR regis-
ter.

g

There ¢an be up to 64K bytes of Program Memory. In
ths ROM aad EPROM versions of these devices the

lowest 4K, 8K or 16X bytes of Program Memory are
; of
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MCS9-51 ARCHITECTURAL OVERVIEW

Duata Memory occupies & separate address space from
Program Memcxy: Up to 64K byter of externsl RAM
can be asddremed in the external Deta

The CPU generates read and write signaks, md
SR, a3 needad during external Data Memory acocnes.

mmummmmumm
% combined i desired by applymg the RD and

signels to the inputs of en AND gate sad uzing
the ontput of the gute et the resd strobe to the external
Program/Data memory.

Program Memory

Hpnhhonamdtheb-epmoﬂh.?mm
Meaory, After reset, the CPU beging execation from
location 0000H. £

As shown in Figure 3, each interropt is assigued & fixed
location In Progrsm Memory, The interrupt causes the
CPV 10 jump to that jocstion, where it cammences exe-
cution of the service routine. External Interrupe 0, for
example, is assigned to Jocation 0003H. If External In-
terrupt 0 is going to be used, ifs service routine must
begin 1 Jocation 0003H. If the tmterrupe is not going 10
be used, s servics location i available as gegeral pur-
posc Program Memory.

\\
P
[ om~ef (0033N)
e cozmt
] 0023
! — o
oo

(=515 3

—t oo

e DO
RCSCT =— LO0CH

70813
Figure 3. MCS®-51 Program Memory

The interrupt service locations are spaced at B-byte in-
tecyals: QOO3H for External Imterrupt O, OOUBH for
Timer O, 0013H for Extercal Imerrupt.1, O01BH for
Timer 1, ete. If xo intesyupt service. routing is short
enough (w3 is often the case in contral applications), it
can reside entirely within that 8-bytz interval. Longer
service routines can use A fmnp instruction to skip over
wbeequent fnterrapt locasions, € other intarropts ave in
use.

The lowest 4K (or 8K or 16K) bytes of Program Mem-
ory can be cither in the on-chip ROM or in sn cxternal
ROM. This selection is made by steapping the FA (Bx-
termal Access) pin to either Vg or Vs,

In the 4K byte ROM devices, if the EA pin fs strapped
to Yoo then program fetches to addresses OOO0OH
through OFFPH are directed to the internal ROM. Pro-
gram fetches t0 addresses 1000H thiough FFFFH are
directad to external ROM.

In the 8K byte ROM devices, EX = Vg selects ad-
dresses CO00H through IFFFH to be intenal, and ad-
dresses 2000H through FFFFH to be external

In the 16K byts ROM devices, EA = Vg sclects od-
dremes 0000H through 3FFFH to be intemal, and ad-
drestes 4000H throagh FEFFH 10 be exvernal.

X the EX pin is strapped 10 Vg, then ofl program
fetches sre directed to external ROM. The ROMiess
parts most have this pin externally strapped to Vs to
emabie them to executs propexty.

The read stcobe to external ROM, FSEN, is used for all
external program ferches. FEEN is not activated for in-
termnel program fetches.

@
uCS -39

&

E oz

h .4 \l

)

PR x
2702814

Figure 4, Executing from External
Program Memory

The hardware configurstion for extarnal program exe-
cution is shown in Figure 4. Note that 16 1/0 lines
(Parts 0 and 2) sre dedicated to bus fonctions during
external Program Memory feiches. Port O (PO in Figare
4) serves as 2 multiplexad address/duta bos. It emite
the low byte of the Prograrn Counter (PCL) a3 an ad-
dress, and then goes into a float state awaiting the arriv-

the code byte is read into the microcontroller.



MC8e-51 ARCHITECTURAL OVERVIEW

The right half of Figure 2 shows the intzrmal and exter-
nal Deta Memory speces svailable to the MCS-51 user,

Figure 3 shows a kandware configuration for sccessing
up $0 2K bytes of external RAM. The CPU in this case
i exocuting from interoal ROM. Port 0 serves as a

multipletad

of Poct 2 axn
penerates KD and

oal RAM accemses.

wsed to page the RAM. The CPU
nnnhunededdnrh;exur

BaTA

==

D
Nrace
2]

.\
g
S

&
[ i

Figure 5. Accassing External Osta Memory.
If the Program Memory la intemasl, the Other
Gits of P2 sre Availabie as {/0.

‘Thers can be up t0 64K bytes of external Data Memo-
ry. Extexnsl Data Memory addrestes can be either 1 or
2 byres wide. One-byte 2ddresscs are often nsed In con-
Janction with one or more other 1/0 lines to puge the
RAM, 2s shown in Figure 5. Two-byte addressts can
sho be uted, in which omee the high eddress byte is
emittad at Poct 2.

Fue i
1 ey | accrssaer
UPPER o B ICOIRECT { OV DEEXT
128 :w ADOBSIERG
e B i
ACCTRSIRE SPICIL
Lo Y DRECY FUNCTION mw
128 A MDRECT CONTICC, IS
-] TRMER
RECETIRS
STACK PONTIR
ACCINERATOR
(e
2708718

address/data bus o the RAM, and 3 Hnes

18

pulnMSFmeupmmcmcbbckd
addressse, S0H throogh FFH, althongh they are physi-
caily separats entities,

TP
::“N", 4 BT-ACCATSEMBLE SPACE
BTs (T AZONCRSTS Ow7F)
nfa-_T':
lﬂ
tof jm Ly et
oi{ oM} | poetr
“i'sL—'—m SCIET VAL OF
0 STACK PCOER
nest -7

Figure 7. The Lower 128 Byteas of Internal RAM

The Lower 128 bytes of RAM are presemt in all
MCS-51 devices as mapped in Figure 7. The lowest 12
bytes ere grouped into 4 banks of § registers. Program
instroctions call oue these registers a3 RO through R7.
Two bits in the Program Status Word (PSW) select
which register bank is in nse. This allows more efficient
use of code space, since register ingtrctions are shorter

™

l |
702510

Figuxn 8, The Upper 128 Byies of intemal RAM



Intel.

MC38e-51 ARCHITECTURAL OVERVIEW

7% 4
REQISTER SAMK SELECY BT §

rwd
RESITER Mol SOLECT T ©

27REV~-10

Figure 10. PSW (Program Stzlus Word) Regleter in MCSe-81 Devices

The next 16 bytes above the register banky form a block
of bit-addreszable memocy space. The 24C8-51 struc-
tion set includes a wide selection of single-bit instruc-
tioos, and the 128 bits in this area cxn be directly ad-
dressed by these instructions. The bit addresses in this
ares ave 00H throngh 7FH.

All of the bytes in the Lower 128 cxn be accessed by
either direct or indirect addressmg. The Upper 328
(Figure 8) can oaly be accessed by indirect addressing.
The Upper 128 bytes of RAM are not implemented in
the 8051, but are in the devices with 256 bytes of RAM.
(See Table.1).

Fignre 9 gives a brief lock at the Special Fonction Reg-
ister (SFR) spece, SFRs include the Port latches, tim-
exs, peripheral controls, ete. These registers csa only be
accessed by direct addressing, In genenal, all MCS-51
microcontrollers have tha same SFR3 a8 the 8051, and
at the sme addresses in SFR space. However, enhance-
ments to the 8051 have additions! SFRs that are not
. present in the 8051, nor perhaps it other proliferstions
of the family,

i H RERSTER-MAPPLD POKTS
IS
ADORCRELS TAT IO M
3 OH OR G ARK ALSO
H BP= ALDRESSANLE
0H PORT 8
: ~PORT FRIS
: =ACTURRILATOR
-Piw
asi| Pomr2 =)
i) PORT 1
i
SoH PORY Q
£70251-0
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Sixteen addresses 1a SFR space are both byte- and bit.
sddressable. The bit-addrensable SFRs are those whose
address ends in 000B, The bit addresses in this area ate
$OH through FFH.

THE MCS®-61 INSTRUCTION SET

All members of the MCS-51 {amily execute the same
instroction set. The MCS-51 imstruction set is opti-
mized for 8-bit control applications. It provides a varl-
ety of fast addresing modes for pocessing the internal
RAM w facilitate byte operations oo small data struc-
one-bit variabies 2 & 1eparate data type, allowing divect
h!nnmyuhcnnmmdmdbmqmdznm
quire Boalesn processng.

An overview of the MCS-51 instruction set is presented
below, with s brief description of bow certain instrac-
tions might be used. References to “the ssembler” in
thix discassion are 1o [ntat's MCS-51 Macro Assembler,
ASMS51. More detailed information o the instruction
set can be found in the MCS-S1 Macro Assembler Us-
er’s Guide (Ordex No. 9300937 for ISIS Systems, Order
No. 122752 for DOS Systzma).

Program Status Word

The Program $tatus Wopd (PSW) comtaing several
824t bits that refizet the current state of the CFU. The
P3W, shown in Figure 10, retides in SFR space. It con-
ations), the two register bank select bits, tha Overflow
flag, & Perity bit, and two pser-defimable starus flags.

The Carry bit, other than serving the fenctions of 2
Cury bit in arithmetic operaticns, also serves zs the
“Accomalator” for 2 number of Boolean operations.
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The bitx RSO and RS are ased to select one of the four
register beaks shown in Figure 7. A nomber of ingtruo-
doss refar 10 thete RAM locations &3 RO throogh R7.
The sciection of which of the four benks s being re-
ferred to 33 made on the basis of the bits RSO aad RS1
at exeoation time,

The Parity tit reflects the nomber of 15 in the Accmmn-
iztor: P = 1 if the Accimulator contains an odd nnm-
ber of 15, and P = 0 if the Accumulator containe s
even oumsber of 1¢, Thas the anmber of 13 in the Acco-
mainter glos P is aiways even.

Two bits in the PSW are incommitted and may bs taed
a3 general purpose status flxgs.

Addressing Modes

mlddxuﬁn;modummeuﬁ-ﬂmsmonm
are 13 folloos:

DIRECT ADDRESSING

In direct addressing the operand is specified by an 8-bit
address fildd in the instruction. Quly internal Data
RAM znd SFRs cza be directly sddresced.

INDIRECT ADDRESSING

In indirect addresing the instroction specifics » register
which containg the addresy of the operand. Both inter-
pal and external RAM caa be indiyectly addressed.

The address register for §-bit sddresses can be RO ar
R1 of the setacted register bank, or the Stack Painter.
The addiress regnter for 16-bit addresses cxn only be the
[6-bit “dsats pointer” register, DPTR.

REGISTER INSTRUCTIONS

Tha register banks, containing registers RO through R7,
can be acoessed by orizin instructions which carry a
3-bit register specification within the opoode of the in-
struction. Instracticns that acoess the registers this way
are code efficient, gince this mode eliminstes an address
byte. Whan the instruction is exacuted, one of the eight
registers in the selected benk is acoessed. One of four
benks is tclected gt execution time by the two bank
select bits in the PSW.

REQISTER-SPECIFIC NSTRUCTIONS

Some instructions ars specific to a certain register. For
exsmple, some instroctions alwsys operaie on the Ac-
cumulstor, or Duta Pointer, etc., 30 20 address byte is
nceded to paint to it. The opcode itself does that. In-
structions that refer (0 the Accumiator 2z A amsergble
23 accummlatoc-specific opondes.

IMMEDIATE CONSTANTS

The value of 2 constant can follow the opcode i Pro-
grama Mesnory. For example,

MQV A, #10

loads the Ascomnlstar with the decimal anmber 100,
“mﬂ'am:nwbamldbcwudﬁcdinbudiﬁuu

INDEXED AUDRESSING

Only Program Memay cen be socessexd with indexed
addressing, and it can only be read This .
mode is inteaded for reading look-up tables in
Memory. A 16-5it bass regiater (sither DPTR or the
Program Counter) points to the base of the table, and
the Accumulator is set up with the table entry sumber.
The address of the tabie entry in Program Memory is
formed by adding the Accumulator datz to the base
pointer.

Anxgther typs of indexed addressing is used in the “case
jump” instroction. In this case the dastinstion address
of & jump mstruction & computed 23 the sum of the
base pointer xnd the Acmmulator data,

Arithmatic Instructions

The menn of arithmetic instructions is listed in Table 2.
Tha table indicates the addressing modes that csa be
nsed with exch instruetion to access the <byte> oper-

and. For example, the ADD A, <byte> mstruction can
be written as:

ADD AJFH
ADD  A,8R0

(damz'_ adﬂxmg)
ADD AR7 (register addressing)
ADD  A,#1277 (immediate constant)

The exacuticn times liseed in Table 2 assume v 12 MMz
clock frequency. Al of the arittmmetic instruoctions exc-
cute fn | ps excepe the INC DPTR instruction, which
takex 2 psg, and the Multiply and Divide instractions,
which taks 4 ps

Note thet say byse in the intermal Data Memary space
czn be incremented or decremented without gomg
through the Accumnulstor.

One of the INC mstracticns operates on the 16-bit
Das Painter. The Datz Pointer is used 1o generate
16-bit addreses for axtemnal memory, $0 being able to
increment it in one 16-bit operaticn is a useful feature.

The MUL AB instraction muitiplies the Accamulator
by the data in tha B register 2nd pots the 16-bit product
nto the concatensted B and Accumutstor registers.

110
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Tabie 2. A List of the MCS9-51 Arittensiic Instructions

Mremonic Operation Addressing Modes Exscution

Dr | ind | Reg | wmm | Tows(us)
ADD A<byta> A= A+ <byte> X X X X 1
ADDC A <byw> | A=A+ <byts> + C X X X X 1
8UBB A <tyte> A=A~ <byts>-C X X X X 1
INC A A=At Accumuistor only 1
INC | <byte> <tye> = <bye> +1 | X | x | x | 1
INC OPTR DFTR = DPTR + 1 Dats Pointer only 2
DEC A A=A-1 Accumulator only 1
DEC <tyte> <tyle> = <byle> — 1 x | x [ x | 1
MUL AB B:A = BxA ACC and B only 4
oy 8 B = Vo /81 AGG and Bon ‘
DA A Dacimal Adjust Atcumulator ony 1

The DIV AB instruction divides the Accammlstor by
the data in the B register and leaves the 8-bit guotient
in the Accumnlstor, and the 8-bit remainder in the B
register.

Oddly enaugh, DIV AB finds less ose in arithmetic
“divide” routines than in radix conversions xad pro-
grammable shif? operstions. An exsraple of the nse of
DIV AB in a radix conversion will be given fater. In
shift operadons, dividing & number by 2% shifts its o
bits to the right. Usng DIV AB t0 perform the division

completes the shift in 4 s and leaves the B register

The DA A instroction is for BCD srithmetic opera-
dons. In BCD arithmetic, ADD and ADDC instruc-
tioms should always be followed by a DA A operstion,
to eusure that the result iy also in BCD. Nots that DA
A will not convext 2 binary nember 0 BCD. The DA
A operation produces 3 meaningful result only as the
second step in the addition of two BCD bytes.

Tabla 3, A List of the MCS®-51 Logica! instructions

™ . Azdreasing Modes Execution

Qppration Dic | Ind | Reg | tmm | Jime(us)
ANL A, <byta> A = A AND. <byte> X X X X 1
ANL <byte> A <tyte> = <byte> AND.A X 1
ANL <byte> #dats <byta> = <pyts> .AND. #data X 2
ORL A,<byte> A= AOR. <byte> h 4 X X X 1
ORL <byle> A <byte> = <pyte> .OR.A X 3
ORL <bwee>, édata <tbyte> = <byte> OR. #data X 2
XRL A, <byte> A = A XOR. <byte> X X X X 1
XAL <btywe> A <byte> = <byte> XOR.A X ]
XRL <byte>,¢deta <byte> = <byte> XCR. #data | X 2
CRL A A = 00H Accumuistor only 1
CPL A A= NOT.A Accumuiator only 1
RL A Rotate ACC Left 1 bt Accumutatar only 1
RLC A Rotate Left through Carry Accuraustor only 1
RR A Raotate ACC Right 1 bit Accumulgtor only 1
RRC A Rotate Right through Carry Accumulator onty 1
SWAP A Swap Nibbigs in A Accumoulator only 1

1-11
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Logical Instructions

Table 3 shows the st of MCS-51 bgleal instructions.
The imstroctions that pefacn Boolesn operstions
(AND, OR, Exclusive OR, NOT) cn bytes perform the
operstion ca & bit-by-bit besis. Tha is, if the Accusmn.
fator contzips O00110101B ashd <byw> costains
010100118, ¢hen

ANL A, <byte>
will legve the Accomulator holding 00010001 B.

The sddressing modes that can be wsad 10 access the
<byte> operand are listed in Table 3. Thus, the ANL
A, <byte> instroction may take any of the forms

ANL AJJFH  (direct addressing)
ANL A QR1 (idirect eddresting)
ANL ARG (register sddrescing)
ANL A,#53H (iomediate constant)

All of the logical instructions that ate Accumularor-
specific execute in 1ps (uting & 12 MHz clock). The
others take 2 pa

Note that Boolesn operations can. be performed on any
byte in the lower 128 internal Data Memory space or
the SFR spece nsing direct addressing, without baving
to uge the Accumnlator, The XRL <byte>, #data in-
struction, for example, offers 3 quick and casy way to
invert port bits, as in

XR1L. P1,#0FFH

I{ the operation is in responss to an interrupt, oot tiing
the Accazmuiator saves the time and offort to stack it in
the secvice routine.

The Rotate instructions (RL A, RLC A, etc.) shift the
Accumniator § bit to the left or right. For ¢ left rota-
tiog, the MSB rolls into the LSB position. For a right
rotation, the LEB rolls into the MSB position.

The SWAP A imstruction bwterchaoges the high sad
low pibbles within the Accamalrior, This i a tmefal
operxtion in BCD manipuiatioss. For exaraple, if the
Accumuisator coaraing a hinary number which is known
to be Jess thaa J00, it can be quickly comvertsd to0 BCD
by the foliowing code:

MOV B,#10
DIV AB
SWAP A
ADD AR

Dividing the number by 10 Jeswes the tens digit in the
low gibbie of the Accunulator, xnd the ones digit in the
B register. The SWAP and ADD instructions move the
tens digit 16 the high nibble of the Accumulator, and
the onex digit to the low nibble.

Data Transfers
INTERNAL RAM

Table ¢ shows the menn of ingtructions that are avail-
able for moving data around within the internal memo-
ry spaces, and the addressing modes ¢hat can be used
with each one. With a 12 MEHz clock, all of these in-
structions exacute in either 1 of 2 us.

The MOV <dest>, <src> instruction allows data to
be trzusferred between eny two iternal RAM or SFR
locations without going the Accumulator. Re-
mambear the Upper 128 byes of data RAM can be ac-
caesed ooly by indirect addreming, and SFR space only
by direct addressing.

Note thet ta all MCS-51 devices, the stack resides in
an~cliip RAM, aud grows upwards. The PUSH instroe-
tion first increments the Stack Pointer (SP), then copies
ke byte into the stack, PIUUSH and POP nse only dinxct
addresming to identify the byte being saved or restored,

Table 4. A List of the MCS°-51 Data Transier Instruciions that Access internal Deta Memory Space

Mremonic Overati Addressing Modes m&
Dir | ind | Reg | Imm
MOV A <src> A = <src> X! X X X 4
MOV  <dest> A <dost> = A X1 X X 1
MOV  <dest>, <src> | <dgst> = <grc> X! X X X 2
MOV DFTR,#datals DFTR = 1€-bit immediais constant, X 2
PUSH <smo> ING SP : MOV “@8P", <gre> X 2
POP <dust> MOV <dest>, “@8pP”: DEC SP X 2
XCH A <byts> ACC and <byts> exchange data X X X 1
XCHD AORI ACC and @RI exchange low nibbles X 1

1-12
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but the stack iteelf is scoetsed by indivect addressing
using the SP register, This means the stack can go into
the Upper §28, if they are implemented, but oot iuto
SFR space.

In devices that do not implement the Upper 123, if the
SP paints to the Upper 123, PUSHed bytes ars Jost, and
POPped bytes are indoterminate.

The Deta Transfey instructions incinde a 16-bit MOV
that can be sed to initislize the Dats Pointer (DPTR)
for look-up tables in Program Memory, or for 16bit
external Data Memory accesses,

The XCH A, <byte> instructicn causes the Accomn-
Iator sad addressed byte to dats, The XCHD
A,CRi instruction is similar, Mmiytheloﬂnﬂﬁu
are involved in the cxchange.

To ses how XCH and XCHD can be used to facilitate
data manipulations, consider first the peoblem of shift-
ing an 8-digit BCD numbex two digits to the right. Fig-
ure 11 shows how this can be dona nsing divect MOV,
and for i how it can be done using XCH
Instructions. To sid in understanding how the cods
works, the coatents of the registers that sre holding the
BCD number and the content of the Accumulstor sre
shown aloaguide cach iostruction to indicsre their
status after the iostroction has been executed.

|2al2mf2c|en] 2t

20
A2ZEH o0 |12 ] 34 ) S8 | 78
2EH20H [ 00 { 12 | 34 | B8 | 38
20H2CH [ 00 1 12 | 84 | 34 | 58
MOV 2CH2BH | 00 12 ] 12 { 34
28H,#0 {00 ) 001 12| 34

{a} Using direct MOV 34 bytes, 9 p3
|2al28} 2]
A 001 12| 34
A2BM 00| 00 | 34
A2CH | 00 ] 08 | 12
A2DH 00 s «} 12
AZEH o ¢] (v} 12

8
R ERELE

&8

g488%

LRREBIB
SILIIN
38es8(3

(b} Using XCHs: © bytes, 5 s

Flgure 11. Shitting a BCD Number
Two Digits to the Right

After the routine has been executed, the Accumulator
contains the two digits that were shifted oot on the
right. Doing the routine with direct MOVs nyes 14 code
bytes and 9 ps of caecution time (ssmrwing a 12 MHz
clock). The sxme operation with XCHs s kess code
amd executes almost twice a6 fast.

To right-shift by an odd number of digits, a cao-digit
shift most be cxecuted. Figure {2 shows o sample of
code that will right-shift a BCD number one digit, us-
mgmmmm.&pm, the contents of the

registers holding the sumber and of the Accomnolstor

m:hcwnﬂmpdzunhmmm
2a| 28] 26| 20| 2| ace
MOV R1,02EH ool12{34]zaf78] xx
MOV RO,#20H col12is4le8i78] xx
loop for R1 = 2E8H:

LOOP: MCV A, 0Rt oo12|sa|ssl7s ™
- XCHD A0NG 00j18]a4|58}78| 78
SWAP A 00| 12{34]| 58|78} €7
Moy GR1LA o0|12!34|s8|67] 67
DEC A1 00} 1234|5867} &7
DEC wl121aslssiar! &7
CINE R1,#2AH,LOOP
toop for 7 = 20H: oof12{3s}45]87] «s
toop for RY = 2CH: oo|18j23{es|a?| 23
100p for R1 = 2BH: osloriz23lsle7l o1
QR A I lmm aloo
XCH A2AH oolot1izalesler! oa
Figure 12, Shifting a BCD Number

One Digit to the Right

First, pointers R and RO are sct up to point to the two
bytes comtaining the lnit four BCD digits. Then a loop
is executed which leaves the last byte, Jocation 2EH,
bolding tha last two digits of the shifted number. The
pointers are decremenied, and the loop s repeatsd for
location 2DH. The CINE instruction (Compare and
Jemp & Not Equsl) is & Joop comtrol that will be de-
scribed later.

The loop it executed frem LOQP to0 CINE for R1 =
2EH, 2DH, 2CH and 2BH. At that point the digit that
was originafly shifted out on the right has propagated
to location 2A H. Sines that Jocation should be left with
Os, the [ost digit is moved to the Accomuedator.

1-13
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EXTERNAL AN

Table 5 shows a list of the Dats Transfer instructions
that access extacnal Dats Memory. Ounly indirect ag-
dreszing cas b medd. The choioe s whether 10 w2
onc-dyte wddrms, @RI, where Ri can be cither RO or
R1 of the selected register beak, or 8 two-byte address,
QDPIR. The disadvantage to using 16-bit addresses if
only 8 few K bytes of external RAM are involved is
that 16-bit addresses ne all 8 bits of Port 2 a3 address

address a fow K bytes of RAM, as shown in Figure 5,
without baviag to sacrifice all of Port 2.

. AD of these instrictions execate in 2 ps, with a
12 M2z dock.

Tabie 8. A List of the MCE®.51 Dats
Transter instroctions that Access
Externat Data Memory Space
Address Exscution
Wieith Mremonic Operation Time ()
Sbis |MOVXA@Ri | Pesdodomel |,
ebis |MOVXoRiA | Wieedsmal| -,
| Tebia | MOVXAGDPTR | Dot Soemal|
18bis | MOVXSDPTRA | AR Sl |,

Notz that in all external Data RAM socesses, the Ac-
cumnlatar is always either the destination of source of
the data.

TbcmdtndvmmhatoamndMMmm

tion. Narmally these signals are inactive, and in fact if
they're not going 10 be vsed at all, their pine 2re avail-
able as extra 1/0 fines. More about that later,

LOOKUP TABLES

Table 6 shows the two ingtructions that are
for reading lookup tsbles in Progam Memory. §
these imstructions access only Program Meosory,
lockup tahies can anly be reed, not npdated. The mne-
monic & MOYC for “oagun cometead,

EEE

i TN .= ——
S G SRRy S

Tabie 6. The MCS®-51 Lookup
Tabis Read Instructions
Mnemond Operats Execution
Tine (u8)
MOVC A @A+DPTR | Resd Pgm Memory 2
ot (A+DPTR)
MOVC A®A+PC | Head Pgm Memory 2
at {A+PG)

The first MOVC tastruction in Table 6 can accommo-
date s table of up to 256 emries, sumbered 0 through
235. The number of the desired entry s losded into the
Accumuletor, and the Data Pointer is set up to point to
beginning of the tadle. Then

MOVC  A@A+DPIR
copics the desired table entry into the Accumutator.

The other MOVC instroction works the same way, &x-
cept the Program Counter (PC) is used 23 the tshie
base, and the table s accessed through a subrontine.
First the nomber of the desired entry is lcaded imto the
Accomnlstor, and tha subroutine ig called:

MOV AENTRY__NUMBER
CALL TABLE

Tha subroutine “TABLE™ would Jook fike this:
TABLE: MOVC A,@A+PC
RET

The table ftself immadiately follows the RET {recurn)
instruction in Program Memory. This type of table can
have up to 255 entries, numbered | through 255, Num-
ber O caa not be used, becanse at the time the MOYC
instruction is exacated, the PC contains the address of
the RET insrcuction. An entry nambered 0 would be
the RET opcode itself.

Booilaan instructions

MCS-51 devices contain s complete Boclean (single-bit)
processos, The internal RAM contying 128 adrdnessable
bits, and the SFR gra~s see evwonrwe wee oa 192 athrer
addreseeble Wiir AW of the roet Fmer owe hitceddroes

2Ela, 2ot zach ane san b drectad aga separgte single-

= PR :
T pe i '_-:._:_:.".:_'.:.. "““'__‘- e “‘""...:. kit are aot
SIS LT TDLLLL LW A inpaie mern of
e, 1, tloee somplom e, DR 2nd AMD {ostrice

e Pimeda ..;um......l-...«... UV EPUUN. WOUE I
tong, Thees Kimds o# 4t coanasl-cnacn se .

waimed bo pthr Attty — b vy smeevint ot‘byw
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RETRIGGERABLE MONOSTABLE
MULTIVIBRATORS

These de triggered multivibrators feature pulse width control by three meth-
ods. The basic pulse width is programmed by selection of extemnal resistance
and capacitance values. The LS122 has an internal timing resistor that aliows
the curcuuts to be used with only an extemal capacitor. Once triggered, the ba-
sic pulsa width may be extended by retriggering the gated low-level-active (A)
or high-level-active (B) inputs, or be reduced by use of the overriding clear.

Overriding Clear Terminates Output Pulse

Compensated for VG and Temperature Variations

DC Triggered from Active-High or Active-Low Gated Logic Inputs
Retriggerable for Very Long Output Pulses, up to 100% Duty Cycle
intemal Timing Resistors on LS122

|

| SN54/74LS123 (TOP VIEW)
(SEE NOTES 1 THRU 4)

1Rexty 1 2 12
Voc Cext Cet 1Q 20 CLR 28 2a

z [i6] [1s] [14] [ra] [re] ] [ro] [o]
i___

' Q- -CLR

L S0 I

CLROM —a

Lt I_[ Lol bel Ls]fe] [2] [e]
1A 1 1@ 20 2 2 GND
CLR Cex‘[ Hexf/
Cext
‘ SN54/74LS122 (TOP VIEW)
! (SEE NOTES 1 THRU 4)

Rexy
Voc Cet NC Cext NG Rt Q

[14] [is] [re] [s1] [ro] [o] [e]

o ew

Ll Lo Lol Lol [s] [ef [7]

Al A2 Bl B2 CLR Q GND
NC — NO INTERNAL CONNECTION.

NOTES:
1. An external timing capacitor may be connected between Cgyt and Rext/Cext (positive).
2. To use the internal timing resistor of the LS122, connect Rint to Vo
3. For improved puise width accuracy connect an external resistor between Raxy/Cext and
Ve with Rint open-circuited.
4. To obtain variable pulse widths, connect an external variable resistance between Ri¢y/Cext
andVge.
1

SN54/74LS122
SN54/74LS123

RETRIGGERABLE MONOSTABLE
MULTIVIBRATORS

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 620-09

N SUFFIX
PLASTIC
CASE 648-08

D SUFFIX
16 SOIC

1 CASE 7518-03

= J SUFFIX
it CERAMIC

i CASE 632-08
4

PLASTIC
i CASE 646-06

D SUFFIX
14 SOIC

> CASE 751A-02

Y N SUFFIX

ORDERING INFORMATION

SNBALSXXXJ Ceramic
SN74LSXXXXN Plastic
SN74LSXXXD SOIC

f FAST AND LS TTL DATA
¥ 5-1
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SN54/741.5122 « SN54/74L.S123

LS122
FUNCTIONAL TABLE

[ INPUTS OUTPUTS
CLEAR Al A2 Bt B2 | a Q

. L X X X X L H
X H H X X L H

X X X L X L H
rX X X X L L H
: H L X T H Julor
t H L X H Tl r
' H X L T H il |
boH X L H Tt | or
£ H H !l H H {1 | 1r
; H l 1 H H (| ir
H l H H H lou | oar
S L X H H |IL | r
. T X L H H |JL | r

TYPICAL APPLICATION DATA

The output pulse tyy is a function of the external compo-
nents, Cgxtand Rgxtor Cextand Rintonthe LS122. Forvalues
of Cext 2 1000 pF, the output puise at Vg = 5.0 Vand VRG =
5.0 V (see Figures 1, 2, and 3) is given by

f tw = K Rext Cext where K is nominally 0.45

If Coxt is on pF and Rextis in kQ then tyy is in nanoseconds.

The Cext terminal of the LS122 and LS123 is an intemal
conhection to ground, however for the best system perfor-
mance Cext should be hard-wired to ground.

C'gre shouid be taken to keep Rext and Cext as close to the
monostable as possible with a minimum amount of inductance
between the Raxt/Cext junction and the Rext/Cext pin. Good
groyndplane and adequate bypassing should be designed
into the system for optimum performance to insure that no
falsb triggering occurs.

It should be noted that the Cext pin is internally connected
to ground on the LS122 and LS123, but not on the LS221.
Therefore, if Cext is hard-wired extemally to ground, substitu-
tion of a LS221 onto a LS123 socket will cause the LS221 to
become non-functional.

The switching diode is not needed for electrolytic capaci-
tance application and should not be used on the LS122 and
LS123.

To find the value of K for Cgyt 2 1000 pF, refer to Figure 4.
Variations on Vo or VRC can cause the value of K to change,
as can the temperature of the LS123, LS122. Figures 5 and
6 sr:ow the behavior of the circuit shown in Figures 1 and 2 if

]

, LS123
FUNCTIONAL TABLE
INPUTS OUTPUTS
CLEAR A B Q Q
L X X L H
X H X L H
X X L L H
H L T JL r
H { H JL 1r
T L H JL r

separate power supplies are used for Voo and VRG. If Vocis
tied to VR, Figure 7 shows how K will vary with Vg and
temperature. Remember, the changes in Rext and Cext with
temperature are not calculated and included in the graph.

As long as Cext 2 1000 pF and 5K < Rgxt < 260K
(SN74LS122/123) or 5K < Rext < 160 K (SN54L5122/123),
the change in K with respect to Rgyt is negligible.

If Cext < 1000 pF the graph shown on Figure 8 can be used
to determine the output pulse width. Figure 9 shows how K will
change forCext<1000pFif Voo and VR areconnectedtothe
same power supply. The pulse width ty in nanoseconds is
approximated by

tw = 6 + 0.05 Caxt (PF) + 0.45 Rext (k) Cext + 11.6 Rext

In order to trim the output pulse width, it is necessary to
include a variable resistor between VoG and the Rext/Cext pin
orbetween Ve and the Reyt pin of the LS122. Figure 10, 11,
and 12 show how this can be done. Rext remote should be kept
as close to the monostable as possible.

Retriggering of the part, as shown in Figure 3, must not
occur before Ceayt is discharged or the retrigger pulse will not
have any effect. The discharge time of Cgyxt in nanosecondsis
guaranteedto be less than 0.22 Cgyt (pF) and is typically 0.05
Cext (PF).

For the smallest possible deviation in output pulse widths
from various devices, it is suggested that Cext be kept
= 1000 pF.

FAST AND LS TTL DATA
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GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit
Veo Supply Voltage 54 45 5.0 5.5 v
: 74 475 5.0 5.25
Ta ! Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
IoH, Output Current — High 54,74 -0.4 mA
loL _ Output Current — Low 54 4.0 mA
{ 74 8.0
Rexi External Timing Resistance 54 5.0 180 kQ
74 5.0 260
Cextf External Capacitance . 54,74 No Restriction
Rext/Cext | Wiring Capacitance at Rext/Cext Terminal " 54,74 | 50 pF
i
¥
§
i
\ WAVEFORMS
3
13
' RETRIGGER R
§ PULSE (See Application Data)
R B INPUT
§
L%
1
i QOUTPUT | s ¢ o |2
i 2 tw *| QUTPUT WITHOUT RETRIGGER
]
' EXTENDING PULSE WIDTH
I
l
) BINPUT
I
!
¥
: ~ CLEARINPUT CLEAR PULSE
S — —] OUTPUT WITHOUT CLEAR PULSE
¢ aoutPuT | |
; OVERRIDING THE OUTPUT PULSE
:
}
i
¥
i
i
!
}
4
FAST AND LS TTL DATA
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DC.CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
ViH Input HIGH Vottage 2.0 v ﬂ‘fr:{‘;:ed Input HIGH Voltage for
54 0.7 Guaranteed Input LOW Voltage for
V Input LOW Voltage \)
i p g 74 0.8 All Inputs
ViK . Input Clamp Diode Voltage ~0.65 -1.5 \ Ve =MIN, In=-18 mA
} 54 25 35 V| Voo =MIN, IoH = MAX, VN = Viy
V?H Oumm HIGH Vo“age 74 27 3.5 v or V“_ per Truth Table
, 54,74 0.25 0.4 \Y loL=4.0mA Vce =Vee MIN,
VoL Output LOW Voltage VIN = VL or ViH
74 0.35 0.5 V' loL=8.0mA per Truth Table
20 HA Voo = MAX, ViN=27V
l"[.{ input HIGH Current
t 0.1 mA Voo = MAX, Vin=7.0V
hi Input LOW Current -0.4 mA Veoe = MAX, Vi =04V
Ids Short Circuit Current (Note 1) -20 -100 mA Voo = MAX
s y LS122 11 2 v e
1 Power Supply Current m =
CC pply 5123 S cC
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
[ 3
AC,CHARACTERISTICS (Tp = 25°C, Vcg =5.0V)
, Limits
Symbol Parameter Min Typ Max Unit Test Conditions
PLH Propagation Delay, A to Q 23 33
tpEHL Propagation Delay, A to Q 32 45 = Co=0
tPLH Propagation Delay, B to Q 23 44 2 st 7 4
tp.HL Propagation Delay, B to Q 34 56 Rext = 5.0 kQ
tplLH Propagation Delay, Clear to Q 28 45 AL =20k
tFEHL Propagation Delay, Clear to Q 20 27 ",
W min AorBtoQ 116 200 ns Cext = 1000 pF, Rgyt = 10 kQ,
twQ AtoBtoQ 4.0 45 5.0 s CL=15pF R =2.0 kQ
}
AC SETUP REQUIREMENTS (Ta = 25°C, Voo =5.0V)
. Limits
Symbol Parameter Min Typ Max Unit Test Conditions
W Pulse Width 40 ns
3
;
B
FAST AND LS TTL DATA
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Pin

e e e —

51Q

v v v
VRCo o Ve free chj: e
{ xt 3
Rext 3 _ |
Coxt | %0.1 uF Lo Cext L 0. pF
xt Aext Voo
Cext Rext VcC ; CR  Cex
Cext Q b0 Pout B2 Q——o0 Py
CLR LS122
g 2L8123 81
- A2 -
. Q—o P Af Q—>0
A GND in o GJr\iD
Figure 1 Figure 2

Pin \ / \ / \ /

Pout

——]

A

tw

L

| L
E RETRIGGER
' Figure 3
3
5
]
¢ 10
3
¥
, 5K < Rext < 260K
}
i 5 1
' S
| ot
; 2
' 8 0.1
, 2 o \
[&]
-
3
i g
' 5 0.01
] . \
B
}
I
' 0.001
B 03 035 04 K 045 05 0.85
1 Figure 4
' FAST AND LS TTL DATA
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055 I 0.5 ey 055 I
i | VRe=5V cc= Cext = 1000 pF
Cext = 1000 pF / Q Cext= 1000 pF e
0% AL L 05 AN 05
'é / // Q\K\-wc ~——_-55C
7 / / K K —
o, P — 0°C —
0:5 g /// 045 \‘\t\\ [ B 045
5 ; 8 0° 8 e 25n ——
i//m/y \\ e —
C 125°C X
125°C
0.4 // 04 \\ > 04
5 7,{25%: Q
. 0.35 0.35
0'?54_5 5 55 45 5 55 45 5 55
Vce VRC. Vee = VRe
Figure 5. K versus V¢ Figure 6. K versus VRC Figure 7. K versus Vcc and VRC
4
{
100000 -
; A
5 //7 Y
Rext = 260kQ ] 1 <
: o= 160k L1 T 1 L o
10000 — —
’ S > Pl P
bz —~ T
! - ol ] Pria p=d -
E ’g —"—/ -l - / //
% —__/ — d ///
QS_ — . ,ll P
i 5 et ”~
' =] —— N\~
- =T LTI
¥ 100 1 R A
SR\ Rext=80kQ
AN \t Rext =40 kQ
3 AN Rext =20kQ
\\\: Rext = 10kQ
! Rext=5kQ
1
" L1 1]
1 10 100 1000
¥ Cext, EXTERNAL TIMING GAPACITANCE (pF)
Figure 8
]
i .
' FAST AND LS TTL DATA
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0.65
\ Cext=200pF
~55°C
\ \
06 ~— 090 g
.\\
e ———
25°C
70\0\
125°C
0.5
45 475 5 5.25 5.5
Veg VOLTS
Figure 9
Vee
Rext
3 REMOTE
PIN7 JR\,i, -
OR15 M
A Cext
PING _
OR 14

'Figure 10. LS123 Remote Trimming Circuit

FAST AND LS TTL DATA
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Vee
PINg e—————— OPEN
Rext
Rext REMOTE
PIN13 A —
:: cExt

PIN {{ et

Figure 11. LS122 Remote Trimming Circuit Without Rext

Vee
Rext
REMOTE
PING Ay
PIN13

M
J1

PIN 1} e=—————9

Figure 12. LS122 Remote Trimming Circuit with Rjnt
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SEMICONDUCTOR TECHNICAL DATA by TIP3055/D
k
’ TIP3055
Complementary Silicon Power PNP

Transistors TIP2955

ces cfesigned for general-purpase switching and amplifier applications.

o DC Current Gain — hgg = 20-70 @ Ic = 4.0 Adc
o Collector-Emitter Saturation Voitage — VCE(sat) = 1.1 Vdc (Max) @ Ic = 4.0 Adc 15 AMPERE

. Ej:(cellent Safe Operating Area POWER TRANSISTORS
COMPLEMENTARY
SILICON
MAX_IMUM RATINGS 60 VOLTS
Rating Symbol Value Unit 90 WATTS
Collector-Emitter Voltage . VCEO 60 Vde
Cojlector—Emitter Voltage VCER 70 Vde
Coflector-Base Voltage VB 100 Vdc
Emitter-Base Voltage VEB 7.0 Vde
Collector Current — Continuous Ic 156 Adc
Base Current s 7.0 Adc
Total Power Dissipation @ T¢ =25°C Pp 30 Watts
Derate above 25°C 0.72 w/eC
Op'erating and Storage Junction Ty Tstg -651t0 +150 °C
Temperature Range
THERMAL CHARACTERISTICS §/\SE 3400-02
. Characteristic Symbol Max -Unit
Th'grmal Resistance, Junction to Case Rejc 1.39 °C/W
Thermal Resistance, Junction to Ambient ReJA 35.7 °C/W
!
1000
g N 4.0V
‘ CE=4.
| z Ty=25
{ £ ]
g T e L i
: € 100 -~ — TIP3055 |
3 — ~— — TIP2955
[&] b
| 3 =
{ i SN
£
E N
M
I

10
0.1 02 03 05 07 10 20 30 50 70 10
I, COLLECTOR CURRENT (AMP)

Figure 1. DC Current Gain
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TIP3055 TIP2955

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

T

i Characteristic

| Symbol [ Min [

Max l Unit ]

OFF CHARACTERISTICS

Collector—Emitter Sustaining Voltage (1)
(lc = 30 mAdg, |g = 0)

VCEQ(sus)

60

Vde

Collector Cutoff Current
(VcE = 70 Vdc, Rgg = 100 Ohms)

ICER

1.0

mAdc

Collector Cutoff Current
« (Vge =30 Vde, Ig=0)

Iceo

0.7

Collector Cutoff Current
(VcE = 100 Vdc, VBg(off) = 1.5 Vdc)

ICEV

5.0

mAdc

" Emitter Cutoff Current
. (Vg =7.0Vdc, lc=0)

IEBO

5.0

mAdc

ON CHARACTERISTICS (1)

‘DC Current Gain
! (lc = 4.0 Adc, VoE = 4.0 Vdc)
(Ic = 10 Adc, Vg = 4.0 Vde)

hFg

20
5.0

70

Collector-Emitter Saturation Voltage
(I = 4.0 Adc, Ig = 400 mAdc)
(ic = 10 Adc, Ig = 3.3 Adc)

VCE(sat)

1.1
3.0

Vde

Base—Emitter On Voltage
{ (Ic = 4.0 Adc, Vg = 4.0 Vdc)

VBE(on)

1.8

Vdc

SECOND BREAKDOWN

Second Breakdown Collector Current with Base Forward Biased
(VcEe =30 Vdg, t = 1.0 s; Nonrepetitive)

ls/o

3.0

Adc

DYNAMIC CHARACTERISTICS

Current Gain — Bandwidth Product
(lc =0.5 Ade, Vo = 10 Vde, f = 1.0 MHz)

2.5

MHz

i Small-Signal Current Gain
(VCE = 4.0 Vde, Ic = 1.0 Adc, f = 1.0 kHz)

hte

15

kHz

(1) Puise Test: Pulse Width = 300 ps, Duty Cycle < 2.0%.

NOTE: For additional design curves, refer to electrical characteristics curves of 2N3055.

3

There are two limitations on the power handling ability of a
transistor: average junction temperature and second break-
down. Safe operating area curves indicate Ig — VCE limits of
the transistor that must be observed for reliable operation;
i.e., the transistor must not be subjected to greater dissipa-
tion than the curves indicate.

The data of Figure 2 is based on T = 25°C; Ty(pk) is
variable depending on power level. Second breakdown pulse
limits are valid for duty cycles to 10% but must be derated for
temperature.

¢ 100
L 50
g
R H
_- 300 pus +H
Z 10 DN DS 1.0ms
E de S N
T 50 . ==
‘g’ 3.0 H —~\]0ms
& 20F —— SECONDARY BREAKDOWN LIMIT
& 1.0f —-— BONDING WIRE LIMIT — N
3 [ —— THERMAL LIMIT @ Tg = 25°C 2
D e
< 8::25 Ty=150°C
| 1 1
0.1 L 11
1.0 20 40 60 10 20 4 60
' Vg, COLLECTOR-EMITTER VOLTAGE (VOLTS)
Figure 2. Maximum Rated Forward Bias
b .
Safe Operating Area
I
2

Motorola Bipolar Power Transistor Device Data



: TIP3055 TIP2955
PACKAGE DIMENSIONS

k)
pag—=
petone

NOTES:
1. DIMENSIONING ANO TOLERANCING PER ANSI
Y14.5M, 1982,
2 CONTROLLING DIMENSION: MILLMETER.

| _MAN | MAX | WIN | MAX |
— 12035 | — 10801
1479 | 1520 | 0579 | 0598 |
470 490 | 0185 | 0.193

——

0N
>
_.Ic.Q_.

1101 120 | 0043 | 0051 |
117 | 137 | 0046 | 0054
549 | 555 1 0213 | 0219
200 | 300 | 0079 | ons
0501 078 | 0020 [ 003t
3100 REF 1220 REF |
— [ 62| — | o638
400 | 410 | 0158 | 0.161
1780 | 1820 | 0701 | o717
4,00 REF 0.157 REF

1.75 REF 0.069

le

- ™

— (T Tt

L3

<¢=uor-x¢-:nmonm>ls

i

STLE(:
PIN1. BASE
2. COLLECTOR
, 3. BWTTER
I 4. COULECTOR

CASE 340D-02
ISSUE B

<
[ -
o

— e e T

o

e waw e -

-

B
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Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disciaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. Alloperating parameters, including T ypicals®
[nust be validated for each customer application by customer's technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems Intended for surgical implant into the bodly, or other
applicationsintended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
ordeath may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized appfication, Buyer shall indemnify and hold Motorola
and its officers, employees, subsidiaries, afflliates, and distributors hamiless against all claims, costs, damages, and expenses, and reasonable attomey fees
arising out of, dirsctly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, inc. Motorola, Inc. is an Equal
Opportunity/Aflirmative Action Empiayer. '
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DC CHARACTERISTICS OVER OPE

SN54/74L.5122 « SN54/74L.S123

RATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit -Test Conditions
! Guaranteed Input HIGH Voltage for
ViH . Input HIGH Voltage 20 v All Inputs
| 54 0.7 Guaranteed Input LOW Voltage for
VIL Input LOW Voltage - Y \ All Inputs
ViK , | Input Clamp Diode Voltage -0.65 -1.5 \' Vee=MIN, jy=-18mA
. 54 2.5 35 A Vee = MIN, 1o = MAX, Vin = V)
CcC IQH = s VIN = VIH
VoH Output HIGH Voltage 72 27 a5 v or Vj_per Truth Table
! 54,74 0.25 0.4 v loL=40mA | Vcc=VcoMIN,
VoL Output LOW Voltage VIN = VL or VIR
74 0.35- 0.5 \' loL =8.0 mA per Truth Table
20 pA | Voo=MAX, Viy=27V
hH Input HIGH Current cc N
0.1 . mA Veco=MAX,ViN=7.0V
e Input LOW Current -0.4 mA Voo =MAX, VN =04V
log * | Short Circuit Current (Note 1) -20 -100 mA Vee = MAX
" | Power Supply C ok i . A | Voo =MAX
! ower Supply Current m =
CC ~ Pply Lo123 20 cc
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp =25°C, Vg =5.0V)
| Limits
Symb?l Parameter Min Typ Max Unit Test Conditions
tPLH Propagation Delay, Ato Q 23 33 I’
t Propagation Delay, Ato Q
PHL : pag Y, 32 45 Cext=0
tPLH , | Propagation Delay, Bto Q 23 44 D CE=15pF
tpHL - | Propagation Delay, Bto Q 34 56 Rext = 5.0 kO
tPLH Propagation Delay, Clear to Q 28 45 RL=20ka
tPHL * Propagation Delay, Clearto Q 20 27 R
twmid | AorBtoQ 116 200 ns Cext = 1000 PF, Rext = 10 k2,
wa ! | ABroaQ 4.0 45 5.0 ps CL=15pF R =2.0kQ
AC SETUP REQUIREMENTS (Tp = 25°C, Voo =5.0 V)
' Limits
Symb&l Parameter Min Typ Max Unit Test Conditions
tw ! Pulse Width 40 ns g
i
}
i
i
§
'
' FAST AND LS TTL DATA
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Pin

SN54/74L.S122 ¢« SN54/74LS123

o Vce VRC o Vce
Rext 3 ]
Cext [ 1: 0.1puF
Cex Rexd Vee -
Cext Q—° Poy
g rLs1s3
o0
A GND
510 l
Figuret .

Pin

oVee

—
L l Cext

Vre ?
Roxt 3

oVee

1

I 0.1 uF

5iQ

Cet Red Voo
CLR Cex‘
82 Q 0 Pcut
81 LS122
A2 6 N
Al GND
Figure 2

RETRIGGER
Figure 3

5K < Rext < 260K

0.1

EXTERNAL CAPACITANCE, Cayi (1P}

0.01

0.001

045 05 055
K

03 035 04
Figure 4
FAST AND LS TTL DATA

5-5



~ -

e

T e e -

SN54/74LS122 « SN54/74LS123

0.55 T 055 ey 0.5 T
VRG=5V cc= = 1000 pF:
' Cext = 1000 pF / % Cext = 1000 pF Cext p
" s p Vs 05 \ AN 05
; Ve N I
¢ K -55°C K K ——
/ L 25°C ———-2C T
048 0°G/ Pl 045 \ \ .\\\
" /S// / a N ocN 0.45 255
: / //2:/ / : \\\ e T
C 125°C
I 04 A pid 04 ™ k 04 125°C
‘ 74’25% \\\
Y : 0.35
p 0 354..5 5 55 45 5 . 55 - 45 5 55
. Vce VRC - Vee=VRe
1
Figure 5. K versus V¢ Figure 6. K versus VRC Figure 7. K versus V¢ and VR
;
!
]
¥
:
£ 100000 e
F .
. A A
E /// /‘
Roxt =260kQ L] = A »
10000 Rext=160k2 44| pal / " af
== =
, . L » /I ,I
E g gl et /‘ P
D:E e ] Lot prad b
E s B s X e A P
i W ’ d "
Y < . L L+ L1
Q. >
E — II )
= - P
. 3 " L \!
; - . il o
-—/ L] AR
t i 4/‘// V\\\
i 100 — \\;‘ 1“\\;\\—- Rext =80 kQ
\ =40kQ
b \\\\\— %ﬁ =20kQ
i \ Ryt = 10kQ
: Raxt=5kQ
} L1 11
103 10 100 1000
i Cext, EXTERNAL TIMING CAPACITANCE (pF)
E, Figure 8
FAST AND LS TTL DATA
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0.85 e
\ Cext = 200 pF
-55°C
\ \
05 B 0°C s
\\
%
-%\
0.55 \\
125°C
0.5
45 4.75 5 5.25 5.5
Voe VOLTS
Figure 9
Vee
Rext
Rext REMOTE
PIN7 A ¥
OR 15 Wy
:: Cex‘[
PING
OR14 "

Figure 10. LS123 Remote Trimming Circuit
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Vee
PIN9 e~ OPEN
Rext
PIN13 A AAS
:: Cext

PIN 11 o—me—ee

i}

Figure 11..L.S122 Remote Trimming Circuit Without Rext

Vee

Rext
REMOTE

PING o it

PIN 13—

P
J1

Figure 12. LS122 Remote Trimming Circuit with Rint
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SEMICONDUCTOR TECHNICAL DATA by TIP3055/D

i

NPN
Cdmplementary Silicon Power Tlﬁﬁgss

Transistors TIP2955

. . . designed for general-purpose switching and amplifier applications.
e DC Current Gain — hpg =20-70 @ I = 4.0 Adc

« Collector-Emitter Saturation Voltage — VCE(sat) = 1.1 Vdc (Max) @ I = 4.0 Adc 15 AMPERE
» Extellent Safe Operating Area POWER TRANSISTORS
COMPLEMENTARY
: SILICON
MAXIMUM RATINGS 60 VOLTS
Rating Symbol Value Unit 90 WATTS
Collactor-Emitter Voltage Veeo 60 Vdc
Collector-Emitter Voitage VCER 70 Vde.
Coltgctor—Base Volitage Vee 100 Vdc
Emifter-Base Voltage VEB 7.0 vde
Collector Current — Continuous ic 15 Adc
Base Current s 7.0 Adc
Total Power Dissipation @ Tg =25°C Pp 90 Watts
Dérate above 25°C 0.72 W/°C
Operating and Storage Junction TJ: Tstg -65to +150 °C
Tdmperature Range
THERMAL CHARACTERISTICS FpeEdd0n-02
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 1.39 °CW
Thefmal Resistance, Junction to Ambient RayA 35.7 *CIW
1000
!
< Ty=25°C
[©] |
= |
@ < !
= 100 - TIP3055
o o — — TiP2955 13
8 =S
wi LN,
_éh N
\
M
10
0.1 02 03 05 07 1.0 20 30 50 70 10
{ I, COLLECTOR CURRENT (AMF)
Figure 1. DC Current Gain
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TIPGJSS TIP2955

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

I t ’ Characteristic

| symbol [ Min | Max | Unit |

OFF CHARACTERISTICS

Caliector-Emitter Sustaining Voltage (1)
(i = 30 mAdc, Ig = 0)

VCEO(sus) 60 — Vdc

Coftekctor Cutoff Current
(VCE = 70 Vdc, Rgg = 100 Chms)

ICER — 1.0 mAdc

Coilector Cutoff Current
(V?E = 30 Vde, 1g = 0)

Iceo - 0.7 mAdc

Coltector Cutoff Current
(Veg =100 Vvdc, VBg(off) = 1.5 Vdc)

lcev - 5.0 mAdc

Emitter Cutoff Current
(VB =7.0 Vdc, I =0)

lEBO — 5.0 mAdc

ON CHARACTERISTICS (1)

DC Current Gain
(g =4.0 Adg, Vcg = 4.0 Vdc)
(Ic = 10 Ade, Vcg = 4.0 Vdc)

hFeE —
20 70

Collgctor-Emitter Saturation Voltage
(¢ = 4.0 Adc, Ig = 400 mAdc)
(lq =10 Adc, Ig = 3.3 Adc)

VCE(sat) vdc

Base—Emitter On Voltage
(l¢ = 4.0 Adc, Vi = 4.0 Vdc)

VBE(on) - 1.8 Vde

SECOND BREAKDOWN

Seco:nd Breakdown Callector Current with Base Forward Biased
(VGE = 30 Vdc, t = 1.0 s; Nonrepetitive)

ls/b 3.0 — Adc

DYNAMIC CHARACTERISTICS

Current Gain — Bandwidth Product
(I = 0.5 Adc, Vo = 10 Vdc, £ = 1.0 MH2)

fr 2.5 — MHz

Sméll-—Signal Current Gain
(VcE = 4.0 Vdg, Ic = 1.0 Adg, f = 1.0 kHz)

hte 15 — kHz

(1) Pulse Test: Pulse Width = 300 ps, Duty Cycle < 2.0%.

NOTE; For additional design curves, refer to electrical characteristics curves of 2N3085.

H

There are two limitationis on the power handling ability of a
transistor: average junction temperature and second break-
down. Safe operating area curves indicate I — VCE limits of
the transistor that must be observed for reliable operation;
i.e., the transistor must not be subjected to greater dissipa-
tion than the curves indicate.

The data of Figure 2 is based on T¢ = 25°C; T(pk) is
variable depending on power level. Second breakdown pulse

* limits are valid for duty cycles to 10% but must be derated for

temperature. {

-

100
2 5
2 S
300 ps -

% 10 D DS 1.0 ms
[-= " N
S 50 e
% 30 ; ; ~N\10ms N
£ 2 —— SECONDARY BREAKDOWN LIMIT .
@ 1L —-— BONDING WIRE LIMIT N
3 'E —— THERMAL LIMIT @ Tg=25°C =
R e g
(&)
ity Ty=150°C

- 1 | !

o4 [ 11
1.0 20 40 60 10 20 4 60
Vg, COLLECTOR-EMITTER VOLTAGE (VOLTS)

k Figure 2. Maximum Rated Forward Bias

, Safe Operating Area

i
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i TIP3055 TIP2955
. . PACKAGE DIMENSIONS
R
L1
~{ C lg—
i NOTES: .
' ~— B Q@ E "l < 1. DIMENSIONING AND TOLERANCING PER ANS!
Y14.5M, 1982,
‘ 2. CONTROLLING DIMENSION: MILLIMETER,
T T u s j WLLMETERS | mecwes
' f ] m | wn T wax | M | wax
N L -©- A W — [ o801
S [ - 8 [ 1470 T 1520 1 0579 | 0%ea
b | l c | 470 4901 0185 ] 0193
K y N— D 1107 130 [0043 | 008
; € | 117 | 137 [ oois | o5
m ]V G| sa0 | 555102131 0219
i H1 2001 300 [ 0079 ] 04
) J 1 050 [ 078|000 oot
K | 3100REF 1.220 REF
! Ll —Jw20] —1[o
[ Q| 400 ] 4101 018 | ot
. D Jﬂ‘_ 3 172000?21%20 0700:7 0717
E i ) H — V| 175 REF 0,060
\'}
—{ G STLEY:
FIN1. BASE
¢ J 2. COLLECTOR
-3 EMITTER
4. COWECTOR
' CASE 340D-02
* ISSUE B
b
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@ MOTOROLA

RETRIGGERABLE MONOSTABLE
MULTIVIBRATORS

These dc triggered multivibrators feature pulse width control by three meth-
ods. The basic pulse width is programmed by selection of extemal resistance
and capacitance values. The LS122 has an intemal timing resistor that allows
the circuits to be used with only an external capacitor. Once triggered, the ba-
sic pulse width may be extended by retriggering the gated low-level-active (A)
or high-level-active (B) inputs, or be reduced by use of the overriding clear.

Overriding Clear Terminates Output Pulse

Compensated for Vo and Temperature Variations

DC Triggered from Active-High or ‘Active-Low Gated Logic lhputs
Retriggerable for Very Long Output Pulses, up to 100% Duty Cycle
Intemal Timing Resistors on LS122

SN54/74LS123 (TOP VIEW)
(SEE NOTES 1 THRU 4)

i TRexty 1 Y2
VCC Cext Coxt 10 20 CLR 2B 24

[1s] [1s] [1e] [ra] [ref [rr] [ro] [}
i__

E } o —CLR

i . —Q

>$ CLRQ" 10
Ll

L] Lol Lelds] Lol 1r] Lol

1A 2Q 2 2 GND
CLR Cext Rexﬂ

, Cext
SN54/74LS122 (TOP VIEW)
(SEE NOTES 1 THRU 4)
Rexy/
Voc Cext NC Cext NC Rint

[_]ITIF'I[_IF_I["H_I

A AA

v I F‘mt
‘ Q

CLR Q]

‘ Lt [2] Lol [e] sf [e] L]

. Al A2 Bl B2 CLR Q GND
NC — NO INTERNAL CONNECTION.

NOTES:

1. An external timing capacitor may be connected between Ceyt and Rext/Ceyt (positive).

2. To use the internal timing resistor of the LS122, connect Ryt to Vi

3. Forimproved pulse width accuracy connect an external resistor between Rgy/Ceyt and
Ve with Ript open-circuited.

4. To obtain variabie puise widths, connect an extemal variable resistance between Rin/Caxt
and Vce.

SN54/74LS122
SN54/741.5123

RETRIGGERABLE MONOSTABLE
MULTIVIBRATORS

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 620-09

N SUFFIX
PLASTIC
CASE 648-08

« D SUFFIX
b soIC

g CASE 751B-03

= J SUFFIX
i CERAMIC
i CASE 632-08

N SUFFIX
PLASTIC
“ CASE 646-06

D SUFFIX
14 SOIC

> CASE 751A-02

ORDERING INFORMATION

SNS4LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74LSXXXD SOIC

FAST AND LS TTL DATA
' 5-1






