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11O port
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Paraliel 1/O port

o , o ¢
EUﬂ 4.4 UNANNISAD hex keypad NU I/0 WBINUUU open

collector

( % L] 1]
uTRSSUS I FH LFDTIUSUNSNAL AVAUYININ output line UARE
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PROGRAM Joftware Interface to a Hexadecimal
keypan begin initilize port; (*Set the 4 high-order bits
to output mode, and the 4 low order bits to input mode*)

QUTPUT - MASK := 16;

(*The leading bit of OUTPUT-MASK is shifted right
to deassert the other output bits, one at a time¥)
for I := O step 1 until 3 do

begin SWITCH - PORT : = OQUTPUT - MASK;

(Output the mask and make one output line active ¥*)
OUTPUT - MASK := rithtshift (OUTPUT - MASK) ;

(* Rotate OUTPUT - MASK to make ready for the next
active bit. The opera- INPUT - MASK = 1=
for J: = O step 1 until 3 do

begin if (INPUT-MASK AND SWITCH = PORT) = O then

bengin (*found a O bit; this switch is closed *)
delay; (*Debounce*)
while (INPUT-MASK AND SWITCH-PORT) = 00
(* Switch has been released*)
delay; (*Debounce after switchrelease *)
exit; (*Exit the loops ¥*)
end
else
begin (*Prepare to examine the next input bit ¥*)
INPUT-MASK := leftshift (INPUT-MASK);
end;
end;
end;

end;
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Hexadecimal Keypad
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1aﬂnynuuuﬁaawﬁﬂvﬁunwsau1mas1wauuuuu1ﬂ%nvvaﬁ

o

43z AAIBAUINATUDY  Open

cae-

driver/receiver ﬁﬂuaﬂﬂﬂuzuﬁ 4,5
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o =
Duata if-ilop

17O pin

Data bus input

zuﬁ 4.5 UdAY Tri-state I/0 pin _i_

ﬂuﬁuﬂnﬁnuﬂ directin flip-flop  JtUy¥NDONIININIS

a 124 a |
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FENUBN  (AUNTENINTURRYINEAIBUDN ﬁuzUuaﬁvﬁq pin QNANT

0 v

. . 4
AV TAYINIT  Voltage divider g Ground) stﬁzvﬁtawwyﬂiuiﬂﬂa

3 3 ‘ a -
u?‘jn lﬁa“asnﬁq“uﬁ“”ﬂauﬂﬂ L TUUNSD

De
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ce

¢ a ¢
U Wﬁmaunﬁﬁulaﬁw§nlaﬂ

o

{ a%nﬁwu%uwngnéwul§1u11uiwuﬂxawﬁvn AedggInason drive 1AY
Data register uasﬁaga 1/0 Pin nﬂuuanqz1ﬂqndﬂu I/0 Pin 013
A8 5E7A19 TUIINATINRS VB U MANINBABUEN drive VA ITININTDN 9 DU
EUuuun13ﬂ§vau Tri-state line gnuaﬂu1§ﬁuzuﬁ 4.6

¢ o

v
o [ [ a '
ASRUNDINILDULADS LWRNU Relay W92 LED TAYNIUYY Collector UDN

' <« o
Darlington driver stwzdﬂlaﬂnﬁnuuu Open collector ¥ High
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impedance ADlUEIHUANINYIN 5 Volt 1aﬂﬂ§nuuu Open collector
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$9 13 L wNAE ANAUNS A

ﬂuSUn 4.6 uuﬂuﬁDQHWqHNHSQlﬂﬂauﬂﬂﬂ3ﬂu Diode WQQBQWQ

Wﬁﬁaﬂﬁﬁﬂlwﬁﬂzﬁﬂlnﬂ Darlington Transistor N WU uﬁdlﬂaﬂuQ“
AnAsaNSEMIIY  Base U Emitter ¥9¢ Transistor ORI REPRY-S
5131%q5u3vlﬂéauﬂ1squszunm 1.5 Volt Lﬁaﬁﬁai Darlington 99
U Laﬁﬁywuuu Tri-state ®ay I/0 wa%wﬁgnaanuuuﬂﬁuﬁuﬂﬂﬁ
Drive Darlington Transistor 151ﬂ8ﬂ$dﬁﬂa%1ﬂﬁaﬂﬁﬁ Buffer W3D
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—— — ittt et e i .
Reluy or LED
driven by output

transistor

Tri-state 1/0

n
P Darlington

transistor

ol S
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EUn 4,6 uanqunsmnﬁﬁ Drive High - Power @78 tri-state 1/0

pin
4.1.3 laﬁﬁﬂnuuu Control line
uuuqﬂﬁﬁﬂuavnﬁsﬁuxﬂaéxwaavaﬁmmwmlaﬁﬁvnﬁﬁa
Control line ﬂﬁaﬁw$umsaaaauﬁmmﬁmﬂunﬁséqdﬂuﬁaﬁaiuﬁv
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o N ' '3 . w“ @
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4,2 IEEE-488 INSTRUMENT BUS
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L7 ¥ wo W (l 1] g
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TﬂHNWﬂﬂzlﬁu Computer

(3) Controller peripheral (iU lﬂ%ﬂﬂﬂnﬁ 1nuuﬁlu§n
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S18AL L oYAINEINY TIEEE-488

ANEAL NIWNIYATHAR R GYD Y IEEE-488 A9 ( UUAISUUUIUIN 24
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184 14 24 U

A1Hdaua 8 (du,  Fren1diuniIns1RUN NN
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4 d‘ had d‘ o~ (-3 “
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o a a v vy o4 &
(management) URENINRDDN B (34 NMUINLIUN Ground UAR% Shield
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1u¥UIUAIS  hand shake feas i haludisdgyan 3 1AUAD
NRFD,DAV U’ NDAC 1ﬂﬂ§nwsﬂﬁq1ux§u§uﬂauﬁqi
(1) listener Qzﬁﬁimmﬂmuﬁuuﬁﬂﬂ NRFD (not ready for
data) tﬁauaniﬁw$0uﬁqz€uﬁa§au51
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| eot \
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1
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‘ d‘ J L 2, i 24 o | 2 v
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b 4
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DAV 8 ﬁ\
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./
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‘with fast respendent

un 4,7 IEEE-488 3 wire data transfer hand shake
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v & (73 - ] A'
Uanﬂwqunsmqnﬁvﬁussuustauw%au %aagﬁuanﬁnzxﬁuﬁu

Qe

(3) REN (Remote Enable) Controller aaéeﬁmmﬁmu1u
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1. Talker (T) nHgUNS AN Taya 1A

2, Listener (L) nﬁﬂﬁqﬂns&%uﬁayai%

3. Source handshake (SH) %ﬂﬁﬂﬁiu%nﬁiﬁvﬁmmﬁm {Synchro-
nize message transmission)

4. Acceptor handshake (AH) %véiﬂﬁiu%nﬁs§uﬁmm1m
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5044
0000

fush
il
04
0020
O0ED
Ay
00C2

nA
UH2

3090
SEFF
JFDB
2100
2000
0081
0079
3F20

Wwounononoon

i n

4000

0000 J1Z03F
4003 JE0D
0063 CBOT0:
0008 3E0R
6004 CBOP0L
000D 3EGF

QUOF CDOY01

0012 110040
2015 AF

CHTIRY
G017 13
0018 2iFFSF
G0iR A7

0910 EDS2
OG1E 2085

4020 213502

0023 £0990i
G026 SEOR
4028 CDO30I
4028 3E0D

0025 CDU90!
4930 210102
4033 22D83F
0036 038040

b
.
H

23
jE

rin
Linl

START:
POATA:
CHKL:
k2
FINDATA:
STARTZ:
FINDATAZ:

TUDAR
RINRAR:

KAXRAN:
RSTh6:

SAYE:

15_BUF:
NAYRATE:
HINRATE:
STACK: -

CRAK:

A-2

[Py "I8G.THL

HOF "INTE®
SHEEERIREIEEF AR R
<& KAIN FROGRAM OF POBER LINE RDNITOR &
£ BY WORARDON.C & THANRONGSAK.CH  #
CEREEETTEFEEEECEHTREREREREREREREERRREE

$4:15:00 M

FHERFEREPAIHEREEREI RS

o

EBU  H0H
EBU OCOH
ERU 40H
EQY 20H
EDy  OEOR
EBY  OAGH
3 TR
ERY GATH
EQU 4000W  jCHANGE
EBU  SFEFH 3 "
Epy 3FDBH
EBY 2100H
El  2000H
EU. BIH
By 79
IBd 3F20H §
o MY NAIN SBEIBEHEINIIIE N
ORE  000OH
LD SF,5TACK
LD A0DH
CALL PRT
LD A0
CaLL PRI
{0 A,OFH
CHLL PRT
LD DE,MINRAN
1R &
D (DE),A —-
I DE .
LD HL,HAYRAM
END A
SEC  HL,DE
Ik NI,CRAM
LD HL,POHER
CALL REW
LD A,0M
CALL FRT
LD A,0DK
CALL FRT
LD HL,NMIY
LD {RSThbY,HL
“ LD BC,HINRAN



A-3

G635 110040 LD DE,MINRAY
w.\‘" TBZI00Z0 LD I, TY_BUF
040 DDISO00E B 113400, 0EH
0644 DD3L0400 LD {I3+4),008
0048 TD3H0509 . LD (13+5),08H
004C 215F02 LD HLVTITLE
(04F CDI04 CALL RER
0052 D360 RUN: pUT  {CLR),A
£454 D306 QUT  (STARTY,A
4056 CDSLO0 , CALL COMPARE
0059 2HFFSF LD HL,MAYRAH
0850 A7 AND B
(05D ED42 SEC  HL,BC
405F 20F4 IR HI,RUM
061 010040 . LD BC,HINRAH
{064 1BEC JR RUM

- ;H&{-H&HH*&RSTMHHHHH
(056 ORE  00BAR
06k 5 PUSH HL
4067 2ADBIF LD HL,{RSTéA)
0068 E3 EY {5P),HL
(085 L8 RET
;HH!H«HHEO?‘;FARE*HHHHH -

3040 0A CDMFARE: LD A, (80)
(05D DDBEGA CF {1348 Ak
0070 2005 JR HI,CONT T {ND GAME
4072 107704 LD {1x+8),A
0075 1835 R ot $5ARE
0077 1B7704  CONT: LD (IX+3),A
0074 FEBI LP  MAXRATE
407C 3853 Wk L,0ALl
007E D8I SUB  HAYRATE
0680 CDEBUO CALL VTAB
(0B3 3E20 LD 4,208 JHRITE SPACE
0085 £DO%01 CALL PRI
4088 CDFBO0  OPEM: CALL ASCHI sDISPLAY SPIKE
(08F CDFBOO ) CALL ASCII .
(00BE 65 KL
003F CDF800 CALL ASCII
0092 3E2E - N A,Y.2) &
0054 LDOSOI CAL PRT -
0057 CDFBOO | CALL ASCIT -
00SA 3E20 © D R20H -
¢03C CDO301 CALL PRT
009F 3E20 Lb A,20H
001 CDOTOL CALL PRT
0GA4 DDIS00 DEC  {13+0) sDEC HORD IN 1 LINE
00R7 2023 R ONI,OUTY s HORD=0
6053 3E0A D A,OMM
0OAR CDO901 CALL FRT
0AE 3ECD £D A,0DH $SEND 0D
00ED CDO504 CALL PRT
POE3 DD3&00OE . ) LD {iX+0),0EH sSET HORD 1N LINE
(057 DD3505 DEC {1045 sDEC LINE FOR SHOW VLIKE

Q0BA 2000 Jr NI,BUY



G0BC
JOBF
oW
)
LUK
oCC C
O0CF 03
IR

— I
- 3 =
S ek 7>

cr-
(s

L I X e
>
-

[~

ouT:

M
a3 3 o o

£ ra 2 ey 3
B =1
i a3 S

b oy

—_—

IERE

Py

}

4001 FEOO CaLL:
40D3 28F7

{005 FETY

GOBT 30F3

(0D7 &F

. 003k 3E79

600C 95
9obD COERG
G020 3E20
90E2 $D6501
Q0ES C3BBO0

,

0UEB 7603 VIAR:
(0EA oF
GUEB 7E
QUEC D774
O0EF 2603
G0F1 T
00F2 &7
GOF3 DB7EOY
00F6 6F
00F7 ©9
00FB CROC  ASCIL:
00FA CROC

QOFC CBOC

GOFE CBOC

0100 ¢

0301 E60F

0103 530

0105 £DO901

0108 09 [

0109 £5 FRT:
(305 6F
G108 DEZO
010D CB47
GIOF 20FA :
0113 DBEO Ah
0113 CB4Y

0115 20Fh

0117 7D

0118 D340

oLth Bl

013k 09

-

CRLL TIRE
LML VLINE
1D {I¥+5),09 sSET LIE FOR SHOK VLINE
LD HLVTITLE
' CALL REH
CALL DELAY
e L
RET
LF o O0H
ROOI,0uTt
LF  HINRATE
Ik MC,0uTt
D L,h
LD A, HINRATE
; BB L
- CALL VIAB
LD 208 3BEHD -
CALL FRT
-~ P OPEN
;H*i’r{--ﬂ’éiﬂ JTARFFEREE4EEEE
LD H,04R
D LA -
LD A, (HL) E
LD LA
Lh - H,0%
(b A,y )
1D KA )
LD, A, 415D
L2 R
RET l -
;{;*;{*!&!QSQ}1*!51{&{{{*
RRC © K "
RRC H
RC K
RCH
LB AH
AD  OFH .
h 85 4,0 X
CALL  PRT
RET
;Hiﬁl*HH_{FF,T{HH!HH{ 4
FUSH B
b L,
oAk €
EIT 0,0
R NIPRT
W A, (CHKD)
BIT  0,A
RN
b AL
QUT  (PDATA),A
PP HL
RET



A-5

-(***fi**;&éLI%E*tfif{ii*%i&
0330 €5 VLINE: PUSH BC
4140 212902 LD HL,NHI2

120 22083F LD (R5T68),HL
(123 D3&L ' BUT  {CLR),A
4125 D362 QUT {START2),A
(127 CD9301 CALL DELAY
(128 3R0024 LD &, LEAVE)
0120 2405 {0 H,054
012F &F 1D L,h
4130 4E LD LD
0131 74 e H
0132 46 [D B, HD
0133 &0 LD H,E
0434 3E09 LD A,G%H JHRITE
0134 CDO%0I CALL PRT .
0139 CDoAt] CALL VTEXT sDISPLAY WLIN
013C CDFEOO . CALL ASCII
013F COFBUD CALL ASCIE
0142 64 : o HL
{143 COFBOC . CALL ASCIT
G136 SE2E 8- $4 8¢
{148 CDOSOY CALL PRT
0348 CHFRO0 CALL ABCHI
014E 365 LD A,y
4150 CROSOS - CALL PRT
(153 JE2E VAR
4155 CO0901 CALL PRT
0158 3ECH LD A,08H .
4158 CDO90 CALL PRT
0150 3E0D H Y
¢45F CDO9R! CALL PRT
5162 210102 LD HL, BRI
G165 22083F LD (RBT&H),HL
4168 1 POF BD
{169 LY RET
;{H Hi{H*\,‘TEXTH*HEHHH

016k 3E56 TEXT: LD A,
5160 COG50L CALL PRT
016F SELC T
171 CDO%0Y - Ll FRT
0174 3E49 1 A,0e
6176 CDOSEY CALL FR
0179 IEGE Lh o A,"n
617k L1030 TALL PRT
(17E 3E6S LD A,
0186 CDO9OL CALL PRT
{183 320 Lo A,204
{185 CDOT04 CALL PRT
6188 3E3D A=
0184 £DOR0 CALL PRT
018D JE20 ) D A2
G18F £DOSO! ChLL PRT
0152 €3 RET

jeerrErr bR DELAYFREREFRREST



(173 2E28 DELAY: b L2
Q195 7 LOOP: beC L
(196 20FD ' 3K NI,L00F
0153 £9 RE

sieRpEpERREERER R EEARET
6199 7E REW: Lp A, iHL)
0134 CHOICL KEWL: LAl PRY
9 23 KD HL
pisE 7t LD A, fH
0I5F FE24 1
GiAY 2087 Jfk  NI,REEL
G1p3 L RET

. JREREFELEERRRT INE SR HERERERTEE

(3a4 TD920L TIHE: CalL DELAY
(67 JEOT LD A,0%H
GiaT CHO901 CALL FRY
G140 3E54 LD AT
G1AE CDOR0E CALL FRY
§1B1 3E49 . LB f,"1°
HR3 CDO90L CaLL PR
0186 3E4D LD i, "N
§1B8 COUR04 CALLY PRI
G1BE 3E45 LD ,"t"
41BD CDO9OL CALL PRI
0100 }EN LD £, 20H
§1Cz CDOT04 LAl FRY
01C5 DEBA 14 8, (aah)
01C7 DE40! CALL  HHE
GiCA 3L3A - LD A
$1CC ChOT0d Call FRY
J1CF DEBS IH A, (83
(103 CDEAD! CALL HHE
0104 JEIA LD g,
G1D6 CDOT04 CALL FRT
01p9 pBB2 I fi, (B2H)
{iDE CDE4D! CALL HHR
GIDE 3E20 LD By20H
GIEQ CDOROY CRLL FRT
01E3 9 / RET

JRELERENERERERERNGREREFLE2ERE
OIE4 &F HES: LD L,A
(1ES E6FO ARD  OFOH
0lE7 IF kR A
01EB IF RR £
OIES IF KR f
O1EA IF AR 1
0iEE CDFSO04 CALL TAB
OJEE 7D LD AL
O1EF E&OF ARl OFH
(iFf COFS0! CALL TAR
0iFs 03 RET

;i«HHi!{{{f”'&{*i!ﬂ'i!{!{i{i



]
pued
o
-

OiFS ER
JiFE CE30
01Fg 2607
GiFA &F
(1FE 7E
01FC CDOBLE
OtFF Ei
0200 9

0201 F5 HH1t:
G202 E
0203 ZiFFSF

020F ED42

021§ 286E

6213 110040

(216 DDTEOS

(219 FEOD

§21B 2808

021D DBAO A
021F 12

4220 13

(221 D380 FUit:
4223 DICe

0225 El PASS:
0226 FI

0227 EB4% |

0273 F5 ERIZ:
0228 E5

0278 £5
(20
§220 210021
6230 DBA2
0232 77
623300
o |
0235 EV

(236 Fi

(1237 EDAD

239 3U304F5745

025F SA73203BZ0VIITLE:

0306

(300 DHOUHO0000

O’OB (103010161
(317 0202020202

6429 0243030303

A32F 0304046504

G33F 43068050503

FOWER:

A-7

PUSH KL
KO A,50H
LD HO7
Lo LA

LD A, (8L

rey nonT
CALL PRI

R
FOF HL
RET

JREEsRERERRNA] | ERREEREERERNE

FUSH &F

PUSH HL -

L6 BL,HAXRAR
AND A

SRC HL,DE

dF  KZ,0RAY

LD HL,MINRAN
ARD A

SRC HL,BC

dR - I,FUL

LD DE,HIKRAR
LD A, tTE45)
£F 00k v
R 1,PASS

W A, (PIHDATA
LD {DE),A

INC IE

DUT(CLRY,A
QU7 (START),A

FOF HL
FOP  AF
RETI

i (1332233423123 2332 2224

PUSH AF

PUSH HL

FUSH BC

PUSK DE

{0 HL,SAVE
IN A, (PINDATAD)
LD (HD),A
POF OE

POP KL

FOP HL

POF AF

RETE

DFE *(PORER LINE MONITOR} INSTRUMERTATIONS"
OFE ™s =g

ORG 030K

DFE GOH, 00, G0H, 00, 014, 04, 08, 08 008, 00K, 004

A

DFE 03K, GIH, O1H, OIH, OIH, OIHO1H, 01H, 01H, 011, 01K, 01H
DFE  G2H,02K,02H, 024,024, G2H, 024,02, 0ZH, 02H, 02H, O2H
DFE 024, 03H,G3H, 030, 03H, 03H 030,034, O3H, 03H, 03H, 03K
DFE  O3H,04K,08H, 044,040, 05K, 045, 048, 64K, 04H, 04K, 04K

DFE  O4H,04H,05H, 05K, (SH, 05H, 05K, 05H 05K, 05H , O5H

R
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[
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[e=d
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JET Oy
[y

kst

b=

P
of

Rl 2 I R R
o
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oo et B~ )
wn

™ G4 B RJ
-

o
o L1 otn oen
e

o

(oo ]

= > 2
G =3 -

1'24::4P43
(21220283

Guﬁﬁlé711
F604122028

32000816

-.
P e el S
b 0 D e 23 n OF1

3631323334

COMPARE

oYADTH

SIARIZ
YLIKE
YTITLE

1

6077
4493
0004
{005
0081

7%
FALR )

(038
0225
0042
Q10
3FD8
IFAN
OIFS
GOER

I)T'\‘l
DFH
IFE
BFR
GAG
g
Bri
i
OFR
irh
DFR
DFR
IFE
prE
DFE
ORE
IFE
DFR
OFE
IFE
ORE
3]
DFE
DFE
13y
BR5:
BF 8
END

CokT

DELAY

H

L

HBYRATE

hild

GPER

PHSS

PIRDATAZ

FRTS

RE768

STACK

'[RT:

VIAB

(54,058, &R, 04H 088, (il OBH, D6H , 06H , 06K, 06H, 06H
Gt GéH,C‘h}OIH,LTS (70, G7H  GTH, O7H, 07H, 07H, 0T
O7H,07H,07H, 0BH, OBH, 2BH, LBH  OBH, 08N, OBH  (BH, 08H
{155, GBH, 68 P,GCH Q:N,Q?ﬁ,ﬂ?r,th,G?H (1h,ﬁ9’,”54
Oﬁﬁﬂﬁ

§43,24H, 320, 408, 485,564, 640, T2H, BOH, 38K, 96K
045, 2H, 204, 284, 368, 543, 52H, 6H, 68H, T4H, 84K, 920
00K, 0H, 165, 288, 328, 403, 584, 568, 641, 72H, BOK, 88K
S6H, G4H, 1242, 208, Z8H, 364, 44K , 5ZH, bOH; 46H, 76K, BaK
QHﬁmva,mhg%”H%ﬁﬂhiHﬁ&hMHJﬂ%&m
BER, 24H, 641, 124, 21, 28K , 364, 44, 524, 56H, 68H, T6H
B3N, 97, GOH, 03K, 144, 248, 32H, 30, 45K, 564, 64, 720
S0H,BEH, 365, 044, 174, 208, 784, 344, 444, 520, 608, 48K

60H, 5
F6H, 85K, 524, 00K, 084, 166, 24H, 321, 4CH, 4BH, 36H , bR
72H,80H, BB, 964, G4H, 121, 20H, 284, 36K, 44K, 52K, &

GOIFH

00H, 16H, 321, 52K, 545 0%, 964, 12, 284, 444, 0K, 76H
?Mﬁ%ﬂ¥ﬁ@ﬁ&ﬁ&8%0?:h3%&M¢%
BAH, B0K, § 64, 320, 48, 648, 80K, 6K, 170, 284, 44H, 40K
76H,924, 58H, 244, 40K, 56K, 725, BEH
062FR \
484, 184, 18H, 1BH, 18H, 18H, LBH, 194, 190, 154, 15K, 194
154, 20, 201, 20H, 208, 204, 20H, 244, 24K, 244, 21K, 21K
T1H,22H, 22H,22H, 224, 22, 22, 224, 738, 23K , 234, 234
23R, 73H, 28H, 240, 248, 284, 24*,2 B
0750H
304,314, 32H, 330, 34K, 35K, 36K, 37H, 38K, 35H

0045 CRAM

8603 £

01E4 HHS

b1 L00p ’

4000 MINRAH

0225 NNI2

(0Ch  OUT

0040 FDAT
. 0239 PORER <

w0395 REH
4052 RUN .

000 START.
GiAd TIHE
038R VTEXT



QOO0
0000

QD83
D000
DOA0
QOEE
0081
goBE
GOEO
QOOED
2000
SFOO
SFZ20
Q400
SFDG

QOO0
QOO0
QQO3
Q004
OO0g
OOOR
QOOD

QOOF
001z
Q013
O01és
Q017
o018
Q019
O01A
OO1R
Q01D

QOI1F
Q022

I

I L TN S | I 1

o

"

3 Beleta=
210004
22D8SF
TEB1L

DIET

3A0

11005F
010020
AF

02

0=

60

&7

A7
EDGZ
20F&

110020
0106020

A-9

EREREEREFEEREREEFEHFRREERFEERRERERFE

; ¥ GSOFTWARE FOR PRINTER BUFFER %
. £ M&Y 1991 RBY TuUk & PO %
% %%%%%%%**%ﬁ%%*%%%%*%%%%%%*%%%%%*%
' : VERBION 2.0 (NEW) '
CFU "Z80.TEL"Y
HOF "INTE8"
sMAIN PROGRAM PRINTER BUFFER
CONTROL: Enu 87H
CLRNMI: EQU OCOH
STOPNMI: - EGL OAOH
FEUSY: EQU BZH
FDATA: EGU 81H
FPSTE: EQU BEH
CORNT: Ecu QOH
FINDATA: EGU OEOH
MINFAM: EQU  ZOO0O0H
MAXFAM: EGU  SFOO0H
STACK: EQU  SF2O0H
NMT: EGQU  0400H
RET&bG: EQU  SFDBH
% ORG  OO00OH
LD SF, STACK
LD HL , NMI
LD {(RET6H) ,HL
LD f,81H
OUT  {CONTRDL) ,A
QuT  (BTOFNMI) , A
s CLEAR RAM
LD DE , MAXFRAM
LD EC, MINRAM
CRAM: XOR A
LD (BC) , &
INC EC -
D H,E
LD L,C
_AND A ’
SRC  HL,DE
. IR NZ , CRAM
: IF RUFFER EMFTY
LD DE , MINRAM
L.D BC , MINRAM



A -1

Q025 DEEO L0 ouT  (CONT) LA
Q027 62 D H,D
0028 &E LD L,E
Q025 A7 ) ANMD A
QQZ& ED4Z SEC  HL,EBC
GO2C Z81iD JR ZLEMPTY

1 IF FRINTER EUGY
QOZE DEBZ BUSY: InN A, (FRUSY)
QO30 CR47 BIT O,A
QOE2 20FA . JR NI, BURY

3 SEND DATAH
Q034 0/ LD &y (BC)
Q025 D381 ) GUT (FDATA)Y ,A
0037 ZEOQO LD A, O0H
QO3E% D3IBZ OuT  (FSTE) ,A
OQZR 3IEL1Q D A, 10H
QO3D D3IEZ auT - (FSTE)Y ,A
O0OZF 03 INC BC ¢

3 IF RUFFER = MAXRAM
Q040 Z1005F : LD HL , MAXRAM
Q043 A7 AND A
0044 ED42 SEC  HL,EBC
0044 PO0N3 JR NZEMFTY
0048 Q10020 LD BC, MINRAM
Q04F 18D8 EMPTY: IR LOOF

s BURRDUTINE RBTé&E
Q&L ORE  Q0&6&H
Q066 ES FUSH HL
QO&L7 ZADBSF f LD HL , (RBT&S)
Q06A/ EX EX (SF) ,HL
O06E C9 ) RET

/ : SERVICE BDUTINE.INTERRUPT

0400 1 oRGE O400H
0400 FS FUSH AF
0401 ES FUSH  HL.
Q402 &2 .D H,D
0403 &R ’ LD L,E
0404 23 INC HL.

0405 A7 ’ AMND A



0406
0408
Q406
Q400
Q40K
0410
0412
G411
0416
0418
0410

041D
4iF
0420
0421
0423
0424
0425

Q000

Q007 A

Q001 e ]
0083 CONTROL
Q003 E

Q005 L

ED4z
2817
21005F
7,
EDGE
Z00R
210020
a7
ED4Z
2807
1100320

DREC
1z
13
DAECO

£

E3
Fi
ED4D

2000 MINRAM
0421 0OUT
00EC FINDATA

S5F20 STaCK

OkAY:

ouTs:

A

QOO0
OOC0
slehite
O0O4R
(18 )b
D400
£082
DOR2
QOA0

- 11

1 5AVE DATA

B
CLRMMI
CRAM
EMFTY
LOOF
NI
FRUSY
FRTE
STOFNMI

=) i
JR
.D
AND
SRC
JR
LD
AND
sSeC
NE T

1N
LD
NE
ouT
FOF
FOF
RETI
END

HL , BC
7, 0UT

HL , MAXFRAM
&

ML, DE

NZ , OHAY
HL , MIMRAM
A

HL , BC
7,0u7

DE , MINRAM

A, (FINDATA)
(DE) , A

DE
(CLRNMI) LA
HL-

AF

DOZE  BUSY
0OO80 CONT
0002 D

0004 H
SFEO0  MAXRAM
041D  CEAY
G081 FDATA
SFDE  RET&E



- Bl

National
Semiconductor

ADC0808, ADC0809 8-Bit uP Qompatlble A/D Converters

With 8-Channel Multiplexer

ADC0808/ADC0808C/ADC0809C

! General Description - Features
i _The ADC0808, ADCO809 data acquisition componentis a ¥ Resolution—8-tits
‘: monolithic CMOS devics with an 8-bit analog-to-digital con- 8 Total unadjuste? ermror—+ '/ LS8 and 1158
' verier, 8-channel multiplexer and microprocessor compati- 8 No missing cocd=s
. ble control logic. The 8-bit A/D converter uses successive g Conversion tirre—100 pS
! i approximation as the conversion technique. The converier u Single supply—S Vog
’ features a high impedance chopper stabilized comparator, a 2 SR . A
bt & Oper: T2 1
| a ) 256R voltage divider with analog switch lree and a succes- adiu :;?v:t?';‘f::: ‘GZ‘ c(: with § Vpg'or analog span
‘ % sive approximation register. The 8-channel muitiplexer can 2 8-(I:h ) lg ' ith latched ol log!
! l; directly access any of 8-single-ended analog signals. e an'ne: :“" “:"?“' ::’“mk::C ed contro! logic
]‘ . The device eliminates the need for external zero and full- I::zm r;;nz‘c‘e LN\ opraceesors, of operales
i scale adjustments. Easy interfacing to microprocessors is 20 L T2L voit lovel ficatl
i provided by the latched and decoded multiplexer address utglsTmea voitage level specifications
= inputs and latched TTL TRI-STATE® outputs. 8 0V 10 5V analog input voltage range wih smgle 6V sup-
; F The design of the ADCOB08, ADCO809 has been optimized .-"’:’ o) rod
Wk by incorporating the most desirable aspects of several A/D o 2ero or tull-scale edjust raquir
& m Standard hermetic or molded 28-pin DIP package s,

r conversion techniques. Tha ADC0808, ADC0808 offers high
3 speed, high accuracy, minimal temperature dependence, -% Temperature ra~ge -40°C to +85°C or —55°C tlo’
axcellent long-term accuracy ard repestability, and zon- +125°C ¢ d
sumes minimal power. These features make this device ¥ Low power cors. mpbon—15 mwW
ideally suited to applications from process and machine ® Latched TRI-STATE output

X control {0 consumer and automoive apph.atons. For 16-

' channe! multiplexer with common output (sampie/hold port)

o : oo ADCO816 dala sheet. (See AN-247 for more informa-
3 tion.)
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Absolute Maximum Ratings potes182)

Sueoh Y-ttage (Voo) (Note 8) 8.5V

vozx = AnyPin —0.3V1o (Voo +0.3V)
£ Control inputs . . i

vo=0: 2 Controt inputs ~0aVio +16V °
[ETAST, OE, CLOCK, ALE, ADO A, ADD B, ADO C)

Soraj: Temperature Range - ~-65C o +150°C -

Paxayx Dissipation st Ta= 25°C 875 mW

300°C

)

Lez= ~—pacature (Soldering, 10 seconds)

Electrical Characteristics
Comve-se Spacifications: Vec=5 Voc™ Vagr+. YREF(-)
sx'yz

Operatihg Conditions (Notes 18 2)

Temperature Range (Note 1) Trin<TaS Tvax
ADCO808CS —55'C<TAS +126°C
ADC0808CCY, ADCOB08CCN,

ADCO809CCN, ~40'CSTAS +85°C

Range q( Veg (Note 1)

45Vpct106.0Voe

N

~GND, TiinS TAS TMax 8nd foux €40 kHz unless otherwise

Sy—ol Parametsr Conditions. Min Typ Max Units
ADC0808 ; oL ’
Total Unadjusted Ermor 25'C ’ S . % Ls8
(Note 5) Tome 10 TiAX s LS8
ADCO0809 )
i Total Unadjusted Esror 0°Cl070°C . Y +1 LS8
- (Note 5) T 0 Taax +1Y, Ls8
i Input Resistance From Ref(+) to Rel(—) 1.0 25 ' kN
t B
i, Analog input Voitage Rangs {Nota 4) V{+) or V(—~) GND-0.10 Vee+0.10 Voc
l Vo o, voliage, Top of Ladder Maessured at Ref(-+) Veo Veo+0.4 v
Verz o *VREF(—) - B v
Vegzx “VREF(-) | vpltage, Center of Ladder Voe/201 | Veo/2 | Veof2+o |V
r4 .
VegFi-s Voltage, Bottom o! Ladder Measured at Ref(—) -0.1 0 v
G Comparator input Cutent | o= 840 kHz. (Note 6) -2 "7} 208 2 uA

Electrical Characteristics
Dga Levels and oC
22 A ECC, ADCOB08CCN, and ADC080SCCN 4.765Vce

Specitications: ADC0808CJ 4.5V<VecsS5.5V,

—55°CSTA< +125°C unless otherwise noted
<825V, —40°C<TaS + 85°C unless otherwise noted :

Srmdal ‘ Parameter l Conditions Min l TYP l Max ‘ Units
] ANALDG MULTIPLEXER i
Lo 2T OFF Chaanel Leakage Curent Voe= 6V, Vi = 6V,
Ta=25°C ° . 10 200 nA
Tain o TMAX i . 1.0 pA
et OFF Channel Leakage Curent Voe=5V.Vin=0, T
Ta=25'C 200 -10 - nA
Tuin 10 Tiax -1.0 pA
CONTROL INPUTS
Vi) Logical “1" Input Voltage Vo156 v
Wing) ‘Logical “0” tnput Voltage . 1.5 v
Thumy Logica! *1" Input Current Vin= 15V _ 1.0 pA
(The Controt Inputs)
{372 Loglcal “0™ Input Current Vin=0 -1.0 uA
(The Control Inputs) - ,
lex | suppty Current foLk =640 kHZ 03 3.0 “mA

150800QY/280809QV/80800QV
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Electrical Characteristics (continued) o -
Digital Levels and DC Specifications ADCOB08CJ 4.5V<Veo<5.5Y,” —85°C<TA< +125°C unless otherwise rcs
ADCO80BCCJ, ADCO808CCN, 2nd ADCOS09CCN 4.755Vccs 525V, —A0'CSTaAS + B5°C unless otherwise noted

Symbol l Parameter l Conditions ] Min ‘ Typ l » Max l U
DATA OUTPUTS AND EOC (INTERRUPT) . -

VouTiy Logical 1" Outpul Voage to~ —360 pA Veg—0.4 '.

Vouto) Logical 0" OuDut Votiage io=16mA . 045 1

Vouto) Logical “0" Cazput Voltage EOC Ado=1.2mA 0.45 .

our - TRISTATE Cuput Current " V=5V 3 -

. Vo=0 -3 Wt

Electrical Characteristics : .
Timing Specifications Vcc ™ ‘v 2gF(-)™ 5V VREF(=) ™ GND, = 1;=20 ns and Ta=25'C uniess otherwise noted.

Symbot‘ parameter Conditions Min Typ Max Un
tws Minimum Start Pulse Width (Figure 5) 100 200 ¢
\WALE Minimum ALE Putse Width (Figure 5) 1100 200 r
1 Minimum Address Set-UpTrme | (Figure 5) ' 25 50 '
4 Minimum Address Hold Tima (Figure 5) 25 50 t
1o Analog MUX Delay Time | Re=oOn (Figures) - . 1 | 2s N
From ALE J %
3. 10 OE Control 1o Q Logic Sute Cy = 50 pF, Ry = 10k (Figure &) 125 250 '
tyn. loH OE Control to Hi-Z -} ©L= 10 pF, Ry = 10k (Figure 8/ . 125 250 '
& Conversion Time =640 kHz, (Figure 5) (Note 7) 80 100 *116 4
fe Clock Frequency ° / \ 10 640 1280 X
teoc EOC Delay Time (Figure 5) r'J- 0 a4 8+2uS c .
- . Pe!
Cin input Capacitance . At Control Inputs 10 15 { .
Coutr TRI-STATE Outpet At TRI-STATE Outputs, (Note 12) 10 15 '
Capacitance .

Nout:m.mwnmwwmdmmm.ummmhm

umtrmum.a.msmm.o—mw,m,wmmnuumsuws.mumuo-mnuoump
Hm,nonnmmhmw«:vmr-borou\omcrm-no.o‘v.wluWMMwaWWO.SVbA.GVMu)mMe
ges can be postec 1o ech Tva Bee Fouv 12
Ncu!:Comwiwrunanonlhu:—.Wmuwdmwmwﬂw.mwwwawmmwm
mmnw-lmW{va 5. Ses parrch 4.0,
Nou?szmdnauwmm”MWwmmmmodex
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. Functional Description

wuitiplexer. The device contains an g-channel singlé-end-
+1.analog signal multiplexer. A particular 'mptn'dlannel is
seioctod by using the address decoder. Table | shows the
+ vt stales for the address lines to select any channel. The
»3r0ss is tatched into the decoder on the low-to-high tral
suon of the address latch enable signal.

TABLE !

SELECTED
ANALOG CHANNEL

INO
-IN1
IN2 -
IN3
IN4
INS
ING
IN7

ADDRESS LINE .
B

rxrxrrrrrio
rTxXxr~rr XTI
T-rXTCcICIC >

COMVERTER CHARACTERISTICS

“The Converter:

The hoart of this single chip data scquisftion system is its 8-
wil englog-to-dighal converter. The converter ts designed’

to give fast, accirate, and repestable conversions over &
wide range of temperatures. The converter Is partitoned
into 3 major sections: the 256R adder network, the succes-
_sive approximation register, and the comparatot. The con-
verter's digitat outputs are posttive true.

The 256R ladder network epproach (Figurs 1) was chosen
over the conventional R/2R tadder because of lts inherent
monotonicity, which guarantees no missing digha! codes.
Monotonicity fs particularly important in closed loop teed-
back control systems. A non-monolonic relationship can
cause oscillations that will be catastrophic for the system.
Additionally, the 256R network does not cause load veria-
Hions on the reference voltage.

The bottom resistor and the top resisior of the ladder net-
work in Figure 1 are not the same vaiue as the remainder of
the network. The ditference in these resistors causes the
output characteristic to be symmetrical with the 2ero and
full-scale points of the transter curve. The first output tran-
sition occurs whan the analog signal has reached + % LSB
and succeeding output fransitions ocour every 1 LSB iater

" up to full-scale.

. The successive approximatiort repister {SAR) performs 8 H-

" _eratons 1o approximaie the nput votiage. For any SAR typs

converter, n-Herations are required for an n-bit converter,
Figure 2 shows & typical example of a.3-bit convertet. in the
ADC0808, ADC0808, the approximation technique ks ex-
tended 10 8 bits using the 256R network.

CONTEOLS FROMSAR.
i1

|

n'ik(.) o—.‘

| —
L e

%R
R N
L ]
. = L]
3
. .
.
2568 o . .
.
A % *
[ ] [ ]

R ) 4

0
. COMPARATOR
ANPUT

. -
.

L ] [ .
) wh \3—\-—
_— .

aEti-) O——

TLIH/BETE-R

FIQURE 1. Resistor Ladder and Switch Tree

960800QV/2808000V/ 808000V
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ADC0808/ADC0808C/ADC0809C

Functional Description (continued)

The A/D convede’s successive approximation register
(SAR}) Is reset on the pesitive edge of the starl conversion
(SC) puise. The comversion is begun on the falling edge of
the start conversion puise, A corrversion in process will be
interrupted by teceit of 8 new start conversion puise. Con-
tinuous conversion may be accomplished by tying the end-
of-conversion (EOC) cutput to the SC input i used in this
mode, an extemal start conversion putse should be applied
atter power up. End-olconversion will go low between 0
and 8 clock pulses after the rising edge of start conversion.
The most important section of the A/D converter is the
comparator. 1t Is this section which is responsible for the
ultimate accuracy of the entire converier. It Is also the

L FULLSTALE
<" ERROR=1/TLSE

1= RONLINEARITY = 172 L)

A/T OUTPUT COOE
»
=

BORLREARITY = —3/2 LSS
ZERS EAROR « ~1/4 153 :

2 Vix
A A 43 4 IR AT

Vi ASFRACTION DF FULL SCALE

FIGURE 2 3-81 A/D Transter Curve’

ouanmizms |11+ i )
TRROR ~h

Ut
VOLTAGE

i

FIQURE 4. Typical Error Curve

comparator drift which has the greatest influence on

‘repeatablfity of the device. A chopper-stabliized comps

provides the most effective method of satistying all the :
verier rpquirements. 3

The chopper-sisblitzed comparator converts the DC ¢
signal into an AC signal. This signal is then fed throuy
high gain AC amplifier and has the DC level restored. *
technique limits the drift’ component of the amplifier »

. the drift is a DC component which is not passed by the

amplifier. This makes the entire A/D converter extrer
insensitive to temperature, iong term diift and input ¢
eMmors. . .
Figure 4 shows & typical emror curve for the ADCO8(A
measured using the procedures outlined in AN-178.

INFINITE RESOLUMIO
1 PERFECT CONVERTLS
"t . MR IDEAL 3-IT CONVERTER
- i, P
& 181 | UNADJUSTED -
= ERROR | )
P m -5
£ ATSOLUTE
2 ACCURACY
2 m . -2188
QUANTIZATION
o0t ERRDR

o0 Vin
T RTIETRLRT I T T

Vin A5 ERILCTION DF FULL-SCALE

L3
FIGURE 3. 3-BIt A/D Absolute Accuracy Curve
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SCALE
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Connection Diagram

Duel-in-Line Package
o LT
W oy 'r- "
w2 LA
- LT
gl 2. aop s
sram =4 L aone
(117 —J‘ ancees 2' At
r & W SARPSTY)
:m —!‘ QR rt
cuoen = LS
Vee —“ ‘:.‘
prre = L
sx0 N . neria
! 2 1% I
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Timing Diagram
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Typlcal Performance Characteristics’
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Applications information
: OPERATION -
{ 10 RATIOMETRIC COKVERSION

e ADCOB08, ADCO809 is Jesigned as & complete Data
;  Acquisition System (DAS) for ratiometric convarsion sys-
' wms. in ratiometric systems, the physical variabla being
~aasured i expressed as a percentage of full-scale which
» not necassarily related 1o an absolute standard. The volt-
a0 nput to the ADC0808 Is expressed by the equation

. Anatiomatic transducers such as potentiometers, -strain
gauges, themmisior bridges, pressure transducers, etc., are
sultable for measuring proportionsl relstionships; howaver,
many types of measurements must be reterrsd 1o an abso-
Kste standard such a8 voltage or curent This moans & sys-
tem reference must be used which relales the full-scale
voltage o the standard wvoit For example, H
Voo =VRrer=5.12V, thea the full-scale range is divided into
258 standerd steps. The smaliest stendard step ts 1 LSB
which s then 20 mV. :

" 2.0 RESISTOR LADDER LIMITATIONS .
The voltages trom the resistor ladder are compared 1o the

Vin_ Dx
Vig—Vz  Dmax—Duin

vy = input voltage into the ADC0B08

solocted into 8 times In a conversion. These voltages are

1608020Y/280800QV/80800QY

vy = Fuli-scale vottage . coupled lo the comparator via &n anaiog switch trea which

Vym2 hd Is referanced 1o the supply. The voitages at the top, center .
z=2ero VOILJhs : and bottom of the iadder must be controfied to maintain

Dy = Data point being measured proper operation.

Dax = Maximum data fimit The top of the ladder, Ref(+), should not be more positive

Dy = Mintmum cata Fmit J & 1% than the supply. and the bottom of the isdder, Ref{—),

shuﬂdmtbomnegaﬁvemngrm.mm«mm
laddervohngemmmsoboﬁsmmecornerolm.uppty
becausa the snalog switch tree changes from N-channel
switches 1o P-channel switches. Thess mitations are auto-
,maticslly satisfied in ratiometric sysiems and can bs easily
met In ground referenced systems.

Figure 10 shows a ground referonoed system with a sepa-
rate supply and reference. in this systom, the supply musi
be trimmed to match the reference votiage. For nstance, If
a 5.12V is used, the supply should be adjusted 1o the same
voltage within 0.1V,

 pood example of & ratometric transducer Is a potentiome-
‘vuwdasnpodﬁmwmor.mpcﬂﬁonoi‘MMperls
asctiy proportional 1o the output voltage which is a ratio of
- v fuli-scale voltage across It. Since the data Is represent-
»: a3 a proportion of ifl-scale, reference requirements are
» «atly reduced, eliminsting 8 large source of error and oost
« ¢ many spplications. A major advantage of the ADCOBOS,
«_ 0808 Is that the input voltage range is equal t0 the sup-
s+ tange 80 the transducers can be connected directly
» +0ss the supply and their outputs connected directly into
= mulliplexar Inputs, (Fgure 8). -

b ,
Veo
1—- REFis} st
< lay
M nistiatl
. M fuIPul
. fput PROPOIRTIDNAL
. TH ARALDG
. wrul
L]
- (nt
jm nEri-) i coure o N.’._Lfl!{
nE on
; uwh TRV AV - VpEr o b BV
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wauNeg t

FIGUNE 8, Mallnmsirie Oanversish bysiam
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ADCO_BOS/ ADC0808C/ ADCOBOQ&

Applications Information (ontined . L
The ADCO808 needs less than & milliamp of supply current The top and bottom ladder_voltages cannot exceed Ve

80 developing the supply trom the reference is readily ac- and ground, respectively, but they can be symmetrically less
complished. In Fire 11 a ground reforenced system is than Vg and greater than ground. The center of the ladder
shown which generaies the suppty from the reference. The voltage should always be near the center of the supply. The
butier shown can be sn op 8mp of sufficient drive to supply sensitivity of the, converter can be Increased, (l.e., size of
the miliiamp of suppty current and the desired bus drive, of L} the LSB steps decreased) by using a symmetrical reference
a capacitive bus is diven by the outputs & large capacitor system. In Figure 13,8 2.5V reference is symmetrically ten-
will supply the transient supply current as seen in Figure 12. tered about Vog/2 since the ssme current flows In Identical
The LM301 ts overcompensated 1o insure stabllity when resistors. This system with 2 2 5V reference aliows the LSB
loaded by the 10 pF output capacior. bit 1o be hall the size of 8 5V reference system. '
vee
SUFPLY Vee
WSS
VReF = REFls) \ DIGITAL
S X ouTAT
. REFERENCED
o L0 4 10 |
ywio— ¢ SROUND
5 r- REFi-} 113 - v
= ann Ount .‘.V_RL
het
ADCINOS . LZSV s Voo = VRer < 825V

FIGURE 10. Ground Retsrenced
Conversion System Using Trimmed Supply

—\
Ves
YY’ (]
DIGITAL OUTPUT
bt vae MEF agr AEFERENCED 10
REFL) Ot ; GROUND
vix { O~ E
O—=41in . i Ve
REF(-) e " ner
cup 475V < Voo = Veer € 525V
ADCOOE -

TUH/SET2-8

FIGURE 11: Ground Referenced Conversion System with
P slerence Generating Vcc Supply
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ADC0808/ADC0808C/ADC0809C

Typical Application

REXD )
-J
$00 kitz = CLK OF
XDORER: L AT £oc| INTERRUPT
(ACA-ADIB)® 8000V —4Vpep(y . g
2~ foemee o D27 usk
START 2-2 fmema—p D38
ALE 73— DS
A t——p ot
ADD ~—4 A " g8 pome—p 083
ADCBSO0S
AQf{e=qp ADCOSOS -3 f———p D12
AD?=—{C 77— OB
ri——poon -
sV sumvT
Vee = Vint
{11} .
5V
GROUND "= e ANALDG
$ INPUT RANGE
bpg b=y 1’

“Address taiches needed for 8005 &nd SC/MP inta’mctng "he ADCOROS 10 8 microdrocseser

[ 2 3

MICROPROCESSOR INTERFACE TABLE

PROCESSOR READ WRITE . INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Circutt)
8085 RD | WR INTR (Thru RST Circut)
Z-80 RD - WH. INT (Thru RST Circuft, Mode 0}
SC/MP NRDS NWDS SA (Thru Senss A) _
6800 VMA*$2oR/W | VMAeHeR7W | TRTA or TROB (Thru PIA)
Ordering Information
TEMPERATURE RANGE —40°C to +85°C —85°Cto +128°C
Errer =+ % Bit Unadjusted ADCOB0BCCN ADCO808CCJ ADC0808CJ
= 1 Bit Unadjusted ADCOBOSCCN )
Package Outline N28A Moided DIP J28A Hermetic DIP J2BA Hermetic DIP
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eatures

Microprocessor compatible {8-bit data bus) -
Milliseconds through month counters

56 bits of RAM with-comparator to compare the real
time counter to the RAM data _ )

2 INTERRUPT OUTPUTS with 8 possible interrupt
signals

Single +5V power supply.

General Description

The UMB2C81€7.is a Sigate CMOS LS| used as a real
time clock in micro system. This product includes an
addressable real time counter, 56 bits of static RAM and

: w,m:gu Y . s,
s, Real-Time Clock(RTC) i

UM82C8167

e iy

= POWER DOWN input that di§ables all inputs and out-
puts except for one of the interrupts

Status bit to indicate rollover during a read

32,768 Hz crystal osciilator

Four-year calendar (no leap year)

24-hour clock

24 pin dualtin-line package *

[

rést of the system for standby low power operation by
using of a POWER DOWN input. With an on chip
oscillation circuit, it can generate the 32,768 Hz time

two interrupt outputs. User can disable the chip from the base,
Pin Configuration Block Diagram
o
L
o , & oIS _:
DORESS
F—v—" i K IJ ;ECDDE'\ ::12
s 24 vpp i < s
— T
Ab ]2 23 [ FOWER DOWN [ ...,,,..‘I WEAL TRAE COUNTER
WA C}a 22{Jo7 [;L 11
RoY [] 4 2 {Jos [ EPENT a .
a0 []s 20 {Jos 1~ oo 1 | frume —
A e 1o F0e ose2 "O;" l [counnm') 14 BT ] . s
UnmszCa167
az[]7 - {103 (ST INTERRUPL
= I3 L06K [ "
a3le 17 [Jo2 B — £ wvsu:;u'
L go—
MG wpe i B g T
osc1 [Cfio 15 [0 W""?’:—‘ | 1
osc2 [ & | STARDEV INTERRUPT o EL V0 ] [ f l !
02—  LOGK n = i
Vs O 12 13 [JINTERRUPT OUTPUT 99— 3 81T B DA CTIONAL SR
[ y— I '{ 1 STanDBY
— v
o] | 2oes avomess ook |eramay .
07 e wh LS NIEE Y
. L

Sl tit QNI Ak ILNIEY N o SOy b p
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UM8B82C8167

Absoluts Maximum Ratings* Comments*
Voltage at Al Inputs and Outputs Stresses above those listed under ‘ Absolute Maximum

Operating Temperature. . . . .

... .Vpp +0frVgg —0.3

Rating’ may cause permanent damage to the device. These
N are stress ratings only. Functional operation of this device
—Z 10 +85°C at these or any other conditions above those indicated in
the operational sections of this specification is not implied

. o
Storage Temperature ... ... ...... ~ 6o Hyc and exposure to absolute maximum rating conditions
Vop—Vsg - covee e e e m. ... BV for extended periods may affect device reliability.
Electrical Characteristics
{Ta =—25°C10 +85°C, Vgs = OV)
Parameter Conditions Min. Typ. | Max. Units
Supply Voltage .
VDD Outputs Esiied 4.0 5.5 \
Vpp (Note 1} Power Dowtfede 20 55 Y
Supply Current
Ipp. Static Outputs TREFATE, fpy = DC, Vpp = 5.5V . 10 HA
Ipp. Dynamic Outputs TRETATE, fiy = 32 KHz, Vgp = - 20 HA
5.5V’ 0
Vig 2Vpp03V, Vi SVgs+.0.3V
{pp . Dynamic Outputs TRETATE, {1y = 32 KHz 5 mA
VDD = 5.5\’!".* =20V, V“_ =08V
Input Volitage
V), Logical Low 0.0 0.8 \
Viy I:ogical High 20 VDD v
I, Input Leakage Current Vs SVinEop -1 1 pA
Output Voltage {1/0 and Inwupt Output)
Vo Logicat Low Vpp = 4.7548 = 1.6mA 0.4 \%
Vo Logical High Vpp = 4.7y = —400uA, 2.4 \%
® lon = —104& 0.8 Vpp \%
TRI-SSTATE Vour = 0V, -1 HA
VOUT 3 VDl. 1 uA
Output {mpedance {Ready and Sty interrupt Outpu:()
Logicat Low, Sink Vpp = 4.75%-= 1.6mA 04 Vv
Logical High, Leakage Vout SVor 10 nA

Note 1: To insure that no illegal data is read fre-or written into the chip during power up, the power down input should
be enabled only after all other lines (RelfAlrite, Chip Select, and Data Bus) are valid.

AC Characteristics
Interrupt Timing

(0°C T, <70°C, 45V <Vpp <55V, Vgg = .
Symbol Wimeter Min. Max. Units
UNTON Status Register Clock 1o INTERT QUTPUT (Pin 13) High {Note 1) 5 us
1SBYON Compare Valid to STANDBY WERRUPT (Pin 14) Low (Note 1) 5 Hs
UNTOFF Trailing Edge of Status Registerkad to INTERRUPT QUTPUT Low 5 us

Trailing Edge of Write Cycle 9dEQ Address = 16 H) 1o STAND BY
1sBYOFF | By INTERRUPT Off (high Imunce State) 5 Hs

Note 1: The status register clocks are: The cormonging counter’s. rollover to its reset state or the compare becoming
valid. The compare becomes valid 61ustar tne 1/10,000 of 3 second counter is clocked, if the real time counter
data matches the RAM data.
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Read Cycle Timing
(0°C KT, <70°C, 4.5V K Vpp K55V, Vgg = 0V)

Symbol Parameter Min. Max, Units
taR Address Bus Valid to Read Strobe 100 ‘ns
tesn Chip Select to Read Strobe ¢ 0 ns
tRAY Read Strobe to Ready Strobe 150 ns
tRYD Ready Strobe to Data Valid 800 ns
taAD Address Bus Valid to Data Valid 1050 ns
t/H Data Hold Time From Trailing Edge of Read Strobe 0 ns
tyz Trailing Edge of Read Strobe to TRI-STATE Mode 250 ns
tRYH ‘Read Hold Time after Ready Strobe i 0 ns
tpA Address Bus Hold Time from Trailing Edge of Read Strobe 50 . ns

taypv Rising Edge of Ready 1o Data Valid 100 ns

Note 2: If tag = 0and Chip Select, Address Valid or Read are coincident then they must exist for 1050 ns.

-

- .
Write Cycle Timing b

O o 3
(0°C<T, <70 C 4.5V <Vgp 5.5V, Vgg = ov) -

Symbol Parameter Min. Max. Units
Taw Address Valid to Write Strobe 100 ns
tosw Chip Select 1o Write Strobe i 0 ns *
Hw Data Valid before Write Strobe +100 ns
twRY Write Strobe to Ready Strobe 150 ns
tRy Ready 1 Strobe Width 800 ns
tRYH Write Hold Time after Ready Strobe 0 ns
twp Data Hold Time after Write Strobe 50 ns
twa Address Hold Time after Write Strobe 50 ns

Note 3: 1f data changes while CS and WR are low, then it must memain coincident with 1050 ns after the data change to
ensure 3 valid writing. \ ‘
Data bus loading is 100 pF.
Ready output loading is 50 pF and 3 k€1 pull-up.
Input and output AC timing levels:
Logical one = 2.0V
Logica! zero = 0.8V

Timing Waveforms I
READ CYCLE TIMING

AQ-aAd Xf ADDRESS VALID . X — ™

)
™ AR

[

]"’ tCSR

RD \ tRRY
1
ADY RYH
- *'ryov
tryD RH
D0.07 J\ -
TAD }———' tyz
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WRITE CYCLE TIMING

AQ-A4 >< ADDRESS VALID X
le 1
| AW
- et =] —
F—tcsw }‘_‘RYH——
WR twRy
_ wp
— t
ROY RY
v/ =N '\ I/
0007 =——o——{" DATA VALID ) ——

Functional Description
Real Time Counter

The real time counter is divided into 4-bit digits with 2
digits being accessed during any read or write cycle. Each
digit represents a BCD number and is defined in Table 1,
Any unused bits are held a1 a logical zero and ignored
during a3 write. An unused bit is any bit not necessary to
provide a full BCD number. For example, tens of hour can
not legally exceed the number 2, thus only 2 bits are
necessary to define the tens of hours. The other 2 bits

Table 1. Real Time Counter Format

in the tens of hours digit are unused. The unused bits
are designated in Table 1 as dashes.

The addressable portion of the counter is from milliseconds
to months. The counter itself is a ripple counter. The
ripple delay is less tharr 60us above 4.0V and 300us at
2.0V.

Units . Max. Tens Max.

Counter Addressed BCD BCD

. DO D1 D2 D3 Coda D4 DS D6 D7 Code
1/10,000 of Seconds {00y) - - - = D4 D5 D6 D7 g
Hundredths and Tenths Sec (014) 00 D1 D2 D3 9 D4 D5 D6 D7 g
Seconds (02y) DO D1 D2 D3 9 D4 D5 D6 - 5
Minutes (034) Do D1 D2 D3 9 D4 D5 D6 - 5
Hours (04,4) DO D1 D2 D3 9 D4 D& - - 2
Day of the Week {054) DO D1 D2 -~ 7 - - 0
Day of the Month (06} DO D1 D2 D3 9 D4 D5 -~ -~ 3
Month (074) 00 D1 D2 D3 e] D4 ~ - = 1

(=) Indicates unused bits

RAM

56 bits of RAM are contamned on-chip. These can be used
for any necessary power down,storage or as an alarm latch
for comparison 1o the real time counter. The data in the
RAM can be compared 10 the real time counter on a digit
basis. The only digits that are not compared are the unit
ten thounandths of seconds and tens of days of the week
{these are unused in the real time counter). If the two

most significant bits of any RAM digit are ones then this
RAM location will always compare.

The RAM is formatted the same as the real time counter,
4 bits per digits, 14 digits, however there are no nused bits.
The unused bits in the real time counter wiil compare
only to zeros in the RAM.
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Interrupts and Comparator

There are two interrupt outputs. The first and most
flexible is the INTERRUPT OUTPUT ({a true high signal).
This output can be programmed to provide 8 different
output signals. They are: 10 Hz, 1 Hz, once per minut,
once per hour, once a day, once a yveek, once a month,
and when.a RAM/real time counter comparison OCCUrs.
To enable the output a one is written into the tnterrupt
control register at the bit location corresponding the
desired output frequency (Figure 1). Once one 'or more
bits have been set in the interrupt control register, the
corresponding counter’s roflover 1o in reset state will clock
the interrupt status register and cause the interrupt-output
to go high. To reset the interrupt and to identify which
frequency caused -t interrupt, the interrupt status register
is read. Reading this register places the contents of the
status register on:the data bus. The interrupt frequency
will be identified by a one in the respective bit position.
Removing the read will reset the interrupt.

The second interrupt is the STANDBY INTERRUPT
{open drain output, active low). This interrupt. occurs
when enabled and when a RAM/ real time counter com-
parison occurs. The STANDBY INTERRUPT is enabled
by writing a one on the DO line at address 16H or disabled
by writing a8 zero on the DO tine. This interrupt is not
triggered by the edge of the compare signal, but rather
by the level. Thus if the compare is enabled when the
STANDBY INTERRUPT is enabled, the interrupt will
«turn on immediatety.

-

The comparator is a cascaded exclusive NOR. Its output
is latched 61us after the rising edge of the 1KHz clock
signal {input to the ten thousandth of seconds counter).
This allows the counter to ripple through before looking
at the comparator. For operation at less than 4.0V, the
thousandth of seconds counters should not be included in
a compare because of the possitility of having a ripple
delay greater than 6ips. (For output timing see interrupt
timing.)

Table 2 and 3 are refered for the address input codes and
functions and for the counter and latch reset format.

Power Down Mode

The POWER DOWN input is essentially a second chip
select. It disables all ifiputs and outputs except for the
STANDBY INTERRUPT. When this input is at a logical
zero, the device will not respond to any external signals.
1t will, however, maintain time keeping and turn on the
STANDBX INTERRUPT if programmed 1o do so. * (The
programming must be down before the POWER DOWN
input go to a logical zero.) When switching Vg 10 the
standby or power down mode, the POWER DOWN input
should go 1o a logical zero at least 1us before Vpp is
switched. When switching Vpp all other inputs must
remain between Vgg—0.3V and Vpp +0.3V. When
restoring Vpp 1o the normal operating mode, it is necessary

to insure that all other inputs are at valid.le hefore
switching the POWER DOWN input back to & one.
These precautions are necessary to insure tha. .0 data

0o D3 02 D3 D4 D5 D6 07
l ! L . L L l ! INTERRUPT
white | N IN IN IN N IN IN N | conTROL
ONLY REGISTER
2 . 2 a g o - Q| ADDRESSA1y
1MIN I/HOUR y
1/SEC 1/DAY
, 10/SEC 1/WEEK .
= 7 7 COMPARE —l r__ {/MONTH
INTERRUPT
meaplc ojcojcofcofcofcpico C D] sTaTuS
ONLY o “REGISTER -
2 2 a a a e QL_ ADDRESS-10y
INTERRUPT INTERRUPT
| QUTPUT
LoGic {ACTIVE
_LOGIC HIGH}

Figuie 1. Interrupt Register Format
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Table 2. Address Codes and Bsctions:

Ad 3 Al AQ Function
{0 Counter — Thousandths of Seconds
h Counter — Hundredths and Tenths of Seconds
s; Counter — Seconds
[ Counter — Minutes

o]

Counter — Hours

ol

Counter — Day of the Week

e

Counter — Day of the Month

2

Counter — Months

tatches — Thousandths of Seconds

Latches — Hundredths and Tenths of Seconds

Latches ~ Seconds

Latches — Minutes

Latches — Hours

Latches — Day of the Week

Latches — Day of the Month

2

Latches — Months v

—|olojo|olojolo|=[=]=|<l=|=|=|=]|o]o|o]o|ec|o|o|e|f
—|=]=|=|olo|olo|=|-|~|~|olojo|o|=|~l-]|-lo|o|o|o|B
"~

el Bl B B Bl Bl B B K =d (=2 =l f el el fol i =] ol fo] fol fo] fe] (=]} Fol o] J=

| =]o|ol=]~lo|lols|~|ojo|~]|=|olo|=]~|o]o}-|-|o
~lolaio|=|o|-|o|=|o|=lo|=|o|=|o]|=|o|=|o|-=jc]l=|o

@ Interrupt Status Register
- { Interrupt Control Register
i Counter Reset
i Latch Reset
§ Status Bit
¥ £, ‘GO"” Command
4 Standby interrupt
& Test Mode
All others unused.
Table 3. Counter and Latch Rt Format
DO D1 D2 ) i} B4 D5 D6 D7 Counter or Latch Reset
1 0 0 ¥ 0 0 0 0 Thousandths of Seconds
0 1 0 i 0 0 0 0 Hundredths and Tenths of Seconds
0 0 1 g 0 0 0 0 Seconds
0 0 0 X (4] 0 0 0 Minutes
0 0 (o} k. 1 0 0 0 Hours
0 0 4] ¥ 0 1 0 0 Days of the Week
0 0 0 F i 0 0 1 0 Days of the Month
0 0 0 & 1w 0 0 0 1 Months

+or Counter Reset A4—AO0 Mebe 10010
For Latch Reset Ad—AO Must 10017

is lost or altered when changigo or front the power down
mode.

Counter and RAM Resets; G(mmand

The counter’s and RAM ca%a reset by writing all 1's
{FF) at address 12H or 13H rogetively.

A write pulse at address 1Fwill reset the thousandths,
hunderedths, tentns, units, &tens of seconds counters,
This GO command is used feprecise stariing of the clock.

The data on the data bus is ignored during the writing. If
the seconds counter is at a value greater than 39 when the
GO is issued, the minute counter will increment; otherwise
the minute counter is unaffected. This command is not
necessary to start the clock, but merely a convinient way
to start precisely at a given minute.

Status Bit

The status bit is provided to inform the user the clock is in
the process of rolling over when a counter is read. The
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status bit is set if this 1 KHz clock occurs during or after
any counter read. This ells the user that the clock is
rippling through the real time counter. Because the clock is
rippling, invalid data may be read from the counter. If the
status bit is set following a counter read, the counter should
be reread.

The status bit appears on DO when address 14H is read. All
the other data lines will be zero. The bit is set when a
logical one appears. This bit should be read every time 3
counter read or after a series of counter reads are done.
The trailling edge of the read at address 14H will reset the
status bit.

Oscillator

The oscillator is the standard paralle! resonant osciliator.
Externally, 2 capacitors, a 20M Ohms resistor and the
crystal are required. The 20M Ohms resistor is connected
between OSC IN and OSC OUT to bias the internal inverter
in the linear region. For micropower crystals a resistor in
series with the oscillator output may be necessary 10
insure the crystal is not overdriven. This resistor should
be approximately 200K Ohms. The capacitor values
should be typically 20 pF — 25 pF. The crystal frequency
is 32,768 Hz.

The oscillator input can be externally driven, if desired. In

“Typical Application

this case the output should be left floating and the input
jevel should be within 0.3V of the supplies.

A ground line or ground plane between pins 9 and 10 may
be necessary 1o prevent interference of the oscillator by the
A4 address.

Control Lines

The READ, WRITE, CHIP SELECT signals are active low
inputs. The READY signal is an open drain output. Atthe
start of each read or write cycle the READY line (open
drain) will pull low and remain fow until valid data from a
chip read appears on the bus or data on the bus is tatched in
during a writing. READ and WRITE must be accompanied
by a CHiP SELECT {see Timing waveforms for read and
write cycle).

During a read or write, address bits must not change while
chip select and contrpl strobaes are low.

Test Modg "

“The test mode is merely a mode for production testing. It
allows the counters to count at a higher than normal rate.
In this mode the 32 KHz osxillator input is connected
directly to the ten thousandths of seconds counter. The
chip select and write lines must be low and the address
must be held at 1 FH.

ADDRESS BUS DATA BUS
N Ny
A7 o STANDBY
(1] =
28 2 SELECT = gc‘r‘rsnv
a5 L0GIC é,m.( I
U 24
= Voo i SVSTEM
— p— V
AD 2 17D PWER DOWN }22 hrs oo
wA 2| ww o |2 L .
A0 e
5 | a0 os |22 =
Al
6.lar ums2cs167 Da |12 ’
A2 7 18
A2 03 N
A3
" 8.1 a3 p2 P g
9 Ad D 16
L
T 10 fosc v po |25 =
‘ 1 losc out svoev iNT |14 'WW——{
12
32 KH2 e Vs wr P2 manuaL
XTAL POWER UP
—10 SWITCH
*BDF -l'zo F=
10 30 oF &
T 1
= - INTR . .
R BITS = = v v

*R isrequired for micowatt crystels R = 200K

Figure 2. Standby Interrupt is Enable (ON) for Normal Operation and Disabled for Standby Operation
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