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ABSTRACT

This thesis is dedicated to microprocessor system applied with asynchronous

monitor data signal for usage monitor data signal between DTE and DCE sending data signal

through. When IC USART 8251 receiver code ASCII in series data and changed to parallel for

CPU Z-80. So data has brought picking to memory system. It process by display character on

LCD in code ASCIL,HEXADICIMAL and BINARY. You can play speedy of receive data from

300 bps to 19.2 Kbps.
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1. HARDWARE
-.CPU
Clock Generator S1MJuUMnun Baud rate

. < s
Tnterface device ¥ MiEu Input/Output Port

LCD Display Unit
2. SOFTWARE

Specification

- Imput CCITT V.24 ,V.28 Recommendation

- Asynchronous mode : ASCII, HEX , BINARY
¢ 300 bps ~ 19.2 Kbps
: data bit 5, 6, 7, 8 / char.
! party bit EVEN , ODD , NONE
: stop bit 1, 15,2

- LCD Display 16 Columns 4 Rows

- Break out box (simulator)
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9.2 wi{are RS-282C uarnidi
Direction

Pin Signal Name DTE DTC Abbreviation

1 Protective (Frame) Ground

2 Transmit Data — XMT

3 Receive.Data —~—  RCV.

4 Request To Send . —> RTS

5 Clear To Send —~ CTS

6 Data Set Ready — DSR

7 Signal Ground (Common Return) GRD

8 Carrier Detect ——r CAR_DET
9 -

10 -

11 -

12 Secondary Carrier Detect == SBEC_CAR_DET
13 Secondary Clear To Send - SEC_CTS
14 Secondary Transmit Data = 2 SEC_XMT
15 Transmit Clock (DC'E Source) 78 XMT_CLK
16 Secondary Receive - SEC_RCV
17 Receive Clock N M RCV_CLK
18 -

19 Secondary Request To Send - SBC_RTS
20 Data Terminal Ready — STR

21 Signal Quality Detector —~— SQD

22 Ring Indicator —~ RI

23 Data Rate Selector — DR_SEL
24 Transmit Clock (DTE Source) —_— XMT_CLK
25 -

o o d Y o
ATNUTANTIUNITYIYIVOL RS-232C unzéaﬂq;qnmn'h‘fnnnnmmm
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ﬁ {~— Protective ground
TO OCE Secondacy Tx —twif O
o124 Transmit Data
TO OTE Tx clock —}i18] ©
.. St o | 34———Receive Data
TOOTE Secondacy Rx  ——L ¢l O
. * 0] & +———Requestlo send
TOQ DCE —— HReceive clock ——+17] O
O {5 Clear to send
Unassign —18{ O
' o {6- Data Set Ready
TO OCE Secondary RTS ——+ 13 O
. o |74 Signat Ground
TO oCEf ——— C(ata ferrninal 20} o
Ready O | 8 4———Carrier Detect
TO OTE Signal Quatity ——421{ O .
Detect | o | 9+ Reserve for test
TO OTE Ring lndicator —122} O
Q |10 Reserve for lest
TO OCE Data Signal Rate——14231 O
Sefect O {11+ Unassign
TO OCE Tx clock . —t24] 0
0 | 124 —— Secondary Carrier
Unassign —25{ O detect
O | 434+——— Secondary Clear
to send

OTE = Data teeminal Equipment

DCE = Dala Communication Equipment (Modem)

Py Y
51 2.15 MmIfinuAveYere RS-232C
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dayamdn q gnueunaelihviwdd
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Transmit data (TD Y1 2)
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Hudggnuidesnnn DTE lids DCE uissderiiu DTE fbunTeinTeafiun

AMMIIYEITY ™
TO OCE

TO OTE

10 QTE

. TO OCE
T00TE

TOOTE

TOOTE

TOOTE

TOOTE
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e Lifldyanaudisenaniuzvesasinszlisuriiy “1” wisdsuniiduaaeiin

<
Receive data (RD 9 3)
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Request to sent (RTS Y11 4)
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Clear to sént (CTS ¥ 5)
v a A o d a
fesune 13l RTs Wodyamiiegluanimesn (Negative Voltage #388830 “17

1 J o <& 1 d o 9
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Data Set Ready (DSR 9" 6)
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Signal Ground (SG Y 7)
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Carrier Defect (CD 91 8)
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. Data Terminal Ready (DTR ¥ 20)
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Ring Indicator (RI 9% 22)
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1.1 NBRIATY

z80 dhululas Tswaesiinfausaunse 16 184 (A0-A15) tunued Z8o
gunsnAndenuusAmsaas qTaease1@ie 2 ©  n3emty 65,536 fumntnie sak
CATRIK

feufissimsadressuune HARDWARE feonuunsuiiudeetimualaseain
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FFFF
NOT USED

3000
2FFF

RAMB
2800
27FF

RAM A
2000
1FFF

ROM

0000

< o !
511 3.1 Aamiheanuiivesssuy

o LY [] ] u:l .
wisnfnuafamissanududa dnualdvizsanuhiuuy ROM sgRAIHMIN
1 o L t 4
0000H-1FFFH i1l 8192 dumis w3e 8K dhuniia tRenld EPROM (e 27C64 &9
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ftauennse 13 1&U (AG-A12) Twwamiasanud 8192* 8 fin nie 8k luv oy
ui ] [ ) " 1
ATMUSULL RAM BgfidiMs 2000H-27FFH IM111Y 2048 AIHUY 136 2K Munua
4 L4 1
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27FF
Aufteuan -
2780
277F
A dy
Aundoya
2100
20FF
A 4
Aunldau
2000

A - 1 ‘ d .
51 3.2 msdamisRuimizoaTwsiuul RAM

1.2 ﬂﬁﬂ%’n&’tyﬂpmlﬁaﬂqﬂmd
Tussuuved 280 uumuuﬁuaﬂmsﬁoq 16 1y usesgaldlumetisuendumua

484 Input/Output port dioe 8 dumniu Saide z8o muﬁm:mmanuqﬂnw
Input/Output 1483 2° wiarfus 256 port Tﬁsmunun'l‘ﬁmuaﬂmtmuwemamuuﬁ:ﬂaq
SlufnuaemyaRye inputjoutput HULNAT§IU (Standard /O Map)

o smnmatidumisvesginsel InpuyOutput tazvsanusauh luTTULYes
780 himueainseryaideiy Y Tas T niwmeedoednaiidnea IORQ (npuyOutput
Request) HONBONYIN MREQ (Memory Request) Tuduvesmaneasve 18 Wdygouen
mmmmnmmumwumﬂaawa‘lﬁ’i IC Decoder 11184 74HC139A awluszalsrnouded
9500ATHASININ 2 YA fhuuﬂ‘lﬁ'msnoammzﬁnmmannuwmmmununn‘mnuq

@engilnel InputyOutput
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nmsasasHavesmizsanud 18 1ddyane A13 uay A14 Saufudyeial MREQ A4

z
i
MREQ Ald Al3
0 0 0 ssABIneasvimiiu # EPROM

0 0 1 sxdpansasvimiu # RAM

msaeaTHaveagUnyel inputoutput 181 dygar A4 uar As Swfudygna

i 4
IORQ Adil

IORQ AS Ad
0 0 0 sdesnsasvaily USART
0 0 1 esdesnsaswailu # 74HC2A45A
0 1 0 evdeweasimilu Lcm
0 1 1 sxdewsanvmdly # 74HC174

1.8 Msibeuneszninn USART fu Z80

my1h USART 1lausauniy z8o ﬁuﬂwmﬁnﬁﬁ%qnm 82CS1A (DO -D7)
Whiutiadeyaves Z8o (Do -D7) 18 Trunss

w1 CS 984 82CS1A 1801nMsneasHEIeRIRTE 1Ay 74HC139A 6IUYY A0 Y83 Z80

sieid U1 C/D vos 82051A TaumsaarldAn Port Address ¥4 82C51A (iu 00H

#1115V Data Register 402 01H 13U Control Register

¢1 RD 1as WR 4843 82C51A YuosAnifhAv RD uas WR veq Z80 Tasnsev
Reset U84 82C51A #0AY IC Power Reset TL 7705

41 Clock 484 82CS1A waimt’hﬁuﬁq;tmmmﬁnwms:nnTﬁamqﬁtymmmﬁmﬁ
1#lumsthvus Buad Rate tuezgnih lfleuliu ReC f?ﬂgntmm‘fﬁ:m"mmnnﬁ 30
e dygnannitmi Wssuiufof Buad Rate 171 19.2 Kbps A Wi
dygenninuesszuusiniosssdeaiiiy 576 Kops 1uﬁ1‘f‘l#ﬁtuq;1ﬂxmﬁnwaﬁzuu
U 1.8432 Mhz HIWNOTHIS 6 (T4HC92) UATHINIITMT 2 (T4HC4020) BN 4 afador
¥ dygnanniinuiiu 19.2 Keps 7l RXC vo4 820514
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wimhaud 19.2 Kbps s 2 dsluiFes q fezl&dyananniinuiiu gsoo,
4800, 2400, 1200, 600, 300 BPS @yiAL é’ufuh’fﬁ'tummmﬁmﬁ Buad Rate A1 i
2997 Muttiptexer (74C151) fedloufian RXC vos 82C51A myifien Buad Rate fezangn
n3eh I8 Tred g @AILRNAT Multiplexer WrerudygennAmidesmadgygnaniy
12995 Mutiplexer vrqndfan Z80 HIM9T D Latch (74HC174)

wicayg it 1¥msAnde i Modem § liisududuunsandefugunselifusieds
fms#ev1 DSR MU DTR uazdewt RTs fu CTs el s2cs1a thaw18Taglidesdy
eiﬁtummmdﬁ:ﬁuqﬂnmﬁ%auﬂ'a 82C51A efudByanis RXD Faluiidunn rs232C
3iswnenulnerssudygraldiiussaui idqunsellssian TIL fiou F1oz1dnamn
ao 'l

1.4 LCD
Lep 1lumauaanaiiuesuganaiuunanmallidnyas Ay fie @w19n

uraesnyse Idarumndunzndssmefimmneda ldmnsaldauldie dieannidlu
dnuazvesTuga lulugase LCD ﬁzﬁﬁqmuquﬁﬁmﬁﬁﬁunuﬁ?eﬁﬁunﬁ noulng
aand idedeanmsuaseslsimimsdedaya luidnouInsamefmiioufumsiordyeda
srsuantilideansndnulnsmsuaamaiase lihanduldleoiimuaamaios
ahaudndaunindesmsnisumsurainadeezdadeya llni

Tuga LcD {8l Tnsenmilde we 164168 veaditit duihiTuga Lep Al
LERIHOLLY 16 FI8nNT 4 UTTTR. Tnoll HD44780 s Insnnefudenlaszunsums

v <
1911989 HD44780 uaraeadluguin 3.3
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Slock dizgram of HD4£780 interior

3 cL,
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GNOD {counter (AC) Circuit cL,
oscl ) . 7 1 . v . . M
osc, -1 1 7 i} .
FEIME] ETE
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8, E '§ E Disolay dsia = i
s — == {~ AAM Z_|w | 16
v ———] - —_— (DO AAM} il eels o —e com, ~con,
< L7, 80x8 bits 2= € ¢ .
€ = : N EERY €2
< 3 " PR = § OB
08, ~ 0€, ——— g 8 g s 4 3 :.;
—— v s
* e a} Ly - 8 g =
o8, ~08, ——] S ) 23
. e = 1 Qe -
P ? Chacscier Charecter —; ?,.
generator genccator 2 40 |= 40
v 2 AOM ROM N aame £ -~ SEG, ~SEG,,
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S12 wicy 7200 tits b B 5 :
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POvret WOPAY |V e 5 s
1or liqud v
crysuat A 4 v
ditotay drive | Vo Fareitat/sarial Gete cONversion . &
V- clrcutt 40Dt shilt cegester —
(P arnilel Geta ~ vavial date}
- o g 1
s 3.3 vfenlasstnsumeluves HD44780

5918 LCD Module 1) CPU Z80
111508 LCD Moduls $71f11 bus 484 280 CPU 1Tagmssmuaossegy Taold

J ] o
LCD Module i1y port #ilawessmmutsiay 20 gnifen port 1ay 74HC139 aoidtiun
Bnable Y84 LCD Module uazl¥ Ao ifludfgyanas Rs uaz Al Hundygna RW diniy
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vs 9 lumsde 14 HD44780

.ti
2

3
>
::b::sum-unma.uu._

RIAZIV2EMYUSSHY

SRERIEZ2

<
-

q1fl 3.4 myAs LCD MODULE iy CPU Z80

1. RS (Register Selection) 9ztifuvufion Register mv'lue“mﬁagj 2 fi71 v Instruction
Registor (IR) 110% Data Registor (DR) Taofuilu 1 ssidiumsidan Data tasduiiu o vuiu
A1fen Instruction

2. R/W (Read/Write) Sugudsniwudeunseszsmdayaninda IC Teuswdoya
=1, Woudeya = 0
E (Ensble Signal) (Juviihuuagmmmsiudousiudeya
DB0-DB7 iHluwnfuddeyann IC
vDD Iiidoadaees
vss luv GND
vO iy Voltage Tumsu LeD WadinnTeila

N o woR W
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The ul-dén betwaeen the operation and the combination of RS, R/W

RS RW E QPERATION

Q [ ] Write instruction code

Read busy flag sad address couater

T\
.
.

Read data

When perfocming date and Insuuction cade by 4 bit, teans(er RS, R /W every time.

P - '
71/l 3.5 0A1IE00INYBIVIAN Q Tumsldau

PORT NUMBER FUNCTION
20 Boudirda
21 81U IULYB LCD
22 [Joudoyn
23 gwmdoya

‘l 4& J &
ATNN 3.1 tlﬁﬂﬁﬁu‘lﬁlﬂ‘\mﬂ{ﬂﬂﬂﬂﬂﬂﬂu LCD

deaisusudalntleulst HD44780 vudezihims RESET #afuies Taldiam
yJszaes 10 ms udaon W voD & 45 voLT uda Tewes SET Funadadl
1. Display Clear 93vhmsaudoynvenin LCD
2. Function Set 1A09% set fi1n1wly

DL = 1 : $lums set WmsAndsuuu 8 bit

. set $lu 1 USTHAMTUAAHA
. 5%7 Aenilamsnys
3. Display ON/OFF . Display OFF

: Cursor OFF

g o U 7 2
1]
o o ©o o ©

: Blink OFF
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A &
1: +1 (HufA1 Counter YU 1)

4. Entry Mode Set 1D
S = 0: no Shift
tﬁamx‘?mﬂﬂm?ﬂqv‘mwuﬁdﬁﬂzé’eqfiqfiﬁqmuqu'lﬁﬁ'm?uﬁmu Famyd 3.2
5. Cursor or Display Shift
Sludrdammnualddunis cursor ndedoynltifemedhenieunTashideld

© gduleuniesiulay S/C=0, RL =1 A8 yansthe Cursor Tuondumiadylnm

emniie 1 fumus

6. Set DD RAM Address
Hudrda set f1 Address 1 DD RAM lumsifisuniesmain DD RAM (DD RAM

As dauflszutawanthee LCD) Tagduan Address ﬁﬁ:gﬁﬁfmuma LCD 958¢fiu set N
N f28

§1 N =0 (1 UT5YIA) Address 958¢ 00H-4FH

#VN =1 (2 UITIR) Address 98¢ 00H-27H dmuussiadl 1uas 40H-67H

v o 2
daHTuyIInan 2



{ Power ON ’

Waeit more than 1S ms
after Vpp tises to 4.5V

81

RS R/W DB: DB« DBs 0'S. DB DBs DB« DBe
¢ o o0 o 1 1 x X x x

1
Walt more than 4.1 ms l‘

I BF cennot be checked before this lasteuction,

Function sct (interface is 8 blts long)

RS R/W DB: DB« DB; DB« DBy DB: DBy DBe
¢ 0 0 0 1 1 x x x x

Walt mote than 100 w1

[l BF csnnot be checked before this lnﬂruc(lon.]:,

Function set (interfsce is 8 bits long)

RS R/W _DB: DB: DBs DB« DBs DB: DBs DBs
0o 0o o ¢ 1 I x x x X

~e

RS WW DB, DB« DBs DB« DB; DBa DB DBe
o o0 o0 o 1 1 N F x x

¢ 0 0 0 0 0 1 o 0 o

¢ o0 ¢

Initislization €nds

[ BF ceanot be checked before this lastruction ]
Function sct (interface is 8 dits loag)

-

DF cen be checked after the following insteuctions. When BF i
not checked. the walting time between Instructions is toager than
the execution instruction time. (Sce Table 2)

function sect

Interface i5 8 bits fong. 4 .
The aumber of, display lines
dhpl.y P SPeclly '.he aumber of and character (ont canaot be
display lines and character changed afterwards.
font. "
displey ON

eatry-mode set

o . 4
ﬂ'ﬁ'Nﬁ 3.2 UM ﬁ"lﬁ'lJﬂ'liﬂ'N'lU\lﬂiﬂﬂﬂTﬂiﬂm B3

] 1 [ o
myhldidan f sunsamnuadunisees cursor Wlthinngeghsumisian
Yemudeamylaodes set srmugitheun uazld DBo-DBT Wusamnuaduniivves

] d 4 ¢ o & (] [y +
Cursor gl4n07lil 3.6 w3audadseenliliine fadvudis Awegnviean



. 82

' v o v d
LD A4SH . MUUARMUYUY cursor UTTNAN 2 AUHMUIN S
SET 1A . ; 8gluTnun set DD RAM Address
(] P 4 )
OUT (LCD_INST) ; tessnluiinedadioudids
o [ P ¢ v d ' v P
9nfa8e Cursor 9¢nTs Taaluiidhumisusniad 2 dumiadt 6 uiilugii 3.6

Slumssa Address ¥8¢ DD RAM #1198 LCD 11U 16 #I9NYT 4 UTTHA HDM:-16416H

[ 7 8 9 0 1 n 13 w15 16 -« displsy position

s-tine |00 ) ot ]o2]a3fos]osfosfor]|osyesjor o8|oc]op]eE]oF | — DD RAM address

tine aolar-alaoala]es|as]qr]as]eajar 40 | 4C | 4D | 4E | ¢F

Mine Jrofnnfaz]3jaias 6]z {iss]ia 18{31C |10 IEfIF

adine | 50| si]s2]s3}sefss|se]sr]seyss ca|s8]sC|sojSE]SF

P
51¥ 3.6 HDM-16416H

7. Read busy flag and Address
.‘l J 4 4 o 1 W y 4
Hudragus busy flag aaziludrueninim HD 4478 g luvuaumsrhu
melusgnesgluamnnienerivlae

BF = 1 sgluvrnummihnunelulinfeussiudayanTedds

BF = 0 woneziudeyanfedidald

waruenaniigadiuddegiudfoyn address ¥89 CG RAM 38 DD RAM
fy
8. Write data to CG #38 DD RAM

Fuddadoudsyadililu cc v3s DD RAM Teoiitedoudoyauns address 93
iuntenalaesaTuiAmumdeR set T entry mode Samnunitozhufiumsdoudoya
¥81 CG RAM %38 DD RAM ¥'14TRumS set address 489 CG RAM ¥38 DD RAM

- J 4 L] 3
YHuINBUBTIYYUYBYN
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15 amidendefumeadadeyn
msi’u-tf«’faqmmuaqnsmf’uﬁauﬁﬂﬂ'lﬂunﬁ’:"u-ﬁn’fnqn'lus:v:mﬂnnmﬂz
gunsofszaam ¥nwluntsneeonsldun miathq'lsﬁmusza"uﬁq;qnmﬁ'lﬂu'm: (+5
V) Slimsn e I8 nmindufudeufivzddeyn i lumedassdeamhmanion
5zé'uusaﬁ'wmﬁmqnm'lﬂﬁtﬁla'l#mn1mﬁﬁzﬁqﬁmﬂgm‘lﬁlnn€u umafiszalioussdu
11'0wfo,;ﬁ;1al‘l1lni1'1mfuaﬂﬁummg1uﬁlﬂumsdamsi’ij-tfu’{aqnﬁlé’mmgm RS-232C
'lumsvhﬁ'mg,nun:ﬂmﬂﬁuumnszﬁuum rs-232¢ Tiflusedudyogna TTL lumsdy

deyaninmens

251 +12
T |
RS-232 OUTPUT
TTL ]
-12
——
RS-232 INPUT

P o P o v
91 3.7 vdenlaesunsuiraimanlasussAuvesdya e

qﬂnsafﬁlﬂumsﬂmﬁﬁﬁmm0614'1’1'?1% 1c wed Mc 1488 Sohmhitlums
alAvuszduvesdgygnunn TTL Tl Rs-232¢ uas MC 1489 ot lumsnldeu
suvesdganman Rs-232¢ Tuhilu TTL

uftitgunssliilsudeyamn rs-232c minifu 184 Mc 1480 Familudteialag
sAudggu RS-232C umﬁ'aqnﬁi'ummqm TXD ve4 Rs-232C {usziudgyga TIL
Houfiur RXD v84 82C51A unylé M 1489 Bndamilidimiuulasssfudoy Rs-232C
vosdyanei 19 lumsAndsiu MoDEM 1dilludayg assdu TTL (Weozansaims

- d o 1 q’
usilinefgdggoundiilld



2. MIgenUUN SOFTWARE

84

~ o
Trsdinnizinnanuaunsouazysuvavesqnssinie HARDWARE 1 1deeniu

. P PRY
Muduashmun Function Myl qiidesms Fal8uanaly Configuration Table

* v;
JU

@y niwed fn M
2040H Tvuamsuaaua 01* SINGLE
MODE 02 MULTIPLE
2041H uerasnalugysa 11* ASCI
CODRE 12 HEXADECIMAL
13 BINARY
2042H BAUD RATE 21* 19200
22 9600
23 4800
24 2400
25 1200
26 600
27 300
2043H PARITY BIT 31* EVEN
32 ODD
33 NONE
2044H STOP BIT 41 2.
42 L5
43 1
2045H DATA BIT 51 8
52 7
53 6
54 5

< «. -
A13°99 3.3 UAAY Configuration Table (* AUTUAY )
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{ START )

y

POWER UP DELAY
| SET STACK POINTER
DISABLE INTERUPT

y

INITIAL LCM

b

SET UP
INITIAL CONFIG

MENU 1

MENU 2

=



( START )

y
| DISPLAY
| MODE,CODE

y

SET POINTER POINT
TO MODE SET IN
CONFIG TABLE

d

y

GET KEY
INPUT

>' PRESSED

'V PRESSED

INCREMENT VALUE
IN CONFIG TABLE INCREMENT POINTER

A

LOAD VALUE IN

CONFIG TABLE

POINT BY POINTER
. VALUE > 20H ?
/ ~N

SETTING M

C STOP )

86



{ START )

GET KEY
INPUT
|>|
RESSE
Y
INCREMENT a
VALUE RESSE
IN CONFIG G
TABLE
INCREMENT
POINTER
Y
INITIAL USART
A 4 y
SETTING DISPLAY DATA

87



( START )

y

LOAD VALUE
POINT BY
POINTER

VALUE<10H

DISPLAY MODE

DISPLAY CODE

38



39

DISPLAY BUAD
RATE

DISPLAY
PARITY BIT

DISPLAY"

STOP BIT

VALUE<60H

SET POINTER
POINT TO BUAD

IN CONFIG

SET —

TABLE

DISPLAY
DATA BIT

<
Lt i ¢
y

( stop )




START

SET POINTER
POINT TO BUAD
SET IN
CONFIG TABLE

LOAD BUAD
SET VALUE |

|

VALUE=VALUE-
21H

|

SEND VALUE TO
{ MUX_CON PORT

y

INCREMENT
POINTER LOAD
PARITY SET VALUE

VALUE = 31H

VALUE =3 2H

SET PARITY=EVEN

y

SET PARITY=0DD

SET PARITY=NONE

Y

INCRETEMENT
POINTER LOAD

STOP BIT SET
VALUE




SETSTOPBIT=2

y

SETSTOPBIT=15

SETSTOPBIT=1

N

4

INCREMENT
POINTER LOAD
DATA BIT SET VALUE

N
VALUE = 51H

Y

SETDATABIT=8

SETDATABIT=7

y

SETDATABIT=6

4

SEND MODE WORD
&COMAND WORD TO
USART

y
{ STOP )

SETDATABIT=5




START

'

LOAD MODE SET
VALUE

“MODE Y

SINGLE 2
N

COUNT =1

y

COUNT =15

]

SET POINTER TO |
DATA BUF

”

4

READ STATUS OF
USART

0

RECEIVED DATA
FORM USART

4
SAVE DATA IN

ADDRESS POINT
BY POINTER

:

POINTER =
POINTER +1

:

COUNT = COUNT - 1

COUNT =0

Y

STOP

42



STORE DATA
ii v
{ | LOAD MODE SET
VALUE
MODE _ Y
SINGLE?
N
y
COUNT=1 SET -
0O =
POINTER TO COUMIT =15
DATA_BUF
(B——
LOAD CODE
. SET VALUE
N
AS’C"?/
Y
HEX? SN
Y
y
ASCIi TO
ASCI TO HEX ST
4 J
SET POINTER
TO START_RAM
¢

DISPLAY DATA

y

COUNT = COUNT -1

!
®




GETKEY IN

44
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m%‘muaﬁmns’ﬁtytymﬂz&?ﬂﬂsﬁﬂﬁﬁnmarhué"wﬁ'u flesderiimanacenTay
mmveguis nesiiindygonim lumahfeunsaien1&nsanuen Bad
Rate) AN 9 Retuiitoensa éaxi‘ludauﬁﬁw‘i’mmn‘luTﬂsmui‘: usnomiugedearileis
MIAT8Y (Detect) ﬂngnﬁi"m%m Trossdehmssamnine s q Wgndesnsanu

P 1Y P 1
Joyan 18Ty Ssezaunsouansfeynssnuniive Lep 1dndwngndas

1. MIATITBUMIIHINYBILTRBENILY

nnssiesnnuulymaruan o Ussneudemamizolszananaiy
mizsanudivila ROM tasmizsanuhiriia RAM 2esasasHEeTTudeyaninaing
na masudygrudeyanoneineynsy nasMAKAAIHAN1N9E LCD

&viamadouTysunsuueiimes (Mormitor Program) Sunuemsund
Tolsunsuuesisuusad T80 veda Tusunsy (Source Program) TililariiuIndmugn
194 (Binary File) wasdaaa Md (Listing File) 9¥8ZAIN UOSTIINATIVNBUANUAANAA
180 WoudlyTusunnIigndesds i Indinuguees #ldlihmadounuui
Eprom Taeiad8411)51n53 Bprom

WinTosmduneined (Data Tester) a3Lll1IL (Test Pattern) Test dntites
Tl (ASSCII) ,8A5110A (Baud Rate) 19.2 Kbps m?ﬁ‘;ﬁ (Bven Parity) , 2 Stop Bit
, 7 Data Bit i€1inefneynsy (Serial Port) IC U9 (USART) mmms"m’;’aqn%"qqnuﬂmusa
SueINTERY V.24 Shissfuszdu TTL Tag IC U10 (Line Reciever) ABATILUOA 19.2 Kbps
dudeya 3 lumizennudiviia Ram udrenmdeyannmizsanudiviia Ram i luaas
naftes LD lémaasnaaingnala q Tuduau 4 #1 aunsasumsnaaing nmiues
nlfvusdggranquenduiudou fe o Tl 1 dedygraniugurn Ic U @
Latch) 1USav1n7uquued IC US (Multiplexer) Wihnseinddygrenniimmediussnds
fisanuddaygranimmy Q4 fie 192 Kopsl1ifiusanuddggnannfimey Qs fis 9.6
Kbps oifiudggnenniinéuiuves Ic U9 (USART) Sananudilumsiudeyass

o ‘ & - & - P |
nlfowiilu 9.6 Kops udasaseamsnaaingla q s dygnannimauguineaiu



.‘I . J 1#.1 - . ) J ] o
afansnitoh Iddygnanninmiditesnyes 1C U8 (Multiplexer) Famoiiudaygnas
[ -] «/ A
ummé’m's'um 1C U9 (USART) wWaswulasifuanudienn g4, Qs , 06, Q7. g8,
Q9 tas Q10 mudiAy sananudilumsiudeyanonii 192 Kops , 9.6 Kops , 48

Kbps , 1.2 Kbps , 600 bps 40 300 bps M1

o 5 -~ 4
2. mmirulaafedmnfinedan 4
' - o d
peusehmadouTusunsuusilinsfnmhmaudly (Bdin asuy EPROM MW UMY
Tlsunsuuda exdenh luaudeyaifnTaonisniessdiniienat (Ultaviolet Ray) sz
20 w1# SeeshmydouTusunsuasuy BPROM 1880 S419mia EPROM Emulator #9
. d D
unu BPROM MimsdeINdinvgumesiidiumsulaTaeTusunsuuemsmuaes T80 uda
. P A - 1 Pl
runnedamIoaner lhifivlunsa BPROM Bmulator #a1saya1uuny EPROM W
Wazaralumsudle
A4 A A - 4 v a o .8 A a
dladudiansssuefimeidygrauuussdlanfaeshomnuauTudursansl
' o ] A ol T | P
woFAn q A lumsed 33 (5ududad ( Pointer ) 9:¥ 11duauil ( Address ) 11 2040H
f 4 A - ¢ &a P - ‘e a )
Aowdleiimsnasiad > sumua lumeiivesniniimeniufiar 1 uarmadusiqate
A - 9 - P o & A4
udr dlefimsnaaiag > Bnszaunduliifludusudu dinaaiad v Mdeslisunuiuias 1
|4 ] v
naasaiimsRssfimesan q defasudunnmsdesanuealumssudeya
4 LI 4 " Y o ¢ -
dehmsnamiad > sxldsusaraanusandusudy 19200 BPS Hu 9600, 4800, 1200,
v 1 4
600 AL 300 BPS muddy mindedasmanuduiiv 300 BPs udnihmsnaaiad > Snasa
< Y c ¢ - - P .‘1
seffousananudaiuauTudu fis 19.2 Kops 80 himsnasdad v szalfoudiunsd
ad A ad . A - d Y'd
137 arSuRuonium3ag Even Parity) ionaadad > feznfaswiumniaf (0dd
. Y -« (] «~ -« - A A
Parity) unz IifinI3A (None Parity) mudidy unziswioafudiniumniinesdu oh
[ 4
msdsmnTimeda q udanaaindUfiRms Execute) sxiimssudoyaninneiney
e « A -
asuudai llunasraniese Lep 14 1 nifiee ( 64 Madnuy ) iienaadnsuga (Stop) Nor
v .’J ) i : @
Sumsnaandimeden emiudimsRen dsunsy IWaunsausrawalulnua SINGLE
w30 Tnun MULTIPLLE TuTnua SINGLE svhimssudeynnnnesaeynsudiiau 1
A i -~ o~
Kbyte ( 1024 * 8 bit ) tilefnaind§iiAMT (Bxecute) SLUTAIHANWIBLCD 1 9BNHNAN

-~ 4 : [] t .‘I 3 - -~ 4 L.
Fndasade lferhdeyn luunainansias 1 8AMIUNIAYAYBYAUTBNATIRTHYRNDZ
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o« Lo : 4 - A -~ -~ e o
afusumsdasmaiine sy Tnyauramanuy MULTIPLE denaadadyfifnmsesiy
A 4 A wn .’,' ' o o < 3
Joymhuwaana 1 senmnardadufifnmsadse lfesfudeyauuaninadnnitas 1

4 -~ 4 [ 4 o« : J -
1W/AMN mﬂnﬂmmmqa‘ﬁwznnummmsmmmswme‘f
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Joynfie dudinvit 21000 Hudulyl udnhdeyariaueatiiy Fuuas s
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2000H iufiy 1 wiiweszuaawalugdiimavguaesld 4 ddssenn

- U4
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Wonly
4 - & L - o/ ; A
iedlaaing oN dnag Senaaing RESET AundveunFesesniiums mital

S A P d
gunsaiianuavesszumie ldndoudiervham Tasfiee LCD esiens MENU 1

MODE -> SINGLE
DISPLAY -> ASCH

- d o - o
Tao cursor sznssnSunivIniausn ineuniaudlv1dTaeldnding > dinsums
4 4 Uy al - 1 - 4 v 4 c{ v &
WAguUAIRTILTINAT cursor NTrnTUY UazadIng V dmiuasu cursor IMUTTNAGAIN
1 A Py A gy
dwan diesnaaing v aauuses q LCD ssuaat MENU 2 #ail

BAUD RATE -> 19200

PARITY -> EBVEN
STOP BIT -> 2
DATA BIT -> 8

. d N Q. ([Kizs z 2
siinaasduynilsvssgaasesiiudmsfinesfinsee seT PWldasausn ynass

d z t t 1 o A
#iiMs POWER ON 1senmnsasssInild i dsamssudeyaiinnuia 9600 bps,
Parity None, Stop bit 1182 Data bit 7 1 1éfail

[ 4
1. ﬂﬂﬂ”lﬂ‘f > 1 A% 9BNINITUAAL 9600

- 4 & o v o a ¢ I -
2. NARING > 1 AS9 cursor rAIMNLTINAN 2 udINAEIng > 2 A% wWiTl
o

wesoz)aswiy None
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SER_DAT
SER_INST
KEY_IN
LCD_INST
LCD_RAM
LCD_SIG
MUX_CON
DISP_MOD
TABLE
RAM_SIZE
START_RAM
CONFIG
DATA_BUF
STACK

PWR_UP:

SET_CON:

LOOP:

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

CALL
LD
LD
LD
LD
ADD
INC
DJNZ
CALL
LD
LD
cp
JR
CALL
CALL
CALL
CALL
CALL
LD
CALL
LD
CALL
JR

00H

SER_DAT+1

10H

20H

LCD_INST+1
LCD_INST+2

30H

1000H

1100H

2%¥1024 :RAM 6116 :2K BYTES
2000H

START_RAM+40H
START_RAM+100H
START_RAM+RAM_SIZE-1

B,0
PWR_UP :POWER UP DELAY
SP,STACK
:DISABLE INTERRUPT
INITLCD ;INITIAL LCD. DISPLAY
HL,CONFIG ;POINT TO START TABLE
R,1
B,8
(HL) ,A .SET UP INITIAL CONFIG.
A, 10H ;NEXT PARAMETER
HL :POINT TO ANOTHER CONFIG.
SET_CON
MENU1
HL,CONFIG+2 :POINT TO SETTING CONFIG.
A, (HL) :LOAD SETTING CONFIG.
21H ; SETTING?
NZ,SAV_SET
CLSLCD ;DO SETTING
BUAD_SET
PA_SET
ST_SET
BIT_SET
D,000010018 :SET CURSUR OF LINE 1
SET_CUR
HL,CONFIG+3
MENU2
LOOP

;MENU1 SUBROUTINE ;

JPRESSED ’>°
;PRESSED 'V’

KEY TO CHANGE CONFIGURATION
KEY FOR GO TO ANOTHER CONFIGURATION

;REG: HL POINT TO CONFIGURATION TABLE

»

MENU1:

INKEYM1:
RIGHTMt:

CALL CLSLCD

CALL MODE_SET ;DISPLAY MENU1
CALL CODE_SET

LD D,000001108

CALL SET_CUR ;SET CURCUR OF LINE 1
LD  HL,CONFIG

CALL INKEY

cP 111111108 ;KEY ’>° PRESSED?

JR  NZ,VERM1 ;IF NO CHECK ANOTHER KEY



INC (HL)

CALL SETTING

DEC C

JR  NZ,RIGHTM1

JR  INKEYM1
VERM1: cep 111111018

JR  NZ,WRGM1

INC HL

;YES, CHANGE CONFIGUARTION

+KEY *V’' PRESSED?
;IF NO GET KEY INPUT AGAIN
;YES POINT TO OTHER CONFIG

LD A, (HL)
SUB 20H

JR  NC,BACKM1
CALL SETTING

WRGM1: JR INKEYM1
BACKM1: RET
sMENU2 SUBROUTINE ;
; PRESSED 3+ KEY TO CHANGE CONFIGUATION ;
:PRESSED ’V’ KEY FOR GO TO ANOTHER CONFIGURATION ;
;PRESSED ’EXE’ KEY FOR EXECUTE ;
;PRESSED ’STOP’ KEY FOR EXIT )
:REG: HL POINT TO CONFIGURATION TABLE ’
MENU2 CALL INKEY
INM2Z: cP 111111108 ;KEY ’>' PRESSED?
JR NZ,VERM2 ;IF NO CHECK ANOTHER KEY
INC (HL) ;YES, CHANGE CONFIGURATION
CALL SETTING p
DEC C
JR  NZ,INM2
JR  MENU2
VERM2: o124 111111018 ;KEY 'V’ PRESSED?
JR  NZ,RUN_KEY ;IF NO CHECK ANOTHER KEY
INC HL ;YES POINT TO OTHER CONFIG
CALL SETTING
JR  MENU2
RUN_KEY: (o34 111110118 ;KEY 'EXE’ PRESSED?

JR NZ,STOP_KEY

CALL INITUSART

CALL SHOW
STOP_KEY: RET

;YES, DISPLAY DATA
;NO, STOP AND GO TO MENU1

;CONFIGURATION SETTING SUBROUTINE H
;REG:HL POINT TO CONFIGURATION SET TABLE 5

SETTING: LD A, (HL) ;LD CONFIG. IN TABLE
SUB- 10H
JR  NC,NEXT11
CALL MODE_SET
RET

NEXT11: LD A, (HL)
SUB 20H
JR  NC,NEXT12
CALL CODE_SET

,MODE SET?
;YES, DO MODE SETTING

;LOAD COMFIG. IN TABLE

;CODE SET?
;YES, DO CODE SETTING

RET
NEXT12: LD A, (HL) ;LOAD CONFIG. 1IN TABLE
SUB 30H
JR  NC,NEXT21 ;BUAD RATE SET?
CALL BUAD_SET ;YES, DO BUAD RATE SETTING
NEXT21: LD  A,(HL) ;LOAD CONFIG. IN TABLE
SUB 40H
JR  NC,NEXT22 ;PARITY SET?
CALL PA_SET :YES, DO PARITY SETTING



NEXT22:

NEXT23:

NEXT24:

RET
LD
suB
JR
CALL
RET
LD
SuB
JR
CALL
RET
LD
JR

A, (HL)
50H
NC,NEXT23
ST_SET

A, (HL)
60H
NC,NEXT24
BIT_SET

HL,CONFIG+3
NEXT21

,MODE SETTING SUBROUTINE
= SINGLE/MULTIPLE ;
;DESTROY REG: A,BC,IX

;DISPLAY MODE SET

MODE_SET:

SET_MODE:

MODE_SIN:

MODE_MUL.:

MODE:

MODE_OVER:

RETMOD:

PUSH
PUSH
LD
LD
LD
LD
CALL
LD
cP
JR
LD
JR
cP
JR
LD
LD
CALL
PUSH
LD
CALL
POP
LD
CALL
JR
LD
LD
LD
POP
POP
RET-

;LOAD CONFIG. IN TABLE

;STOP BIT SET?
;YES, DO STOP BIT SETTING

{LOAD CONFIG. IN TABLE

;DATA BIT SET?
;YES, DO DATA BIT SETTING

DE
HL
HL,CONFIG
DE ,DISP_MOD
IX,START_RAM
BC,0801H
SAV_V_BUF
A, (HL)
01H
NZ ,MODE_MUL
DE ,DISP_MOD+08H
MODE
02H
NZ ,MODE_OVER
DE ,DISP_MOD+10H
B,08
SAV_V_BUF
HL
HL,START_RAM
WRL1
HL
D,000001108
SET_CUR
RETMOD
(HL) ,00H
c,0
A,111111108
HL
DE

;POINT TO START OF TABLE
,POINT TO CHARACTER
;POINT TO DISPLAY BUFFER

;STORE CHARACTER
; LOAD MODE CONFIG.

;SINGLE MODE?
;YES, DISPLAY SINGLE

; OVERRANGE?

;IF NO DISPLAY MULTIPLE

;STORE CHARACTER

;POINT TO DISPLAY BUFFER

;DISPLAY LINE 1

;SET CURCUR OF LINE 1

;RESTORE INITIAL VALUE

;CODE SETTING SUBROUTINE
;DISPLAY CODE SET = ASCII/HEXADECIMAL/BINARY H
,DESTROY REG: A,BC,IX

CODE_SET:

SET_CODE:

CODE_ASC:

PUSH
PUSH
LD
LD
LD
LD
CALL
LD
cpP
JR
LD

DE

HL

HL ,CONFIG+1
DE,DISP_MOD+18H

IX,START_RAM+10H

BC,0901H
SAV_V_BUF

A, (HL)

11H

NZ,CODE_HEX
DE,DISP_MOD+21H

;POINT TO TABLE
;POINT TO CHARACTER
;POINT TO DISPLAY BUFFER

;STORE CHARACTER
;LOAD CODE CONFIG.

yASCII CODE?
;YES, DISPLAY ASCII



JP COD
CODE_HEX: CP 12H
JR  NZ,CODE_BIN
LD  DE,DISP_MOD+28H
JP  cOD
CODE_BIN: CP  13H
JR  NZ,CODE_OVER
LD  DE,DISP_MOD+2FH
CcoD: LD B,7
CALL SAV_V_BUF
PUSH HL

LD  HL,START_RAM+10H

CALL WRL2

POP HL

Lb D,00010111B
CALL SET_CUR

JR RETCOD
CODE_OVER: LD (HL),10H

b C,0

Lo A,11111110B
RETCOD: POP HL

POP DE

RET

;BUAD RATE SETTING SUBROUTINE
;DISPLAY BUAD RATE SET =

;DESTROY REG: A,BC,IX
BUAD_SET: PUSH DE
PUSH HL

LD  HL,CONFIG+3
LD DE,DISP_MOD+4DH
LD ~ IX,START_RAM
LD  BC,0BO1H
CALL SAV_V_BUF
SET_BUAD: LD A, (HL)
cP  21H
JP  NZ,BUAD_96
BUAD_192: LD  DE,DISP_MOD+58H
JR  BUAD
BUAD_96: cP  22H
JR  NZ,BUAD_48
LD DE,DISP_MOD+5DH
JR  BUAD
BUAD_48: cP  23H
JR  NZ,BUAD_24
LD  DE,DISP_MOD+62H
JR BUAD
BUAD_24: cP  24H
JR  NZ,BUAD_12
LD DE,DISP_MOD+67H
JR  BUAD
BUAD_12: cP  25H
JR  NZ,BUAD_06
LD  DE,DISP_MOD+6CH
JR  BUAD
BUAD_06: cP  26H
JR  NZ,BUAD_03
LD  DE,DISP_MOD+71H
JR BUAD
BUAD_03:  CP 27H
JR  NZ,BUAD_OVER
LD  DE,DISP_MOD+76H
BUAD: b 8,5

yHEXADECIMAL CODE?
;YES, DISPLAY HEXADECIMAL

; OVERRANGE?
:IF NO DISPLAY BINARY
:STORE CHARACTER

:POINT TO DISPLAY BUFFER
:DISPLAY LINE 2

:SET CURCUR TO LINE 2

;RESTORE INITIAL VALUE

19200/9600/4800/2400/1200/600/300 ;

;POINT TO TABLE
;POINT TO CHARACTER
;POINT TO DISPLAY BUFFER

;STORE CHARACCTER
;LOAD BUAD RATE CONFIG.

RATE 192007
DISPLAY 19200

;BUAD
:YES,

;BUAD RATE 96007
;YES, DISPLAY 9600

RATE 48007
DISPLAY 4800

s BUAD
;YES:

;BUAD RATE 24007
;YES, DISPLAY 2400

;BUAD RATE 1200?
;YES, DISPLAY 1200

;BUAD RATE 600?

;YES, DISPLAY 600

; OVERRANGE?

;IF NO DISPLAY 300



CALL SAV_V_BUF :STORE CHARACTER
PUSH' HL

LD  HL,START_RAM ;POINT TO DISPLAY BUFFER

CALL WRL1 ;DISPLAY LINE 1
POP HL
LD D,00001001B

CALL SET_CUR ;SET CURSUR OF LINE 1

JR  RETBUAD

BUAD_OVER: LD (HL) ,20H JRESTORE INITIAL VALUE

LB C,0

LD A,11111110B
RETBUAD: POP HL

POP DE

RET

;PARITY SETTING SUBROUTINE
;DISPLAY PARITY SET = EVEN/ODD/NONE
;DESTROY REG: A,BC,IX

PA_SET: PUSH DE
PUSH HL
LD  HL,CONFIG+4 ;POINT TO TABLE
LD DE,DISP_MOD+7BH ;POINT TO CHARACTER

LD IX,START_RAM+10H ;POINT TO DISPLAY BUFFER

LD BC,0BOH

CALL SAV_V_BUF ;STORE CHARCTER
SET_PA: LD A, (HL) ; LOAD PARITY CONFIG.
cP 31H
JR  NZ,PA_ODD ;EVEN PARITY?
LD DE,DISP_MOD+86H ;YES, DISPLAY EVEN
JR PARITY
PA_ODD: CP 32H
JR NZ,PA_EVEN ;ODD PARITY?
LD DE,DISP_MOD+8BH ;YES, DISPLAY 0ODD
JR PARITY
PA_EVEN: CcP 33H ; OVERRANGE?

JR  NZ,PA_OVER

LD  DE,DISP_MOD+90H ;IF NO DISPLAY NONE
PARITY: LD B,5

CALL SAV_V_BUF ;STORE CHARACTER

PUSH HL

LD  HL,START_RAM+10H ;POINT TO DISPLAY BUFFER

CALL WRL2 ;DISPLAY LINE 2
POP HL
LD D,000110018B

CALL SET_CUR ;8ET CURSUR OF LINE 2

JR RETPA

PA_OVER: LD ©~ (HL),30H JRESTORE INITIAL VALUE

Lp C,0

LD A,111111108
RETPA: POP HL

POP DE

RET

;STOP BIT SETTING SUBROUTINE
* ;DISPLAY STOP BIT SET = 2/1.5/1
;DESTROY REG: A,BC,IX

Y _———— e m e - ———————
’

ST_SET: PUSH DE
PUSH HL
LD  HL,CONFIG+5 ;POINT TO TABLE
LD  DE,DISP_MOD+S5H ;POINT TO CHARACTER

LD  IX,START_RAM+20H ;POINT TO DISPLAY BUFFER



LD BC,0BOtH
CALL SAV_V_BUF ;STORE CHARACTER
SET_ST: LD A, (HL) ;LOAD STOP BIT CONFIG.
CP  41H
JR NZ,ST_15 :STOP BIT = 27
LD  DE,DISP_MOD+0OAOH ;YES, DISPLAY 2
JR  ST_BIT
ST_15: CP  42H
JR  MZ,ST_2 ;STOP BIT = 1.5
LD  DE,DISP_MOD+OA5H ;YES, DISPLAY 1.5
JR  ST_BIT
ST_2: CP  43H ; OVERRANGE?
JR  NZ,ST_OVER
LD DE,10AAH ;IF NO DISPLAY 1
ST_BIT: Lb B,5
CALL SAV_V_BUF ;STORE CHARACTER
PUSH HL
LD  HL,START_RAM+20H ;POINT TO DISPLAY BUFFER
CALL WRL3 ;DISPLAY LINE 3
POP HL
Lb D,001010018
CALL SET_CUR ;SET CURSUR OF LINE 3
JR  RETST
ST_OVER: LD  (HL),40H ;RESTORE INITIAL VALUE
Lb ¢,0
LD A,11111110B
RETST: POP HL
POP DE
RET
;DATA BIT SETTING SUBROUTINE «
;DISPLAY DATA BIT SET = 8/7/6/5 s
;DESTROY REG: A,BC,IX b
BIT_SET: PUSH DE
PUSH HL
LD  HL,CONFIG+6 ;POINT TO TABLE
LD  DE,DISP_MOD+0AFH ;POINT TO CHARACTER
LD IX,START_RAM+36H ;POINT TO DISPLAY BUFFER
LD BC,0BOtH
CALL SAV_V_BUF ;STORE CHARACTER
SET_BIT: LD A, (HL) ;LOAD DATA BIT CONFIG.
CP 51H
JR  NZ,BIT_7 ;DATA BIT = 87
LD  DE,DISP_MOD+OBAH ;YES, DISPLAY 8
JR  BIT
BIT_ 7: CP 524
JR - NZ,BIT_6 ;:DATA BIT = 77
LD DE,DISP_MOD+0BFM ;YES, DISPLAY 7
JR  BIT
BIT_6: CP  53H
JR NZ,BIT_S ;DATA BIT = 67
LD  DE,DISP_MOD+0C4M ;YES, DISPLAY 6
JR  BIT
BIT_S5: CP  54H s OVERRANGE?
JR  NZ,BIT_OVER
LD DE,DISP_MOD+0CSH ;IF NO DISPLAY 5
BIT: LD B,5
CALL SAV_V_BUF ;8TORE CHARACTER
PUSH HL
LD  HL,START_RAM+30H ;POINT TO DISPLAY BUFFER
CALL WRL4 ;DISPLAY LINE 4
POP HL
LD D,00111001B



CALL SET_CUR

JR  RETBIT

LD (HL) ,50H

b C,0

LD A,111111108B
POP HL

POP DE

RET

;SET CURSUR OF LINE 4

BIT_OVER: ;RESTORE INITIAL VALUE

RETBIT:

;INITIAL LCD DISPLAY ;
;DESTROY REG: A :

;FUNCTION SET

A,001110008
(LCD_INST),A
DELAY1
DELAY1
A,000011118B
(LCD_INST),A
DELAY1
A,00000110B
(LCD_INST),A
A,00000001B
(LCD_INST),A
READ

INITLCD:

LD
ouT
CALL
CALL
LD
ouT
CALL
LD
ouT
LD
ouT
CALL
RET

;DELAY > 4.1 mS
;DISPLAY ON/OFF CONTROL

;ENTRY MODE SET

CLSLCD: ;CLEAR ALL DISPLAY

DISP: CALL WRL1 ;DISPLAY LINE 1

CALL WRL2 ;DISPLAY LINE 2

CALL WRL3 ;DISPLAY LINE 3

CALL WRL4 ;DISPLAY LINE 4

RET
WRL1 LD A,0OOCH ; LINE 1

CALL GOTO

JR  WRLINE ;WRITE STING TO LCD RAM
WRL2: Ld A,40H ;LINE 2

CALL GOTO

JR  WRLINE ;WRITE STRING TO LCD RAM
WRL3: LD A,10H ;LINE 3 -

CALL GOTO

JR °~ WRLINE sWRITE STRING TO LCD RAM
WRL4: LD A,50H ;LINE 4

CALL GOTO

JR  WRLINE sWRITE STRING TO LCD RAM
;GOTO_LCD: GOTO POSITION OF LCD RAM ’ H
JENTRY: REG.A = ADDRESS .
GOTO: SET 7,A

OUT (LCD_INST),A ;SET DD RAM

CALL READ ;READ LCD STATUS

RET

. ——

+SET_CURSOR:

;ENTRY:

SET CURSOR POSITION
REG. D= 76543210,



; ROW = 0 - 3 :
: COLUMN = 0 - F ;
SET_CUR: PUSH DE

PUSH AF

LD A,D

SRL A

SRL A

SRL A

SRL A

cP 0

JR  2,3ET_CURO ;LINE 17

cP 1

JR  Z,SET_CURt ;LINE 27

cP 2

JR  Z,SET_CUR2 ;LINE 37

cP 3

JR  Z,SET_CUR3 ;LINE 42

JR  SET_CURS ;NO WRITE LINE
SET_CURD: LD E,OOH ;LINE 1

JR  SET_CUR4
SET_CUR1: LD E,40H ;LINE 2

JR  SET_CUR4
SET_CUR2: LD E,10H ;LINE 3

JR  SET_CUR4
SET_CUR3: LD E,50H ;LINE 4

SET_CUR4: Lb  A,D

AND 00001111B

ADD A,E

CALL GOTO ;SET DD RAM
SET_CURS: POP AF

POP DE

RET

JWRITE STRING ;
JENTRY: REG.HL POINT TO DATA ADDRESS S
;DESTROY REG: A,B,D H

WRLINE: LD B,16 ;16 CHARACTERS
WRL: LD D, (HL) ;LOAD STRING
PUSH BC
LD A,D N
OQUT (LCD_RAM),A ;WRITE STRING TO LCD RAM
CALL READ ;READ LCD STATUS
POP BC
INC HL ;POINT TO NEXT STRING
DJNZ WRL
RET

’

;READ LCD STATUS H
;DESTROY REG: A H
READ: IN A, (LCD_SIG)

BIT 7,A ;READ LCD STATUS

JR  NZ,READ

RET

;GET KEY INPUT
;RESULT IN REG.A

INKEY: IN A, (KEY_IN) ;CHECK KEY PRESSED?

s ws we



RELEASE:

CP 111111118

;IF KEY ALREADY PRESSED
;SAVE KEY INPUT
;DELAY APPROX. 1 mSEC

JR  Z,INKEY
LD D,A

CALL DELAY1

IN A,(KEY_IN)
ce D

JR  Z,RELEASE
LD A,D

RET

;IS KEY RELEASE?
;YES, RESTORE DATA

;INITIAL USART. SUBROUTINE
;REG:HL POINT TO CONFIGURATION TABLE
;DESTROY REG: A,C

INITUSART:

DO:

D1:

D2:

D3:

ODD_PA:

NON_PA:

ST_SEL:

8T15:

STO01:

BIT SEL:

PUSH
PUSH
LD
LD
suB
ouT
LD
ouT
LD
DJINZ
ouT
LD
DJNZ
ouT
LD
DJINZ
LD
ouT
LD
DJINZ
INC
LD
CcP
JR
LD
JR
cp
JR
LD
JR
LD
AND
LD
INC
LD
cp
JR
LD
OR
JR
cpP
JR
LD
OR
JR
LD
OR
AND
LD
INC

BC

HL

HL ,CONFIG+3
A, (HL)

21H
(MUX_CON) ,A
A,0
(SER_INST),A
B,2

Do
(SER_INST),A
8,2

D1
(SER_INST),A
8,2

D2
A,010000008
(SER_INST),A
B,2

D3

HL

A, (HL)

31H
NZ,0DD_PA
A,11111001B
ST_SEL

32H

NZ ,NON_PA
A,11011001B
ST_SEL
A,11001001B
001111118
C,A

“HL

A, (HL)
41H
NZ,8T15
A,C
11000000B
BIT_SEL
42H
NZ,8T01
A,C
100000008
BIT_SEL
A,C
010000008
11110011B
C,A

HL

;POINT TO BUAD RATE CONFIG

;LOAD CONFIG.

;CONTROL BUAD RATE

;SEND O TO GUARANTEE DEVICE IS
;IN COMMAND INSTRUCTION FORMAT
;BEFORE RESET COMMAND IS ISSUE
;DELAY AFTER SENDING EACH
; COMMAND INSTRUCTION

;SEND INTERNAL RESET COMMAND
;RETURN DEVICE TO IDLE STATE

;NEXT PARAMETER

;LOAD CONFIG.

;EVEN PARITY?

;YES, 2 STOP BITS,EVEN PARITY,
;7 DATA BIT,* 1 BUAD RATE

:0DD PARITY?

;YES, 2 STOP BITS,0DD PARITY,
;7 DATA BIT,* 1 BUAD RATE
;2 STOP,NONE PARITY,7 BIT,* 1

+MARK BITS

;NEXT PARAMETER

; LOAD CONFIG.

;STOP BIT = 27

;YES, SET STOP BIT = 2
;8TOP BIT = 1.5?
;YES, SET STOP BIT = 1.5

;SET STOP BIT = 1

;MARK BITS

sNEXT PARAMETER



LD A, (HL) ;LOAD CONFIG.
CP  51MH
JR  NZ,BIT7 ;DATA BIT = 82
LD A,C
OR 000011008 ;YES, SET DATA BIT = 8
JR  MOD_WORD
BIT7: cP  52H
JR NZ,BITS :DATA BIT = 77
b A,C
OR 000010008 :YES, SET DATA BIT = 7
JR  MOD_WORD
BIT6: CcP  53H
JR  NZ,BITS :DATA BIT = 6?
LD A,C
OR 000001008 :YES, SET DATA BIT = 6
JR  MOD_WORD
BITS: LD A,C :DATA BIT = 5
MOD_WORD:  OUT (SER_INST),A :SEND MODE WORD -
Lo B,2
D4: DJNZ D4
LD  A,000101008 :LOAD COMMAND WORD
OUT (SER_INST),A ;AND SEND IT
POP HL
POP BC
RET
:SHOW SUBROUTINE ;
;DESTROY REG: A,C,IY ;
SHOW: PUSH DE
PUSH HL
b D,1
SHOW1 : CALL STORE ;STORE DATA
Lb C,1
LD  HL,CONFIG ;POINT TO START OF TABLE
LD A, (HL) ;LOAD MODE CONFIG.
LD  HL,DATA_BUF+64
LD  IY,DATA_BUF+64
cP 1
JR  NZ,KEY ;SINGLE MODE?
DIS_SIN: LD A, (CONFIG+1) ;YES, LOAD CODE CONFIG
cP 11H
JR  NZ,HCOUNT ;ASCII DISPLAY?
LD C,16 :YES, COUNT = 16
JR  KEY
HCOUNT : CP  12H
JR  NZ,BCOUNT :HEXADECIMAL DISPLAY?
b -c,51 :YES, COUNT = 51
JR  KEY
BCOUNT: LD  C,OFFH :BINARY DISPLAY COUNT = 255
KEY: DEC D
JR  NZ,KEYPRES
LD A,11111011B
JR  KEYO
KEYPRES: CALL INKEY ; KEYPRESS?
KEYO: cP 111110118 ;YES
JR  NZ,STOPINIT ;KEY 'EXE’ PRESSED?
CALL CLSLCD
CONVERT: PUSH BC
LD DE,CONFIG+1 ;YES
LD A, (DE) ;LOAD CODE CONFIG.
CP  11H
JR  NZ,HEXA ;ASCII DISPLAY?
JR DSP

10



HEXA:

HEX_CODE :

DSP:

STOPINIT:

HOMINIT:

CP  12H
JR  Z,HEX_CODE
CALL BIN

JR DSP

CALL HEX

CALL DISP

POP BC

DEC C

JR  NZ,KEYPRES
LD HL ,CONFIG

LD A, (HL)

CP 1

JR Z,HOMINIT
Lb D,0

JR  SHOWt

CP 111101118
JR  NZ,KEYPRES
POP HL

POP DE

RET

;STORE DATA SUBROUTINE
;DESTROY REG: A

MUL:
SAVE:
LOOPRD:

PUSH BC
PUSH DE

PUSH HL

LD  HL,CONFIG
ID B,2

LD A, (HL)

CP  O1H

JR . NZ,MUL

LD B,17

LD  HL,DATA_BUF
LD C,64

IN A, (SER_INST)
AND 00000010B
BIT 1,A

JR Z ,LOCPRD

IN A, (SER_DAT)
LD (HL) ,A

INC HL

DEC C

JR  NZ,LOOPRD
DJNZ SAVE

POP HL

POP DE

POP" BC

RET

;DELAY APPROXIMATION 4 mSEC

JHEXADECIMAL DISPLAY

;NO, CONVERT TO

BINARY

;CONVERT TO HEXADECIMAL

;DISPLAY 1 PAGE

;DISPLAY ALL?

;KEY ’STOP’ PRESSED?

;YES, STOP

;POINT TO START
;2 PAGES
;LOAD CONFIG.

;MODE SINGLE?
;17 PAGES

;64 CHARACTERS

;RECEIVED READY?

;YES, READ DATA
;STORE DATA

OF TABLE

;POINT TO NEXT ADDRESS

DELAY1:

DELAY12:

PUSH
PUSH
LD
DJNZ
POP
POP
RET

BC

AF
B,80H
DELAY12
AF

BC

;SET DELAY TIME
;DELAY TIME LOOP

.
»

; TRANSFER DATA
;REG: B NUMBER OF DATA

11



DE POINT TO DATA ADDRESS
; IX POINT TO DESTINATION

SAV_V_BUF: LD A, (DE)

;GET DATA
;SAVE IN ADDRESS POINT

LD  (IX),A
INC DE :BY POINTER
INC  IX ;NEXT HATA
DJNZ SAV_V_BUF ;ALL DATA?
RET

;HEXADECIMAL MODE DISPLAY
;REG:IX POINT TO RESULTS IN HEXADECIMAL
; :IY POINT TO DATA IN ASCII

HEX: LD IX,START_RAM ;POINT TO DISPLAY BUFFER
PUSH BC
PUSH DE
1.D B,20 ;1 PAGE OF HEX = 20 CHAR.
LD A,20H ;ADD SPACE
LD (IX),A
ING IX ;POINT TO NEXT ADDRESS
TAB: LD DE,TABLE
LD A, (IY) ;LOAD DATA
SRL A
SRL A
SRL A
SRL A
ADD A,E
LD E,A
LD A, (DE) JHIGH BYTE RESULT
LD (IX),A ;SAVE RESULT
INC IX ;POINT TO NEXT ADDRESS
LD DE,TABLE
LOW_BYTE: LD A, (1Y) ;LOAD DATA
AND 00001111B
ADD ALE
LD E,A
LD A, (DE) ;LOW BYTE RESULT
LD (IX),A ;SAVE RESULT
INC IX ;POINT TO NEXT ADDRESS
LD A,B
cp 10H ;END OF LINE 17
JR Z ,ADSP
cp OBH ;END OF LINE 27
JR Z,ADSP
cp 06 ;END OF LINE 3?
JR NZ,NORM
ADSP: LD A,20H ;ADD SPACE
LD (IX),A
INC IX ;POINT TO NEXT ADDRESS
NORM: INC IY sPOINT TO NEXT DATA
LD A,20H
LD (IX),A ;ADD SPACE
INC IX ;POINT TO NEXT ADDRESS
DJNZ TAB
POP BC
POP DE
LD  HL,START_RAM ;POINT TO DISPALY BUFFER
RET

;BINARY MODE DISPLAY
;sREG:IX POINT TO RESULTS IN BINARY
; :IY POINT TO DATA IN ASCII

e we we we
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;DESTROY REG: A,B ;

I3

BIN: LD IX,START_RAM ;POINT TO DISPLAY BUFFER 13
LD B,04
LOOPBI: PUSH BC
LD B,04
LD A,20H
SPACE1: LD (IX),A ;ADD SPACE
INC IX ;POINT TO NEXT ADDRESS
DJNZ SPACE1
LD B,08
LD A, (IY) ;LOAD DATA
CCF
BYTE: RLCA
JR NC,ZERO :BIT = 17
LD C,A
LD A,31H ;IF YES DISPLAY 1
JR NEXTBIT
ZERO: LD C,A
LD A,30H ;IF NO DISPLAY O
NEXTBIT: LD (IX),A ;SAVE RESULT
INC IX yPOINT TO NEXT ADDRESS
LD A,C
DJNZ BYTE
LD B,04
LD A,20H
SPACEZ2: LD (IX),A ;ADD SPACE
INC IX ;POINT TO NEXT ADDRESS
DJNZ SPACE2
INC IY ;POINT TO NEXT DATA
POP BC
DJNZ LOOPBI
LD  HL,START_RAM ;POINT TO DATA BUFFER
RET
ORG 1000H

DB 'MODE  ->°

DB *SINGLE ~’

DB 'MULTIPLE’

DB 'DISPLAY->"
DB ’ASCII °'

DB "HEX ’

DB ’BINARY ’

DB »BAUD RATE->,

DB *19200°
DB ' 8600’
DB ° ' 4800’
DB * 2400
DB ' 1200
[3]:1 600’
DB * 300’

DB 'PARITY =’
DB 'EVEN ’
DB 'obD  *

DB *NONE *
bB *STOP BIT ->°
pB '2 ’
DB ’1.5 °
D8 1 £

D8 *DATA BIT ->'
DB '8 i
DB *7 ’
3] '6 ’



ORG 1100H
DB ’0123456789ABCDEF’
END
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7Z80-CPU
Z80A-CPU

Product Specification

MARCH 1978

The Zilog Z80 product line is 2 complete set of micro-
computer components, development systems and support

software. The Z80 microcomputer component set includes

all of the circuits necessary to build high-performance
microcomputer systems with virtually no other logic and a
minimum number of low cost standard memory elements.

The Z80 and Z80A CPUs are third generation single chip
microprocessors with unrivaled computational power. This

increased computational power results in higher system
through-put and more efficient memory utilization when
compared to second generation microprocessors. In
addition, the Z80 and Z80A CPU's are very easy to imple-
ment into a system because of their single voltage require-

ment plus all output signals are fully decoded and timed to
control standard memory or peripheral circuits. The circuit

is implemented using an N-channel, ion implanted, silicon
gate MOS process.

Figure 1 is a block diagram of the CPU, Figure 2 details
the internal register configuration which contains 208 bits
of Read/Write memory that are accessible to the program-
mer. The registers include two sets of six general purpose
registers that may be used individually as 8-bit registers or
as 16-bit register pairs. There are also two sets of accumu-

lator and flag registers. The programmer has access to either

set of main or altemate registers through 2 group of ex-
change instructions. This alternate set allows foreground/

background mode of operation or may be reserved for very

fast Interrupt response. Each CPU also contains a 16-bit
stack pointer which permits simple implementation of

multiple level interrupts, unlimited subroutine nesting and
simplification of many types of data handling.

The two 16-bit index registers allow tabular data manipu-
fation and easy implementation of relocatable code. The
Refresh register provides for automatic, totally transparent
refresh of external dynamic memories. The I register is used
in a powerful interrupt response mode to form the upper 8
bits of a pointer to a interrupt service address table, while
the interrupting device supplies the lower 8 bits of the
pointer. An indirect call is then made to this service address.

FEATURES

® Single chip, Nchanne} Silicon Gate CPU.

® 158 instructions—includes all 78 of the 8080A instruc-
tions with total software compatibility. New instruc-
tions include 4-, 8- and 16-bit operations with more
useful addressing modes such as indexed, bit and relative.

® 17 internal registers.

¢ Three modes of fast interrupt response plus 2 non-
maskable interrupt.

® Directly interfaces standard speed static or dynamic
memories withi virtually no external {ogic.

® 1.0 us instruction execution speed.

@ Single 5 VDC supply and single-phase S volt Clock.

® Qut-performs any other single chip microcomputer in
4-, 8-, or 16-bit applications.

@ All pins TTL Compatible

@ Built-in dynamic RAM refresh circuitry.

280, ZB0A CPU BLOCK DIAGRAM
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Z80, ZBOA CPU REGISTERS

.
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Z80, Z80A-CPU Pin Description
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280, Z80A CPU PIN CONFIGURATION

Ao-Ags
(Address Bus)

Dg-D7
(Data Bus)

M;
(Machine
Cycle one)

MREQ
(Memory
Request)

« IORQ
(Input/
Qutput
Request)

{(Memory
Read)

WR -
(Memory
Write)

Trisstate output, active high. Ag-Ay s
constitute a 16-bit address bus. The
address bus provides the address for
memory (up to 64K bytes) data

exchanges and for 1/O device data exchanges.

Tri-state input/output, active high.

Dg - D7 constitute an 8-bit bidirectional
data bus. The data bus is used {or data
exchanges with memory and 1/0O devices.

Output, active low.m indicates that the.
current machine cycle is the OP code
fetch cycle of an instruction execution.

Tri-state output, active low. The memory
request signal indicates that the address
bus holds a valid address for 2 memory
read or memory write operation, .

Tri-state output, active low. The IORQ .
signal indicates that the lower half of the
address bus holds a valid I/O address for
a [/O read or write operation. An [ORQ
signal is also generated when an interrupt
is being acknowledged to indicate that an
interrupt response vector can be placed
on the data bus.

Tri-state output, active low. RD indicates
that the CPU waats to read data from
memory or an 1/O device. The addressed
1/O device or memory should use this
signal to gate data onto the CPU data bus.

Tri-state output, active low. WR indicates
that the CPU data bus holds valid data to

be stored in the addressed memory or 1/0O
device.

RFSH
(Refresh)

" HALT

(Halt state)

WAIT
(Wait)

INT
(Interrupt
Request)

NMI
(Non
Maskable
Interrupt)

RESET

BUSRQ
(Bus
Request)

BUSAK
(Bus
Acknowledge)

Output, active low. RFSH indicates that
the lower 7 bits of the address bus con-
tain a refresh address for dynamic
memories and the current MREQ signal
should be used to do a refresh read to all
dynamic memories,

Output, active low: HALT indicates that *
the CPU has executed a HALT software
instruction and is awaiting either a non-
maskable or a maskable interrupt (with
the mask enabled) before operation can
resume. While halted, the CPU executes
NOP’s to maintain memory refresh.
activity.

Input, active low. WAIT indicates to the
Z-80 CPU that the addressed memory or
1/0 devices are not ready for a data
transfer. The CPU continues to enter wait
states for as long as this signal is active.

Input, active low. The Interrupt Request
signal is generated by 1/O devices. A
request will be honored at the end of the
current instruction if the internal soft-
ware controlled interrupt enable flip-flop
(IFF) is enabled.

Input, active low. The non-maskable
nterrupt request line has a higher priority
than INT and is always recognized at the
end of the current instruction, indepen-
dent-of the status of the interrupt enable
flip-flop. NMI automatically forces the
Z-80 CPU to restart to location 0066y.

Input, active low. RESET initializes the
CPU as follows: reset interrupt enable
flip-flop, clear PC and registers I and R
and set interrupt to 8080A mode. During
reset time, the address and data bus go to
a high impedance state and al! control
output signals go to the inactive state.

Input, active low. The bus request signal has
a higher priority than NMI and is always rec-
ognized at the end of the current machine
cycle and is used to request the CPU address
bus, data bus and tri-state output control
signals to go to a high impedance state so
that other devices can control these busses.

Output, active low. Bus acknowledge is

used to indicate to the requesting device

that the CPU address bus, data bus and
tri-state control bus signals have been set

to their high impedance state and the
extemal device can now control these signals.
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INSTRUCTION OP CODE FETCH
The program counter content (PC) is placed on the

address bus immediately at the start of the cycle. One half
clock time later MREQ goes active, The falling edge of .
MREQ can be used directly as a chip enable to dynamic .

Rk

4 \

memories. RD when active indicates that the memory sean

X

data should be enabled onto the CPU data bus, The CPU ams ]
samples data with the rising edge of the clock state T3. —
Clock states T3 and T4 of a fetch cycle are used to refresh

-
=

dynamic memoties while the CPU is internaily decoding’

PRLRE

and executing the instruction. The refresh control signal b
RFSH indicates that a refresh read of all dynamic memories ou-0v

should be accomplished.

Al

MEMORY READ OR WRITE CYCLES

[llustrated here is the timing of memory read or write

cycles other than an OP code fetch (M cycle). The MREQ "
and RD signals are used exactly as in the fetch cycle. In g
the case of a memory write cycle, the MREQ also becomes

SEwDAY ADGR

active when the address bus is stable so that it can be used

directly as a chip enable for dynamic memories. The WR
line is active when data on the data bus is stable so that it

723
1]

can be used directly as a R/W pulse to virtually any type of
semiconductor memory.

Ay

4T L

INPUT OR QUTPUT CYCLES

Ilustrated here is the timing for an 1/O read or 1/O write

operation. Notice'that during 1/O operations a single wait . Pl pain S

state is automatically inserted (Tw*). The reason for this is ) a1

that during 1/O operations this extra state allows sufficient

time for an /O port to decode its address and activate the

WAIT line if 2 wait is required.

ouT

INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

The interrupt signal is sampled by the CPU with the —a

rising edge of the last clock at the end of any instruction.

When an interrupt is accepted, a special My cycle is e e

-

oo ey [N

At}

g -

generated. During this M| cycle, the IORQ signal becomes \

[

active (instead of MREQ) to indicate that the interrupting

device can place an 8-bit vector on the data bus. Two wait e

) )

states (Tw*) are automatically added to this cycle so that 2

ripple priority interrupt scheme, such as the one used in the
Z80 peripheral controllers, can be easily implemented.

-

Bgrygyge
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8-81T LOADS

16-BIT LOADS

FXCIANGES

780, Z80A Instruction Set.
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The following is a summary of the Z80, Z80A instruction

set showing the assembly language mnemonic and the sym-
bolic operation performed by the instruction. A more de-
tailed listing appears in the Z80-CPU technical manual, and
assembly language programming manual. The instructions
are divided into the following categories:

8-bit loads

16-bit loads

Exchanges

Memory Block Moves
Memory Block Searches
8.bit arithmetic and logic
16:bit arithmetic

General purpose Accumulato!

& Flag Operations

Miscellaneous Group

Rotates and Shifts

Bit Set, Reset and Test

Input and Output
Jumps

Calls

Restarts-

Returns

In the table the following terminology is used.

b =

location
¢c = flag condition code

a bit number in any 8-bit register or memory

d =
dd =
[3 =
L =
n =
nn =
e =
s =
Sy =
$s =

any 8-bit destination register or memory location
any 16-bit destination register or memory location
8bit signed 2's complement displacement used in
relative jumps and indexed addressing

8 special call locations in page zero. In decimal
notation these are 0, 8, 16, 24, 32, 40, 48 and 56
any 8-bit binary number )

any 16-bit binary number

any 8-bit general purpose register (A, B,C, D, E,
H,orl)

any 8-bit source register or memory location

a bit in a specific 8-bit register or memory location

-any 16-bit source register or memory location
subscript “L”
subscript “H™

= the low order 8 bits of a 16-bit register
= the high order 8 bits of 2 16-bit register

0

= the contents within the () are to be used asa

pointer to 2 memory location or I/O port number
8-bit registers are A, B,C, D, E, H,L,land R
16-bit register pairs are AF, BC, DE and HL

I;Z = non zero 16-bit registers are SP, PC, [X and IY
= zero
NC = non carry Addressing Modes implemented include combinations of
C = carry the following:  Immediate Indexed
PO = Parity odd or no over flow Immediate extended  Register
PE = Parity even or over flow Modified Page Zero  Implied
P = Positive Relative Register Indirect
M = Negative (minus) Extended Bit
Mnemonic | Symbolic Operation Comments Mnemonic | Symbolic Operation Comments
LDr,s r—s s=r,n,(HL), LDt (DE) = (HL), DE < DE+!
’ (I)E+e), (IY+e) ‘é’ HL «~ HL+], BC « BC-1
ILDd,r det d=(HL),r ] LDIR (DE) + (HL), DE + DE+1
(IX+e), (1Y+e) > HL ~HL+1,BC « BC-1
LDd,n d+~n d=(HL). § Repeat until BC = D
(IX+e), (IY+e) @ | LDD (DE) - (HL), DE ~ DE-1|
LD A,s Aws s = (BC). (DE), E HL ~HL-1. BC ~ BC-i
(nn), I,R = LDDR (DE) + (HL), DE + DE-~1
LDd, A d«A d = (BC), (DE). = HL «~ HL-1, BC « BC-1!
(mn).1,R Repeat until BC =0
LD dd,nn dd < nn dd = BC, DE, w| CPI A~(HL), HL < HL+!
HL,SP,IX.1Y | = BC ~—BC-1
9]
LD dd,(nn) | dd < (nn) dd = BC, DE, % | CPIR A-(HL), HL « HL+1 A-(HL) sets
HL,SP, IX. 1Y 3 BC ~ BC-1. Repeat the flags only.
LD (nn),ss | (nn)=ss ss = BC, DE, § until BC =0 or A= (HL) [ A is not affected
HL.SP.IX.IY | 51 cpp A<(HL). HL = HL-1
LD SP,ss SP «~ss ss= HL, IX, 1Y - BC - BC-1
. - = x
PUSH ss (SP-1) = 55341 (SP-2) = 55 ;sL B(;-. [l);l A 2| cpoR A=(HL), HL = HL-1
s ¥ BC - BC-1. Repeat
POP dd ddj - (SP): ddyy ~(SP+1) gfllj Bg-'l))(ﬁ.w until BC= 0 or A = (HL)
LAF X,
ADD s A-Ats
EX DE,HL | DE - HL ADC s A~A+s+CY CY is the
EX AF.AF’ | AF ~ AF* ; SUB's AeA-s carry flag
EXX BC BC’ ~| SBCs A-A-s-CY s=1,n,(HL)
DE )-{ DE 3| anDs A-AAs (IX+e). (1Y +e)
HL HL ORs A“-AVs
EX (SP), ss (SP)-—ssL.(SP+I)-ssH ss=HL, IX, 1Y XOR s AeA®s

.
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MARWIN
Mnemonic Symbotlic Operation Comments Mnemonic Symbolic Operation Comments
-
5| CPs A-s s=c,n(HL) «[BITb,s ey Z is zero flag
2| incd dedel (IXte) (IY+e) | &lsETh,s |51 s= (HL)
£ d=r, (HL) o { RESb,s 5 0 (IX+e), (1Y+e)
a (IX+e),(IY+e) | &
T DECA | ded-l- ' NA (@ |A-®@ .
N, (C) 1 ~(C) Set flags
ADD HL,ss | HL ~HL +ss - 5C. D INt g“l-)B"(lC)-H'— HL+1
ADCHL,ss | HL+~HL+ss+CY 8= 5% . 5
* N N HL,SP - - .
2| SBCHL.ss { HL ~HL-ss-CY t INIR E?PB _(f)-m- HL+1
g ADDIX,ss | IX <X +ss ss = BC, DE, Repeat until B=0
= X, SP- .
E L) «(C),HL «HL - 1
Z] ADDIY.ss | 1Y < 1Y #5s s=pc.De, | MNP HL -
[ 1Y, sp o
e - - -
ZlmNcad | ddedd+l ad=gc.pE, | S|INDR (o (O HL =L -1
= -
HL,SP. IX, 1Y a Repeat until B =0
DEC dd dd ~dd -1 dd = BC, DE, 2ot A |y =a
HL, SP, IX, 1Y W et Loy
DAA Converts A contents into Operands must Z OUTI (C)~(HL), HL = HL + 1
© packed BCD following add | be in packed B«B-1
z or subjfsf i o) OTIR (€)= (HL). HL ~HL + |
o . B-B-1
§ CPL ArA Repeat until 8 =0
5| NE© Ao-A OUTD | (C)='(HL). HL ~HL - |
CCF CY ~CY B<B-1
SCF CY + 1 OTDR (C) < (HL), HL~HL - |
. B+~B-1
NOP No operation i
§ HALT Halt CPU Repeat until B=0
21Dl Disable Interrupts JP nn PC < nn NZ° PO
é El Enable Interrupts JPcc,nn If condition cc is true . Z PE
§ MO Set interrupt mode 0 8080A mode PC « nn, else continue gc ;’A
S| ML Set interrupt mode | Call to 0038y b JRe | PC '-PF."" ) |
IM2 Set interrupt mode 2 Indirect Call % JR Kk, e :)f;:congglfn kl; N mm(. kk {;Z EIC
2 - ¢, else continue
RLC's IP (35) PC «ss s =HL, IX, IY
._._.‘ DINZe  |B~B-1ifB=0
RLs fc]a{7 o] continue, else PC «PC +e
S
= CALLmn | (SP-1)+PCy NZ PO
RRCs 1 —. yi :, (SP-Z)"PCL.PC"HH Z PE
5 = | CALL ¢c, nn | If condition cc is false ccne P
«| RRs .-. o continue, else same as cC M
£ s CALL nn
G| stas Bt |s=c.(HL) EIRSTL [ (SPD Py
g s (Xve)(1Yre) | £ S:P'Q - PCL.PCY -0
| SRAs (== i L
g LT RET PC, + (SP),
g srLs s-e{T—=o}{7] PCy ~ (SP+1)
* H “ RET cc {f condition cc is false NZ PO
z continue, else same as RET Z b
RLD mumm ey z ) g p
A ] £ RETI Return from interrupt, ¢ M
3 o« same as RET
RRD mmmm L RETN Return from non-
A maskable interrupt
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A.C. Characteristics

Z80-CPU
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T, =0°Cto 70°C. Vee = +5V £ 5%, Unless Otherwise Noted.

Signal Symbol Parmemeter Min Mex Unit Test Condition
te Clack Perund 4 f121 uve 102 o oty * fwpoly et
- 1y, trilt Clock Pulse Width, Clack Hhgh 180 E! nscc € e T et T
1y 14L) Clck Pulse Widdth, Clock Low 170 = nsec
Yo Choch Riwe and Falf Time nsec
10 (ADY Address Output Delay 148 nsec
'F (AD) Detay 10 Fluat 110 nec
Lem Address Stable Prust 1o MAEQ (Memmwry Cyclel 121 nsec C . F
415 Lei Address Siable Prw 10 TORD, KD o TR (10 Cyude) 3T nieC L= 5o I fem® twery * 1= 78
D Address Stable o TD, WR, TORQ or T [
af Address Stable From RD o WR Duning Fluat el 23 2] =1 80
(D) Dtz Output Delay 230 nsec B3]ty =tyay*t Yy -4
i) Delay 10 Fluat Duning Werre Cycle ki 3
15601 Data Setup Teme tu Resicig bdge of Clock Duning M1 Cycte |30 asee Ml b= ey * 1 - 00
isF Data Setup Tune tu Falling tdge of Cluck During M2 10 M$ &0 nies Cy = 50pF
Dp.7 S$ (DY e L
tdem Data Stable Praut 10 WR (Memory Cycle) 3T e 151 tgan=t.-200
tder Data Stable Prour 1w WR (1/0 Cycle) 16l nec
tedr Data Stuble From WR T 18] tgei = taqor) * 1 - 210
Iy Any Hold Tiene fur Setup Time [ faec M teqe= oLt -80
10LF (MR) |  MIREQ Delay From Falling Edge of Cluck, MREQ Low 100 | msec
1D (MR) |  MREQ Debry Frum Rinng Edge of Clovk, MRED High TO0 | mec
"L L) Tone (Mr) | MREQ Delay From Falling Edge of Clock. MRE'J High 00| mec | € =S0pF )
tw (MRL) Pulse Width, MREQ Low 187 nwe¢ 18]ty MRy * - 40
tw (MRH) Pulsc Width, MREQ High T3 miec
== . 91 tMri ™ fqom * 1~ 30
1DLe (IR) TORQ Detay From Risng Edge of Clock, IORQ Low 9% [ ‘4 U G A
00 1DLS (IR) TORQ Delay From Faiting Edge of Clock, {ORQ Low LALLIE 3 €« 50pF
ipHe (1) | TORQ Detay From Rising Edge of Clock, TORQ High L0 TS L° 308
DHP (IR} TORQ Delay From Falling Edge of Clock, IORQ High naec
1pLe(RD) {  BD Dehay From Rismg Edge of Clock, RD Low 100 | neec
1DLE (RD) RD Delay From Falling Edge of Clock, RD Low T30 nveC
& tOH® (RDY RD Delay From Riung Edge of Clack. RD High T00 mec cL ° S0vF.
1oH@ (RD) |  RD Deiay From Falling Edge of Clock, RD High TIO | roec
'DL® (WR} W—'__I_( Delay From Rusing Edge of OKK.W—_R_LGV z_g e
DLE (WR) WR Delay From Falling Edge of Clock, WR Low nsec
R 1oH® (WR) | WR Delay From Falling Edge of Clock, WR High T® [ me] CLT%F
I (WRL) Pulse Width, WR Low o 23
110 1, Ry ~ 1~ 40
wi DL (M1} M Detay From Rinng Edge of Clock, M1 Low 10 | mec |o ooor
OH (M1) M1 Detay From Rising Edge of Clock, M1 High TS0 | haec } L™ °°P
‘DL {RF) RFSH Delay From Riung Edge of Clock, RFSH Low 180 aseC
RESH |k ckey | RFSH Detay Fom Rising Edge of Clock. RFSH High TS0 | maec | CL " S0PF
WAIT 4 (wT) WAIT Setup Time 10 Falling Edge of Clock 0 nsec
HAC D @n HALT Delay Time From Falling Edge of Clock 300 | nwe | Cp=S0pF
~
Nt LaT) TNT Setup Time to Rusing Edpe uf Cluck 20 mec ~
i) tw (RFIL) Pulse Widits, NMT Low  + 20 nuee
BUSRG | ey BUSRQ Setup Time 10 Rinng Edge of Cluck %0 naec
1DL(BA) BUSAK Delay From Riung Edge of Clock. BUSAK Low 120 iset
BUSAR | oieat | BUSAR Delay From Falling Edge of Clock. BUSAR High 110 | mes | CL"0F
RESET 14 (RS) RESET Setwp Time 10 Rinng Edge of Clock 0 nsec
. 1 (0) Delay 6 Fluat (WREQ. TORO, RD and WR) 100 | mec
[, M1 Stable Prior to TORQ (Insesrupt Ack.) 1t 1] by ™ e * oy * 1~ 80
NOTES: v
—_ U8t st a-tvan
A. Daid should he enabled onto the CPU data b wiven RD 13 acuve, During mterrups acknowledge data
chuwld be cnabled when M1 and IORQ are both sctve. foom ovTm,
B. All contect wgnals are interasity aynctironzed, wi they may be totaity ssynchtonous wath respect
ter itve chock, hS —
€ The RESET ugnal munt be active b 3 avnnanum ot J clock cyctes. I,
0 Outpus Detay . Lauuded Capacitance
TA=70°C . Vec=+5V 253
Add 10nszc delay for each 50pf increase in load up to 3 maximum of 200pf for the data bus & 100pf for =
address & control lines Losd circuit for Quiput
o ARlaugh van hy dengn. esting guatantees 1 gy af 200 usec maximum
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A.C. Timing Diagram
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Timing measurements are made at the following

voltages, unless otherwise specified: - “g"
CLOCK Vo -6V A4SV
ouTrut v aw
T NPUT 0V 8V
FLOAT av 105V
W ou)
L—] ¢ (A0}
Pw (4 _____k""
Ag-ats >
0 (A0!
r{a L& L¢
7 4 ) e Y= o]
AQ- 15 x K'(' v l,(’ L&‘.
S0~ p—
e, - i p
N __/< k ‘a (0 ""'y"l“ _\‘
Co-7 ey | g R %5 -=te 1o
qut T >a"_l” 1oy
4 -
4 =
o et oM (1) — }-— fest
L 3 £« A o
kAN - Fon (RFY 4 Heo —tegt
L (RFY—ed] H
—Tf ()
RFSH
Ji0% weai tous -L"!ff'“" tond (MAR)— - | -
MRED A 4
st e TN L J
~q"nt-¢ "o ‘omes (RO T ‘OHE 1ADI—~] -
e N -—\ -/—
"o | “ d % Lt |
v oréway | | L ton s
H Lo i VE] s, 1./
b ‘oLt R ..l::;,“' } 1 K
ton (Ri—— ‘-— Toud aR)—= =
oRG v L ./
[ ' —] i1 N
s - kS "1:1.«‘-}'- (L -
" - ~Jl -
ok wAl T (1 *
ouE way—=1 4
Ll \\
wa ot
‘st ] W ‘oo iy
WATT X 4 .
0 (#T} 19 (T}
\Q—Aj‘
v 104 _Ln_‘
T ”4 K‘ A
NMl W
saey] ‘v
T ) —
v ._.>{____A Nea
- ‘0L (aan [on e
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Absolute Maximum Ratings

Tempesature Under Bias Spevified aperating range. *Comment Note:  Fot ZEOCPU af AC and DC charactenstics remain the
Storage Temperature -65°C 10 +150°C Strenes sbove those fiated under “Absolute same for the mifitary grade ports except (o
Voltage On Any Pin 0.3V 10 ¢7V Maximum Rating” may cause permanent .
with Respect to Ground damage 10 the device. This is s stress rating loc® 200mA
Power Distipation 15w only and functional operation of the device

Z80-CPU D.C. Characteristics

T, =0°C1070°C. V= SV 2 5% uniem otherwise specified

at these ot any other condition above those
indicated in the opesational sections of this
pecification is not implied. Exposure 10
absolute maximum rating conditions (or
extended periods may affect device relisbility.

Capacitance

T, =25°C.0 =1 MHz,
unmeasured pins retumed to ground

Test Condition

Symbol | Paramater : Mo | Typ. | Max. [ Uwie Sywbel | Parameter Max. | Unit
Viwe Clock Input Low Voltage 0.3 045 v Co Chock Capacitance 35 oF
Vige | Clock tnput High Voltage Vee-§ Vrd| Vv N tnput Capacitance s oF
A\ Input Low Voltage 0.3 08 v Cout Output Capaciuance | 10 of
VIH input High Voltage 20 v v
VoL Ouiput Luw Volitage 04 v Ior™! 3mA
VOH Qutput High Vultage 24 v fou® =250uA ZSO‘CPU
o l f .
e Power Supply Current 150 mA Orde g 0 anon
u Input Leakage Current 10} uA ViNOtoV . (': : ;:::::k
- Standard 8V 25% 0" 10 70°C
lLon Ta-State Output Leakage Current i Flust 10 | pA Vour=4 1o Ve : = E::mdo'd v u’o__‘o- 10 85°C
) M - Militery SV 110% -55° t0 125°C
Lo Tn-State Output Leakage Current in Fluat -10 #A VOUT'O.‘V
o Data Bus Leakage Current in Input Mode +10 HA 0LV <V
; Capacitance
Z80A-CPU D.C. Characteristics S
e o . TA*ZSCf‘lMHl.
TA *0C e 0°C.V g o SV 2 Siunlem shersne spestfied unmeasuted pins returned to ground
Symbol | Parameter Min, | Typ. | Max. | Umit | Test Condition Symbol | Passemeter Mav. | Unit
Viee | Gl tiput L Vadtage 02 045 | v e o Capsetance | 35 | b
Vaw Clack Input High Voliage ve: 5 V“O,J v O tnt Capactiance < ot
Vi tnput Low Veltage 0.3 0x v Cotq Ouiput Capacitane | 10 it
M ) fnput High Vektage 0 Vo v
Vou Output Lim Vidiage ad v g "t 3mA
Von Ouiput Hgh Viltage 24 v loy > =250uA ZSOA-CPU
v Puacr Supply Current *0 200 mA Ordering Information
u fnput Leabage Cusrent 1 uA ViNU o V. € - Ceramic
. v TtV P - Pastic
ron Ta-State Output Leakage Current w Flaat 10 HuA ourssd eV S — Standard 5V £5% 0° (0 70°C
Lot TriState Quiput § cakage Cuesent m Float -10 | uA Vour™ 4V
o Dats Bus Leakage Current i Input Mode 210 | wA OV <V




maauIn 231
A.C. Characteristics Z80A-CPU
T4 =0°C tv 70°C. Viee = +5V ¢ 5%. Unless Otherwise Noted.
Signal Symbel Purswter Min Mas Unit Test Conditlon
, Clock Period 2 | uy e 12} ¢ = .t o
. 1y (H) Clock Pulse Width, Clock High o[ €] A 21 te™tuotn * oy
i (L) Clock Pulse Widih, Clock Low 70| 3000 [ veec
Yt Clock Rise 2ad Fall Time 0 .} asec
10(AD) Address Output Delay 110 oec
F (AD} Deley to Float 80 [
] e Addiew Stable Prioe 10 MRED (Memooy Cycle) . L LT P . -
Aoast | o Addrews Suble Prior 1o FORU, KD o WR (1/0 Cycle) T me ] LT SOPF (1) tyo™ tugotn * g~ 65
[ Addren Stable from RD, ORG or MKED T ~ee<
taf Addsess Stadle From KD or WR During Fleat v mec @2 =t -0
DD Duta Outpunt Detay 150 sec 3]t =t *t,-50
g (D)) Delay to Float Duting Write Cycle 50 :-« e
Se(D) Data Setup Time 10 Rising Edge of Cluck During Mt Cycle i weT (41 toar=tqon)* - 4S
Doz 1S3 (D) Dats Setup Time to Falling Edge of Clock During M2 1o Ms |50 mes_| Cy = 50pF
der Data Stable Prior 10 WR (Memory Cycle) TSV 3 151 t4on =t =170
t4a Data Stable Prior to WR (1/0 Cycle) 161 nice
teaf Duts Stadle From WE %] 16 tyy= oLy * - 170
™ Any Hold Time (or Setup Time [] e (1) tar= "W('L) +t -70
toLFur) | MREQ Detsy From Falling Edge of Clock, MREQ Low 85 | msec
toHe (MR) |  WKEQ Delsy From Rising Edge of Clock, MREQ High W3 | meec
WREQ tDHe (M) |  MREQ Delay From Falling Edge of Clock, MREG High 85 | aws ] €, =S0pF
tw (WRL) Pulse Width, NREQ] Low L aec M Ryt~ ®
[ Pulsc Width, MREQ High B =3 .
91 tuidmin " *1g=20
DLe iRy | TORQ Detay From Rising Edge of Clock. TORQ Low 7S | mec D 1ot
o oLE (IR) TORQ Delsy From Falling Edge of Clock, KRG Low B3 1 mec 1 o L sopr
1ote (1R) | TORQ Delay From Rising Edge of Clock, iﬁu—'m.h BS | mwec | L
tpHE(IR) | FORQ Delsy From Falling Edge of Clock, IORQ High 85 [ e |
(DL (RD) | RO Delay From Rising Edge of Clock, KD Low 8S | nwe
B IOUS (RD) |  RD Delay From Falling Edge of Clack. RD Low 130 B P
10te (RD) | £D Delay From Rising Edge of Clock. RD High LA B e i
10HS (RD) KD Delay From Fafling Edge of Clock, KD High 85 ™3
1oLe (WR) | WR Delay From Rising Edge of Clock, WR Low 65 | awc
W IDLE(WR) | ¥R Detay From Falting Edge of Clock, WR Low 20_(wwe | Lo
oS (wr) | WK Detay From Pelling Edge of Clock, W High 30 | nsec L
to (WRL) Puise Widih, WR Low ol 23 1
= {10 m)-(e.so
w oL 1) 1 Delay From Riring Edge of Clock, T Low 100 | mee 1o Lgoe
M1y | 51 Delay From Rising Edge of Clock, M1 High 00 | mec | L P
pLR RFSH Delay From Rising Edge of Clock, RFSH Low 130 | aec g
i (m(('?) KFSH Dutay From Rising Edgs of Clock, RFSH High T30 | e | L " S0°F
[ 714 Ywn WAIT Satup Time (o Failing Edge of Clock 70 faec
A | wun HALT Detay Time From Falling Edge of Clock 300 | msec | €y =30pF
T LT TRT Setup Time to Rising Edge of Clock 30 naec ¥
aar W (WL Puise Width, KT Low w0 e
BUSRY | 4aqy BUSRQ Setup Time to Rising Edge of Clock s res
oL BUSAK Delay From Rising Edge of Clock, BUSAR Low 100 | meee o
L uw:x BUSAX Dolay From Faling Edge of Clock, SUSAR High 00 | mac] CL7PF
BT | yas RESET Setrp Tione to Rising Edge of Clock © e
(0 Delsy to Float (WREQ, TORQ, KD snd WR) [
[ M1 Stadie Prior to FORQ (Intesrupt Ack.) il nsec T] gy = 20 # tyquy * g~ 65
-
NOTES: vext rorar a-2ren
A. Data should be enabled onio the CPU dats bus when {5 g sctive. During interrupt acknowiedes date .
should be ensbled when TT sad TORTT are both active. firoppiing
8. Afl control signals are interaally rynchronized, 00 they may be totally aryachronous with respect
10 the dock . « -
€. The RESET signal mwest be scirve for a minimum of 3 dock cycles. I
D. Output Deisy vi. Loaded Capacrtance

™

TA*70°C  Voc = +5V 5%
Add 10nscc delay for each S0pf increpse in load up to maximum of 200p( for data bus and 100pf for
address & control lines.

Although static by design, lestng guarantees [wpery of 200 usec mauumum

Load circait for Qutput



TOSHIBA

8,192 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY

PROGRAMMABLE READ ONLY MEMORY
N-CHANNEL SILICON STACKED GATE MOS

-TMM2764D-2

DESCRIPTION
The TMM2764D is a 8192 word x 8 bit ultraviolet
light erasable and electrically programmable read only
memory. Far read operation, the TMM2764D°s access
time s 200 ns, and the TMM2764D operates from a
single 5-volt power supply and has low power stand-
by mode which reduces the power dissipation with-
out increasing access time. The standby mode is
achieved by applying a TTL-high level signal to the
‘CE input. The maximum active current is 120mA
FEATURES
e Single 5-volt power supply
e Fast access time : TMM27640 250 ns
TMM27640-2 200 ns
e Power dissipation :
120 mA (active current})  Max.
35 mA {standby current} Max.
e Low power standby mode . CE

PIN CONNECTION  (Tor view :n EPROM TMM27320

TMM27320
{TOP VIEW}

1
2
3 1 P Vee
4 2 1 Ag
5 3 0 Ag
6 4 [1A44
7 5 0 OE/Vep
8 6 B A
7 o CE
8 (10,
9 1 O¢
D Og
nOo,
105
PIN NAMES
A ~ A2 Address Inputs !
' Q¢ ~ 04 Qutputs (Inputs).
. Ce ., ChipEnablelmour |
. OE ___OupuiEnadleinput |
PGM Program Control Input
N.C. " No Connection
. Ve Program Supply Voitage
| Vee Vee Supply Voltage (+5V}
i GND  Ground

owar 24 ping compatible with 32K

518

TMM2764D

—_—

and the maximum standby current is 35mA.
For program operation, the programming is achiey.

.ed by applying a 50ms active TTL low program pulse

to ‘the PGM input, and it is possible to program
sequentially individually, or at random.

The TMM2764D is fabricated with the N<hanne|
silicon double layer gate MOS technology and js
packaged in a standard 28 pin dual in line cerdip
package.

Qutput buffer control
Fully static operation
Programs with one 50 ms pulse

Single location programming

Three state outputs

Inputs and outputs TTL compatible

Pin compatible with i2764 and ROM TMM2364P

BLOCK DIAGRAM

OE

Vee GND Vee 000, 02030,05040,

OF o OF CE and FGM
CE o Ci i Output Bufters
R ircuit

::J : 5 Column |32 Column 1/0

ﬁ; ] Decoder ¢ Cireuit,

Ay o—

Ags o—Address

Re laurt

A; SE] Butfers 8 R 256 Memory Cell
e ow

Ao o— e 0 = Array o,

A1 o ecoder .
Arzo 8192 x 8 bits
MODE SELECTION
% | 7Gm|CE | GE v Vee | 04 ~0s p;;;—“

Mode (27) 1120 {{22) | (1) '{28) (11~13,15~19} ,
Rfad___ 1 4!-_1_ _L L 5V Data Out

Output Desetect] - H E) High Active
[ 4 - . .__imoedance e
Standby clu e |V gy Mo Standby
[ RN SR i impedance —_—
Program t L . 5v ‘;_Dala in :

. . ! High
Program " 5 v , 1mpedance '
ntubit 2V ;—‘—*-H‘gh -~ —— Active
H L H 5v

.- NS S AN S Imoedance

Program Verify H L L ‘ sSv . Data Out H
Note, * Hor L



MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Vece Power Supply Voltage 06 ~ 70 v
Vep Program Supply Voltage -0.6 ~ 220 \
\ Input Voltage 06 ~ 170 \%

T Vout Output Voltage - —06 ~ 70 v
Pp Power Dissipation 1.5 W

kTSOLDER Soldering Temperature - Time 260 - 10 °C . sec
TsTRG. Storage Temperature —65 ~ 125 °C
Torn, Operating Temperature 0~ 70 °C

READ OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN, TYP, MAX, UNIT

Vin tnput High Voltage 20 - Vee + 10 \
Ve 4 Input Low Voltage ~0.3 - 0.8 Vv
Vee Ve Power Supply Voltage 475 - 5.25 \
Vep Vpp Power Supply Voltage 20 Vee Vee + 0.6 \%

L]
D.C. and OPERATING CHARACTERISTICS

(Ta=0~70°C. Vee = 5V * 5% Untess otherwise noted)
CcC

SYMBOL PARAMETER CONDITIONS min. | Tye. 1 MAX, UNIT
L Input Current Vin =0~ Vee ~ - o210 HA
lcer Supply Current (Standby) CE=Vyy R y LE - 35 mA

i leca Supply Current (Active) CE =V Y 4 120 | mA
Vor Output High Voltage lon = —400uA 24 - - : v
VoL Output Low Volitage loL =2.1mA - - 04 \Y
ippy Vpp Current Vpp =0~ Ve +06 '’ - +10 |, pA
Lo Output Leakage Current Vout =04 ~ Vee - - *10 | uA
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A.C.CHARACTERISTICS

(Ta=0~70°C, Vec =5V 5%, Vpp = 2.0V ~ Ve + 0.6V, Unless otherwise noted)

TMM2764D-2 TMM2764D |
SYMBOL PARAMETER CONDITIONS win, | Max. | win | ] UNT
tace Address Access Time CE=0E =V, PGM = V}y - 200 | - ‘250 T
1ce CE to Output Valid OE = vy PGM= vy - 200 - 250 |
toe OE to Output Valid TE = V| PGM=Vyy - 70 - 100 - | e
1PGM PGM to Output Valid OE=CE=vV - 70 - 1 100 _?
oF1 CE to Output in High-Z OE = v, PFGM = v 0 60 0 9 [ n
toF2 OE to Output in High-Z CE=V,_, FGM = Vy, 0 60 0 90 o
toF3 PGMto Output in High-Z | OE = CE = Vy 0 60 0 90 | ]
toH Output Data Hold Time CE = OE = v .PGM =V}, 0 - - - T’
A.C. Test Conditions

e Qutput Load

e Input Pulse Rise and Fall Times

e input Pulse Levels

e Timing Measurement Reference Level

1TTL Gateand C_ = 100pF

10ns Max.
0.8V to 2.2v

loputs 1V and 2V, Qutputs 0.8V and 2,0V

CAPACITANCE * (Ta=25°C, f=1MH2)
' _SymMBoL i PARAMETER CONDITIONS MIN. | TYP. MAX, UNIT
i G Input Capacitance Vin =0V - i 4 6 of
.lr Cout Output Capacitance T Vout = 0V - ] 8 | 12 ;h'pF
* This parameter is periodically sampled and is not 100% tested.
TIMING WAVEFORMS (READ)
Ag ~ A X d
” 1OH
tCE
SN i
CE L\ N\ / )/ //
tOF1
to€
o A
NN\ LTI
tPGM DF2

Gl e

tacc

High Z
O¢ ~ 09

tOF3

\FW\\\\\\\“

LLX

520

Data Qutputs

2 High Z




pROGRAM OPERATION
p.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN, TYP, MAX, - UNIT
ViH Input High Voltage 20 - Vee + 1.0 \4
ViL Input Low Voltage -03 - 08 \J
Vee Vcc Power Supply Voltage 475 50 6.25 v
Vpp Vpp Power Supply Voltage 205 210 215 v
D.C. and OPERATING CHARACTERISTICS {Ta=25t5°C, Ve = SV 5%, Vpp =21V £0.5V)
[ symsoL | PARAMETER- | conoiTions MIN. TYP. MAX. UNIT
Iy input Current U Vin=0~Vcc - - £10 BA
Vou Output High Voltage lon = ~400 uA 24 - - Y
T VoL . Output Low Voltage loL = 2.1mA - - 04 v
lec i Ve Supply Current - - - 120 mA
Ipps | Vep Supply Current Vpp =215V = - 30 mA
A.C.PROGRAMMING CHARACTERISTICS {Ta =252 5°C, Voo = 5V£5%. Vpp =21V £ 0.5V)
SYMBOL PARAMETER CONDITIONS MIN, Typ. MAX, UNIT
1a8 Address Setup Time - 2 - - us
[ Address Hold Time — 2 — - us
CES CE Setup Time - 2 - - us
tCEH CE Hotd Time - 2 - - us
tos Data Setup Time - 2 - - us
1DH Data Hold Time - 2 - - Hs i
tpg PGM Setup Time e 2 - - us
" e i PGMHold Time - 2 - - us
10€es i OE Setup Time 'S 2 — - us .
tvs -—AVpp Setup Time AT 2 - - us !
tew Program Puise Width PGM = CE = vy 45 50 55 ms
tep Program Recovery Time - 4] - - us
1pPRT Program Pulse Rise Time - 5 - - ns
pET Program Pulse Fall Time - 5 - - j ns
tce CE 10 Output Valid - - - 250 nso
108 OE 10 Output Valid - - - 100 ns
1oFy CE 10 Output in High Z OE = v, - ! - a0 ns
DF3 OF 10 Output in High Z CE =V, - N/ 90 ns
A.C. Test Conditions
o Qutput Load 1TTL Gateand C_ (100 pF)
® input Pulse Rise and Fall Times 10ns Max,
e Input Pulse Levels 0.8 ~ 2.2V
e Timing Measurement Reference Level Input 1Vand 2V, Output 0.8V and 2.0V
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TIMING WAVEFORMS (PROGRAM)
PROGRAM OPERATION 1. (Vpp =21V £05V)

Ag ~A2
tAs tAH
— tces P
= X T
— f———
o€ _/ ' / e
of2 Q€ tDF1
_—
09 ~037  YNKNOWN ?—{ D;, STABLE D—T{ Doyy Vatld
- K . .. .
tDs TOH
ﬁ\ tew Z
eET - teRT
777
Vep ’:::{ﬁ:i;; tvs
PROGRAM OPERATION 2. (Vpp =21V £0.5V)
S K
]
[ tas Pw A
=
& N /
-
PET PRT CE
10F1
— N N
SN AT R R
tce 1
tps P
PGM /
s toH )
Din STABLE } fuons { Oout Valig ten 2

Qp ~09
e

Vep /::j:,//; tvs

Note: 1. Ve must be spplied simulianeously or before Vpp ond cut off simuttaneously or sfter Veep,
2. Removing the device from lockﬂ #nd setting the device In socket with Vpp = 21V may cause permanent dasmaeage 10 the device.
3. The Vep supply voltsge is pcrmlnod up to 22V for program operstion, s the voitage over 22V should not be spplled to the Vep

terminal,

When the switching putse voltage is spplied to the Vpp terminat, the over<hoot voitage of its puise should not be exceeded 22V,
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ERASURE CHARACTERISTICS

The TMM2764D’s erasure is achieved by applying
shortwave ultraviolet light which has a wavelength of
2537/3\ {Angstroms) to the chip through the trans-
parent window. Then integrated dose (Ultraviolet
light intensity {w/cm?] x exposure time [sec.]) for
erasure should be a minimum of 15 [W. sec/cm?].

When the Toshiba sterilizing lamp GL-15 is used
and the device is exposed at a distance of 1 cm from
the lamp surface, the erasure will be achieved within
60 minutes. And using commercial lamps whose

* ultraviolet light intensity is a 12000 [uw/cm?) will

OPERATION INFORMATION

The TMM2764D's six operation modes are listed in
the following table. Mode selection can be achieved
by applying TTL level signal to all inputs. In the read

reduce the'exposure time to about 20 minutes. {In
this case, the integrated does is 12000 [uw/cm?]
x (20 x 60) [sec] = 15 [w. sec/em?] )

The TMM2764D's erasure begins to occur when
exposed to light with wavelength shorter than 4000
A. The sunlight and the fluorescent lamps will
include 3000 ~ 4000 A wavelength components.
Therefore when used under such lighting for extend-
ed periods of time, the opague seals' - Toshiba
EPROM Protect Seal AC901 - are available.

operation mode, a single 5V power supply is required
and the levels required for all inputs are TTL.

PG—M C_é O—E Vpe 1 Vcc Qo ~ 0, Power
(27) (20) 22) | (1 (28) {11~13,15~19)
READ Read H ¥ L Data Out Active )
OPERATION [ Output Deselect . . H 5V sv High Impedance- | Active |
{Ta=0~70°C) [ Standby . H . High !mpedance Standby
1 Program L L P Data in Active
i PROGRAM Program ¢ H . ng.r_w.l—moedance:— h ly—Ac_t‘nve
| OPERATION Inhibit H L K 21y ¥ Hng"h |mpedance —“Aan:e“—
"(Ta = 2545°C) | m e - I ; = R R
o Program Verify winvanPd L Data Out Active
Note H: Viy, L Vi, *.Vjy or ViL
READ MODE

The TMM2764D has three control functions, The
chip enable (CE) controls the operation power and
should be used for device selection.

The output enable {OE) and the program contro!
{PGM) control the output buffers, independent of
device selection,

Assuming that CE = OF = ViL and PGM = ViH. the
output data is valid at the outputs after address access
time from stabilizing of al! addresses.

523

The CE to output valid (1cg } is equal 1o the address
access time (tacc).

Assuming that CE = V|, PGM = Vi and all ad-
dresses are valid, the output data is valid at the out-
puts after tog from the fang edge of OE,

And assuming that CE = OF = ViL and all addresses
are valid, the output data is valid at the outputs after
tpGMm from the rising edge of PGM,



OUTPUT DESELECT MODE

Assurning that CE = Vi or OE = Vyq, the outputs
will be in a high impedance state. So two or-more
TMM27640 can be connected together on a common

STANDBY MODE

The TMM2764D has a low power standby mode
controlled by the CE signal. By applyinga TTL high
levet to the CE input, the TMM27640 is placed in the
standby mode which reduce the operating current

PROGRAM MODE

tnitially, when received by customers, all bits of
the TMM27640D are in the 1" state which is erased
state.

Therefore the program operation is 10 introduce
“0s’* data into the desired bit locations by electrically
programming.

The TMM27640 is set up in the program operation
mode when applied the program voltage (+21V) to
the Vpp terminal under CE =PGM = OE = ViH.

The program operation occurs during the overlap
of the CE low and the PGM low. Then the program-
ming is achieved by applying a3 50ms {tpw) active low

“

PROGRAM VERIFY MODE

The vertty mode is 10 check that the desired data is
correctly programmed on the programmed bits.

PROGRAM INHIBIT MODE

Under the condition that the program voltage
(+21V) s applied to Vep terminal, a high level CE or
PGM input inhibits the TMM2764D from being pro-
grammed. Programming of two or more TMM2764Ds
in parallel with different data is easily accomplished.
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bus-line. When CE is decoded for device selection, al|
deselected devices are in low power standby mode,

from 120mA to 35mA, and then the outputs are in a
high impedance state, independent of the OE and the
PGM inputs.

program pulse to the CE or the PGM input after the
addresses and data are stable.

This program puise should be a single pulse with
50ms pulse width per address word, and its maximum
value is 55ms.

. The levels required for all inputs are TTL.

The TMM2764D can be programmed any location
at anytime — either individually, sequentially, or at
random.

The TMM27640D should not be programmed with
D.C. signal applied to both CE and PGM inputs.

The verify is accomplished with OF and CE at V.
and PGMat V4.

That is, all inputs except for CE or PGM may be
commonly connected, and a TTL low level program

pulse 1s applied to the CE and PGM of the desired

device only and TTL high level signal is applied to the
other devices.



CMOS Microprocessors, Memories and Peripherals

CDM6116A
CMOS 2048-Word by 8-Bit
AT —{ 1 24— Vpo .
sz 23— Static RAM '
:: i DA :lz T :—’E Features:
as — 8 20l 58 s Fdlly static operation & [ndustry standard 24-pin configuration
a2 — & o — a0 » Single power supply: 4.5V t05.5V « Chip-enable gates address butfers for
M — 7 18 }— 8 All inputs and outputs directly TTL minimum standby current
a0 — o 17— ts00 compatible s Data retention voltage: 2 V min.
1700 — 9 6 |— 1/07 8 3-state oulputs
<1702 —10 I8 — I/06 CDM6116A-2|CDM6116A-3|CDM6116A-9
L1403 — i 14— /08 { Access Time (max.) 200 ns 150 ns 250 ns
vgg {12 13— /04 a
ToF VIEW Output Enable Time (max.) 120 ns 60 ns 150 ns
92€5-36942 Operating Temperature 0° to +70°C 40° 10 +85°CQ
Operating Current (max.) 35 mA 35 mA 40 mA
TERMINAL ASSIGNMENT Standby Current
loosy {max.) 30 pA 50 uA 100 pA

The RCA-CDM6E116A is a CMOS 2048-word by 8-bit static
random-access memory. It is designed for use in memory
systems where high-speed, low powerand simplicity in use
are desirable. This device has common data inputs and data
outputs and utilizes a single power supply 0f4.5Vto5.5V. A
chip-enable input and an output-enable input are provided
for memory expansion and output bulfer control.

The chip enable (EE) gates the address and output butfers
and powers down the chip to the low power standby mode.

The output enable (OE) controls the output buffers to
eliminate bus contention,

The CDM6116A-2 and CDM6116A-3 have an operating
temperature range 0f 0° to +70°C. The COM6116A-9 has an
operating temperature range of -40° to +85°C.

The COM6116A-2 and COM6116A-3 are supplied in a 24-
tead dual-in-line plastic package (E suftix). The COM-
6116A-9issupplied in a 24-tead dual-in-line plastic package
(E suffix) and a 24-lead dual-in-line side-brazed ceramic
package (D suffix).

a0 — — 1708
89 —— — ) — l— 1/07
a8 — |—-] | — —— 1/06
AT == eyt [ Xy | | teexi28 [T oo aqod
A6 — AOORESS |— DECODE ;| MEMORY L ouTPUT L 1/04
a5 ——| BUFFERS | | | MATRIX | | a%“r‘r";ns e &
a4 — I | — — 1/02
ay — B 11 ' — t—— 1704
a2 — ]
A ———i !
20 ——] ENABLE [:
cE L\ VY ~——0 Vpp
WE — CE;;}TSL -+—OVgg
5 —
92CHM-36943
Fig. 1 - Functional block diagram.
TRUTH TABLE
— — —_— DEVICE
CE OE WE A0 TO A0 MODE /01 TO /08 CURRENT
H X X X NOT SELECTED HIGH Z STANDBY
L L H STABLE READ DATA OUT ACTIVE
L H L STABLE WRITE DATA IN ACTIVE
L L L STABLE WRITE DATA IN ACTIVE
L=LOW H=HIGH X=Horl

460
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Random-Access Memories (RAMs)

CDM6116A
MAXIMUM RATINGS, Absolute-Maximum Ratings
pC SUPPLY-VOLTAGE RANGE, (Voo}:
(Voltage referenced 10 Vas tOrMINal) ..........uiuuinieeeiniiterataneaeteeen e eea e enene e e e e e, -03to+7V

INPUT VOLTAGE RANGE, ALL INPUTS

.-03t0+7V

DC INPUT CURRENT, ANY ONE INPUT ...ttt ittt ettt et e s e e 10 mA
POWER DISSIPATION PER PACKAGE (Pp):

For Ta = -40° 10 460° C (PACKAGE TYPE E) ...o\iunieninieeaeeie e e e e e ee e e e e e e ee e 500 mW

For Ta = +60° to +85°C (PACKAGE TYPEE)...
For Ta = -40° to +85°C (PACKAGE TYPE D)

For Ta = FULL PACKAGE-TEMPERATURE RANGE (Al Package TyPeS) couuutiiii ittt 100 mwW
OPERATING-TEMPERATURE RANGE (T.) .

COME116A-2, COMB116A-3 (PACKAGE TYPE B} ....uuuuuitieieiiienieeres e e e e 0'to +70°C

COMET16A-9 (PACKAGE TYPES DL E)..e'vnrnrsisiis it et e e ee e -40 10 +85°C
STORAGE TEMPERATURE RANGE (Targ) o1 tuiniitieitentt et ate ettt et e e e e -5510 +125°C
LEAD TEMPERATURE (DURING SOLDERING):

Atdistance 1/16 £ 1/32in. (1.59 £ 0.79 MM) {rOM CSE 107 1008 MAX.  ...ooettinnenseene e eaeeneeaneeeen e +265°C

OPERATING CONDITIONS at Tx = 0 to +70°C, (COM6116A-2, COME116A-3); Ta = -40° 10 +85°C (CDM6E116A-9)
For maximum rellabllity, operating conditions shoujd be selected so that operation is always within the following ranges:

B LIMITS
CHARACTERISTIC ALL TYPES UNITS
MIN. MAX.
DC Operating Voltage Range 4.5 5.5
Input Voltage Range Vin 22 Voo + 0.3 \
Vi -0.3 0.8
Input Signal Rise or Fall Time A Lt — S s
A Input signal rise and fall imes longer than the maximum value ¢an cause 10ss of stored data in the selected mode
STATIC ELECTRICAL CHARACTERISTICS at TA =010 +70°C (CDOM6116A-2, COME116A-3);
Ta = -40° to +85°C (COME116A-9), Voo = 5 V = 10%, Except as noted
LIMITS
CHARACTERISTIC CONDITIONS CDM6116A-2 COM6116A-3 CDM6116A-9 UNITS
MIN.| TYP.® MAX.MIN.| TYP.® MAX.MIN.| TYP.* IMAX.
Standby Device  loos CE = Vin — | o6 2 {— | 086 2 | — | 03 2 | mA
Current looss | CE = Vop=0.2V — | 1 f3o| =1 1 sl =1 1 liwo] uA
Output Voltage log = 2.1 mA = —_ 04 | — — 04 | — — 0.4 v
Lowlevel . Max. {lo = 1pA —Jo1r == ]o1t | ~|—=1101 |~
Output Voltage low = -1 mA 2.4 — — {24 — — |24 — — v
High Level Vor Min. | low= -1 yA — Mop-0.1} — | — Noo0.1] — [ — Npo-0.1| —
Input Leakage Voo =55V — [ 200 ] 22| — | 200 | 22| — | 201 | 22
Current I Max. | Viu 20V 10 Voo "
3-State Output CE or OE = Viu -
Leakage - 05 | 2] — 05 | 2| — +0.5 | +2
Current lour Vio =0 Vto Voo
Operating
Device Vin = Ve, Vi - 20 35 | — 20 35 | — 28 40 mA
Current loega”
Input Vinz 0V, _ 4 — 4 - 4 6
Capacitance Cin f=1MHz, Ta=25°C 6 6 of
Output Vie= 0V, _ _ g8 | — 6 8
Capacitance Co 1= 1MHz, Ta=25°C 6 8 6
*Typicat values are for Ta = 25°C and nomina! Voo. #Outputs open circuited: cycle time = Min. teye, duty = 100%.
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CDM6116A

‘SIGNAL DESCRIPTIONS
A0-A10 (Address Inputs):
_ 1701-1/08:
__CE(Chip Enable):

OE (Output Enabte):

WE (Write Enable):

Voo, Vss!

CMOS Microprocessors, Memories and Periphera,

These inputs must be stable prior to a write operation, but may change asynchronously during
read operations.

8-bit tristate data bus.

Powers down chip, disables Read and Write functions, and gates off address inputs.

Enables tristate outputs if CE is low and WE is high. -

Enables Write function, it CE is low. WE will dominate if both WE and OE are tow{i.e., the bus wilf
be tristated and a Write will occur).

Power supply connections.

DYNAMIC ELECTRICAL CHARACTERISTICS at T4 = 0 tp'+70° C (COM6116A-2, COMET16A-3);
Ta = -40° t0 +85°C (COMB116A-9), Voo = S V £ 10%,
Input t, & = 10 ns; C. = 100 pF and 1 TTL Load, input Pulse Levels: 0.8 V10 2.4 V

- LIMITS
CHARACTERISTIC CDM6B116A-2 CDM6116A-3 CDOM6116A-9  UNITS

Read Cycle Times See Fig. 2 MIN.T | MAX. | MIN.T | MAX. | MIN.T | MAX.

1
Read Cycle Time tac 200 —_ 150 — 250 —
Address Access Time taa b 200 - 150 —_ 250
Chip Enable Access Time tace - 200 — 150 — 250
Chip Enable to Output Active tex 15 — 15 — 15 —
Output Enable to Output Valid toev — 120 —_ 60 — 150 ns
Qutput Enable to Qutput Active toex 15 — 15 — 15 —
Chip Disable to Output “High Z" tere 0 60 0 50 0 80 |
Output Disable to Qutput “High Z* townz [¢] 60 0 50 o} 80 !
Output Hold from Address Change tow 15 — 15 — 15 -

"Time required by a limit device to alfow for the indicated function

4DCRESS ‘X L
" IS 77
: = SN e W 27007
— L
DATA OUTY @( ‘ »—_

WE 1S HIGH DURING READ CYCLE
TIMING WMEASUREMENT REFERENCE
LEVEL 1S 15V

92CH-369 ae

Fig. 2 - Read-cycle timing wavelorms.
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pandom-Access Memories (RAMS)

CDM6116A
DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 0 to +70°C (COM6118A-2, COME116A-3);
T = -40° 10 +85°C (CDM6116A-9), Voo = 5 V + 10%,
input t, t = 10 ns; C. = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 Vto 24 V
LIMITS
CHARACTERISTIC CDM6118A-2 | COM6116A-3 | COME118A-9 | UNITS
Write Cycle Times See Fig. 3 MIN.' | MAX. | MIN.T | MAX. | MIN.T | MAX.
Write Cycle Time twe 200 — 150 -— 250 -
Chip Enable to Endof WRITE C few 160 - 90 - 200 -
Address Valid to End of WRITE taw 160 - ] 90 - 200 —
Address Setup Time tas 0 - 0 — [o] —
Write Pulse Width twe 160 — 90 — 200 -
S ns
Write Recovery Time twa 10 = 0 —_ 10 -
! Output Disable to Output "High Z" tonz 0 60 ] 50 0 80
" Write 10 Output "High 2" o 0 60 0 40 0 80
|i"flnput Data Setup Time . low 80 - 50 - 100 —
! input Data Hold Time ton 10 — 5 — 10 -
Qutput Active from End of Write tow 10 — 10 — 10 —
Time required by a limit device to allow for the indicated function
-]

WRITE CYCLE 1 ‘we

ADDRESS )( 3(

w it E AN

LA *‘-’/////w/ﬂ////////é
o %‘\}\x s

bare oot SOSROSEESSRSSY
LI

ow
fonz —* fow ™

DaTA N 40< )

WRITE CYCLE 2 - OE - LOW

ADDRESS )(
= I, A

wE ﬁ\ 7 ""'Oﬂ—’l
' wiz ™

NSNS SNSSNAAAAANNVNAAN ;
VIDNSINIaaNININNsi

¥l

|

P2C M- 36946

Ywe

el

DATA OQUT Z7/7/

ot ow ——_-'Dn_ﬂ

TIMING MEASUREMENT REFERENCE
LEVEL {5 1.3V P2CH - 36945

Fi9. 3 - Write-cycle iming waveforms.
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CMOS Mlcréprooesson, Memories and Pedphem‘» )
CDM6116A

DATA RETENTION CHARACTERISTICS at Ta = 0 to 70°C (COME116A-2, COME118A-3);
Ta = ~40 to +85° C (COME116A-8), Unless otherwise noted, See Fig. 4.

LIMITS )
CHARACTERISTIC TEST CONDITIONS ALL TYPES UNITg
MIN, MAX.
Minimum Data Retention Voltage Von
CDOM6116A-2, CDM6116A-3, COM6116A-9 Ta=0to70°C 2 —_
CEZ=Vpp-02V v
Ta=-40t00°C -
- ! N 45 - —
CDM6116A-9 CE > Voo - 0.2V 5
Data Retention Quiescent Current looDR*
COM6116A-2| Voo =3V, CE>28V — 15 4
COM6116A-3| Voo =3V, CE=28V - 25 pA
CDM6116A-9| Voo =3V, CE=28V - 50
Chip Disable to Data Retention Time teon See Fig. 4 0 —
ns
Recovery to Normal Operation Time ta See Fig. 4 “tac -

*looDR=7.5 uA max. at Ta=0° to +40°C for COM6116A-2 and COM6116A-3
‘tac = Read Cycle Time.

DATA
pg—— RETENTION —am
MODE

q 45v 4.5v -
\ VoR 2 2V 7
‘cor ro-"& LR ——1 A

2.2v CE2Vpg-02V 22v

1, b2 lus
L R 92CM-36263

Fig. 4 - Low V0o data retention iming waveforms.
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139

54S/74S139
54LS/74L.S139
DUAL 1-OF-4 DECODER

* SCHOTTKY PROCESS FOR HIGH SPEED
e MULTIFUNCTION CAPABILITY
e TWO COMPLETELY INDEPENDENT 1-OF-4 DECODERS

DESCRIPTION — The 139 is a high speed dual 1-of-4 decoder/demulti-
piexer. The device has two independent decoders, each accepting two inputs
and providing four mutually exclusive active LOW outputs. Each decoder
has an active LOW Enable input which can be used as a data input for
a 4-output demultiplexer. Each half of the ‘139 can be used as a function
generator providing all four minterms of two variables. The *139 is fabri-
cated with the Schottky barrier diode process for high speed.

CONNECTION DIAGRAM

PINOUT A
~

E E - Evcc

A 2] [15] €,
A3 1] acn
Boa [4] 13] A1p
6w 5] '.1__2]500
62 5] M
Oaa 7] [10] 20
GND[B [9] 65

LOGIC SYMBOL

1 2 3 H
« ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS [ ] l Ty
E Ap A E A Ay
ORDERING CODE: See Section 9 RLCooeR oecooer s
0o O1 O0; O3 Op 01 0; O3
ER R 1 R
pin | COMMERCIAL GRADE|  MILITARY GRADE | aa adi
PKGS ouT Vce = +5.0 V +5%, Vce = 45.0 V £10%, TYPE ¢ 5 6 7 12 1190 9
TA=0°Cto+70°C | Ta=-55°C to +125°C
. Vece = Pin 16
Plastic A | 74S139PC. 74L8139PC 9B GND = Pin 8
DIP (P)
gf;a(g;c A | 745139DC, 74L5139DC |545139DM, 541.5139DM | 68
F'f;:’ak A | 74S139FC, 74LS139FC  |54S139FM. 54LS139FM aL
3
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74S (U.L) 54/74LS (U.L.)
N
PIN NAMES DESCRIPTION HIGH/LOW HIGHLOW
Ao, A1 Address Inputs 1.25/1.25 0.5/0.25
g _ Enable input (Active LOW) 1.25/1.25 0.5/0.25
Go—0s Outputs (Active LOW) 25/12.5 10/5.0
(2.5)
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x
3

FUNCTIONAL DESCRIPTION — The "139 is a high speed dua! 1-0f-4 decoder/demultiplexer fabricated with
the Schottky barrier diode process. The device has two independent decoders, each of which accepts two
binary weighted inputs (Ag, A1) and provides four mutually exclusive active LOW outputs {Op — O3). Each
decoder has an active LOW enable (E) When Eis HIGH all outputs are forced HIGH. The enable can be used as
the data input for a 4-output demultiplexer application. Each half of the '139 generates all four minterms of two
variables. These four minterms are useful in some applications, replacing multiple gate functions as shown in
Figure a, and thereby reducing the number of packages required in a logic network.

TRUTH TABLE ‘%D_ ‘%:}k
a Oo Ay o
INPUTS OUTPUTS a a -

puy — — — — 4 €

E Ao A1} Op O1r 02 O3 Aa%:))—o. n%—o

H{X X|H H H H " "

Lt )L H H H : %:}_ N\ :%}_ o

L|lH L|lH L H H Z N

tlL H{H H L H . %

LlH HlH H H L 5 «_,——L_"E)o—o: ~%}—°
A Ar

H = HIGH Voltage Level
L = LOW Voltage Leve! Fig. a
X = immaterial

LOGIC DIAGRAM

€: A Ay

e

.79 [ 18 0z, O [ (218 Oz O

4-184



139

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwisespecified)

SYMBOL PARAMETER S4/74LS | S474S | ynirs CONDITIONS

Min Max | Min Max

icc Power Supply Current 1 380 mA Vce = Max

AC CHARACTERISTICS: Vcc = +5.0 V., Ta = +25°C (See Section 3 for waveforms and load configurations)
54/74LS 54/74S

SYMBOL PARAMETER  |CL=15pF|CL=15pF| UNITS CONDITIONS
RL = 280 0

Min  Max | Min  Max

teLH -Propagation Delay 18 12 . 4 a
tPHL Ag or Ay to On 27 12 ns Figs. 3-1, 3-4, 3-5
tPLH _P_rope_z_gation Delay 15 8.0 . :

tPHL € to On 24 10 ns Figs. 3-1.3-5
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24/7414
54LS/74LS14
HEX SCHMITT TRIGGER INVERTER

CONNECTION DIAGRAM
PINOUT A

ORDERING CODE: See Section 9 . T
. pin | COMMERCIAL GRADE| MILITARY GRADE PKG [[:I: 5"“"
- 2 13
PKGS Vce = +5.0 V £5%, Vce = +5.0 V +10%,
our Ta = 0°C to +70°C | Ta = -55°C to +125°C TYPE Ej LE
R a 11
Plastic A [7a1aPC, 74LS14PC 9A o Y o
DIP (P) G] % 9]
Ceramic A [7414DC, 74LS14DC 5414DM. 54LS14DM 6A s 2]
DIP (D)
ono (7 3]
F'f’g’ak A |7414FC. 74LS14FC 5414FM, 54LS14FM 31
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
PINS 54/74 (U.L.) 54/74LS (U.L)
HIGH/LOW HIGH/LOW
inputs 1.0/1.0 0.5/0.25
Outputs 20/10 10/5.0
2.5
DC AND AC CHARACTERISTICS: See Section 3°
SYMBOL PARAMETER 474 | S4/TLS | niTs CONDITIONS
Min Max| Min Max
Positive-going _
VTe Threshold Voltage 15 20| ts5 20 A" Vce = +50 V
Negative-going +
Vr- Threshold Voltage 06 11] 06 1.1 Y Vce +5.0 V
Vr+ —Vr-| Hysteresis Voltage 0.4 0.4 v Vecec = +5.0 V
Input Current at Positive- e A _ _
L going Threshold -0.43 -0.14 mA Vece = +5.0 V, Vin ‘VTo
Input Current at, Negative- .. . _ _
IT- going Threshold -0.56 -0.18 mA Vce = +50 V, Vin = V7=
i Input LOW Current -1.2 0.4 mA Vce = Max, Vin = 04 V
los Output Short Circuit Current -18 -55{ -20 -100 mA Vcec = Max, Voutr = 0 V
lecu Power Supply Current 36 16 mA Vin = Gnd Vee = Max
lccL 60 21 Vin = Open
tPLH . 22 22 .
tPHL Propagation Delay 22 22 ns Figs. 3-1, 3-15

“OC hmits apply over operating temperature range, AC limits apply at Ta = 425°C and Ve

= 450 V. “*Typical Value
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intel’  silicon Gate MoS 8251

PROGRAMMABLE COMMUNICATION INTERFACE

= Synchronous and Asynchronous = Baud Rate —DC to 56k Baud (Sync Mode)
Operation R : DC to 96k Baud (Async Mode)’
. Sytg:grg;;ocu:; racte;' . = Full Duplex, Double Buffered,
Internal or External Character Transmitter and Receiver
Synchronization s Error Detection — Parity, Overrun,
Automatic Sync Insertion and Framing
. Asynca:héotng;s. . = Fully Compatibie with 8080 CPU
5- { arac el” 2
Clock Rate — 1,16 or 64 Times ® 28-Pin DIP Package
Baud Rate = All Inputs and Outputs Are
Break Character Generation -
1,134, or 2 Stop Bits TTL Compatible
False Start Bit Detection u Single 5 Voit Supply

= Single TTL Clock

The 8251 is a Universal Synchronous/Asynchronous Receiver / Transmitter (USART) Chip designed for data
‘communications in microcomputer systems. The USART is used as a peripheral device and is programmed
by the CPU to operate using virtually any serial data transmission technique presently in use {including |BM
Bi-Sync). The USART accepts data characters from the CPU in parallel format and then converts them into
a continuous serial data stream for transmission. Simultaneously it can receive serial data streams and con-
vert them into parallel data characters for the CPU. The USART will signal the CPU whenever it can accept
a new character for transmission or whenever it has received a character_for the CPU. The CPU can read the
complete status of the USART at any time. These include data transmission errors and control signals such
as SYNDET, TxEMPT. The chip is constructed using N-channel silicon gate technology.

PIN CONFIGURATION BLOCK DIAGRAM

1
o,z 0,
ax0 3 Voo
GNo [ « AaC © DATA TRANSMIT 10
== 8US BUFFER  [-e
o, s orR 0,-0p BUFFER -5
o,C]s ATS
o, 07 OsA
0,0 s RESET
T
= cLk "::K—~ | .TaRDW,
Wwh 120 —=1 READWRITE
A o TRANSMIT TE
& TREMPTY e iy contRoy |7
— —eq) —— e TRE

cTs [ B

SYNODET 4

[J wxrOY a I

g
l
R T

Pm Name | Pin Function Pin Name | Pin Function OTR | } aeceive

0705 | Oata Bus (8 tuul OsR Osta Set Ready c:z?:& C BUFFER |=—RaD
c/o Control or Data s 10 be Written or Reed ofR Data Torminal Aeady [} 4 RN ] ..

RD Resd Dats Command SYNDET | Sync Devect AT

wh Write Data or Control Command AT Pequest 1o Send Data

=3 Chip Enable eTs Claar 10 Send Dats L l

CLK Clock Pulsa (TTL} . Te€ Transmmtter Empty

AESET Reset Vee +§ Voli Supgly |~ RaRDY
(T Transmutter Clock GNO Ground L) necene | mz
TxD Transmitter Data INTERNAL CONTROL

A Recewer Clock DATA BUS e SYNDET
Ax0 Recarver Data

RaADY | Recewsr Ready (has charscter fof BOBO} ),

TxROY Teansmittor Ready (reedy for char, from 8080)
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8251 BASIC FUNCTIONAL DESCRIPTION
General

The 8251 is a Universal Synchronous/Asynchronous Re-
ceiver/Transmitter designed specifically for the 8080 Micro-
computer System. Like other 1/0 devices in the 8080 Micro-
computer System its functional configuration is programmed

‘by the systems software for maximum flexibility. The 8251

can support virtually any serial data technique cdrrentlv
in use (including IBM “bi-sync”’).

In a communication environment an interface device must
convert parallel format system data into serial format for
transmission and convert incoming serial format data into
parallel system data for reception. The interface device must
also delete or insert bits or characters that are functionally
unique to the communication technique. In essence, the
interface should appear “transparent” to the CPU, asimple
input or output of byte-oriented system data.

Data Bus Buffer

This 3-state, bi-directional, 8-bit buffer is used to interface
the 8251 to the 8080 system Data Bus. Data is transmitted
or received by the buffer upon execution of INput or QUT-
putinstructions of the 8080 CPU. Control words, Command
words and Status information are also transferred through
the Data Bus Buffer.

Read/Write Control Logic

This functional block accepts inputs from the 8080 Cantrol
bus and generates control signals for overall device operation.
It contains the Control Word Register and Command Word
Register that store the various control formats for device
functional definition.

RESET (Reset)

A “high” on this input forces the 8251 into an "Idle’* mode.
The device will remain at “ldle” until a new set of control
words is written into the 8251 to program its functional
definition.

CLK (Clock)

The CLK input is used to generate internal device timing
and is normally connected to the Phase 2 (TTL) output of
the 8224 Clock Generator. No external inputs or outputs
are referenced to CLK but the frequency of CLK must be
greater than 30 times the Receiver or Transmitter clock in-
puts for synchronous mode (4 times for asynchronous
mode).

WR (Write)

A “low"” on this input informs the 8251 that the CPU is
outputting data or control words, in essence, the CPU is
wyiting out to the 8251.

RD (Read)

A “low’ on this input informs the 8251 that the CPU is in-
putting data or status information, in essence, the CPU is
reading from the 8251.

C/D (Control/Data)

This input, in conjunction with the WR and RD inputs in-
forms the 8251 that the word on the Data Bus is either a
data character, control word or status information.
1=CONTROL 0=DATA

CS (Chip Select)
A “low” on this input enables the 8251. No reading or writ-
ing will occur unless the device is selected.

2 &5 - a b
5 R TR L o
Rt pat TS0 TN
ASESS ¥ 2 o gl Dy
i B, e B
e 4 o] SN
DATA | 2y B e ¥

& | RUFFERY =T

:

8us
BUFFER

< s
Taows} % BUF o=
=] N 3
- By = " 7
; . e
P
= ATA g i
> -
C/D RD WR Cs
4] 0 1 0 8251 = DATA BUS
Q0 1 4] 0 DATA BUS = 8251
1 0 1 0 STATUS = DATA BUS
1 1 0 0 DATA BUS = CONTROL
X X X 1 DATA BUS = 3-STATE
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SILICON GATE MOS 8251 -

Modem Control

The 8251 has a set of control inputs and outputs that can
be used to simplify the interface to almost any Modem.
The modem control signals are general purpose in nature
and can be used for functions other than Modem control,

if necessary. P

DSR (Data Set Ready)

The DSR input signal is general purpose in nature. Its con-
dition can be tested by the CPU using a Status Read opera-
tion. The DSR input is normally used to test Modem con-
ditions such as Data Set Ready.

DTR (Data Terminal Ready)

The ﬁ output signal is general purpose in nature. Itcan
be set “low" by programming the appropriate bit in the
Command Instruction word. The DTR output signal is norm-
ally used for Modem céntrol such as Data Terminal Ready
or Rate Select,

RTS (Request to Send)

The RTS output signal is general purpose in nature. It can
be set “low” by programming the appropriate bit in the
Command Instructionword. The RTS output signal is norm-
ally used for Modem control such as Request to Send.

CTS (Clear to Send)

A “low” on this _il_;lput enables the 8251 to transmit data
(serial) if the Tx EN bit in the Command byte is set to a
“one.” AR

Transmitter Buffer

The Transmitter Buffer accepts parallel data from the Data
Bus Buffer, converts it to a serial bit stream, inserts the ap-
propriate characters or bits (based on the communication
technique) and outputs a composite serial stream of data on
the TxD output pin.

Transmitter Control

The Transmitter Control manages all activities associated
with the transmission of serial data. It accepts and issues
signals both exterally and internally to accomplish this
function.

TxRDY (Transmitter Ready) -«

. This output signals the CPU that the transmitter is ready
to accept a data character. It can be used as an interrupt to
the system or for the Polled operation the CPU can check
TxRDY using a status read operation. TxRDY is automatic-
ally reset when a character is loaded from the CPU.

TxE (Transmitter Empty)

When the 8251 has no characters to transmit, the TxE out-
put will go “high”. It resets automatically upon receiving a
character from the CPU. TxE can be used to indicate the
end of a transmission mode, so that the CPU “knows” when
to “turn the line around” in the half-duplexed operational
mode. . %

In SYNChronous mode, a “high” on this output indicates
that a character has not been loaded and the SYNC charac-

ter or characters are about to be transmitted automatically
as “fillers™.

TxC (Transmitter Clock)

The Transmitter Clock controls the rate at which the char-
acter is to be transmitted. In the Synchronous transmission
mode, the frequency of TxC is equal to the actual Baud
Rate (1X). In Asynchronous transmission mode, the fre-
quency of TxC is a multiple of the actual Baud Rate. A
portion of the mode instruction selects the value of the
multiplier; it can be 1x, 16x or 64x the Baud Rate.

For Example:

If Baud Rate equals 110 Baud,
TxC equals 110 Hz (1x)

TxC equals 1.76 kHz (16x)
TxC equals 7.04 kHz (64x).

If Baud Rate equals 9600 Baud,
TxC equals 614.4 kHz (64x).

The falling edge of TxC shifts the serfal data out of the
8251.
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Receiver Buffer

The Receiver accepts serial data, converts this serial input
to parallel format, checks for bits or characters that are
unique to the communication technique and sends an
“assembled’’ character to the CPU. Serial data is input to
the RxD pin.

Receiver Control
" This functional block manages all receiver-related activities.

RxRDY (Receiver Ready)

This output indicates that the 8251 contains a character that
is ready to be input to the CPU. RxRDY can be connected
to the interrupt structure of the CPU or for Polled opera-
tion the CPU can check the condition of RxRDY using a
status read operation. RxRDY is automatically reset when
the character is read by the CPU.

RxC (Receiver Clock)

The Receiver Clock controls the rate at which the character
is to be received. In Synchronous Mode, the frequency of
RxCisequal to the actual Baud Rate (1x). In Asynchronous
Mode, the frequency of RxC is a multiple of the actual
Baud Rate. A portion of the mode instruction selects the
value of the multiplier; it can be 1x, 16x or 64x the Baud
Rate.

For Example: If Baud Rate equals 300 Baud,
RxC equals 300 Hz { 1x)

RXC equals 4800 Hz (16x)

RxC equals 19.2 kHz (64x),

1f Baud Rate equals 2400 Baud,
RXC equals 2400 Hz (1x)

RXC equals 38.4 kHz (16x)
RxC equals 153.6 kHz (64x).

Data is sampled into the 8251 on the rising edge of RxC.

NOTE: In most communications systems, the 8251 will be
handling both the transmission and reception operations of
a single link. Consequently, the Receive and Transmit Baud
Rates will be the same. Both TxC and RxC will require iden-
tical frequencies for this operation and can bé tied together
and connected to a single frequency source (Baud Rate
Generator) to simplify the interface.

SYNDET (SYNC Detect)

This pin is used in SYNChronous Made only. It is used as
either input or output, programmable through the Control
Word. It is reset to “low" upon RESET. When used as an
output (internal Sync mode), the SYNDET pin will go
“high” to indicate that the 8251 has located the SYNC
character in the Receive mode. If the 8251 is programmed
to use double Sync characters(bi-sync), then SYNDET will
go “high” in the middle of the last bit of the second Sync
character. SYNDET is automatically reset upon a Status
Read operation.

When used as an input, (external SYNC detect mode), a
positive going signal will cause the 8251 to start assembling
data characters on the falling edge of the next RxC. Once
inSYNC, the “high” input signal can be removed. The dura-
tion of the high signal should be at least equal to the period
of RxC.

RECEIVE
BUFFER

1$-P)

\} ADORESS 8US i
A.l
K% CONTROL BUS
! IIOR’JIG_ITWLRESETI P
Vi DATA BUS

ﬂD———r—-—--——-

0,0, AD WR RESET CLK

8251 Interface to 8080 Standard System Bus
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DETAILED OPER_ATION DESCRIPTION
General

The complete functional definition of the 8251 is program-
med by the systems software. A set of control words must
be sent out by the CPU to initialize the 8251 to support the
desired communications format. These control words will

. program the: BAUD RATE, CHARACTER- LENGTH,
NUMBER OF STOP BITS, SYNCHRONOUS or ASYNCH-
RONOUS OPERATION, EVEN/ODD PARITY etc. In the
Synchronous Mode, options are also provided to select either
intem§l or external character synchronization.

Once programmed, the 8251 is ready to perform its com-

" munication functions. The TxRDY output is raised “high”*
to signal the CPU that the 8251 is ready to receive a char-
acter. This output (TxRDY) is reset automatically when the
CPU writes a character into the 8251. On the other hand,
the 8251 receives serial data from the MODEM or 1/O de-
vice, upon receiving an entire character the RxRDY output
is raised “high” to signal the CPU that the 8251 has a com-
plete character ready for the CPU to fetch. RxRDY is reset
automatically upon the CPU read operation.

The 8251 cannot begin transmission until the TxEN(Trans-
mitter Enable) bit is set in the Command {nstruction and
it has received a Clear To Send {CTS) input. The TxD out-
put will be held in the marking state upon Reset.

Programming the 8251

Prior to starting data transmission or reception, the 8251
must be loaded with a set of control words generated by
the CPU. These control signals define the complete func-
tional definition of the 8251 and must immediately follow
a Reset operation {internal or external}.

The control words are split into two formats:

1. Mode Instruction
2. Command Instruction

Mode Instruction

This format defines the general operational characteristics
of the 8251, It must follow a Reset operation {internal or
external). Once the Mode instruction has been written into
the 8251 by the CPU, SYNC characters or Command in-
structions may be inserted.

Command Instruction

This format defines a status word that is used to control
the actual operation of the 8251.

Both the Mode and Command instructions must conform to
a specified sequence for proper device operation. The Mode
Instruction must be inserted imfediately following a Reset
operation, prior to using the 8251 for data communication.

All control words written into the 8251 after the Mode In-
struction will load the Command Instruction. Command In-
structions can be written into the 8251 at any time in the
data block during the operation of the 8251. To retumn to
the Mode Instruction format a bit in the Command Instruc-
tion word can be set to initiate an internal Reset operation
which automatically places the 8251 back into the Mode
Instruction format. Command Instructions must follow the
Mode Instructions or Sync characters.

By MODE INSTRUCTION
B SYNC CHARACTER 1
- SYNC MODE
°
B SYNC CHARACTER 2 onLY

B -1 | COMMAND INSTRUCTION

ch-o0 » DATA

B =1 | COMMAND INSTAUCTION

co=-0 DATA

€06 =1 | COMMAND INSTRUCTION

*The second SYNC cherscter b skipped if MODE instruction

hat pragrammed the 8251 to single character internal SYNC

Mode. Bath SYNC characters are skipped i MODE instruction

hat programmed tha 8251 10 ASYNC mode. -

Typical Data Block
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Mode Instruction Definition

The 8251 can be used for either Asynchronous or Synchro-
nous data communication. To understand how the Mode
Instruction defines the functional operation of the 8251 the
designer can best view the device as two separate components
sharing the same package. One Asynchronous the other
Synchronous. The format definition can be changed “on
the fly* but for explanation purposes the two formats will
be isolated., .

Asynchronous Mode (Transmission)

Whenever a data character is sent by the CPU the 8251
automatically adds a Start bit (low level) and the program-
med namber of Stop bits to each character. Also, an even
or odd Parity bit is inserted prior to the Stop bit(s), as de-
fined by the Mode Instruction. The character is then trans-
mitted as a serial data stream on the TxD output. The serial
data is shifted out on the falling edge of TxC at arate equal
.to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode
Instruction. BREAK characters can be continuously sent to
the TxD if commanded to do so.

When no data characters have loaded into the 8251 the
TxD output remains “’high” {marking) unless a Break (con-
tinuously low) has been programmed.

Asynchronous Mode (Receive)

The RxD line.is normally high. A falling edge on this line
triggers the beginning of a START bit. The validity of this
START bit is checked by again strobing this bit at its nom-
inal center. If a low is detected again, it is a valid START
bit, and the bit counter will etart counting. The bit counter
locates the center of the data bits, the parity bit (if it ex-
ists) and the stop bits. If parity error occurs, the parity er-
ror flag is set. Data and parity bits are sampled on the RxD
pin with the rising edge of RxC. If a low level is detected as
the STOP bit, the Framing Error flag will be set. The STOP
bit signals the end of a character. This character is then
loaded into the parallel {/O buffer of the 8251. The RxRDY
pin is raised to signal the CPU that a character is ready to
be fetched. {f a previous character has not been fetched by
the CPU, the present character replaces it in the 1/0 buf-
fer, and the OVERRUN flag is raised (thus the previous
character is lost). All of the error flags can be reset by a
command instruction. The occurrence of any of these er-
rors will not stop the operation of the 8251.

0 %% 0 O o, O, D D,

(LT[
L.

SAUD AATE FACTOR
. o 1 ° 1
o [] 1 ]
PRI

CHARACTER LENGTH
0 ) L] RN

¢ L 1 1

S [] 7 0
8iTs | 817s | &17s | aire

PARITY ENASLE
1+ ENABLE 0 ~DISABLE

EVEN PARITY GENERATIONICH!C(
. " 0+0Q00

I

1o EVEN
NUMBER OF sToP arTs ~ E13
L] 1 ] 1

[ ° 1

1
T % 1
INVALIO) oiv | aiTs | 8iTs

—

Mode tnstruction Format, Asynchronous Mode s

TRANSMITTER QUTPUT :
4 = 4
’. -
ThD  MARKING r:‘,‘.',“[ DATA B1TS ] | S I
'
RECEIVER INPUT

My <
START saRITY | stop |
s I (1 I aAgA By [ 4 aTs

ir

TRAANSMISSION FORMAT
CPUBYTE (S8 BITS/CHAR]

[ OATA CMARACTER }

{4

ASSEMBLED SERIAL DATA QUTPUT (TxDI

START ) PARITY sTO? ]
L .t l DATA CHARACTER I 81T I 8ITS
1

SERIAL DATA INPUT {R«O}

!ARH‘V STOP
Lhg __eiTs
CPU BYTE {5-8 BITS/CHARI®
l DATA CHARACTER |

*NOTE: If CHARACTER LENGTH {S DEFINED ASS,8O0R 7
BITS THE UNUSED BITS ARE SET TO “ZERO™

RECEIVE FORMAT

STAAT

T I DATA C’CA‘R‘ACTEI

Asynchronous Mode
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Synchronous Mode (Transmission)

The TxD output is continuously high until the CPU sends
its first character to the 8251 which usually is a SYNC
character. When the CTS line goes low, the first character
is serially transmitted out. Ail characters are shifted out on
the falling edge of TxC. Data is shifted out at the same
rate as the TxC.

Once transmission has started, the data stream at TxD out-
put must continue at the TxC rate. If the CPU dées not pro-
vide the 8251 with a character before the 8251 becomes
empty, the SYNC characters (or character if in single SYNC
word mode} will be automatically inserted in the TxD data
"stream. In this case, the TXEMPTY pin is raised high to sig-
nal that the 8251 is empty and SYNC characters are being
sent out. The TxEMPTY pin is internally reset by the next
character being written into the 8251,

Synchronous Mode (Receive)

fn this mode, character synchronization can be internally
or externally achieved. If the internal SYNC mode has been
programmed, the receiver starts in a HUNT mode. Data on
the RxD pin is then sampled in on the rising edge of RxC.
The content of the Rx buffer is continuously compared
with the first SYNC character until a match occurs, If the
8251 has been programmed for two SYNC characters, the
subsequent received character is also compared; when both
SYNC characters have been detected, the USART ends the
HUNT mode and is in character synchronization. The SYN-
DET .pin is. then set high, and is reset automatically by a
STATUS READ.

in the external SYNC mode, synchronization is achieved by
applying a high level on the SYNDET pin. The high level can
be removed after one RxC cycle.

Parity error and overrun error are both checked in the same
way as in the Asynchronous Rx mode.

The CPU can command the receiver to enter the HUNT
mode if synchronization is lost,

D, Og O O, D, O, D, B

EEDTEND0
L

CHARACTER LENGTH
[ 1 [) 1
[) ° 1 '

4 7 (]
BITS | BITS | BITS BITS

raniTy enfloLe
{1 = ENABLE)
{0 = DISABLE}

1« EVEN
@=00D

EVEN PARITY GENERATION/CHECK

EXTERNAL SYNG DEYECH
¥ = SYNDET IS AN INPUT
0= SYNDET 15 AN OUTPUT

SINGLE CHARACTER $YNC
1= SINGLE SYNC CMARACTER
0 = DOUSLE SYNC CHARACTER

Mode |nstruction Format, Syachronous Mode

CPU BYTES (6-8 BITS/CHAR)

l OATA CHARACTERS I

ASSEMBLED SERIAL DATA OUTPUT (TxD)
SYNC SYNC
CHAR 1 CHAR 2

AECEIVE FORMAT

DATA CHARACTERS ]

SERIAL DATA INPUT (Rx0)

SYNC SYNC
[ CHAR ' CHAR 2 DATA CHARACTERS l

CPUBYTES (S8 8ITS/CHAR)

l DATA CHARACTERS ]

Synchronous Mode, Transmission Format
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COMMAND INSTRUCTION DEFINITION

Once the functional definition of the 8251 has been pro-
grammed by the Mode Instruction and the Sync Characters
are loaded (if in Sync Mode) then the device is ready to be
used for data communication. The Command Instruction
controls the actual operation of the selected format. Func-
~ ~tions .such as: Enable Transmit/Receive, Error Reset and
Modem Controls are provided by the Command Instruction.

Once the Mode Instruction has been written into the 8251
and Sync characters inserted, if necessary, then all further
“control writes” (C/D = 1) will foad the Command In-
struction. A Reset operation {internal or external) will
return the 8251 to the Mode Instruction Format.

STATUS READ DEFINITION

in data comrnumcauon systems it is often necesary to
examine the “status” of.the active device to certain: if
errors have occurred or other conditions that require the
processor’s attention. The 8251 has facilities that atlow the
programmer to “‘read” the status of the device at any time -
during the functional operation.:
A normal “read” command is issued by the CPU with the R
C/D input at one to accomplish this function.

Some of the bits in the Status Read Format have identical
meanings to external output pins so that the 8251 can be
used in a completely Polled environment or in an mterrupt
driven environment.

TRANSMIT ENASLE
1 = ensbie
0 = dlssble

[T e oo o]
L

OATA TERMINAL
READY

“high™ wilt ferca OTR
output to rero

ECEIVE ENABLE

R
1 = enabile
O = disable

SEND BREAK
CHARACTER
1 = forom Tu) “Tow"
0 = normel operstion

ERROR AESET
1 * resat ofl orvor fiag
PE. OF, FE

REQUEST TO SEND
“high” will fores RTS
output 10 e

Command Instruction Format

0y O¢ Oy Dy 5y D; D, L)

OSR  § SYNDET FE ot PE TxE RxROY | TxRDY

1 91 | |

SAME DEFINITIONS AS /O PINS

PARITY ERROR
The PE flag it sut when a perity

avatisble.

~wit i cesot By the ER bit of the

instruction. OE doss *

mbm:m-fmuﬂ

however, the previously cverrun
character I loet,

2
:
i
L

Status Read Format
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APPLICATIONS OF THE 8251

j l sus N ‘] l ADORESS BUS K
) . CONTROL BUS : { 31 CONTROL BUS S
1 [ 1] ' N
1
Y DATA BUS i { \ DATA BUS 1
!
|
i R0
e { EaTOTTL x
I Lt iy
s e d f o5 ASYNG m‘
A ‘—1 (43 5T4 MODEM INTER.
== BAUD RATE CrT FACE
GENERATOR TERMINAL 51 444
ATS
[ BAUD
"Asynchronous Serial Interface to CRT Terminal, iz GE;E‘::T“
DC-9600 Baud e
Y
Asynchronous Interface to Telephone Lines
i ﬁ]soo[«es [ B ] l ADDRESS 8US 3
“—l - clo«rwl. sus 3 )]_[ l ] CONTROL 8US i
DATA BUS |} 3 DATA BUS }
e ~ TERMINAL i :—c e
=L | e e e
SYNDET SN
SYNDET Al MODEM
&
Lit}
— .
[:34.1
Synchronous Interface to Terminal or Peripheral Device TELEPHONE
LINE

Synchronous Interface to Telephone Lines
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D.C. Characteristics: Tp = 0°C to 70°C; Ve = +5V 45%; Vgg = OV C

Symbol | Parameter Min. Typ. Max. Uait Test Conditions S
ViL Input Low Voltage 8 v K _;.::%.
Vin InputHigh Voltage 2.0 v o=
loL=2.0mA (D8,
Voo Output Low Voltage 4 v 1.6mA (Others)
i _— lon=150uA DBy ),
V?"‘ Qutput High Voltzfge 2.4. ] \' 10 A (©thers) .

Icc Power Supply Current 80 mA

. o
] Input Load Current 10 HAT ,\_/.N =0V 10'5.25V
ILoL Output Leakage Current {DB Low) -100 p M ,;yag‘;;o.w
iLom Output Leakage Current {D8 High) +10 m&‘?:&,{’wf’ Vee o
= 7 :.
A.C. Characteristics: Ta = 0°C 10 70°C; Vioe = #5V £5%; Vs = OV 0 ..
Symbol | Parameter Unit | Test Conditions
tey Clock Period ~ns R
tow Clock Pulse Width ns
tco Clock Pulse Delay ns
tR.te Clock Rise and Fall Time ns
" twa Write Pulse Width ns
tos Data Set-Up Time for WRITE ns
toH Data Hold Time for WRITE ns
too Data Defay from READ P = \ ns Cy = 150pF
tFD READ to Data Floating 3;,3533?_\ L5570 5 160 ns Cy = 150pF
taw Address Stable before WRITE %55 \W o ns
twa - | Address Hold Time for WRITE e &9 40 ns
tAR Address Stable before READ -, - d w;'“ 0 ns
tRA Address Hold Time for READ .. |- 0 ns
toTx TxD Delay from Rising Edge of TxC ;- 300 ns
tsRx Rx Data Set-Up Time to Sampling Pulse 500 ns
tHRx Rx Data Hold Time to Sampling Pulse 6 CLK
) y . Period
frx Transmitter Input-Clock Frequency
1X Baud Rate = 56 KHz
16X and 64X Baud Rate 615 KHz
fRx Receiver Input Clock Frequency
1X Baud Rate 56 KHz
16X and 64X Baud Rate 615 KHz
trx TxRDY Oelay from Center of Data Bit 6 CLK | C=50pfF
: Period
' tax RxRDY Delay from Center of Data Bit 6 CLK
) Period
ts Internal SYNDET Delay from Center of 6 CLK
Data Bit . Period
tes External SYNDET Set-Up Time before Rising 6 . CLK
£dge of RxC Period
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cux __a‘_:;"—\___/_—\__
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c———— i

5,0, "‘3(; —_ —_
o S o ——
T T____ "™ _F - T
'“.._.I o —witan)

READ AND WRITE TIMING

- “AEAD

TRANSMITTER CLOCK AND DATA
TxC (1x BAUD) 3

T3C (162 BAUD} /NS

h
‘orx

TuD

RECEIVER CLOCK AND DATA

D _ %
Axt {1x 8AUD} \
INTERNAL

SAMPLING
PULSE

n-n——t-

AxT (16x BAUD)

INTERNAL
SAMPLING
PULSE

l‘-l RsC PER IODS;P »

p

tax ’lF_\‘
i

"R

1

J

WRITE 10 BYTE WRITE 2nd 8YTE WRITE 3rd BYTE
% -
~heg BT MARKING]_START 817 [ DATA BIY [PaniTy it sTOP| 81T | START BIT
) 1 DATA BYTE | 2nd DATA BYTE

INTERNAL SYNC DETECT

fo————————— svnccHanacTeR 101101001~ .
RxD [me | f 1 | tasTei
RESET BY

SYNDET s "I E—_\__/ SOFTWARE
ouTPUT) COMMAND

EXTERNAL SYNC DETECT
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tNPUT) ] .
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- SEMICONDUCTOR s

TECHNICAL DATA

QUAD LINE RECEIVERS

The MC1489 monolithic quad line receivers are designed to
interface data terminal equipment with data communications
equipment in conformance with the specifications of EIA Standard
No. EIA-232D.

® Input Resistance — 3.0 k 10 7.0 kilohms
@ Input Signal Range ~ 1 30 Volis

@ input Threshold Hysteresis Built In

® Response Control

QUAD MDTL aH
LINE RECEIVERS ™ % i
EIA-232D el

SILICON MONOLITHIC
INTEGRATED CIRCUIT

. e L SUFFIX P SUFFIX
ho f
;’) 'L:Q'f LZ:“ F‘?l‘(’ f‘:" ting CERAMIC PACKAGE  PLASTIC PACKAGE
pu se Filtering CASE 632 CASE 646
D SUFFIX
PLASTIC PACKAGE
CASE 751A 14 "
(S0-14) K
TYPICAL APPLICATION
———
LINE DRIVER LUINE HECEIVER Input A E E VCC
weiage INTERCONNECTING vCiaag
== canit o~ CT:'D,‘;:": 13} inout ©
— p- R
—__ “ v Output AE 12| C;::?::.D
input B E E} Output D
| SN teor]e ] moue
iNTR Ll 1
MOTL LOGIL INPUT ———-:—-— caBLE —'-:--— MOTL LOGIC OUTPUY Output 0 {6 9 5::‘:&“.’5 N
Ground[7 5}] Output €
EQUIVALENT CIRCUIT SCHEMATIC (1/4 OF CIRCUIT SHOWN)
14
. ' -0 Ve
29 l, 5 17k
. “’
RESPONSE CONTROL 2 O—— WA 30uTPYT
sk
INPUT | O {
X 3o
[wciass T wcian9n ]
Re{ 6, 1680 o 16m

MOTOROLA LINEAR/INTERFACE DEVICES
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MC1489, MC1489A

MAXIMUM RATINGS (Tp = +25°C unless otherwise noted)

_Ff Rating . Symbol Vaiue Unit
]PPower Supply Voltage i vee 10 Vdc
Fn‘put Voltage Range ' VIR =30 Vdc
i Output Load Current I 20 mA
Power Dissipation (Package Limitation, Ceramic
and Plastic Duat In-Line Package) Pp 1000 mw
Derate above T4 +25C VaJA 6.7 mwre
_Operatir\g Ambient Temperature Range Ta 0to +75 “C
! Storage Temperature Range Tsig ~-65t0 +175 "C

ELECTRICAL CHARACTERISTICS (Response control pin is open.) (Vgc = "+5.0 Vde =10%, 'I;A = 0to +75°C unless
otherwise noted)

‘}__ Characteristics Symbol Min Typ Max Unit

i Positive Input Current (Vi = +25 Vdc) 191 36 — 8.3 mA
| ) (Vi = +3.0 vde) 0.43 — —

+ Negative Input Current . - (ViL = ~25 Vde) TR -3.6 -— ~83 mA
(Vi = -3.0 Vde} -0.43 — -

Input Turn-On Threshold Voltage Vid Vde
(Ta = =25C. VoL = 045 V) MC1489 1.0 — 1.5
MC1489A 1.75 195 2.25

Input Turn-Off Threshold Voltage ViL vdc
{Ta = +25°C,VoH = 25 V.1 = ~08 mA) MC1489 0.75 - 1.28
MC1489A 0.75 0.8 1.25

Output Voltage High Vi = 075V, i = ~0.5 mA) VOH 25 4.0 5.0 Vde
{tnput Open Circuit, Iy, = ~-0.6 mA} 2.5 4.0 5.0

Output Voltage Low (Vi = 30V, i = 10 mA). VoL - 0.2 0.45 Vdc

Output Short-Circuit Current 10s - -3.0 -4.0 mA

Power Supply Current (All Gates "on,” lgut = 0 MA, ViH = + 5.0 Vdc) icc — 16 26 mA

Power Consumption (Vi = +5.0Vdc) Pc — 80 130 mwW

SWITCHING CHARACTERISTICS (Vce = 5.0 Vde = 1%, TA = +25°C, See Figure 1.)

Propagation Delay Time (R = 3.9 ki) tPLH = 25 85 ns

Rise Time (RL = 3.9 k§1) tTLH < 120 175 ns

Propagation Delay Time (RL = 390 ksl tPHL — 23 50 ns

JFall Time | (RL = 390 k() THL —' 10 20 ns

TEST CIRCUITS

FIGURE 1 — SWITCHING RESPONSE FIGURE 2 — RESPONSE CONTROL NODE
+§ vdc
AL k1 VR
All diodes
1N3064
or equiv
i o—D ! l —a E,
CL C

RESPONSE NODE

MC1489A
ITLH 308 1ITHL Vin @ — —e V0
measuted
10v - 907

C. capacitor 15 tor nosse itering
R, sesistor ss Lot thieshotd shitting

€L = 15pF = total parasitic capacitance, which includes
probe and wiring capacitances

MOTOROLA LINEAR/INTERFACE DEVICES
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1, INPUT CURRENT {mA)

V. QUTPUT VOLTAGE (Vde)

FIGURE 3 — INPUT CURRENT

MC1489, MC1489A

TYPICAL CHARACTERISTICS
(Ve ® 5.0 Vde, Ta = +25°C untess otherwise n.

oted}

FIGURE 4 — MC1483 INPUT THRESHOLD

Vi, INPUT VOLTAGE (VOLTS)

INPUT THRESHOLD VOLTAGE IVde}

FIGURE 7 — INPUT THRESHOLD versus
POWER-SUPPLY VOLTAGE

T.TEMPERATURE 1C)

po Vi MC1483A
10 |~ Vi MCiage
Vi MC1489
TV MCuasa
0
30 40 50 6.0
Ve, POWER SUPPLY VOLTAGE (VOLTS)

VOLTAGE ADJUSTMENT
+10 60 if —
+8.0
S.0
+€.0 L = vi Ep—]
o
> 40 -
"0 P w .87 AT W RT RT
o - ~ —
«2.0 - - 2 _:u A3 Mk Ay ]
0 H | _Vih Ven Vin —
> By E1Y SV =
20 = v, 1
-20 — " {5 TV
. —_— - = —
40 v e 4 B0
S
-6.0 — > 0 - H =
-80 ~ ViLH Vikt P
.10 | | ] | [ | 5
S22 20 <15 0 50 0 50  «10 <15 <20 2% 30 .20 10 D <10 20 30
Vin. INPUT VOLTAGE (VOLTS) Vi, INPUT VOLTAGE (VOLTS)
FIGURE 5 — MC1489A INPUT THRESHOLD FIGURE 6 — INPUT THRESHOLD VOLTAGE
VOLTAGE ADJUSTMENT versus TEMPERATURE
60 ] ~f 24 T =3 1" "] ']" T' """'—F—
=22 —c]
50 ] WA i . MC1433A Viy
Vin go— B 18
40 A
4 RT RY RT 4+ - E; L
30|45t . Meg o4 S
| v vind. RY _1 = 17 L—d MC1489 Viy
5y sv] 4 & ] :
20 =vin ) 0 ——e
= 4 ZE o8 IRt
1 / r
e 1 5 MC1489 vy —
z
° ViLH " Ving Ban foMousAY  ——
a2 ) f T 502 . { ]
| | | {4 ; — | ] l
<30 20 10 0 10 .20 <30 -4a0 -60 o <60 <120
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Ein. AMPLITUDE (VOLTS)

MC1489, MC1483A

APPLICATIONS INFORMATION

General Information

The Electronic Industries Association (EIA) has released
the EIA-232D specification detailing the requirements
for the interface between data processing equipment
and data communications equipment. This standard
specifies not only the number and type of interface
leads, but also the voltage levels to be used. The
MC1488 quad driver and its companion circuit, the
MG1489 quad receiver, provide a’ complete interface
system between DTL or TTL logic levels and the ElA-
232D defined levels. The ElA-232D requirements as
applied to receivers are discussed herein,

The required input impedance is defined as between
3000 ohms and 7000 ohms for input voitages between
3.0 and 25 volts in magnitude; and any voltage on the
receiver input in an open circuit condition must be less
than 2.0 volts in magnitude. The MC1489 circuits meet
these requirements with a maximum open circuit volt-
age of one Vpg.

The receiver shall detect a voltage between —3.0 and
=25 volts as a Logic 1" and ihputs between + 3.0 and
+25 volts as a Logic "0.” On some interchange leads,
an open circuit of power “OFF” condition (300 ohms or
more 1o ground) shall be decoded as an ““OFF"* condition
or Logic “1.” For this reason, the input hysteresis
thresholds of the MC1483 circuits are all above ground.
Thus an open or grounded input will cause the shme
output as a negative or Logic “1 input.

Device Characteristics

The MC1489 interface receivers have internal feedback
from the second stage to the input stage providing input

FIGURE 8 — TYPICAL TURN-ON THRESHOLD versus
CAPACITANCE FROM RESPONSE CONTROL PIN TO GND
!

hysteresis for noise rejection, The MC1489 input has
typical turn-on voltage of 1.26 volts and turn-off of 1.0
volt for a typical hysteresis of 250 mV. The MC1489A
has typical turn-on of 1.95 volts and turn-off of 0.8 volt
for typically 1.15 volts of hysteresis,

Each receiver section has an external response con-
trol node in addition to the input and output pins,
thereby allowing the designer to vary the input thresh-
old voltage levels. A resistor can be connected between
this node and an external power supply. Figures 2, 4
and 5 illustrate the input threshold voitage shift possible
through this technique.

This response node can also be used for the filtering
of high-frequency, high energy noise pulses. Figures 8
and 9 show typical noise-pulse rejection for external
capacitors of various sizes.

These two operations on the response node can be
combined or used individually for many combinations
of interfacing applications. The MC1489 circuits are par-
ticularly useful for interfacing between MOS circuits and
MDTUMTTL logic systems. in this application, the input
threshold voltages are adjusted {with the appropriate
supply and resistor values) to fall in the center of the
MOS voltage logic levels. {See Figure 10}

The response node may also be used as the receiver
input as long as the designer realizes that he may not
drive this node with a low impedance source to a volt-
age greater than one diode above ground or less than
one diode below ground. This feature is demonstrated
in Figure 11 where two receivers are slaved to the same
line that must still meet the EIA-232D impedance
requirement.

FIGURE 9 — TYPICAL TURN-ON THRESHOLD versus
CAPACITANCE FROM RESPONSE CONTROL PIN TO GND

§ 3
\ MC1489 \ \ \ \ MC1489A
5 5
Wef 100 pr\ 3000F\ | 500 o z \ \ \
) \ g ] 12 pf 100 pf 300 oF 500 pF
B
(=3
=
3 g 3
\ \\\ 3 - \
¢
b “ 2 \
\Q
1L 1
10 100 1000 10,000 10 100 1000 10,000

PW, INPUT PULSE WIOTH {ag)

PW, INPUT PULSE WIDTH (as)
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MC1489, MC1489A

FIGURE 10 — TYPICAL TRANSLATOR APPLICATION —
MOS TO DTL OR TTL
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FIGURE 11 — TYPICAL PARALLELING OF TWO MC1489,A RECEIVERS TO MEET EIA.232D
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TYPES SN54L5245, SN7415245

" OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

BULLETIN NO. OL-S 7712471, OCTOBER 1976-REVISED FEBRUARY 1979

e Bi-directional Bus Transceiver in a
High-Density 20-Pin Package

e 3-State Outputs Drive Bus Lines Directly
e P-N-P Inputs Reduce D-C Loading on

Bus Lines

e Hysteresis at Bus Inputs Improve Noise

-. Margins

e Typical Propagatlon Uelay Times,

Port-to-Port . .

.8ns

e Typical Enable/Disable Times ... 1

toL
TYPE (SINK
CURRENT)
SN54LS245 12 mA
SN74L5245 24 mA

description

foH
(SOURCE
CURRENT)
~12 mA
—15mA

SN5S4LS245 ...
SN74L5245 ...

(TOP VIEW]}

JPACKAGE
J OR N PACKAGE

7 ns

———

o o O
I
{ 2 1 4 § ? ]
DA Al A2 AY a4 As as A7 A8 GND

potitive logic:

see function table

These octal bus transceivers are designed for asynchronous two-way communication between data buses. The control
function implementation minimizes external timing requirements.

The device allows data transmission from the A bus to the 8 bus or from the B bus to the A bus depending upon the
logic level at the direction control (DIR) input. The enable input (G) can be used to disable the device so that the buses
are effectively isolated.

The SNS4LS245 is characterized for operation over the full military temperature range of —55°C to 125°C. The
SN74LS245 is characterized for operation from 0°C to 70°C.

.

schematics of inputs and outputs .

FUNCTION TABLE

EQUIVALENT OF EACH INPUT

‘x

vee —1==-<--
9 k2 NOM
$—r— -
lNPUT-v——{. 4
LV
T+

TYPICAL OF ALL OUTPUTS

DIRECTION
GUAREE CONTROL OPERATION
- Vee 3
DIR
L L B data 10 A Dus
L H A data 10 B bus
OuTPUT H X Isolauon
\

absolute maximum ratings over operating jr"’ee-air temperature

Supply voltage, Vi {see Note 1)
Input voitage
Off-state outpur Voitage

Operating free-air temperature range: SN54 LS245
SN74LS245

Storage temperature range

NOTE 1: Voltage values gre with raspect 10 network ground terminal,

H ® nign level, L = 1ow level, X < irrelevant

range (unless otherwise noted)

LIV

LIV
mV

—55 Cto125°€C
.. 0°Cta70°C
. —65°Cto 150°C

7-330
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TYPES SNS54LS245, SN74L5245
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

REVISED AUGUST 1977

—

recommended operating conditions

SNS4LS245 SN74LS245

PARAMETER UNIT
MIN NOM MAX |IMIN NOM MAX
Supply voitage, Vo 45 S 5.5 14,75 5 525 N .
High-level output current, IOy ‘ -12 ~15 | mA
Low-level output current, oL 12 24| mA
Operating free-air temperature, T : ] -7 -55 125 0 701 °Cc

’ . oo
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

SN54L5245 74L524
PARAMETER TEST CONODITIONS? SN74LS245 UNIT
MIN TYP! MAX [MIN TYPt MAX
ViH High-level input voltage 2 2 3
ViL  Low-level input voitage . 0.7 08| v
ViK  Input clamp voltage Vee * MIN, f = —18 mA -1.5 -15| Vv
Hysteresis (V14 ~ Vy_)A or Binput] Vce = MIN 0.2 0.4 0.2 0.4 v
Vee = MIN, IOH * =3 mAl 2.4 34 2.4 3.4
VoK High-level output voltage ViH=2V, v
Vi = V(L max 10H = MAX 2 2 ‘
Ve MIN. | o~ 12mA 0.4 0.4
Vot Lowievel output voltage ViH=2V, \
Vi = Vi max oL * 24 mA 0.5
Off-state ouut currant,
lozn . Py 4 Vo=27V 20 20
high-evel voitage applied Vee » MAX,
Off-state output current, Gat2v HA
lozL & Vo=04V -200 —~200
low-tevel voltage applied
N Input current at AorB Ve = MAX, Vi=55Vv 0.1 0.1 A
maximum input voltage [ OIR or § Vi=7v 0.1 0.1
LFT7] High-svel input current Ve = MAX, ViH=27V 20 20 | eA
L Lowwlevel input current Vee = MAX, Vi, =04V -0.2 =021 mA
10s  Shortcircuit output currentt VGe » MAX —40 . ~225 {40 ~225 | mA
Total, outputs high 48 70 48 70
Icc  Supply current | Total, outputs low Vee = MAX, Outputs open 62 920 62 90 | mA
Ouwputs at Hi-Z 64 95 64 95
'For condltions thown as MIN or MAX, use the 200rooriste value specified under recommended operating conditions,
" Al volcal values are at Veg = 5 V, T = 25°C,
Not more than ona output should be shorted st a time, and duration of the short-circult should nat exceed one second.
switching characteristics, Voo =5V, T A=25°C \
X
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
®Ln Propagation delay time, s 12 s
low-to-high-level outpyt
Propagation delay time,
ppL O av time C =45 pF, AL=6670Q, SeeNote2 8 12| ns
high-to-low-level output .
WPZL  Output enable time to low leve! 27 40| ns
PZH  Output enable time to high level 25 40| ng
Qutput disable time f low level 15 25
L‘LZ fDut disable time from ow e C = 5pF, R =667, SeeNote?2 i
PHZ OQumwut disable time from high level 15 28 ns
<

NOTE 2; Load circuit and waveforms are shown on page 3-11,
-y -
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TYPES SN54174, SN54175, SN541S174, SN54LS175, SN545174, SN54S§175,
SN74174, SN74175, SN74LS174, SN741S175, SN745174, SN74S175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

BULLETIN NO. OL-S 7611803, DECEMBER 1972-AEVISED OCTOBER 1974

174, ‘L8174, ‘S174 . . . HEX D-TYPE FLIP-FLOPS
’175, ‘LS175, ‘S175 ... QUADRUPLE D-TYPE FLIP-FLOPS

e '174,'LS174, ‘S174 Contain Six Flip-Flops SNE4174, SNS4LS174, SNS4S174 ... J OR W PACKAGE
with Single-Rail Outputs $N74174, SN74S174 ... J OR N PACKAGE

SN74LS174 ... J, N OR NS PACKAGE
e ’175,°LS175, ‘S175 Contain Four Flip-Flops (TOP VIEW)

—

with Double-Rail Outputs .
e Three Performance Ranges Offered: See Vec s © 50 sa 0 o, ctock -
“Table Lower Right ) wlsyyguprpufjul]s
ire 7 e P
e Buffered Clock and Direct Clear Inputs s oHYs o CR
.. . X P-4 CX 1= 3
e [ndividual Data Input to Each Flip-Flop cLean cLean cxgan |
e Applications include:
Buffer/Storage Registers CLEAR CLEAR CLEAR
Shift Registers . ™ MPD“ N s il
Pattern Generators C, :JEL ] * —]
INIPRIERIERIRRIRRIREIR
description ClEAR 1@ 10 20 2@ 30 30 GNO
These monolithic, positive-edge-triggered flip-flops .
utilize TTL circuitry to implement D-type flip-flop positive logic: see function table -
fogic. All have a direct clear input, and the ‘175,

‘LS175, and ‘S175 feature complementary outputs

from each flip-flops.
SNS4175, SNS4LS175, SNS4S175 ... J OR W PACKAGE

* SN74175, SN745175 ... JOR N PACKAGE

Information at the D inputs meeting the setup time
requirements is transferred to the Q outputs on the
positive-going edge of the clock pulse. Clock
triggering occurs at a particular voltage level and is
not directly related to the transition time of the

SN74LS175...J, N OR NS PACKAGE
(TOP VIEW)

vee 40 48 40 30 he]

LASRERURIRUREREREERINURI AR

30 CLOCK

positive-going puise. When the clock input is at either e >
the high or iow level, the D input signal has no effect s Py o )
cLa, cLap
at the output. X o o &
—
These circuits are fully compatible for use with most L =
h . Vo [
TTL or DTL circuits. X CRera
] o Q [+]
FUNCT!ON TABLE x
P23 flafisql1ef{7ti]8
{EACH FLIP-FLOP) S = =
CLEAR 10 10 E) 70 )
INPUTS QUTPUTS !
CLEAR cLOcK D! a at
L x X L H itive logic: see function table
i :
H t H H L post o0
H t L L H
H L x| a G| -
TYPICAL TYPICAL
H = high level {steady state) TYPES MAXIMUM POWER
L = low level {steady state) CLOCK DISSIPATION
X = irrslevant FREQUENCY PER FLIP-FLOP
t = transition from low to high level 174,175 35 MH 38 mwW
Qg = the level of Q before the indicated steady-state ‘ 5 z m
input,conditions ware established. ‘LS174, ‘LS175 . 40 MHz 14 mW
t 2175, 'LS175, and ‘S17S oniy 5174, S175 < 110 MHz - 75 mW

TEXAS INSTRUMENTS

INCORPORATED
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TYPES SN54174, SN54175, SN54LS174, SN54LS175, SN54S174, SN545175,
SN74174, SN74175, SN74LS174, SN74LS175, SN74S174, SN74S175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

—

functional block diagrams

‘174, 'LS174, 'S174

o 2 o a1
—> ex . < *175, 'L§175, 'S175
CLEAR
! )
4]
10 ¢ o Q.—'z-,- 1Q
o M0 o ol —> ek
@
- Q
1r—~—c>cx CLEAR
CLEAR
(s) (U
._? / 0 o o_’. 20
o 8 2 oo Q> cx
@
e 20
> cx CLEAR

CLEAR

b l (12} (10}
4 10 o o—— 1a

1
« A o Py ELL R [> cx
skl 5
*—-q> cx CLEAR
CLEAR ¢
i [E) s)
L A 40 [+] QpF—— 4a
) AN ER
o 2 - o2 \.Pc .
_fuam o
crock P Slallw ]
> ex CLEAR
)
CLEAR cLeAR  — ,.__T
‘)J
N
o D4 3 ol o ~
0-—-c>cx
cloex %
CLEAR

| ] ’
ctean AU

—¢ « - . dynamic input activatechby transition from a high levet to a low level.
i
TEXAS INSTRUMENTS
INCORPORATED

FOST OFFICK GOX 3012 « DALLAS, TEXAS 75222 7-235



TYPES SN54174, SN54175, SN54LS1/4, SN541S175, SN54S174, SN54§175,
SN74174, SN74175, SN74LS174, SN74LS175, SN745174, SN74S175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

AEVISED OCTOBER 1976

schamatics of inputs and outputs

SN54174, SN54175, SN74174, SN74175

EQUIVALENT OF ALL INPUTS

Vee

INPUT

Clock, D: Rgq =8 k2 NOM
Clear: Rgq = 4kf2 NOM

TYPICAL OF ALL OUTPUTS

—— Ve
100 Q2 =
NOM
OUTPUT

SN54LS174, SN54LS 175, SN74LS174, SN74LS175

EQUIVALENT OF ALL INPUTS

Vcc——1 -_
Aeq
INPUT ——
Y
b 4
P

Clock: Req = 17 k2 NOM
Clear, Ot Regg = 20k NOM

TYPICAL OF ALL OUTPUTS

Vee

120 2
NOM

%OUTPUT

SN545174, SN545175, SN74S174, SN745175

EQUIVALENT OF ALL INPUTS

TYPICAL OF ALL OQUTPUTS
AN

———— v
50 & cc

NOM

Vee - b
2.8k
NOM -
INPUT —4 -
oQuUTPUT
x
- -
’ “
/
e
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TYPES SN54174, SN54175, SN74174, SN74175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vo (seeNote 1) . . . . . . . . . . . . . ..o L 00TV
Input voltage . . . . L . L L e e e e e e e e e e e e e e e e e e e . 55V
Operating free-air temperature range: SN54174,SNS4175 Circuits . . . . . . . . . . .. =-55°Ct0125°C

SN74174,SN74175Circuits . . . . . . . . . .. ... 0°Cw70°C
Storage temperature fange . . . . . . .« . . e v e e e e e e e e e e e —65°C t0 150°C

NOTE ¢ Voltage values are with resp. to k ground inal. -
- ~

recommended operating conditions

’ SNS4174, SN54175 | SN74174, SN74175 UNIT
MIN NOM MAX | MIN NOM MAX
[ Supply voltage, Voi 45 5 56 |475 § s525| v
High-level output current, Iy . —800 -800 A
Low-level output current, [ ! 16 16 | mA
Clock frequency, feiock 0 25 0 25 | MHz
Width of clock or clear pulse, t,, 20 20 ns
. . Data input 20 20 - ns
Sewp 1ima, tsy ,/ Clear inactive-state 25 25 ns
Data hold time, ty S ) ns
Operating free-air temperature, T o —~55 125 [ 0( °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS? MIN  TYPL max| umitT
Vi High-level input voltage 2 \
ViL Low-level input voltage ' N 0.8 Vv
ViK Input clamp voltage Ve =MIN, = ~12mA -1.5 v

Veg = MIN, Vig=2V,
V(L=08V, IgH=*-800uA
Voo =MIN, Vg =2V,
VL= 08V, gL =16mA

Vou High-level output voltage 24 34 v

VoL Low-level output voltage 0.2 0.4 "

1 Input current at maximum input voltage Ve =MAX, V=55V 1| mAa
L4 High-level input current . Vee = MAX, Vy=224V 40| uA
L Low-level input current Vce = MAX, Vi =04V ~1.6| mA
N SNS4’ -20 =57
1 hart-circuit output 3 Vee = MAX A
0s Shortcircuit output curten cc SN7a T s m.
! ‘174 5 65
1 t t b Vee * MAX, See Note 2 A
CC Supply curren cc 78 30 - m

*For conditions shown as MIN or MAX, use the appropriste vaiue specified under recommended oparating canditions for the spplicable device
type.
t i o ~

All typical values are at Ve SV, Tp =25 C. N
ENot more than one cutput should be shorted at a time,
NOTE 2: with sil outputs open and 4.5 V appiled to all data and cleer inputs, tcc is measured after 8 momaentary ground, then 4.5 V, is,

applied to clock,

switching characteristics, Vec =5V, Ta = 25°C

PARAMETER TEST CONDITIONS | MIN TYP MAX]| UNIT
fmax Maximum clock frequency 25 35 MH;
—_ Propagation delay time, low-to-high-level output from clear CL = 150F. 16 25 s

{SN54175, SN74175 oniy) R =400 0
tPHL Proo_agaxion delay time, high-to-low-leve! output from clear See Note 3 . 23 a5 ns
tpLH Propagation delay time, fow-to-high-level output from clock 20 30 ns
tpHL Propagation delay time, high-to-low-levet output from clock . 24 a5 ns

NOTE 3: Load circult and voitage waveforms are shown on page 3-10,
—

Texas lNSTRUoM ENTS

INCORPORATE
FOSY OFFICE BOX 3012 + DALLAS, TEXAS 73212 7-3



TYPES SN54LS174, SN54L$175, SN74LS174, SN74LS175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

REVISED DECEMBER 1980

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)}

Supply voltage, Ve (see Note 1) . o o o v o v e e e e e e . v
IPULVOIAGE . o o v o o e e e e e e e e e e e e e sesoeee e e e e v
Operating free-air temperature range: SN64L5174, SN54LS175 Circuits . ... =B5°Cto125°¢
SN74LS174, SN74LS5175 Circuits . . . . . ..... 0Cuw 70°¢C
Storage temperature range . . . . . ses s+ s oe oo s oe o= os e P -65°C to 150°¢
NOTE 1: Voltage values are with respect 10 network graund terminal.
recommended operating conditions , =
-, . SNSALS174 LSN74LS174 j
‘ ; ) SNSALS175 SNTALS175  |UNIT
MIN NOM MAX | MIN NOM MAX
Supply voitage, Voo 45 5 55} 4.75 S §.25] v |
High-level output current, IoH | —-400 —400{ uA
Low-level output current, 1o * 4 8] mA
Clock frequency, feioek 0 30 o 30 m
Width of clock or clear pulse, tyy - 20 20 ns
Setup time, t Data input 20 20 ns
< Clear inactive-state 25 25 ns
Data hotd time, ty 5 5 ns
Operating free-air temperature, T o -55 125 [s] 70| °c

electrical characteristics over recommended operating freq-air temperature range {unless otherwise noted)

SNS54LS174 SN74LS174
PARAMETER TEST CONDITIONS? SNS4LS17S SN74LS175  juniT
MIN TYP! MAX [MIN TYP! MAX
ViH. High-level input voltage 2 2 v
Viu Low-level input voltage 0.7 08 Vv
ViK fnput clamp voltage Veg = MIN, fy=~18mA -15s -1.5 V
. Vee = MIN, ViH=2V,
vV, High-tevel output volt 2.5 35 2.7 35 v
OH % ViL = ViLmax, 1oy = —400 A
v = MIN, Vig =2V, t =4 mA 0.25 0.4 0.25 0.4
Vo,  Low-levet output voltage - ) QL 3 v
ViL = Vi max loL = 8 mA 0.35 0.5
lnput current at 4
N ) \ Vec = MAX, V=7V 0.1 0.1| ma
. maximum input voltage
H High-level input current Voo * MAX, V=23V 20 20] »A
4L Low-level input current Vee »MAX, V=04V 0.4 —0.4] wpA ]
los  Short-circuit dutput current § Vee = MAX -20 -100}-20 -100{ mA
‘LS174 16 26 16 26
] Suppl nt \" =MAX, See Note2 mA
cc pPly curre cc P (5175 1 18 11 18

TEor conditions shown as MIN or MAX, use the appropriate value wpecitied under recommended operating congditions,
AN typical values are at Ve » SV, Ta = 25°C.
Not more than one autput should be shorted at a time, and durastion of the shbrt-clrcuit should not sxceed one second.

AN

NOTE 2: With all outputs cpen and 4.5 V applied to ail data and clesr inputs, Ieg is measured stter 8 momentary ground, then 4.8 V., it

a0plied to clock.

switching characteristics, Veg =5V, TA=25°C

TesT ‘LS174 L$175
PARAMETER . UNIT
CONDITIONS | pn TYP MAX [MIN TYP MAX
fmax Maximum clock frequency 30 40 30 40 MHz
fpLy Propagation delay time, low-to-high-levet output from clear CL = 15pF 20 30 | ns
tpH| Propagation delay time, high-to-low-level output from clear AL =2kN 23 35 20 30 ns
tpH Propagation delay time, low-to-high-level output from clock See Note 3 20 30 13 25 ns
tpiL Propagation delay tima, high-to-low-level output from clock Py 30 .16 25 _:"’
NOTE 3: Load circuit and voltage waveforms are shown on Page 3-11. o
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TYPES SN54S174, SN54S5175, SN745174, SN74S175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

p— . . . . .
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Ve (seeNote 1) . . . . . . . . . o oo oL P A
Input voltage . . . e e e e e e . ... 55V
Operating free-air temperature range SN54S‘I74 SN54SI75 Clrcmts e e e e e e —55 Cto 125°C

e 0°C 10 70°C

SN74S5174, SN7451765 Circuits . . . ..
Storage temperaturerange . . . . . . . . . . - e e e, -65°C to 150°C

Voltage values are with respect 1o network ground terminal,
“

NOTE U

recommended operating conditions

SN545174, SNS4S175 | SN745174, SN745175 uNIT
MIN  NOM MAX | MIN NOM MAX
Supply voltage. Ve 4.5 5 55 | 4.75 5 525 | V
High-level output current, ioH -1 -1 | mA
Low-level output current, (o 20 20 | mA
Clack trequency, fclock 0y, 75 o 75 | MHz
Clock 7 ?
Pulse width. tw Grar 10 10 "
Data input 5 5
Sewp time, 5, Clear inactive-state 5 5 n
Oata hold time, th 3 3 ns
Operating free-air temperature, T p ~55 125 0 70| °C

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

PARAMETER TEST CONDITIONS ! MIN  TYPE MAX [UMIT
V|4 High-level ingut voitage 2 v
V|, _Low-levei input voltage 0.8{ V
ViK Input clamp voltage Ve =MIN, | =—-18mA -1.2| v

. Ve = MIN, . Vig=2V, SN54S° 25 34
Vou High-level output valtage Vi =08V, lon=—1mA sN7as” | 27 34 M
Vot Low-level output voltage :::f:ﬂh.ﬁal%, :g:' : ;Ovn"lA 05! Vv
1) Input current at maximum input voltage Vee = MAX, V=55V 1| mA
liy  High-level input current Veg = MAX, V=27V 50| wA
Iy Low-level input current Vee *MAX, V=05V -2 mA
log Short-circuit output current§ Ve = MAX -40 -100| mA
h S174 80 144

lgc  Supply current Ve = MAX, See Note 2 S175 b % mA

'For conditions shown as MIN or MAX, use the appropriate value specified under recommaended aperating conditions for the appticable device

© type.
AY
LAl typicat values sre at Ve ® 5V, Ty =25°C
§N°‘ more than ane output should be shorted at a time, and duration af the short-circuit should not exceed one second,
NOTE 2: with all outputs opan and 4.5 V applied to all data and clear inputs, o is measured after a3 momaentary ground, then a5 v, is

aspplisd to clock.

switching characteristics, Vcc =5V, Ta = 25°C

PARAMETER TEST CONDITIONS | MIN TYP MAX|UNIT
fmax Maximum clock frequency 75 110 MHz
Propagation delay time, low-t0-high-levet Q output from clear
LK %2 v on CL = 15 pF, 1 15 | ns
(SN545175, SN745175 only)
! - N - Ry =280,
PHL Propagation delay time, high-to-low-level Q output from clear Sea N 3 13 22 ns
Pt H Propagation dstay time, low-to-high-level output from clock e Note 8 12 ns
'PHLPropagation time, high-to-low-level output from clack 15 17 | ns
NOTE 3: Load circuit and voitage waveforms are shown on page 3-10.
TEXAS INSTRUMENTS
NCORPORATE 7-239
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TYPES SN54150, SN54151A, SN54152A, SN54LS151, SN54LS152, SN548159,
' SN74150, SN74151A, SN74LS151, SN74S151

DATA SELECTORS/MULTIPLEXERS

BULLETIN NO, DL-S 7611819, OECEMBER 1972-REVISED OCTOBEA 1974

—
SNS4150 ... 4 OR W PACKAGE
SN74150...J OR N PACKAGE
(TOP VIEW!
T —
e '150 Selects One-of-Sixteen Data Sources Qu14 ety oataseuer
. [ " [ ] 1) " w e . \
e Others Select One-of-Eight Data Sources Simimimiminininininiciny
o Performs Parallel-to-Serial Conversion i ]
o ~Permits Multiplexing from N Lines to T T 0 0t e O .
One Line
, . o .
e Also For Use as Boolean Function
Generator AR € 0 u © 40 s "
o Input-Clamping Diodes Simplify System
Design A H s s s wf1nn
e Fully Compatible with Most TTL and DTL NSRS NI NN N e
Circuits - G
positive logic: see function table
TYPICAL AVERAGE TYPICAL
TYPE PROPAGATION DELAY TIME  POWER SNE4151A, SN54LS151, SN54S151 ... 4 OR W PACKAGE

DATA INPUT TO W OUTPUT  DISSIPATION

‘150 1t ns 200 mW

‘1S1A 8ns 145 mW

‘152A 8ns 130 mW

‘LS151 11 ns 30 mW

‘LS152 11 ns 28 mW

T 's151 4.5ns 225 mW
description

These monolithic data selectors/multiplexers contain
full on-chip binary decoding. 1o select the desired data
source. The ‘150 selects one-of-sixteen data sources;
the ‘151A, ‘152A, 'LS151, "LS152, and "S151 select
one-of-eight data sources. The ‘150, ‘151A, ‘LS1561,
and 'S151 have a strobe input which must be at a low
logic level to enable these devices. A high level at the
strobe forces the W output high, and the Y output (as
applicable) low.

The ‘161A, ‘LS151, and ‘S151 festure complemen-
tary W and Y outputs whereas the ‘150, “1562A, and
‘L $152 have an inverted (W} output only.

The '151A and ‘152A incorporate address buffers
which have symmetrical propagation delay times
through the complementary paths. This reduces the

SN74151A...J OR N PACKAGE
SN74LS151,SN745151 ... J, N OR NS PACKAGE
(TOP VIEW)

oAra meuTs OATA SELECT

|

OAtA inryTS QutruTy

positive logic: see function table

SNS4152A, SN54LS162 , .. W PACKAGE

(TOP VIEW)
DATA NPUTS- OaTA SlLICT
ver $ [ 7 /a . N et
* wifol lal jnl Jel ] [
o or l
04 <
1] or i3 00

1 2 3 4 13 7
possibility of transients occurring at the output(s) NG R RV
due to changes made at the select inputs, even OaTA meuts

when the ‘151A outputs are enabled (i.e., strobe lowl. -
— positive logic: see function (ab:—/
{
P - {
P
e
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TYPES SN54150, SN54151A. SN64152A, SN541S151, SN54LS152, SN548151,
SN74150, SN74151A SN741S151, SN745151
DATA SELECTORS/MULTIPLEXERS

REVISED OCTOBER 1976

a—
ic . . .
log 150 "161A, "LS151, ‘5151 152A. L5152
FUNCTION TABLE FUNCTION TABLE FUNCTION TABLE
INPUTS oUTPUT INPUTS QUTPUTS SELECY oUTPUT
PU
SELECT  |STROBE SELECT |sTROBE| INPUTS
w cC 8 A s w
D C B A s cC 8 A
X X X X| H H X X X3 M LooH L L C] Do
L L L oLt (35} L Lt Lt oo 0o L L M| B
L L oL HL L ) L L Hp L o jOor o Lt H .L| .03
L L H L] oL 2 oML L (02 D2 L H H| &3
L L-HH{ L & L H H L (b3 D3 H L L | Da
L'H L L L o H L L [N D4 Ef H L H DS
L H L H| LU €5 H L Hf L 05 08 H H L | 08
LHH L L & H H L L 06 06 H H H 53
L HHH L & H H H L D7 07
H L L L L ] H = high leval, L = tow level, X = irrelevant
H L L H [ E—§ €0, E1,.. E1S = the complement ot the level of the respective E input
H L H L L E_l_é 00, 01 .'/(01 = the lavel of the D respective input
H L HH L g1 i
H H L LU L E12 1514, 'LS151, 'S151
H H L H L E13 St P -
H H H L L 3) 4= 2= .
H HHH L E15 e\ a=N) V. |
functional block diagrams s
150 J
[ o~ R —
dnem gt R e
P %
ot
A ol %3 —_
: ML
e s ko
s
- ‘1524, 'L$152
- (o N
e S - —
L. =
s . 1 N
- e R = e
. -
e N ]
o =2 . -
oo LI “w
P PR 1
L IR
. P
.t D E d.
= e [T ADDRESS BUFFERS FOR ‘151A, ‘1524  ADDRESS BUFFERS FOR "LS151. ‘S151, "LS152
e "'?f} fesare
x t—{ )——q ;———— ~
,\
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TYPES SN54150, SN54151A, SN54152A, SN74150, SN74151A
DATA SELECTORS/MULTIPLEXERS

REVISED OCTOBER 1976

absolute maximum ratings over operating free-air temperature range {unless otherwise noted) D
Supply voltage, Vo (see Note 1) PN e o v
Input voltage {seeNote2), . . . . . . . .-. . . . . .. . .. 88y
Operating free-air temperature range: SN54° Circuits e -55°C to 125°¢

SN74’ Circuits . .. . . - A 0°Co 0°¢
. Storage temperaturerange: . . . . . .. .. —65°C to 150°c
NOTES: 1, Voltage values ars with respect-to network ground urm‘fr‘nl.
2. For the ‘150, input voltages must be zara or positive with respect to netwark ground terminal.
recommended operating conditions !
SNS54* SN74°
MIN NOM MAX | MIN NOM MAX UNIT
Supply voltage, Vo 45 5 6.5 | 4.7% 5 5.25 v
High-tevel output current, gy " -800 -800
Low-level output current, Ig(_ - 16 16 | mA
Operating free-air temperature, T 55 125 o] 0| ‘¢

electrical characteristics over recommended operating free-air temperature range (unless otherwise no

ted) ‘:

' ‘150 ‘1581A, '152A
PARAMETER TEST CONDITIONS MIN_ TYPE MAX| MIN TYP? MAX UNIT
Vi High-level input voltage 2 2 V..
ViL Low-evel input vottage 0.8 08 v ;
Vik Input clamp voltage Vee = MIN,  f= -8 mA -1.5] V o}
Vou High-level output voitage sz::am‘ll" :,(;: : _2_;{;0 WA 24 34 24 34 v ;;
Vor ULow-level outputvoltage \\:::f-‘oMBI:‘I :IC;: : ?va;A 0.2 0.4 0.2 04| v ‘;
I Input current at maximum input voitage Vee = MAX, Vy=55V 1 1} mA
i High-level input current Vee = MAX, V=24V 40 40| wA
1 Lowlevel input current Vee » MAX, V=04V ~-1.6 ~1.6] mA
tog” Shortcircuit output current¥ Vee = MAX Nag yhRg 1l -5 mA } ;
SN74' | -18 --55{ --18 -55 ;
Ve - MAX, ‘150 40 68
Icc  Suopply cureent ‘151A 29 48
See Note 3
‘152A 26 43

Ea
tEor conditions shown ss MiN or MAX, use the sappropriste value specified under recommaended operating conditions for the applicable og

type.

LAl typical values ot Vee =5V, Ta= 25°C.
8§ Not mare than one output of the ‘1S1A should be shorted at a time.
NOTE 3: I 1s messured with the strobe and data select inputs a1 4.5 V, ‘ll other tnputs and outputs open.
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TYPES SN54150, SN54151A, SN54152A, SN74150, SN74151A
DATA SELECTORS/MULTIPLEXERS

REVISED DECEMBER 1980

switching characteristics, VcC =5V, TA = 25°C

TeR1 FROM TO TEST ‘150 ‘161A, "152A UNIT
PARAME {iNPUT) {ouTtePuT) CONOITIONS MIN TYP MAX | MIN TYP MAX
A,B,orC

tPLH or v 25 38 ns

tPHL (4 leveis) . 25 38
"L A,8,C orD W 23 35 17 26 as

PHL {3 levels) < 22 33 19
Lt * 71 33

PLH Strobe Y CL = 150F, - ns

o ’ A =404, 155 24 ' 14 21

PLn Strobe w Ses Nots 4 - ns

tPHL 21 30 15 23
e 13 20
| PtH ] powwor v as

tPHL 18 27
|

tPLH €O thru E 1S, or W 8.5 14 8 14 o8
" ®HL 00 thru D7 13 20 8§ 14
—
“PLN & propagation delay time, low-to-high-level autput ’/'

oL ¥ propsgation delay time, high-to-low-level autput [
NOTE 4: Losd circuit and voltage waveforms are shown on page 3-1Q.
schematics of inputs and outputs
EQUIVALENT OF EACH INPUT EQUIVALENT OF EACH INPUT
OF 150 OF "1S1A, "152A
" vee —— Vee -
4%kl NOM 4 k0 NOM
) INPUT =7 INPUT —T
5 .
TYPICAL OF ALL OUTPUTS
OF ‘150, “151A4, ‘152A N
B
v n Vee
130 2 NOM
¢
ouTPUT
:'4_ - :
TEXAS INSTRUMENTS

NCOHPORATED
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TYPES SN54LS151, SN54LS152, SN74LS151
DATA SELECTORS/MULTIPLEXERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Ve (seeNote 1} . . . . . . . . . . .. .. . . v
inputvoltage . . . . . . . . e e e e e e e e e e e .. . v

Operating free-air temperature range: SNS4LS’ Circuits PR

Storage temperature range . , .

SN74LS’ Circuits . . . .

P

»

NOTE 1: Voltage values are with respect 10 network ground terminal.

7
recommended operating conditions

-55°C to 125°¢

. .. 0°Crw70°C
. -65°Cto 150°C

SNS4LS’

SN74LS’

MIN NOM MAX | MIN NOM MAX uNIT
Supoly voltage, Vog 45 5 65 (475 5 526 ( Vv |
High-level output current, 1oy -400 —400 | uA |
Low-level output current, 1o 4 8 | mA
Operating free-air temperature, Ta —55 125 V] 70 | *c |

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SNSALS® SN74LS’
PARAMETER TEST CONDITIONS? UNIT
MIN TYPE MAX | MIN TYPI MAX
ViH High-level input voltage 2 2
Vit Lowlevel input voltage 0.7 08! v
Vik~ Input clamp voltage Ve = MIN, ) = —18 mA -1.5 -15| v
Vee = MIN, ViH=2V,
VoH High-levet output voitage 2.5 34 2.7 3.4 \
Vig = Vi max, {gn = —400 sA
Vg = MIN, ViH=2V., i =4 mA 0.25 0.4 A K
Vor Low-level output voitage CC JH ol . 2 425 04 v
Vi = V) max oL =8mA 035 0.5
input current at
i . . Ve = MAX, V=71V 0.1 0.1 | mA
maximum input voltage
)4 High-level input current Vec=MAX, V=27V 20 20| uA
1j.  Lowlevel input current Vee=MAX, V=04V -0.4 =0.4 | mA
lgg Shortcircuit output current ¥ Vee = MAX ~20 ~100 | -20 -100 | mA
\ Suool Vee = MAX, Outputs open, ‘LS151 6.0 10 6.0 10 mA
CC  Supely current® All inputs at 4,5V L5152 56 3

TEor canditions shown as MIN or MAX, use the appropriate vatue specified under recommaended aperating conditions for the applicable devics

type.

Al typical values are at Vee=5V.Ta = 25°C. KY

§Not more than one output should be shorted at a time and duration of short-circuit should not exceed one second.

-

AN
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TYPES SN54LS151, SN54LS152, SN74LS151
DATA SELECTORS/MULTIPLEXERS

ap—

switching characteristics, Vec =5 V, Tp = 26°C

FROM TO SNS4LS’, SN74LS’
r—-——;_ARAMETER‘ * TEST CONDITIONS UNIT
(INPUT) (OUTPUT) MIN  TYP MAX
PLH A, 8 o C . 27 43 E
| e —— A 4 ng
PHL (4 levals) 18 30
T tpus A B orC w - 14 23 .
L —— n:
PHL {3 tevals) 20 32
| e
t 26 42
PLH Strobe . . Y CL = 1S pF, = - ns
PHL . Al =2k 20 32
T LM L : 15 24
] Strobe w See Nots 5 ns
tPHL 18 30
s
’ 20 32
PLH Any D - Y ns
PHL 16 26
t 13 0
PLH Any O w - ns
PHL 12 20
— -
< LM E Propagation delay time, low-to-high-level output "/

tpry ® Propagation delay tima, high-ta-tow-level output
NOTE 5: See load cireuin and waveforms on page 3-1%,

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
OF “LS151, ‘L5152 OF °LS151, ‘LS152
: B PP — Vce
; 120 2 NOM 3
Ve —m———— s
! L
< Req
INPUT y 4
ouTPUT
Data salact and strobe: Agq - 20 %I NOM )
Data inputs: Rgq = 17 kI NOM .
é
o .
[y
TEXAS INSTRUMENTS
INCORPORATED . 1-143
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TYPES SN545151, SN743151
DATA SELECTORS/MULTIPLEXERS

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, V¢ (see Note 1)

inputvoltage . . .

Operating free-air temperature range aN54S151 Circuits

Storage temperature range

NOTE 1:

-recommended operating conditions

’

SN745151 Circuits

P
[EaN

«
Voitage values are with respect 10 network ground terminsi.

LTV
. 55y

P -—55010125(;

0°C 10 70°C
—65°C to 150°¢

SN545151 SN745151
i nom Max | min_nommax | N7
Supply voitage, Voi 4.5 5 5.5 | 4.75 § 625 v
High-level output current, loH -1 -1 mA
Lowtevel output current, 1oy 20 20 | mA
Operating free-air temperature, T4 —55 125 ¢] 0| °¢C
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

* PARAMETER TEST CONDITIONS? MIN TYP$" MAX | UNIT
ViH High-level input voltage 2 v
VL Low-level input voltage 08| V
ViK Input clamp voltage Voo = MIN, 1= ~18mA -1.2 v

. Voo =MIN, Vipg=2V, SN54S* 25 34
Vor  HighieElBuipyueite’ Vi =08V, Ion=~1mA SN74s’ 27 34 v
Vec=MIN, Vig=2V,
Vou Low-ievel output voltage 0S5} Vv
Vi =08V, lor=20mA
1y Input current at maximum input voltage Vee * MAX, Vi=S55V 1| mA
W High-level input current Vee = MAX, V=27V 50| wA
e Low-level input current Vee = MAX, V=085V —2] mA
10s Short-circuit output currentd Veg = MAX —40 -100 [ mA
icc Supply current B B 4s 70| mA
All outputs open
TEor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating itions for the licable device
..
i:': typical values are st Voo =SV, Ta = 25°C.
Not more than one output should be shorted at a time, and duration of the short- circuit should not exceed one second.
\

e
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"TYPES SN54S151, SN74S151

DATA SELECTORS/MULTIPLEXERS

P

switching characteristics, Vcc =5 V, Ta =25°C

FROM ) SN545151, SN745151
PARAMETERY TEST CONDITIONS UNIT
{(iNPuUT) 40u‘rgu‘r) MIN TYP MAX
tpLH A B orC 12 18
Y ns
tPHL {4 teveis) 12 18
’_—'—7 .
tPLH A,8,0rC 10 15 |-
| w —{ ns
PHL (3 levels) 9 135
| —
% 8 12
PLH Any D Y CL = 15pF, ns
PHL 8 12
| R =280 Q,
PLH . 4.5 7
] Any O w See Note 4 ns
PHL X 4.5 7
.
1 1 16.5
PLH Strobe Y ns
PHL . 12 18
! 9 13
PLH Strabe cw ot
tPHL N 85 12
Spm = Propagation delay time, low-to-high-tevel output
oL ® Propagation detay time, high-to-low-level output
NOTE 4: See load circuits and waveforms on page 3-10. ’
schematics of inputs and outputs
EQUIVALENT OF EACH INPUT TYPICAL OF ALL CUTPUTS
OF ‘S151 OF ‘S161
V7 Vee
‘i
Vee .————1;——— N 50 1 NOM ::
‘l
$2.8 k{2 NOM =
INPUT L !
3 OUTPUT

AAA

-

.

TEXASl INSTRUMENTS -
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il TYPES SN5430A, SN5492A, SN5493A, SN54190,SN54193,
SN541S30, SN54LS92, SN541593, SN7490A, SN7492A, SN7493A,

Msi SN741S90, SN741392, SN741S93
DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS

BULLETIN NO, DL-S 7611807, MARCH 1974—-REVISED OCTOBER 197¢

SNS4°, SNS4LS’...J OR W PACKAGE

‘90A, ‘L90, ‘L.S90 ... DECADE COUNTERS SNS4L’...J OR T PACKAGE .
SN74°...J OR N PACKAGE :
‘92A, 'LS92...DIVIDE-BY-TWELVE SN74LS’...J, N OR NS PACKAGE
COUNTERS ‘90A, "L90, "LS90 {TOP VIEW)
‘93A, ‘L93, ‘LS93... 4-BIT BINARY
COUNTERS -
TYPES TYPICAL
POWER DISSIPATION
‘90A 145 mW
‘L90 20 mW
‘LS90 ) 45 mW LT Qn W Ve ewu A
'92A, ‘93A T 130 mW
‘L592, 'LS93 45 mW positive logic: see function tables
3 I ‘924, LS92, (TOP VIEW)
.. TV e G G o o o
description inininsninSnint
Each of these monolithic counters contains four JA % C3
master-siave flip-flops and additional gating to Ld- ao— P
provide a divide-by-two counter and a three-stage —te [P
binary counter for which the count cycie length is ]
divide-by-five for the ‘G0A, ‘L90, and ‘LSS0, ]
divide-by-six for the ‘G2A and ‘LS92, and BREIRRINEIRRIRA .:
. B s ~e ~C ~ vy "
divide-by-eight for the "93A, ‘L93, and ‘LS93. . 2 B

positive logic: see function tables

All of these counters have a gated zero reset and the

‘GOA, ‘L90, and ‘LSS0 also have gated set-to-nine ‘934, ‘LS93 {TOP VIEW)
inputs for use in BCD nine's complement A et s 05 Al
applications. wlfn ‘f rlx © : 3
To use their maximum coum'length {decade, divide- 9 Ca ‘L J
by-twelve, or four-bit binary) of these counters, the 8 oF o
input is connected to the Qa output. The input e

count pulses are applied to input A and the outputs Son fan

are as described in the appropriate function table. A 1 L

1 1 3 L} $ L} H

symmetrical divide-by-ten count can be obtained i el e < =
3

from the °‘S0A, °‘L90, or ‘LSS0 counters by
connecting the Qp output to the A input and positive logic: see function tables
applying the input count ta the 8 input which gives a ~ '
divide-by-ten square wave at output Qa.

'L93 (TOP VIEW)

|

Age Ama W wee E3 3

positive logic: see function tables

NC - No internal connection

TexAas INSTRUMENTS

INCOAPORATED
7-54 AOST OFFICE GOK 3012 + OALLAS, TEXAS 73222



TYPES SN5490A, '92A, '93A, SN54190, 'L93, SN54LS30, 1S92, ‘LS93,

SN7490A, '92A, ‘93A, SN741S90, ‘LS92, ‘LS93
DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS

‘90A, *L90, ‘LS90

‘90A, ‘L90, ‘LSS0

o

8CD COUNT SEQUENCE 81.QUINARY {$-2} ‘92A, ‘LS92 “93A, 'L93, ‘LSI3
(See Nate A} {See Note 8 COUNT SEQUENCE COUNT SEQUENCE
COUNT ouTruT COUNT oureur {See Note C) {Ses Note C)
Qp O¢ Qe Qa Qa Qp Q¢ Qs N QUTPUT ouTPUT
) C L t L ) [ coun %o Oc Oa Oa COUNT reryarvary
' [ ] 1 L Lt H o 1t L v U oL T L L
2 L L ¥ L 2 L L oL 1 t oL oL 1 t L L H
3 Lt L H H 3 L L H :4 Mooe L L H Ot 2 L L H L
4 L H Lt 4 LWLt 3 Lt L H H 3 L L H H
Ll s fromoeom AN L L . P R « Ju om Lot
6 L H H L 6 H ¥ L N 5 Lo M 5 L OH L OH
7 L H OH R T (M oL oH oL 6 |H'uL UL v 6 L H W L
8 H ot L L 8 H t H H 7 H L L M 1 L H OHOH
9 H L L H 9 H M L L 8 H X L H i 8 H L L L
9 IH L H H 9 [H L L M
‘80A, °L90, ‘LS90 10 H O H L L 10 H oL OH L
RESET/COUNT FUNCTION TABLE " e u WL M H
RESET INPUTS QuTPUT
12 H H L L
Rotn Rot21 Rarnt Rorai| do Gc 9 Oa . 13 lw om oL oW
Gl C] [ X JL L L L . y " oM om L
H H x [T T T N
X b3 H H H L L H 15 H H H H
x L x L COUNT
L x L x Lot ‘924, 1592, ‘934, L93, °LS93 )
. < x . AN RESET/COUNT EUNCTION TABLE
. . . M COUNT RESET INPUTS QuTPUT
Ro(y  Roizi { G0 Oc Q8 Qa
1] [r] C L L
NOTES: A, Output Qp is connected to input 8 for BCO count. "
B. Output Qg is connected to input A for bi-quinary L X EOURT
count, X L COUNT
C., Output Qp is connected 10 input B.
0. H = high level, L = low level, X = irralevant
functional block diagrams
‘30A, °L90, ‘LS90 ‘92A, ‘LS92 ‘93A, ‘L93, ‘LS93
Rogz) AL
P S P 93a1{"L931
eyt A 1141 cx GE y
& weyt A 14 lozia) g,
INPUT A
!i, A IRECIE i
INPUT B tn CK 5 Q ;‘l‘.’o
8
< weyr g ! cx PP RTINS
g weyrg L8 L bk
X N
P R
i8) s ol
) Jc:“ G HCK o PR BLLITRLIYORS
K K g cK
i K
; a (11) 12]00
s afeM gp - cx
oK Ro(1) szLD’" " x
a ol Ro(2) N0(1)EJ',-‘EED°_
Aoy 2 Ro(2
Rogz) 42 &~ -

[N

T . .
he J ang K inputs shown without connection are for reference only and are functionally at s high level,

TEXAS lNSTRUM ENTS
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TYPES SN5490A, ‘92A, '93A, SN54190, ‘193, SN541LS90, ‘1892, LS33,
SN7490A, ‘92A, ‘93A; SN741S90, 'LS92, ‘LS93

DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS

REVISED AUGUST 1977

schematics of inputs and outputs

‘S0A, "92A, '93A

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS

Vec
- Vee
100 2 NOM
INPUT —
ouTPUT

INPUT Req NOM

A 2.5 k2

8 ('90A, '92A}  1.25kf2

8 {'93A) 2.5 k2

All resets 6 kS

‘190, 'L93
EQUIVALENT OF EACH INPUT EQUIVALENT OF A AND B TYPICAL OF ALL QUTPUTS
EXCEPT A AND B OF L33 INPUTS OF “L93
\'Z - \'4
cC - cc
a 500 2 NOM -
oq
INPUT four v
QUTPUT
INFUT Req NOM
A ('L90} 13.3 k02
8 (‘L90) 6.67 k1
All resets 40 1

‘LS90, 'L.592, ‘LS93

EQUIVALENT OF EACH RESET INPUT | EQUIVALENT OF A AND B INPUTS TYPICAL OF ALL QUTPUTS
—_——— —s—Vee
Vee =< 120 2 NOM
20 kSl NOM [
- N
INPUT gt -
QUTPUT
9 b 4 -
b 4
”r
& NOMINAL VALUES
INPUT A1 R2 A3
A 100 10kl 10kS1
8 (*L.S90, 'LS92) 6.7 kS 6.7.kn 5 k2
8 {'LS93) 15k 15k 10kN
-
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TYPES SN5490A, SN5492A, SN5493A, SN7430A, SN7492A, SN7493A
DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS

—

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

NOTES: 1.

Supply voltage, VEc {see Note 1)

input voltage . .

.Interemitter voltage (see Note 2)

Operating free-air temperature range: SN5490A, SN5492A SN5493A
SN7490A, SN7492A, SN7493A

Storage temperature range

Voltage yalues, excapt interemitter volugn are with rnpect k-3 nuwork ground terrmunal,

A"
55V
55V

—55°C to 126°C
. 0°C 0 70°C
—65°C 10 150°C

2. This is the voltage betweean two emitters ‘of a multiple-emitter transistor, For these circuits, this nnng applies betwean the two Rg

inputs, and for the ‘90A circuit, it also applies between the two Rg inputs,

recommended operating conditions

SNS430A, SN5492A

SN7490A, SN7492A

SN5493A SN7493A UNIT
MIN NOM MAX | MIN NOM MAX
Supply voitage, Voo 4.5 5 5.5 | 4.75 5 525 v
High-level output current, 10y 7/ -800 —800 | uA
Low-level output current, Iy 16 16 mA
Count frequency, feoune {see Figure 1} ol = aad s 32 MHz
8 input 0 16 4] 16 .
A input 15 15
Pulse width, ty, B input 30 30 ns
Reset inputs 15 15
Reset inactive-state setup time, tg, 25 25 ns
Operating free-air.temperature, T4 —-55 125 0 70 | °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONST s — 234 UNIT
MIN  TYP! MAX { MIN TYP? MAX | MIN TYPl mAX
ViH High-level input voitage 2 2 2 \
Vi Lowlevel input voltage 0.8 0.8 0.8 v
Vik  Input clamp voltage Vee = MIN, I =~12mA -15 -1.5 -15]| Vv
Ve = MIN, V=2V,
VOH High-level output voltage | * €C 1H 24 34 24 34 24 34 v
Vi = 0.8V, gy = ~800 uA
Vee*MIN, Vig=2V,
VoL Low-tevel output voltage ?C tH 0.2 0.4 0.2 0.4 0.2 04| V
ViL =08V, 1oL =16 mAl
Input current at
] . . Vee = MAX, V=SS5V 1 1 1] mA
maximum input voltage .
. Any reset 40 40 40 |\
High-levet
LT - Ainput | Voo = MAX, V=24V 80 | ~ 80 80| uA
nput current
B input 120 120 80
Any reset -1.6 ~1.6 -1.6
Low-level
hy Alinput | Voo =MAX, V=04V -32 -3.2 ~3.2 | mA
input current
8 input —-4.8 —438 -3.2
los Short-circuit v MAX SNS4* | —20 -57 | =20 -57 | -20 -57 A
a m,
output current § cc SN74° | —18 —57 | —18 ~57 | —18 —57
IcC  Supply current Vee = MAX, See Note 3 29 42 26 39 26 39| mA

t
For conditions shown as MIN or MAX, use lhc appropriate value specified under recommended operating conditions.

YAt typical vaiues are at Vee=5V.Ta=25°C.

Not more than one output should be shorted at a time.

Q4 outputs are tested at oL ™ 16 MA plus the limit value for Iy for the 8 input. This p-rmnu driving the B8 -nnul while maintaining fuil
fan-out capabulity,

NOTE 3:

groundad.

teg is measurad with alt outputs open, both Rg inputs grounded 1

tary

tion 10 4.5 V, and all other inputs

TEXAS INSTRUM ENTS
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TYPES SN5490A, SN5492A, SN5493A, SN7490A, SN7492A, SN7493A

DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS

REVISED OCTOBER 1976

switching characteristics, Vgc =5V, TA = 25°C

. FROM TO ‘S0A "92A 93A
PARAMETERY TEST CONDITIONS uNIT
(INPUT) {QUTPUT) Y MIN TYP MAX|{MIN TYP MAX|MIN TYP MAX
¢ A . Qa 32 42 32 42 32 42 MH
Tomax 8 Qg < 16 1% - 16 : z
PLH 10 16 100 16 10 16
A Qa ns
PHL 12 18 12 18 12 18
T
¢ 32 48 32 48 46 70
PLH A Qp ns
PHL, 34 S0 34 80 46 70
tpLH Cy = 15pF, 10 16 10 16 10 16
8 Qg ns
PHYL, R =400 Q, 14 21 14 21 14 1
tpILH See Figure 1 21 32 10 16 21 32
8 Q¢ ns
tPHL 23 35 14 219 23 35
tPLH 21 32 21 32 4 5
B Qp ns
tPHL 23 35 23 35 34 51
PHL Set-to-0 Any 26 40 26 40 26 40 ns
% Qa, Q 20 30
PLH Set-t0-9 L) ns
PHL Qg. Q¢ 26 40
-
1(,““ = maximum count frequency
tpL & propagation delay time, low-to-high-level output
topy = propagetion delay time, high-to-low-level cutput
.
N
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TYPES SN54190, SN54193
DECADE AND BINARY COUNTERS

ammms—

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Ve (see Note 4) S T - A
input voltage (see Note 5} . . . . . . . I 1)
Operating free-air temperature range: SN54L90 SN54L93 e e e . ... ...~ .... -58'Cto125°C
StOrage temperature 1ange . . . . . . .+ . . . e s« 4 4 e e 4 4w . . . .. ... —65Cto150°C

NOTES: 4. Voltage values are with respect to network ground terminal.
5. Input voltages must be zero or positive with respect 1o network ground terminal,

recommended operating conditions

. SN54L90, SN54L93
UNIT
MIN NOM MAX
Supely voltage, Ve 45 5 8.5 v
Count frequency, feount 0 3 | MHz
W output current, 1oy —100 | uA
Low-lavel output current, 10 b 2| mA
mof input count pulse, tw(count) 2 200 ns
[ Width of reset pulse, ty{reset) 7 200 ns
Operating free-air temperature, Tp ~585 126 | °c
L
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
‘LSO ‘L93
PARAMETER TEST CONDITIONS? Mo Bror—ah A S MAX uNIT
Vi High-level input voitage 2 - 2 v
ViL Lowlevel input voltage 0.7 0.7 \"
Vou  High-level output voltage SNS4L’ z::::oM;T/ :g: [ :Axx 24 33 24 33 v
VoL Lowlevel autput voltage SNs4L’ :?f_':;':‘/ ‘I'(')': . ;:x < 015 03 015 03| Vv
Input current at Any reset input 100 100
1y maximum input voltage A input Voo =MAX, V=55V 300 200{ pA
B input 600 200
High-level input Any reset input ; 10 | 10
L' A input Voo " MAX, V=24V 30 20| pA
current
8 input 60 20
Lowslevel input Aany reset input -0.18 -0.18
U rrent A input Vee =MAX, Vi=03V —0.54 -0.36 | mA
8 input —1.08 —0.36
Igs _ Short-circuit output current§ Veg = MAX -3 ~-15] -3 ~15{ mA
| Supply current Voo = MAX, See Note 3 4 . 712 3.2 6.6| mA
tror conditions shown as MIN or MAX, use !hc sppropriste value specified under recommended operating conditions, A
LAl typical values are st Vee =5V, Ta=25°C. N

Not more than one output should be shorted at a time.
10A OuUtputs are tested at oL " MAX plus the limit velue for I"_ for the 8 input. This permits driving the 8 input white maintaining full
fan-out capability.
NOTE 3: iee is messursd with sl outputs open, both Rq inputs grounded following momantary cannection to 4.5 V and all other inputs
grounded.

switching characteristics, Vcc =5V, Ta = 25°C

I3

B ‘La3
PARAMETER TEST CONDITIONS L90 LS UNIT
MIN  TYP MAX| MIN TYP MAX

Maximum count frequency 3 6 3 6 MHz

Propagation delay time, low-to-high-levet Qg

230 340 280 450) ns
output from input A C =50pF, R =4kq,

Propagation detay time, highato-low-level O See Figure 1
gation defay time, highet o a 230 340] * 280 450} s

output from input A

TEXAS lNSTRUM ENTS

RPORATED 1-5
POST OFFICE BOX 3012 + DALLAS, TEXAS 73222 3
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SGL4020AB

CMOS
14-STAGE BINARY COUNTER

FEATURES

4 14 Fully Static Stages

¢ Buffered Outputs Available from 12 Stages
¢ Common Reset Line

4 8MHz Counting Rate @ 10Vdc

¢ All Inputs Buffered

DESCRIPTION

The SCL4020AB consists of 14 ripple-carry
binary counter stages with appropriate input buf-
fers and reset circuitry. Buffered outputs are ex-
ternally available from stages 1, and 4 through 14.
The counter is reset to its “all zeroes’ state by a
high level on the Reset input. The counter is ad-
vanced one count on the negative-going transition
of each input pulse. Isolation from external noise
and the effects of loading is provided by output
buffering.

Applications include time delay circuits,
counter controls, and frequency-dividing circuits.

CONNECTION DIAGRAM
{all packages)

Vpp Q11Q10 a8 Q3 R CL Q1
1 |1 ] | 1

16 15 14 13 12 11 10 9
SCL4020A8B

1 2 3 4 S5 6 7 8

1 LR 1 1 1

Q12 Q13 Q14 Q6 Q5 Q7 Q4 Vgg

Add suffix for package:

C 16-pin Cerdip
D  16-pin Ceramic
E 16-pin Epoxy
F  16-pin Flat

H Chip

For maximum reliability:

RECOMMENDED OPERATING CONDITIONS

DC Supply Voltage VpD - Vss 3t015 Vde
TRUTH TABLE Operating Temperature Ta
C, D, F, H Device 55 t0 +126 ©C
CLOCK RESET QUTPUT STATE E Device 40 10 485 OC
- 0 No Change
Ad t T
x 0 van;:teo nex
X 1 All Qutputs are fow
X = Don‘t Care
LOGIC DIAGRAM
CL% cT‘(’I °.('I 05‘“0‘“,97 lo. !Im-laoglﬂml °‘Zill o'zl! 0‘:”
rrrTT

" res veau re ey

)
>
7]

&

o

1

|

Q94



SCL4020AB

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

2 3 2
PARAMETER Voo | conprTions | TLOW BC THIGH” | ynies
(vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE CURRENT}Igp 5 (Vin=VgsorVpp| — 5 ~ | 005 1) - 150 |uAdc
10 |AN valid input - 10 - |01 10 - | 300 .
- 15 |combinations - 15. - 0.2 20 - 600
OUTPUT HIGH (SOURCE) lou
CURRENT
C, D, F, H device 5 |Vou =4.6V -0,15 - |-0.12 |-05 - [-0.08 ~ imAdc
10 (Vo =9.5V -0.37 - |-03 [-1.16 - |-0.21 -
15 [Vow = 13.5V -125| - -10 (45 - |-0.69 -
Vin=Vss of Vpp
E device 5 Vou =4.6V -0.141 -~ [-0.12 {-05 - {-0.10 — |mAdc
10 [Vouy =9.5V 035 - |03 |]-1.15 - 1-0.25 -
15 [Vou = 13.5V -1.2 - |-10 |45 - |[-0.85 -
Vin=Vss of Voo
QUTPUT LOW (SINK) loL
CURRENT
C, D, F, H device S (VoL =0.4V 0.15| - (0.12] 05 ~ | 0.08 — JmAdc
10 |VoL =05V 037 - 03 1.0 - o2 -
15 VoL = 1.5V 125 | - 1.0 5.8 - | 0.69 -
Vin=Vss of Vpo
E device 5 VoL =04V 0141 - |02 |05 - | 0.10 {*- = imAdc
10 Vo =0.5V 035 - |03 1.0 - {025 -
15 Voo = 1.5V 1.2 - 1.0 5.8 - | 085 —
Vin=Vss or Vpp
NOTES: ! Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications”.
? T ow =-55°C for C, D, F, H device.
= ~40°C for £ device.
Tuign = +126°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C{ =50pF, T, = 25°C)
Voo 4 .
PARAMETER l vaa) { Min. I Typ. l Max. ] Units
CLOCKED OPERATION
PROPAGATION DELAY TIME
Clock 10 Q1 teL iy tPHL 5 - 200 400 ns
10 - 100 200
15 - 80 160
Q;10Qy +1 oL tPL 5 - 150 300 ns
10 - 75 150
15 — 60 120 .
OQUTPUT TRANSITION TIME Trim. trme, 5 N 180 360 ns
10 - 90 180
15 - 65 130
MINIMUM CLOCK PULSE WIDTH PWeL 5 - 100 200 ns
10 - 50 100
15 - 40 80
MAXIMUM CLOCK FREQUENCY feL 5 20 4.0 - MHz
10 4.0 8 -
15 5 10 —
MAXIMUM CLOCK RISE AND FALL TIME teeL. treu 5 15 - - us
10 15 - -
15 5 = -
RESET OPERATION
PROPAGATION DELAY TIME P 5 - 300 600 ns
10 - 150 300
15 - 120 240
MINIMUM RESET PULSE WIDTH PWg 5 - 150 300 ns
10 - 75 150
15 - 60 120
RESET REMOVAL TIME Lron 5 - 250 500 ns
10 - 125 250
15 — 100 200
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SCL4020AB

Vos, DRAIN VOLTAGE (Vdc)
-20 -8 -16 -14 12 10 8 6 -4 -2 O
. ] g
vcs1=— 5 Vdc -fo g £
Vos == 10 Ve 15 2 Z ., Vos = 18 Ve
= < P
| ] 20 = £ 10
Ves =—15 Vdc -25 3 z 8 y, Vs = 10 Vde
& z 6 "
= © -4 i
3 ey o = 5 VAC T,=25C
= 95° K 1 1 i 1 1
D 0 2 4 6 8 10 12 14 16 18 20
Vi, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
TIMING DIAGRAM
16 3z G4 133256 512 1024 2048 4096 8192 16,384

1 2 4 8
cleer LU TUT LT

Hesat

a1 — J U Te="TA 1 WYL.BZI/

Q4

Qs

a1t

Q12

Q3

1

L RS I S RS ce U B 5 O I B A I O R

!

ol =1 L LT
i o PR e 2 WA AW e Da Ny | PNSL._ 1 Y L

77 A\ =AQUE." RSy a7 IO RE_R L1\

N GLAR 'BLIY PNt WL a1 N

f NN (Al - N (-l L )

AA LA b 14y s B

| il ————= I ¥ a Y .

oy DNl VW EE

M A S

I W AW & I

[T WK _

| R U

TYPICAL bOUNTE R STAGE
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GTT usSdn ann o1na
- ETT CO.. LID.

DOT MATRIX LCD MODULE

qun1tﬁuﬂ=3_“mmz‘lm"zwmawaﬁ‘:ua='lﬁ’ Lep 1AocThadauTy bidase tha A3aaian
VEDIO, m’;aqthmanms, méaaﬁaﬁaqud'wq. (a3aenaiiataad LI MDRRL
DOT MATRIX LCD HODULE iioanl§ifhnndet :-

1. CHARACTER LCD MODULE

2. GRAPHIC LCD MODULE

3. SEGMENT DISPLSY TYPE LCD MODULEL

Tarhuaamumniiaeidnatrznan barms 1 G

1. DOT MATRIX LCD  tihéjudeswa bt Tanetinghdineazntideuaz Ja

- - c= - [ a
A AINULFINAD ﬁwnmmﬁtmamzanv*x13uan

2. DRIVER  ihdadulnanndraaumuniiedn LoD Snthais Tasi iua s
fipnlils LCD MODULE «du  HD44100H, MSM5259

3. OCONTROLLER zfnﬁﬁ'v‘ﬁaga=nnqﬂmﬁ’rmzruammaz’iamm’mqu LCD
MODULE Wmanudaswadinity  aasausaniu, naainedadnes, (hée  Tash
et 1c monl¥fme mpasts0  FeweWlwiin CHARACTER LCD MODULE i
dwlwi  1wed IC HDE1830 3¢ lflwuim GRAPHIC LCD MODULE

. TunasRmmaieias e LoD HODULE iashildi 3asenianing Taawnn
e i lalud sy CONTROLLER 18t UavwauswasTasuan LcD MODULE
uRAzyIEmE= 1380 CONTROLLER  momsnanamnemeviiauniu et lminas e Lep
MODULE u&axmmaitunuinemIaiwawustiiefindinaiminenaun doafufios  1C
fﬁ'wumn?ﬁfaéiwﬁ-:ﬁsfm CONTROLLER LCD fina \ua’ HDa4780 Tauzmuum-s

e - ~ = ar .\ -~ ‘. “w
n‘Nmmaemﬂalf‘nm‘\mg'm'lmu CONTROLLER LCD alauqans

m4areo  iiulad Ls1 &ndivianmu Lop Tazusasua luzuiadnenida

-~ < - e 3 .
Fodnpadvnditing avduanaa Weney 2 BIT wia & BIT e lesfinseauiny
4 BIT aweplWawit DB7T-DB2



Block diagram of HD44780 interior

Veg ——

- " Ccu
Address Timing generation 3 *
i) —e— e
GNO——s counter (AC) circuit cL,
0SC,—~—— & — = y “
0SC,—» =l |. 1 ? } !
FEIRE D B =1
HeE — -
DRECIE oo | |1 [ ] [
RS ———— - RAM { £ % = 16
RIW . - (D0 RAM) Ldostcds oo o COM, ~COM,,
s L 80x8 bits -3 £ .
3 S ~|e¢€ £3
4 3 P * § [
08,~08,~—— 0 ls | &l 4 y £5
T Py O v~ =0
4 < 8} }7 8} 2=
08, ~ DB, oy & 4 4 f 5
A ;~_; b 4 (&) 8 -
1% Character Charscter z £
generator generator W, ©140 | 40
! RAOM RAOM I s YT SEG, ~SEG,,
5 (CG RAM) CGRamI |l | |2§ £
S12 bics 7200 bits L L &2
40 @D
v, — 4
Power woply |y ] S s ’ |
for liquid
crysual i x’ > ll v l
display drive e Paraitet/serial Gots conversion -
Vi clreuit 40-brt shitt register 1—-—-——» D
(Pecotle) Geta — sarlel cata) 1

xa M 2 €A 3 % L k) .2 \\:
(Nl legTasan T InnaNy HDA4TE0 asnmf}uﬁaga 3 BIT W kawToyanasaaund
v
lf}uﬁaz'm 4 BIT a9
RS

R/\V'“-/

1

|

08 Z2ZK_Y R X TR, XK X XA Ao TN
D8 ZzX VR X 8 XX e X XXX ory e w ]
LAY/ 274 LIS SN, 77777 G111 XD A G R

08, 222X 1R X\ Re XXX X0 e AT T

. Instructial IR} write Bay fay (BF) and Dnw regiswer (DR) ress
socress counser (AC) reed

4-bit dats transier exampie

R/W-*/ L__
' : _/—_m /N

ln&rmi—*.} Inernul wperatan l !
No
O8- 2L Davs K77 sy 222 o N2 B 72X v Y7
Lt vt v E Busy fiag cteer s | B fang ctuns i Sy fag crea Instruction wene .

i i !

Example of busy flag check timing sequence 2



$1a819n1IRe IFe ANy ET-BOARD V3.0

T L G0 HDH
32000 e e
-2y Pay E——35l
=7 C Paz p—a——
i Fas 3t 11
sS40 FAS rwg T=
aid os pog biz —
—&a e PARE =¥ =
— o7 PAT =t
= L€ 2
F eceo & =
=Ll rei 125 £
—d Q0 PBZ ¥
=Rk o4 22
21 RESET ga &£
—£4 T FBS M3
PES6 —g?-
PET HEE—
£es it
31
3
pC2 e
pez M-
pCa p=3i—
pée i
. P."G —t—
H PCT D&—
i i
F3%%
S2EE £7 BOARD VE.C

) 1 o~ [ -~ . X
Aana9ai tinntaa 8255 Winialiffu Lop  Tagi1iazinaavEgywan N

Tesn5 ¥ PORT A uas PORT B

B s Thenoaauen Ll

mar7t Jude Wilawlit HpaaTeo & Easfinnn3 RESET ¢t asTagaslifiaan

drzu

96 PORT A tast37litiiu DATA PORT uaz PORT

10 ms i3kl VDD T4 4.5 VOLT u@? Tagar SET #atpadial -
DISPLAY CLEAR

1.

[a5]

e

FUNCTION SET

DISPLAY

ON/OFF

aennsaviauaasnv LCD
L

Tagax SET @nglu
DL = 1 : tilunte SET Winns@emauwy 8 BIT
=0 : SET (i 1 uTihennIudasua

=0 : 5% DOT eawiaainyi

D =0 : DISFLAY OFF
C =0 : CURSOR OFF
B =0 : BLINK OFF



4. ENTRY MODE SET

1D

n
[y
.

S =0 : NO SHIFT

41 (1wuAY COUNTER T4 1)

- - - . ve voose S ve = o -
lua\1'“73“39iﬂ7a\iﬂ'l\lmam?b’ﬂa\iaﬂ'\ﬁ\,ﬂ’]mu.lml'nﬂ'n*’m\)ﬂ'\'r\q
[

( Power ON )

Wait more than 1S ms
sfter Vpp rises 10 4.5V

RS R/W DB: DB¢ D8s DB. DB: DB: DB« DBs
[} [ I ] [ 1 1 x r x X

Wait more than 4.1 ms

[ BF caanot be checked before this instruction. ]

Functioa set (interface is 8 bits long)

RS R/W DBs DBs DBs DB. DBsy DB: DB) DBe
¢ ¢ 0 0 1- 1 x Aglhaxe” X

Wait more than 100 us

= b
f; BF canaot de checked before this instruction. ‘ {
H [t
L Fuanctios set (interface is 8 bits long) J

RS R‘W DB: DBy DB: Dd. DBs DB: DBi DB
o 0 0 o0 1 1 x x x X

RS R/W DBs D8« DBs DS. DB; DB; DBy D
0 Q o o 1 1 N F x x

tnitislization &nds

N

|‘ BF caanot be checked before this instruction }J

Function set (interface is 8 bits long)

P

not checked, the iting time bet
the execution {astruction time. (See Tabie 2)

BF can be checked after the {ollowing instructions. When BF is
i instructions is longer than

function set .
Interface is 8 dits long.

display OFF Specily the aumber of
display lines and character
font.

dispiay ON on

entry mode set

r
The number of display lines
snd characier font cannot be
changed sfterwards.



ATI1ANEe  HDA4780

c T € hon tire | E ion twne ]
e t - Onerition Tt | e
2 *
RS |Am lou o8s |o8s |08« j083 [O82 ’on I 080 ore § ote 3
| Clasns oil disotay and returmg the
Clear Onpisy o ] [+] Q <] [} -] 0 1 ©ur30r 10 the home positon 2~ 164 m {120 ~49
i : l {Agdeess O).
i H
N RETurne 1he Cursor 10 the hame Posi-
! tion (Address Q). Also returns the
Returnhome | O o jo [} ] [} [ 1 * | dimolay being shitted 10 the originel 4Out=16ms |120m~aBm
position, DD RAM contents remain
unchenged., !
H ; ~ Sats the Cunar Move direction end f
Entry mode soecitins or not 10 shilt the disolay. i
1 H
st [} [} ¢ 4] [ o 0 1 wo s T ° ions sre 40 ps 20 .m0 ;
Ouring asts write and read.
L R P A I S O O
Oisotay ON/ Sets ON/OFF o lNdb‘OY.IDL
OFF cntrot [} ] 0 ] [} [} 1 I'D (=4 8 cursor ONJOFF (C), snd blink of 49 us 120 s
. | oo | cursOr position chacacter (8). H
1 I Ll S et .
Cursor and I Maves the cursor end shitts the .
' s v shity L] [ : [+] Q o 1 SIC TR " 4 B disolay without chenging DO AAM 40 g3 120 s
. : { i contents
{ ! . { : 8
! ; i ! § Sets sntertace data length (OL) b
Functon'ser | O 1 o .0 4] 1 oL N F % % sumbder of dusplay lines (L] snd 43 us 120 41
: : ' . 1 ehsracter fort (F1.
! N i 2 . 1
: ] ' H : Sets the CG RAM sadren. CG RAM | ;
. A : 3 5
; SeCGRAM o ,0 .¢ .1 " Acc ! 0318 11 sent ana received alter this H 40 us i 120 ws
1 sodren, ' i H ' q . t
H 3 | i ! serving. H H
: - : i
. : : ¢ Sets the OD RAM edaress. DO RAM
: S PAM H H
i :;2:; A ] 0 LI ApD /| aata in vent and recervea atter this 40 us 129 41
i . f i Kung.
i ! : g 1 |
) . . -
! Read busy i . i I Reads Busy tiag (af) indicating x
I P { o 1 ., BF AC internal operstion is Being performed Vs T
teg & sadress ¢ H
H . | and react sddre1s counter contents.
i Wnitecsa i : i . 5
i 10 CG oc : L - T Weite Dats ::::‘ FAD 0 00 RAM0r-CC 40 us 120 s
{ 0O Aam N i L
. . " t
. 1 1 1 v
; Resc cate . : N
t t0 CG or LR T S B Resd Deta 2':: SHARaY 00 RAM grll 40 s 120 us
. OD RAM i s .y "
. H
: : WO =1: increment (1] 1/0 = 0: Decrement {~11 00 RAM: Disolay dets RAM Execution time chenges wiven
: . s *1: Accompsnees disolay shift. CG RAM: Cherscrer genersior RAM | frecuency changes.
! : SI/IC =1: Dhowvshilt  S/IC = 0: Cursor move AcG: CG RAM sddrens (Exampie}
i H RIL =1: SNt 10 the rigm. ApD: D0 RAM sddress When fogc is 270 kMz:
i : Rt «0:  Shutt to the left. Corresponas to curtor
' H OL =% 8o oL <0 40in sadrest. P 30 37
: . N e 2unm N =0 1line Ac: Acaress counter used for | 0 ¥* T g u
. : F =1 Sz100ets F =0: §x7oon both of DD and CG RAN |
N i BF <1 intemnally ooerating s0drens. i
i ; BF «0: Can ecoeot mstrucion |
2 i
*No effect

Notes 1. Applied to models driven by 1/8 duty or 1/11 duty.
2. Applied to models driven by 1/16 duty.



118zt Bsapaeande  HDA4TSO
1. CLEAR DISPLAY

-

Clear disptay .
RS RM D84 080

cm'[o—loloiugol‘o}oiolo[j

fdnas N DouraeI1aMTe SPACE (ASCII 200y 13- Wwlu DD RAN
NOVNAURENINNT SET DD RAM ADDRESSZR tﬁug(ué &1 CURSOR =eniiy tag
Awwmiviudaitslianavianu SET I/D = i, S LEANTUNRDN

2. RETURN HOME

Rewrn home
RS RWODBy———————— . D¢
Coce fO0jo0ji0iofore
5 B ;ecﬂoc—:

o X . < ‘ o .
IENURENINTT SET DD RAM  ADDRESSR muﬁun a7 CURSOR Rz
- ‘e . - v o -y ey
&Yy LUazga'mwuqu;{ﬂ%‘muanaﬂamuum“m 3B et dasy

2. ENIRY MODE S=T

Entry moae set .
RS RMWODBa— ————— 08¢

-2fejoqivois |

1 v -

L -~ e L X VR - - - v v - t’lu

31T I/D : LRI LAEINMIUA LI NDL TMTEIIUTANAURIRZNT N
o X L - - : -

i suTgRSaUe A o= 1ar

vy



[4})

- . " v e
BIT S : (thémmmeudawalasst S = 1 a::xf)un'l-s‘lanaziaua‘;a')
CURSOR aéﬁuﬂi’agaazgn&ﬂﬂn‘\ﬁ’m 1 S=0 Eaz:a-a::

agfiuii) CURSOR a:gnﬁu‘lﬂnwm'\ﬁa

DISPLAY ON/OFF CONTROL

Disptay ON/OFF control
AS RM DB+

Code [o]o]o!olo]oh]oiclﬂ

_ DB,

BIT D : v BIT Whdedaminaonwlasfn D = 1 3= ON  uwas
D=0 3= OFF

BIT C : =sbudas CURSOR W BIT ¢ =1  uaslbifaens
udy CURSOR BIT C = 0 (as&7 CURSOR wagn LINE

76 Twww sx7 poT warizag LINE T 11 sy
5X10 DOT .

[ < 'Y

BIT B : (in BIT SET n19n32uIusad CURSOR Tes B =1
UnNTEwIL B = 0 LinnTnTsuiy Tasiitzos a0

nIzwitnlsenm 379.2 ms

5 5 E-H

~
Cursor
§ x 7 dot character
font

Alternating display
5 x 10 dot character
-foat

{a) Cursor Disptay Examole (o) Biink Disolay Examole

CURSOR OR DISPLAY SHIFT

Cursor or display shift
RS RMW DB+
i H : ! ! « e
Coge G0 0}:0;0;1:ISICRIL
* No effect

D8,

—ao



s < ‘1-'- . v v a v - & Mo a
tﬁumaanmm wa ity CURSOR 111anax.m wnanisdigmias) o Wikas Ly

A dmmIsam e

u
s/C R/L
0 0
0 1
1 0
1 1

6.

BIT DL

RIN19878 CURSOR lrnawumiviau lfnotia 1 éwania
- L %4 < . - -y € .
NN1T898 CURSOR LR neuwmiatan lUaniia 1 duomiv
LnsduRaEne L Re Winedne

(Hun38ud2Ene TN L Ae lunnenatia

FUNCTION SET

Function set
RS R/W 0S8, 06,
v I 1 H
Coce {oio] OEOJIJDLSNQFI.I.‘
“ No effect
- Trssd (YR
: (iunaT SET nasasecinss Wilway 8 BIT wia 4 BIT

Tesfindaen@eda 4 BIT DL = O uaz 8 BIT DL = 1

& -~ -
UMY SET uTimanTudaswa N = 0 udas 1 u7iina

o

- . ~ d‘lv
< f].un‘scuu'\nn'n 2 USIma Nt

N =1 udes uIThHE

SET N =1

< L
(iunaT SET i@ DOT niJudaswa 5X7 Mia 5X10 lag
F=0 tfheany 557 war F=1 thaan %10
i ; ~.°' of ; Charscrer Duty i
i N F ; d:::v. tont tactor Remarks
{00+« 1 i8x 7dou | /8
KR 1 5 x 10 cons ATAR!

: H ' Cannot display 2 fines
P e 2 {5x 7dou 116 | with § x 10 dot charac:
: ter font. ‘

® No effect

—10—



7. SET ©CG RAM ADDRESS

Set CG RAM address
AS R/WDS, D8y

o [o[Te [T =LA TAL~I<+]

Ower -
Order 8its

o Highe
Order Bits

Tu. HD44780 tmrwinniIENITWARY 2 Ya @2 DISPLAY DATA RaM

o RAM 3w
fdaiesitunns ser aporess T oo Ran Taseas

3M7u 80X8 BIT waz CHARACTER GENERATOR ROMN
512 BIT usz 7200 BIT

(DD RAM)
N7 SET  ADDRESS tiamiuw;aa'wuﬁagaa'm CG RAM @71

8. SET DD RAM ADDRESS

Set DD RAM address

RS RWDBy——————_ DB

Code [OlolllAlAIA[A{AIAIAJ

Higher tower
I /1 - Order Bits Order Bits

(thif 1 SET @1 ADDRESS lu DD RaM  lumn9i3mmTaaue3in DD RAM
(DD RAM fa dMRzuFaeNMTiIRa LCD: Tag3niau ADDRESS Nazineduiuaa LCD

—asaz'iﬁu SET a1 X 871

@ N = 0 (1 uTTie: ADDRESS uag QOH-4FH
#1 N =112 ysThas ADDRESS '-z::m‘:‘i 00H-27H A wTuuTTian
1 uaz AOH-67H amfuuTtien 2

§798719n17%a ADDRESS 784 DD RAM inRa LCD uwu 16 @28nm3 3 LI

war 20 @10n¥T 2 UITNA HDM-16416H, HDM-20216H

P2 3 « s 6 7 & 9 10 1II 12 13 14 15 16 — displsy position

t-ine

; —————— -
wlo|oien o¢|ossoa|o7gouos]uloa 0C | 0D | OE | 0F | — DD RAM address
- . i -
Hine fwtalajalu|sis|aialejuaialc|ofeir
H H T
Mine [0fnii)u|isig 1l 1{afasjic lDIlEilF
atine Dsoisifs|afsfsis|ojselsfsalsafsc|ojstis

HDM~1641861]



& 2 03 4« 5 6 1 8§ 10 11 12 13 1415 16 17 18 19 30 ~—display position
14ine eo{oxtoz|o: o oslos v o] MIOB]OC oolos of [ 10| 11 ] 12 13 | —DD RAM sddress

Minef wlalaialals|as]ala|loalmldlc|oja]e]se]|st]s2]sn
1

Mine 14 | 18 "l” wivfwmlwliclwliejir|o]nlninlajs|s|z

atine ulss|u|s7 st |so|sa]ss|sc solsz]sr wl|ala|ajeales|alea
,

(Note)Shift displey b ss same a¢ -line type. N

HDM-20216H

9. READ BUSY FLAG AND ADDRESS

Read busy flag & addcess

RS AW DBy ———————— DB,

oo [ [oe[A[A[R]<]3[2]4]

-

Order Bits Order Bits

g e oy s . - -~ e H -y
(uAd9auAn BUSY FLAG  Fussiihéauaniaei HDA4TEO uag lunaunns
ﬁN'nm'm‘luaén?aag‘luﬁmwu’fauaﬁuﬁaua Tan
L |

BF

]

1 ag‘lunmun:mi‘w1\m18'1u‘biu¥am=’fuﬁ'mdmﬁaﬁ'ﬁi\s
BF = 0 u's'auaz%’uﬁ'agan’méﬁda

uasuanﬂnfib'exﬁxﬁﬁqdﬂuﬁﬁaga ADDRESS Da4 OG RAM wia DD RAM &1s

10. WRITE DATA TO OG w3a DD RAM

Write data to CG or DD RAM
. RS RMW 084 D8y

Code [‘!o olo]oiolo[o oloJ.

) igher Lower
A& 7, braer Bin Order

2% -
Bits

i

?

tfjuc;'\;?ot;mx;agas;ﬂu‘lu CG wi2 DD RAM Tﬂntgal'ﬁauﬁ'agauaz ADDRESS
viiamIanalaodn lwiRawdnden SET T ENTRY MODE 'ﬁaﬁ’mua?;iz'é'htfmm's
1 Toudoyanas OG RAM Wia DD RaM nn 1&¥Tasn7 SET ADDRESS 1ma< OG RaM Wia DD
RAM “ﬁ'umn'a\nsl'ﬂau%'axda



11. READ DATA FROM GG OR DD RAM

Read data from CG or DO RAM

RS RM D8, 08¢
Code 1]110]0]0[0]0101010J
"girg:f"siu msiu-’

tf}ua"lﬁ"\:zi'msi'\ﬁas‘mmn CG RAM #72 DD RAM  l@snauaIu@1ann DD RaM
wia CG RAM 7= l¥Ande SET ADDRESS riautda'lﬁ’jiﬁagaﬁdm‘lﬁ&uﬁu DD wia
QG RAM

AIMATTINN TN UREL 0T 19 LCD  MODULE  siudnaniiwuet 37d
& detTunTnuas SET awdiant lumnadaings, CURSOR  wieRaniiut 1R wnin
Bouadneu i il DD RAM  @weT19dine T Bniufas desne T luasnu LCD
LIESE WA IR e e Iy ana Wi Astuaa 1§asn1T SET DD RAM  ADDRESS
ama3nen B heiaia SET DD RAM ADDRESS 12 Wimedawnianaundalaiiusn
Tuswn7um ity ET-BOARD V2.0 m{'mwazxﬁu'hnzidmt’s'uﬁ\ﬁa AT INITIAL

“ e O 4 -
ILCD (uUBMIAIMYINAITNINIUANYY

| d { CG RAM Character Patterns
| ?6‘6”&‘.’«%.:‘) i Address (c{:‘ RAM lDm) For 5 x 7 dot character pattern
7 € S 4 3 21 0 s 4« 3 21 0 76 S 4 3 21 0
~Higher Lower ~Higher Lower— - Higher
‘000 X X xi
0 01 T
. 101 0 Rk
001 1 g‘hlnt(ﬂ'
0C¢C 0 0 x 0 ¢ 0 0 0 0 ttern
(100 Example (1)
i1 01
R . 110 it
: Cursor
; :‘ 11 A “ Position
1 | t0 0 0 X x x
! :
i ‘: 0 0 1 1
: 1001 0
. 0011 g‘tunctet
0 0 x 0 0 0 M trern
e ! 0 1:l e 0 Example (2)
) :
i 101 :
‘110 ¢
J 11 x x x!
P i ;0 0 0 x x x
! i 20 0 1 o
e 16 6 ¥ 1ot g 11—
. e o, i X No effect
| P10, :
' | SR :
: 1 RoE vy v
H oy gt x x x: 13-




CHARACTER FONT TABLE

Huomer I
larwer st 004410010 Je01 | [wios]viotjviinioitl jtmief i@ ||.! ettt
3 H
an 4

-
&'
2
unnu@edy o

uenveee|

wuRxOLle

]
s

YT et

: 3

samabict HICH
tefe TR 18 [T, I'-'* B2 e el B

S Tl £ ) Dl R Bl RO bl _s o] PR IS

wuyu|9eQ

Enxw{8(]

R D HRES R I~.-|-"_'.'=:":= &
Rl o DA 5 Y Y e B X

T PR
L e R e e e e :E

NOTE: CGRAM is a CHARACTER GENERATOR RAM having a storage function of
character pattern which enable to change freely by user's program.

.o



29A7197 umTea e HD44780

1. RS (RBGISTOR SELECTION)  3=tilg7t3pn REGISTOR nap hedad
ag 2 %78 INSTRUCTION REGISTOR (IR) was DATA REGISTOR (DR) Tastin
tihe 1 3=tihnisiRon DATA wasBuiu 0 :zifuntai8an INSTRUCTION

2. R/W (READ/WRITE) 1ThedaiRana3e imm?a‘azé’mﬁas:a’a'\nﬁ'z

Ic Taua"m‘ﬁaga =1, 1?1uu5aga =0

3. E (ENABLE SIGNAL) Lz eI I Imiawlaa
-

The nlnh;n between the operation and the combination of RS, R/W
RS RwW E QPERATION

’ ¢ 0 1 Write instruction code

[ 1 _[_\_ Read busy flag and address counter
1 0 —L Write dats

i 1 ﬂ Read data i

When performing dsts and lnstruction code by 4 bit, transfer RS, R/W every time.

4. DBO-DBT xﬁunv%udqiagaaﬂnﬁa 1c
5. VDD TiRgediia93s

6. VSS tigq GND

Vo (k3171 VOLTAGE lun133u LCD Wiaa1am3aie



¢ NITRa LCD MODULE du CPU 230 ¢

¥ODULT %nify SUS =24 220 CPU i lagaTwa~uivRsaey B

o, aa
v - 5T . <
L1132l LCD MODULE it SORT maN<swy waz \d €S 37n 7T40S128 wqw TILS04 tim

>
ESISTor vt
I a e
2 N ‘:‘-l 100 A
g . H
’j-—ﬁ: 2o oS b
o
Y_ye ne AN\ A
e l 2»’!?— s
Lda st |  —t
a1 7 2 12
-~y VO =i 2§
%X il
” hiw
o Y -




Electric maximum ratings

CONNECIOn DM,

Environmental conditions

ttem f Svmoot Men Max Une Remarxs
Powe* suoo'ilo' oQc — R ver ~ ves o -
Power supow lor LCD ornve - Iy - Vc{__ : Rater {9 NOOUS specrCaron R -
input vohage v i L
Slarc electnciv ' . : -2 [ 100 See note
Note €wa i 1) © 1esle0 Dy CNErQMQ & CoNOense” wih & Caoeoty of 2000F 8nd drsChargng ¢ Dy CONIICT wiih Jn irertace

Corrosion gas

ftem Operating | Non-operating Remarks
Min ! Max. ! M. ' Max,

Amoent temoerature L T T Releomdvom soeciicaons -

Humdity P Note i oew

Vipranon |l asms? (3 5G) i.__.__:____._é i 3 &

Shoce ZLaLe A\ L. __L_.f?z'::i'i?fi_ X2 3 ouectons

Mg corroston gas

Nole Humerv conditons are as lotiows

Ambient |empelalure (Ta}

Ta s 40°C
Ta > 40°0

Number of dots [

i
- — mm——— e e
i

(Beiov: maxnmum temoeraglurel

Unger 128 x 240 128 x 240 o over

9805 RH man

L OG0, T 79 WP N N\
Eelow mammum aosoiute hurn:ah of .

Pt : 5"‘0“ '—.anmu."\

40°T 83

nunwdity of

RELIABILITY CONDITIONS

LCD MODULE (Consumer Type)

ltem

Condittons Evatuation

Hign Temoerature Operanon

Qoerating 96 ~ 100 Hrs at 80 « 2°C surrounding lemc

Low Temperature Ooeration

Operaung 96 ~ 100 Hrs at ¢ = 2°C surrounaing temp

i
!
t

Hign Temoperawmre Siorage

Low Temperatwre Storage

Storage 95~ 10C Hrs at 60 2°C surrounding temp then storage 4 Hrs at ~2rmal
_ condtion (Power CH)

ez cnarge 15 visibie-
{anoearance nor fung' 2~

Storage 96~ 100 Hrs a; -20 = 2°C suvrour\omg temp m-r- siorage ¢ Hrs & ~otma: |
condiicn (Powe- Off) No gew to o2 founa i

Damg Pruc’ Slotage 5~ 100 Hrs at 40 - '“‘C ang °0 °5‘- RH suvvounc'v* cond-uo'- —en H
| storage 4 His 3 normal concmion (Power Ot No gew te be tound !
NoOte the sbove s onty reor . and may, dilter m Case of CUSIOMIZED TOLCIKCALONS.

-OPTICAL DATA -

Ta = 25°C

lem ' Symoot Condition Min i Iy Max Unit Notes 10 see

Viewing angie ! 6z—ot Ku1é ; - H 20 i osc oy
i o=28° | P :
Contrast rato : [4 : . : - z . - -
i T ) ) aw2st v TTITT
Response nme ieses . ! - e e -
f-0s . —
oot R epss P TR TUTTTTTT L

Rosoonse te gt o= —

w7

}
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