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ABSTRACT

This thesis presents the data +transmission over the SCA
( Subsidiary Communications Authorization ) channel authorized
for use in FM and TV broad casting to provide a one-way digital
transmission channel for teletext-type service. The rules,such
as FCC rules have been used for place FSK information signal on
SCA channel in order to have no interference be caused to the
normal stereo transmissions énd solved the instantaneous
frequency “limit problem on this channel. In addition to data
communicatfon channel interface, the data terminal equipments
that composed of RS-232C interface, CPU, Memory and CRT
coentroller have .been designed. Data communication theory and
Modulation techniques are provided.'Operating software are also

presented which can used for operate and test the system.
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2.6 Phase Modulation
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[t}
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= A_ Cos@(t)
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TURRUfigN modulste WA azag1u3ﬂ

E (t) = Ac cos[w‘= +mpg(t) ] (2.6.1)
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2.6.2 Carrier recovery
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2.6.3 Phase - locked - loop fundamentals
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fio (2o dep unudioys Feazotiiudn 1 rms value woedgafo A L¥I@wTn
t%ﬂuﬁmmﬁmﬁuqn £ee) 1fiu

f(t) = 2Ad(t)Cos(wec £+0i )___ (2.6.19)
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3 a My g o6 vu
NTNIIUYD89 loop Qg')Lﬂ718“\1ﬂ\1'lﬁm'm'\ﬂl?']ﬂ“l!ﬂ‘wf“u lock

o 14 .4
LTelUTaeLlan
e 7 dl) cas (8, = 3,) To data
(] [~ decader
| V7 cos (w,t + 9,.) 5 l
. " toos |
veco =1 filter ;'. <X>
. 4 i * J;
R . PWR -
HO =T liceer . ity B '
i 90° —

1 VZsin ot + 43

X LPF
, > dltysin (8, ~ 4.}

Zﬂﬁ 2.6.6 Costas carrier recovery loop
‘ A 3 a' [ . 4 J )
ADIUPUNALROT low - pass Qnuuoaaanan1aﬂ LnaxAIND@D I LM

w 8 A » ¢ ' v
AIUUN la']nw'(ma\ﬂﬁﬂ LT L‘i‘!’-}ﬂﬂ

i

Y, &)

1

Ad(t) Sin (O, - S S B v e (2.6.11)

wav

Y, (&)

2

Ad(t) Cos (O, - 0))  —-=——- (2.6.12)

5] 0i - 0° ﬁa-phase error Suwné lop low — pass filter f8 Y‘ ' Y2

VED
ef = [Km A~2/2)d~2(t)sin2(0i - Oo
\dn K Rednsfimsenluming volts @o radien uazifiosnin ded) = 1
v ¥
folln d (&) = 1

ANy 2.6.13) S9l& 19

ef = C[Km A*2/21Sin2(0i -0o ) (2.6.14)
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AVATHIREIANTT TTRNE LRAOUNUANNTT (2.6.8) 1490 standard phase - locked
loop uanafuf Sin 2(0, - 0_) aznﬁuquéﬁ 0 991 UAL 99 991 dufe
loop fitl VEO ﬁﬂaoﬂqwuunndwotﬁagu ﬁuﬁuéﬁuLwﬁmadﬁmmﬁmﬁugnannzﬁ 2.6.6
fouafi recoverd a4 awldanuam Y, (&) = Ad(t) Cos(0, ~0_) Ad(t)
fin loop lock ﬁuﬁntwﬂnﬁaiagaavLﬁﬂ%uﬁﬁnumuwﬁo

2.7 Amplitude Modulate

Amplitude modulateion Lﬁugﬂuuunqq modulate &4 LBuLLME

Unsandoga
e(f) = A_ Cos(w bt +0) ~———v (2.7.1)
LTI WN908919 amplitude  modulation  (aM)  {&Tael
modulating signal g(t) Lﬂgﬂuuﬂao aﬁplitude 199 e(t) dun1y AM ﬁ1ﬁ

ae 1 fiu

e (t) = [A_ + g(b)JCoswA L2228 (2.7.2)

.
ANANKUEYDY AM azn11§dﬂﬂ61u1ntfwtﬁanzﬂuunﬁﬁwnummaoﬁﬁdanf
g Tuprskinaeld g drenoudisdonnmi Aee
glt) = Em Coswm R (2.7.3)
1T (2.7.8) aunnTieulaL iy

e (L) = (A_ + E_Cos w. t)Cos w_ ¢t

M

A= (1 + Em /A: Coswm t)Coswc t —(2.7.4)

A‘= (1 + m_ Coswm t)Coswﬂ t

¥

1) m, = E_/A_ ianTu%amao modulation index @AY

™m

amplitude modulation fil§l uar spectrum maaﬁuaeuﬂneﬁozﬂﬁ 2.7.1
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eam 8 ]

- (a)

siwl Carrier
- Lower Upper
sideband | sidebapd

=

fo=f, 0 f +fy t

(b}

zﬂﬁ 2.7.1 a) AM modulated wave form b) frequency spectrum
50Lﬂqi1 spectrum maozﬂngu AM Tenpuding carrier fiy upper (lAt lower
sideband spectrum w11id18 9 TeenTeaisaunis (3.7.4)
eAM(t) = Ac CosWc t+maAc/2Cos (woct+wm) +(maAc/2)Cos(wc~wm)t)=(2.7.5)
%ognq Qﬁﬂzﬂ 2.7.1 (b) RF bandwidth aztﬁuaaelﬁw ﬁaﬂﬂﬁﬁug 1909
modulation tone Lﬁadaﬂﬂ amplitude modulation aztﬁuuuu linear

process |lfiar frequency modulation avﬂ?womao side band RF bandwidth

-

ag'lfan
BW = 2fm(max) (2.7.6)
e £ (max> 1ff A idnan modulate §930 zﬂﬁ 2.7.1
UWAAIFNDLNIY09N1T modulate ULy analog

2.8 Phase modulation 9499 AM

ﬁWwaaxdaﬁaga digital Tasofaseuy aM onafi léwaness %9

¥ ot

} 4 ' [l [
follay G iauauu@nifienfy  phase modulation T99n3u  AM Lﬁawnndoiaga
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1 = o -
digital wmmaiaTosdenTeansifay aM 1un17nasu¢1qLﬂwnNWﬂﬁuuwawsmw
AUN19199 phase modulation

e (t) = Ac Colew“= t + m_ g(t)  ———- (2.8.1)

PM

wazinanT ge) 1

gt) = Cosw ¢  ———— (2.8.2)

1

e L) = Ac Cos.IIw‘= t + m_ Coswm t] ———(2.8.3)

PM 1

1
&

taun1 1R e (Faulf fuadu AM awldn

€, . (8) = A_ (1+(E_ /A_ )Cosw_, £)Coslw_ t+m_Cosw_, £1 -—(2.8.4)

P M

o - L3y v
annnzﬂnaumaoﬁuﬂﬁfu Qvuaﬂvmztﬁuﬂazﬂ 2.8.1

Il ¥

/r

>

N {
\ v, / \\
. / N % \

d -
sUN 2.8.1 @Aaw PAM
u

zﬂﬁ 2.8.1 QAU PAM
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1 | 4
Tumam bandwidth Taesvanuosein PAM § ndums (10.4) Senlmile

v

e (t) A_ CosCw_ ’c,+mpCoswM £1 +

EmCoswmz t,Cos,[w‘= t+mbCoswm‘ t] -(2.8,5)

A’= Cos[w= 'c,+mnCosw‘ni t] +

Em /ZCos[wg t,+wm2 t+mpCoswmi t] +

Em /ZCosL'w‘= t—w;

2

g vy ' : : . .
qsLuu1511qntnautﬁuaun11mao phase modulation wuano laeriiniTuimiug

Hane maoqntnau1uaun17 (2.8.6)

W, (£) = d/delo(t)] - (2.8.7)
LNONLTNLNDONYTD Y
A _Coslw_ + m_Cosw_  t] -——- (2.8.8)
wld  w,, ) = W +mw Siw b - (2.8.8)
\noafie s Lnaxe 9

E_/2Coslw_t + Wt tmCosw t]
wld  w, =w_ +w +m ow. Siowmlt  —=- (2.8.9)
Lnoxgafinetd
E_ /2Cosfw_t - Wao b+ mCosw t]
wlf w0 =w -w tm | Siw bt -—-—(2.8.10)

Qetﬁu1ﬁi1qntnauﬁ maximum frequency deviation Lﬁu w_

! v ) o <o
wah 61y plot spectrum ad1n 9 as1ﬁﬂozﬂn 2.8.2
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ZCluﬂuﬂﬁgﬂ

~{:>i’l']’m{1:

2A
e e s o

3uﬁz.s.z Spectrum of PAM Signil
at'lél bandwidth Taenlvvanuvosefiy PaM 1fiu

BW = 2(w +m w )

m2 -] mi

e
(U]
€

il

m2

RN AR R RERED)

AR IdNUNEINT mod W@ ufe L91a

w

mi

assuume 1ﬁlﬁu baud rate maaiagamao digital ﬁﬂvﬁﬁu1ﬁ1ﬂ17 mod QY

m_ @9 amplitude maoiaﬂaﬂazﬁwnw mod W&

»

A . P o oo v &
a1 bandwideh Rilinidrananniadaeds aM Unfide am_w__ éeiu n
n19fiar¥nun bandwidth Lﬁu1ﬁﬁwtﬂuasﬁaoaﬂﬂvﬂuﬁqoqﬂﬁaoﬁmmnmLﬁﬂoaow%au
fuld baud rate #1 9 WAL amplitude 1a9fiayn digital mPVRPV ¢ 9 1
a: o 1 3 g!’» Ol o
favanTai ifenanindrdri91aa baud rate 1 9 - SR1TEIENNITID
phase modulation

e (t) = A: Cost‘= L + m_ g(t) ]

} 4
2A1T g(t) 1uﬁm¥ﬂ?0ﬂﬁﬂ770uﬂu1ﬁﬂ1ﬂ dc (9% random switch

[}
ot o 1

' -~ b 4 [
mudirde 0 fu 1o m) (iwdamodale 0 i weliuifhmeres
S aa a8 o I~ % v 24 2
aun17iifenetit w_ uaziliodn 1y mod uuy AM fiaeld bandwidtn aiiSindu
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e (t)

PM

A _Cosfw_ t + (0,1)] —-— (10.11)

+ A: Coswc t

w. (&) =

I

w_  fueuBresauns 2.8.11)

v
FM_11in adiu

dnnae FM 8o ﬁm@nmnunuﬁ%nq%oﬁndﬁuﬁﬁammv anfinua Taan 1 raee
QL&ﬂﬂ%ftﬁﬂaLuuﬂkuﬁWﬂaﬂnﬂguwwﬁ (deviation) ¥oeduqin FM %uaéﬁUTzﬁu
Soa n?auauﬁuﬁgﬂ agdnlug)  uae ﬂvﬂuﬁmapﬁmmﬂmﬁﬁﬁuw U2ARLAN NN
ez AldRus e Seen S 14y anuiingnTeanaifine e 148
+/- T5KHz  Teéiudann Lﬁatﬂaén%uﬁn17nagtnntﬁwﬁu 100%

A1 Ta0 e +/-75KHz ﬁﬁm@wmLﬁaoﬁi1u1uaﬂgLanﬁoﬂawnﬁﬁn
Wi 20 Hz wFegefle +/- 15KHz fimunsoia ThAemaunaild  iwredulss
fiuasont s Hee Lunananiage Tedutosdun fo f1mnaf L Bnelivedy 1 volts

.

il RansiBeoinly +/- 7508z sedvdann 6.1 v S8R0 +/= 7. sKHe
1ﬁiﬁ§etﬂuﬂ11uﬁtﬁ11ﬂ dwdudnrrdrudmiunarifiee L funnnaiiee efuyad
anaeagLant Fund drlin1TuanaLan (modulation index) Tiﬁmmwﬁnu&ig B

) - o o (& ¢
1uﬂn1udan11ﬂ nﬂ11unnaﬂgtan 1 KHz Lﬂafl%uﬂ”aﬂ%lﬂﬂ 50%

¢ imfuanfsolun 37.5 KHz ) Sedeiiuss B =
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" . o~ .
- WMN\M Tafwangioer VVWW\/W mutmmwm .

. ' ! l ’!l| liﬁanﬁﬁ§ﬂﬂﬁ
u

gﬂﬁ 6.1 Phase - shift keying (PSK)

ﬁvaﬂwoLﬁuauqﬁﬁmmwmﬁquﬁﬁaun1jLﬁu
e(t) = 20 Cos (10 t + 10 Sin 300 t
\713xm1 bandwidth lunsfiifunfn phase modulation (PM) ‘@&
37.5KHz (37, 5KHz/ 1KHz)

gauadund eIt e ol FM

l" o (D ﬁ‘ i3 '
llﬂ“ﬂ))"lﬂﬂ')'um'ﬂ?a uﬂuﬂ')ﬂ'g‘naﬂﬁﬂﬂﬁm FM nﬂ?QUﬂa‘uaaﬂ\lﬂﬂqﬂaﬂqﬁ
a_ a & oo A o v 9 - ¥ Vo
HALWUNUIIEINTINLAT LUEI LUY A740 'Q"ﬂﬂ']un'mjﬂ 0\161’11123\12361 C alugaluy
N [ : o ' a r\luﬁ y 8 v
+/- 75 KHz ) nesinuniie 150 KHz llmﬂ?')”'47\11u 04U L 7IUnY HaunNIg

Mo emTargenindn (linslunannmeeativeen fenanduiasinain nmaifa

]
o

o o ' ¢ {
unpantfudrmFoifenin leauuua (side band)
é o 'y
p9nlTnmumn s ufige sl m FM isenausiag
-y : ﬂ 8 a
1. unueandmnuidesy (@ - 15kHz) Liudayn fee TuTufiiiaain
5 1 %3 ;13 o . L & a‘

mMITNdeneIniiauasinmniddhety (L + R FedwnTaduldfaiaTos

$u rM TaTuinly
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= } 3 c‘ ‘
2. unudwmaine3le (19KHz uar 23 - 53KHz)UsenousherRuT

o pilot aud 19KHz MudnuwanieTeninedndietuinmn (L + R §
vonpLanfupuuites 38KHz uuuduLLa TrsnunatuiwrauaiFad fo  Susanud
y v ' o Mo o 1 o o w s a
drudrougedun it il 1HasannrnTesesn linoudedunueonfiafosfuasinaau
ﬁ \ld o ' ﬁ ﬂ " ¢ ati‘ & o
e Lfsenen 2 1nn uliu 38KHz  Lilw aRuwtresdonadined Tatleriing
deteet il unudonmainefTofiuiu (L + R Aldavi iy uouligoa
1 1 8 1 4 ¢:' Y 2 2
dudrerosfionnu (L + R fesosdinuifio TG SudannagndudrauasEnaiuan
NMU
3. donnw SCA  lndwwwioth 67KHz wip 92KHz Al  unudqgn
(Y] o ¢ a’ So o . oM 1 a

SCA  avupp@LanfiuAduw 67 KHz  UeheTeuy FM TillAnidiae tuuandaf ol fu

+/- 7.5 Kz Fenugeanrosdpamileearandifiall uh 5 Koz uar § S/N
(ratio of signal -to niose power) = 30 dB == pratio = 1000

/
Infermation capacity (C)

C = Blog, (S/N+1) bps
b.-+ channal band width
S/N ¢ ratioc of signal toc noise power
C = 5000 log, (1000 + 1)
~ 50009 bps
asﬁuﬁ1n17ndoﬁa§aquﬁaaiﬁvawf Medagalin rate gega
~ 5009 bps

a9uy amplitude uax phase encoding
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Hibbaoilit 1aoNuwlll PoX (Krequency shift keying)
AN channal 53KHz to 75KHz (center f| 67KHz) 1% code

?

A19A9Y NRZ (non return to zero)
M code wyy NRZ \Ron bit rate 96000 bps e Sy
Aoy FM ~ 5000 Hz
2 bit ~ 1 Hz

96006 b/s ~ 5000 Hz

t91180n1% frequency shift § logic

4

nyn 71 KHz
"2 = 63 KHz

o & .
gotiu axld

mf* £/fm

= 4/5

Lﬁu deviation ﬁﬁﬁﬁﬂ
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2.9 leggggtanuUUﬂdﬁuﬁ

Anatnnang e, atiifiRenaadafunme L lufnng Em
mnwBunuda 11 9a0aad LaLm T awdnaiuumy augﬁ1ﬁnawuﬁaﬁuu1netﬂﬁﬂu
T Ke, fdwuald k Fodrnef 1Fand maifisoiuumnafined  (Frequency
Devi;£ion Constant) ﬁo&uﬂ?ﬂnﬁwﬁﬂvﬁ1ﬂ711 (Instantanous Deviation
Constant) #i1ReuTie

£i = fc + ke_ : (2.9.1)

fc ﬁawﬁuuwuzﬁﬁo1ﬁﬁn17uamgLan 51‘em uedutndae 14
e = Em _  sin et (2.9.2)

m

unmaaung (7.2) lusgunig (7.0 ald

v

£, = f£_+ kEm___ sin u_t (2.9.3)
aanl - 2.9.1(8) uandfiemNd £1 o LlRsuulasnuLadie e
LiwqqiwLﬂun17Lﬂ%ﬁuuﬂaomaaﬂﬁﬂuﬁmquLﬁa11ﬂ1ﬁnﬁ7tﬂ%ﬂuuﬂaomaaﬂawugomﬁu
(781 #9U 2.9.1(h)
LR )
awigegafiuufe luawdgyiudnans fe
of =  KkEm___ (2.9.4)

v ¥
MAUUANNTT (2.9.3) Qvﬂﬂﬁﬂlﬁu

£fi = fc + af sin wmt (2.9.5)
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(a) -

(b)

Ji | MHz
100.09

IO0.00} ’
999+ ~—== ! L

(c)

7 2.9.1 (a) anudiime Rfaunauiia (b ﬂdwuﬁwwnvuﬁoaﬁngn

woagLan (e i LB linaraimadiethe 2.9.1
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fnene 2.9.1 qot%auzﬂﬂﬁumaoﬂawnﬁﬁvmme AuuRenu L TonRuwne g

100 MHz QnuamgLanﬁvaﬂﬁuﬁLnﬁﬂuﬁqfamunm 1 KHz uaeAlu

ﬁgoﬁﬂnxﬂﬁauTU (peak Deviation) (N18y 90 KHz

Al

DD
=H0
= %

1 uaﬂamﬂugﬂ 2.9.1 (o)
Lﬁaﬂ71uni11aLﬁﬂdﬁun17uamgmanuuun11uﬁ WD INIFNNITIDIARY
o y o Su M My P ¢ '
Yiuang Lanudn ﬂauuﬁusnﬂa1u1muaﬂguan fo adulo

e = sinv (wgt + @) (2.9.6)

a
-

nv1u§&%equﬂaﬁ (Constant Angular Veloctiy) = W = 2¢fc 3
ﬁﬁ?ﬂlﬂﬂl?Lﬁﬂu/%uﬂﬁ' (Radian/sec)‘uﬂv 2 @ QNLNSQO% (Constant Phase
angle) fwmiaeifhuiyifeu

dun1sth 9 lresauns (7.6) fe

e” RISl ki O Ly (2.9.7)

Lﬁaﬂﬁﬁuﬁlﬂgﬂu1ﬂ (4 1uﬂTﬁﬁadﬂ17NBﬂQtﬂnuUUﬂﬁﬁug ﬂﬁﬁuﬁ

L%ognﬁﬁmmz (Instantaneous Angular Frequency)

w, = 2¢fi = d O(t)/dt (2.9.8)
3ufinTadanmy (2.9.8) autiaray e
0(6) = f u, db (2.9.9)
dqma& £i %qmmzﬁqzﬁﬂaﬁuﬁuﬁuéﬁu nwiﬁaﬂgtanmﬁu Mg (7.5 s
L%aqunaﬁ ( Tuniﬁﬁﬁe1ﬁuamgtan )

0Ct) = [ y_ dt

wt + 0 (2.9.10)
o | al o o d U
AoAAsfiraensBufinge  sxuinldindunis 2.9.6) gu1anng

UNUAITDIRNNTT (7.18) luaun1s (7.7)

(0165 f 2¢ (fc + af sin w_t)dt

wt = af/fm cos w_t + 0 (2.9.11)
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UAE Wm = 2qm nﬁunamglan1ﬁﬁ aansamldann  msunuenaany
(2.9.10) ludunis 7.7 se'lg
e = sin (ut - af/fm cos w_t) (2.9.12)
ﬁa%nwsuamgtan (Modﬁlation Index) §1u¥un17naﬂgtanuUUﬂ11uﬁ fio
mf = af/fm (2,9.13)
IMNAIMT €2.9.12) el
e = sinv (w_t - mf cos w t) (2.9.14)

v & -1 ' [~} (- )
m%m‘maﬂgtanu 219viInNY 1 n‘lﬁiumuaunnmmaﬁgLﬂmmumwgo

»

2.9.2.1 aAulswTuenui
o L 6 o v o o
dudanfuavdsenaumeniuwine uasawsTuuﬂmwoLnaqmaonkunuaag
LanANgItevaLlAnNA9 9 #1u1T0R I ldan Bessel's Function
,0‘ /a!l.' o
Amuall  me AiTNITNEANLANMINANNIT (2.9.13) uar n @D
WA RTILAES Uar Jo (mf) ADAAE 1O IRAUN MY aN1T19 2.9.1
[ [
NN 7.1 Aiuldin A mf = 205 gudandudag o
awdsenaudig  ARuMIME (Fo) Jo(d.5) = @.94
i Lfgediaf 1 (fo + fm) U (0.5) = 0.24

AARE LR 2 (Fo + 2fm) U (0.5) = §.03
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Jatmg)x | volt

[

ﬁ]élﬂc.

ﬂ11quﬂqnﬁqvw 1

r (.8

}ﬂxnw7vxﬁuvﬁ

A7) ’IUQ‘Z!'T\

o
|

N

A \

o
LA

\M/’\

)
1 /1A

AN
/ T\

X0

1y
\

/

_

hY

0.5

Ill/

a o a o ¢
: Zﬂ 2.9.2 mwgwaoﬂaumuzuﬂeﬂau‘ﬁ"}omﬂe 3 nau‘naommaﬂgmnﬁm‘l'ﬂu

Ry Afu ﬂ1ﬁuﬁmqvtﬁqv
AISUBH' wmmzl s 2nd drd qih St G6th  Tih &h O 10tk idh  12ih
me o S /1 /3 Je s ds S e Js 4y Ay
0.25 (.98 0.12 0.01
0.5 0.94 0.24 (.03
1.0 0.77 0.44 0.11 0.02
[.5 0.51 0.56 0.23 0.06 .01
2.0 (.22 0.58 0.35 013 0.0 0.01
2.4 0 .52 .43 0.20 .06 i
0 -0.26 0.34 0.49 0.31 0.13 0.04 .U
4.0 =040 | -0.07 0.36 0.43 028 0.13 0.05 (.02
5.0 -0.18 | -0.33 0.05 0.36 (39 026 0.13 0.05 002 0.0
5.5 () -0.34 -0.12 (.26 0.40 (.32 0.19 0.09 0.03 0.0l
6.0 0.15 (.28 -0.24 0.1 036 036 0.25 013 0.06 0.02 0.01 R
7.0 .30 ( ~-0.30 (.17 016 035 034 0231 013 0.06 0.02 0.0t
8.0 G.17 023 -0l -029 -010 0.9 034 032 022 013 0.06 0.03 0.0l
R.65 0 0.27 0.06 =024 -023 0.03 034 (.28 0.18 0.10 Q.()S 0.02

nT9n 7.1
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oo lefimutrdo a8 sz fudn 61 mf 2.4, 5.5, 8.5) Ay
Qoﬂﬁuwwuztﬁugué Lﬁuﬂ17tﬁu1ﬁ§inLﬂuatﬁﬂm¥uﬁn11uﬁwﬁue

AlanFununIN19 199 mf Mgy 7.3 (a),(b) uar (o) lunsfl
oo tumo sudtarai tantaaesina iy fm uardrentrondy By =2n,_ (7.15)

n A9 WUAINATI9 LBEI LI TidenS

1]
58,
<

(a) mp=1.0

. (b) ;

m, =14

L e

oz
e

o~

(c)
my= 5.0

un"’H H ti,

——— —_— ———

Jo VS LYY,

e e e

=~
2
~
LA
=~
3
~

= o P~ {( =
1f 2.9.3 ﬂLﬂnmfumaaaaunaﬂgLan1ﬁunua (8) mf = 1.0

(b)Y mf = 2.4, (c) mf = 5.0
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NN 2.9.1 enuidreidsennnnit (mt + 1) AINGY

bt

¥y . o P ' o )
i 5% uiaﬁaanawﬁmaOﬂﬁwugoﬂauwwnenao1unaﬂgLan N3 9ARUID IRNANT
(2.9.15) 9193 Faulugfiu

B = 2(m_+1) fm (2.9.16)

FM

UNUAT mf NENNTT (7.13) 3l

B = 2(af+Fm) (2.9.17)

M

: -4 v '
Lﬁaﬂﬁﬁutﬁ11Q1501ﬂﬁu WHNNIDUY MD

75 KHz fm = 0.1 KHz

(5%

B

bb
1}

B = 2(75+0.1)

FM

= 150 KHz

1.8 KHz

2. af = 75 KHz fm

B = 2(75+1)

FM

= 152 KHz

18 KHz

w

b

b
fl

75 KHz fm
B = 2(75+10)

FM

= 170 KHz
aeLﬁuiwﬁquﬁnkuﬁﬁLﬁwuwuaﬂgtan 70 2.1 KHz §i9 10 KHz u$b
Sns1dam 100:1  dronfrenfuseLufenlifonud 150 KHz B¢ 176 Kz N
Frothsiiay LfiuTen ﬂ1?N0ﬂQLﬂﬂMUUﬂ11uﬁ Riufionserutiening ARuAIT

( Constant Bandwidth System )

2.9.2 aadsiiaeenn

V o ; v { ] M a‘
211 Bessel ﬂaﬁunw?ﬁfﬁaﬂawuﬁuwuﬁssu11oﬂdnuﬁamaouﬁazﬂanun
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3.1 Digital infermation broadcastion using SCA channels

3.1.1 SCA modulation fundamentals
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3.1.3 Information capacitor of SCA channal
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3.2 Data terminalequipment

ﬂﬁﬁ%ﬁquunﬁasn511ﬁ0ﬂ17¥udoﬁagaﬁasﬁn unuﬁazﬁWﬂwsdoﬁaga

w%anﬁuqnﬁnqutdaWLﬁﬂaﬁu nwv%u#ciagauuuﬁﬁ%aiw "n17¥uﬁqia§auuuaqn1u
(SERIAL COMMUNICATION)"

SERIAL DAIA TRANSMIT |

10110010 ONE BIT AT A TIME

Jiluanslingra ¢ maoiagaﬁasﬁwnw7douuuagn7u Tﬂﬂﬁiﬁgaﬁavgndaﬁas 1 fin

- s
i

1 Y N T ™ PARALLEL DATA TRANSMIT ALL
> BITS AT THE SAME TIME

gﬂuﬂmoﬂnﬁwo 9 maoﬁagaﬁQsﬁwnﬁﬁdouuumuwu Tﬂﬂﬂqnﬁnmaaiaga
asgndoaanﬂﬂqutdaﬁnﬁﬂvﬁu

ﬁwn&unws%uaomauauunmuwuuu nouuawauuﬂdwuL?dﬂonaﬁuuuauniu
aéuwnﬁmnu umnmaaqﬂawuvuawaﬂunﬁTdowwumanaLﬁuawuauuwnnvﬁ NRUNTY
anwﬁuLuaaoanﬁaﬁaqunﬂivﬁoawﬂ1ﬂ19a1ua1Lﬁu uawiiafintsaanoune ¥
N uLeYnTaSndae nﬁinLnaaanuwmuaﬂm1unﬁ7dawﬁumaua%u1monﬂ Fotu
1uﬂwfdod1uﬁama1usaasnﬂaWna 9 waunasLaanqinﬂsﬁudomauauuuauﬂiu
Lwaaﬂawuvumaoﬂwaée%oasﬁdﬂqun17aﬂﬂ1TiQWﬂqunﬂﬁvwoanaaaTmaﬂwouﬂn fo

um'1m6"mﬂomazdmmuu’-wumwgomnumi’mmmTmfia'aaadmmu'nmuagm\mmu
3.2.1 RS_232C Interface

3.2.1.1 BAUD RATE.

i H 3 U ‘ a! '
%aniﬁﬁmunn%ouuoqun17sudoﬁagauunaqniuﬁﬁﬁa ARl lung

_51_



daﬁaga%aasﬁaaﬁuﬁuéﬁuﬁunﬁﬂaqﬂnﬁ&ﬁﬁ1n13¥uunzdoﬁagﬂ nava R 14EETe
($8n37 "BAUD RATE" Hefinnnamunsfe "5m7nn77¥udoﬁagaLﬁniﬁuﬁuﬁnqu 1
Bunfe fmaniniefaedeld BaUD RATE FlifaiindRuieSootudn Baeiilins
¥udeﬁa§31ﬁmﬁﬂw31ﬂ§u1ﬁ
o ' Y ) 1 b

Toafialudrmes  BAUD  RATE fuaelddming o Sostolufize
110,150,300, 1200,2400, 4800 Ay 9600 ﬁqu?uTuunﬁazauuﬁiqLﬁﬁﬁﬁnﬂﬁfﬁ
wavfoyaumounsudredngy 2400 BAUD (2400 fin/Sunth uazmauanmaonnﬁas
dofido  oB2H wSo 101100108 %oL71a1n17nnaauﬂma1m1ugﬂmaoﬁmmﬁmﬂagﬂn
3.2.1

o
\

530\ 2 3.3usS

7 3.2.1 uﬂmogﬂﬁmmﬁmmaoﬁagaﬁgnﬁo1ﬂm1uawadouuuagn7u

Qﬁﬂzﬂﬁ 3.2.1  axtfiniinnnund s sdgynae susaeSinag L iy
1/BAUD RATE Suf #9a1n BAUD RATE Ri109n19Rar 148 2400 BAUD fu
v ldeanireresusacindidr iy 172400 Suaft WS Ry 416
microseconds  F93a1MANNI 1910 siRarENTiRed lUnnaanad o NIRRT
uﬂfnﬁqeﬁwudmL1a1ﬁasﬁaoTﬂqun17¥udaﬁagnudaaﬂuﬁ 8 8 lEeiEe i
Sy 8Ax416 microseconds %98 3328 microseconds azi'm‘lifd)mmﬁ"aﬂaqﬁu
amaBavaefiona L Raguld aounqsquunmwonacTﬂquumav1unmaomaua )
iqﬂqun17m70aﬁaun11unnmaemaoﬁauanLﬂiaoﬁu1ﬂ7u1m1uw (uanTénuﬁﬂﬂdwn
J o fafindne v LuanuLquﬂuaaazn11nn1sdow1umauanna1nnnmaa 100%)
dwiufindre 9 Fifluidand §fo sTarT , sTop War PARITY BIT Feavrin 14
maga1uuma81unndoaan1ﬂuuu1nnaw 8 fin uaeL1a1n1ﬁ1un177udomagaﬂﬁvn1ﬁu

a1l

_52_



3.2.1.2 START BIT
Tuﬂﬂfdowwumauauuuaunsuu 171a1Lﬂunquaoﬁﬁqnaﬂﬂimﬁaviuﬁa
NANTIUT mauanﬂqunuutfununaﬂiﬂ ﬂcuuxfwaoawLﬂunasmaotwumaua 1 fin
aa1ﬂnaunu1mauaafa (ACTUAL DATA) fiavfni9as (nwsdoaunﬁuqsdoun DO
Lﬁuunuin Way D7 Lﬁuunﬂmn1ﬂ> formnag (infniiae Tiviagin Do fuios  uaw
\$enfiniisn “START BIT"
wi'flwee  START BIT ﬁuaﬂawnasqiqunwsuaniﬁﬁaua&uL?uﬁuﬁqﬂ
ud2 #Hatenusanfiy STOP BIT (Feavnatnfeselih LwaiaﬂTunﬂfuﬂnmauaum
AvgaDENANAL  UavA N9 inar L RuA I sto ofind o Tumanaﬁax
49 (DO-D7). :
Luaaﬂn?mnazdomauaaa1n1ﬂn1ﬂ17domaua1ﬂ 9 ponNTIL  ABRear
Oﬂquﬂﬂﬁﬁvnl?ﬂﬂ11 MARKING" " %oLﬁuﬂnﬁdenTNNnﬂ17udomana1m 9 1Rnsuly
F1T1avaunR Y MARKING w29d 12defunasn 17 START BIT Farifinidr i
awfiaodnfinTsdrufuaningos MARKING Fodnlunsfif sTART BIT 2cfaoinifly vov
gy START BIT Haefaauniaetrdy 1 Tmmedoya 1oy 1
Inosfoyalirnmeniiafy 416 microseconds START BIT. Rawfiminunine
1098 NI8Y - 416 microseconds ¢l quzﬂﬁ 1.2 azuaas i fude

¢ o ' )
START BIT anuLﬁ11ﬂﬂauuﬁ1ﬁa§a (nauwia DO .

MARKING 00 Dt
—_———
START BIT
MARKING 00 D1
' -
'
1
)
|
i
N ———
START 8IT

JUR 3.2.2 n17ilin START BIT 141 luneuntiagin Do lunsfifitm po 1 fu

"1" LAy "0" MNAGL

-53-



3.2.1.3 PARITY BIT

ﬁwuiuunuaznnnunnqunw7uan1nd1u7umauan71u11 mauan16$ULm1
uﬂuuuﬂaﬁuanmaeLwuaunumauannndoaanuwnia1u (Faudiinensradouiniay
{aiwuanafiowana umn1u1ﬂnuwaﬂ11u11mauan7uLmﬂuwuaauﬂaqunnmao 100%)
Taﬂﬂunuqsﬁﬁwﬁ1ﬂ1un17uanTﬁdau?nvananfﬁuvﬂﬁanaﬂdoaanuwunmas1uﬁﬁuu51
wufnfidu  eon aatﬁuanuaun LELIERITRIT) \fufoyn- 54H ufo 010101118
i wondnfify v1e aﬂnﬁuanuauﬂtﬂumu ﬂnwinunnqﬁTuﬂwﬁmsvaaauuL?ﬂﬂ
91 "PARITY BIT"

PARITY BIT uasnnduaannwTﬂﬂaﬂniméomaua %oﬁnuasxﬁu yn
wfo "o fu ﬁuaﬂﬂumauandoaanun (DO-D7)’ 11ua1uauunnlﬂu v fuga
uauqu?aﬂ uasao%uﬁuqﬂnimiudoﬁagaﬁvﬂaﬂgﬂaanuuu Tsunsy  Wwsude
PARITY BIT Tudnunuyae PARITY g #Sa PARITY & Sndha

1un3ﬁﬁaﬂnsﬁ¥udeﬁanaﬂnaan1ﬁﬂﬁLﬁu PARITY ¢ Qﬂnfmdomauaav
fmgde  PARITY BIT tfuaaSn "1 sonluifosimantnfifiy 1 1oefoun
(00-D7) 1ffudrund uarariinasde PARITY BIT 1fuandn g (Hog1uutin
Fuflu van maamagatﬁuaquaug (R M l#S 1 utnf L fly o g 1ovfoua (DO-D7)
yaufiy PARITY BIT uﬁazﬁuﬁnuqndﬁuxaa) dwdy ParITY &%idudy e
PARITY BIT Rgiffy min 1un7mna1u1unnntﬁu ™ maomauaxﬁuaﬂuauﬂuavaz
v e Tunsff Hudruoud 1unuasauumqwaﬂnsmnnaanuuuWaﬁﬂnﬁu PARITY
f uavL71maoﬂqsnaedomauaaan1u1nnud1u7umauaLﬁuawuau 2 ludde 540 uay
55H Luatfndomaua 54H aan1ﬂ%ouawuvuunnxﬂu v fudwond  defiulung
muqunsmdomaganaznwnﬁﬁdq PARTIY BIT (fluaon "1¢ mimeanandre 15
aa?ﬁinuduﬁnﬁtﬁu nym maaﬁaua (54H) §7ufiy PARITY BIT uﬁvTﬁLﬁuﬁwudu

]

A dwdoya 55H K aﬁuauunnLﬁu nyn uutﬁuaﬁuduﬂaﬂuad Hottu
oﬂnsmdamauaﬂasdo PARITY BIT ifly vg» 1wnudqu7umaua moﬂusﬂn 11.3
ﬂwusudausumauauuLuanwnﬁﬁﬁumauaLmwuﬁuadﬂqumfdaﬂauﬁmmﬁmawﬂﬁuﬁuunn
(i 1w 1o9foyaTanfiy PARITY BIT uutﬁuawuaunnfaTN frm1n97 L uguon
nnuﬂmoawmauanTmsuLmﬁnnuuﬂawuwawawmLnﬂmu (unTnTanuﬁﬂﬂqwnvﬂ &1 fug
uvuguaamaganfuLmnuﬁngnﬂaoLaua1ﬂ>

. v !l & do ¢ ° ") f
AvdrdSnReuitefivio ﬁwaﬂnsmdaﬁauan1n1idaquaﬂumz PARITY 4

a ad ) v o v {3
70NN A3UTUY Duaﬂﬁﬂﬂa\?ﬂﬁﬂ']‘fﬁ'ﬂ‘luﬁﬂmﬂ PARITY Lﬂﬂ')ﬂua‘ﬂﬂﬁ'mﬂ\'l

-54-



START EVEN

BIT PARITY
.
o7 0o
0 1 0 1 0 1 [+] ‘Y = 55H
MARKING D0 D1 D2 D3 D4 D5 D6 D7 PARITY
' START EVEN

BIT.

1R 3.2.3  maidin PARITY BIT ‘_TﬂTumanaumav1un
fouadoe 1w Tunﬁmnauﬂ?mdomauanﬂﬂﬂ7domaua1uanymzmao PARITY ¢ aﬂnim
"uﬁauanasmaonnnwisumagaquanﬁmamaa PARITY @i lugin

3.2.1.4 STOP BIT
ﬁwu%uﬁnqﬂﬁWﬂﬁLﬁuLﬁqiﬂﬁ quiﬂunﬁﬁmiﬁaaaugﬂéuQﬂmaeﬁagaﬁn
iﬁsgﬂlﬁulﬁﬁ1ﬂwﬁd PARITY BIT ﬁwqﬂﬂiﬁ?U%ggamaaa1ﬁwnﬁniﬁuﬂﬂeiﬁﬁagaﬁ
{é3uLdniundanafouaiaifiofn  dwfu sToP BIT Honafidmaufinuu 1.
1.5 w30 2 Dnflk zﬂﬁ 3.2.4 qeuﬂdeﬁagaﬁe 8 fnfideoaninsafie  START.
STOP uar PARITY BIT e Feaeiiudrfefidesanin lunsae Tudin llés e
ioyn 8 fmuindin  udensarild®e 12 S (nafifide STOP BIT senan 2 fim)
fetudn 191 Tdednedngn 2400 BAUD  111asdneldiamfenaaitiy  12x4t6
microseconds %99 4.99 milliseconds Wﬁqﬁ 3328 microseconds ﬁqﬁ1ﬁ

a1 15 lumoudiu

3.2.1.5 nq?Lﬂgﬂuiagaqqnuuu1u1uLﬁniagauunagnin

Toain Tuudn n17¥udoia§annﬁquﬁsunﬁnazLﬂuﬂwsﬁuﬁo%agauuu
U LﬁauawnﬁﬂﬁwuL?11un1sdodwuiagaﬁ§oﬂiﬁuuuaqnfuuwn ardiefianu
tagnioanitdndre ﬁaﬁuqunw7¥udaﬁagaquﬁzﬂan1oTnaw fid7 L usedo s 1dnne

éodwuiagauunagnsu



MARKING 00 D1 D2 DI D4 DS 06 D7PARITY STOP BIT

.

START
eIT”

1 2 k] 4 5 6 7 8 9 0 n

TOTAL SERIAL BIT STREAM WITH START.
PARITY AND STOP BIT ADOED

. j— JU— - —_— —_—

1R 3.2.4 gﬂuuumaoﬁagauﬁazTuﬁ1unﬂ7¥udaﬁa§auuuagn1u

-3

noﬁﬂLﬂuﬁqzﬁaaﬁﬂnﬁsLﬂﬁﬂugﬂuuumaaﬁagaawnuunmuwu1ﬂLﬁuuuuagniudauﬁqs
ﬁwnwidaiagaaan1ﬂmﬁuﬂ1ﬂdo Fmfumanngdng 9 ﬁ1ﬁ1un171ﬂ§ﬂuzﬂuuumao
%agaﬁuﬁ%umauﬁoﬁa1ﬂﬁ i '

1. ﬁwnﬁiLﬁuﬁagauuumuﬁu T 8 8 Wlu  sHIFT
REGISTER .

2. Lﬁauﬁagaﬁq 8 ﬁnaanTﬂqﬁﬁuqﬂn7ﬁ¥uﬁagaﬁazﬁn Tatfavi
ndsdayausarinoan ludedns 1 fenfy BAUD RATE aldsmunls

zﬂﬁ 3.2.5 azudasuionlaosunsarosnisinenhe 2 funan Fate
gauunﬁuﬁu&uaugndoqwn cpu U8y SHIFT REGISTER  anfuZerinnsSoude
gaaanﬁaeﬁnﬁdﬂﬁmfﬁmao BAUD RATE fiiwue ¢ TasitFoufin Do fowuay D7 1fiu

ﬁnqmﬁﬂﬂ>

crPy

PARALLEL TO SERIAL
0o-DT * CONVERSION

PARALLEL DATA IN /

SHIFT QUT CLOCK
* - (BAUD RATE)
(PORT _- SERIAL.DATA OUT
WRITE) STROEBE FOR = >

PARALLEL .DATA IN

o g o
gﬂ‘n 3.2.5 ufenlasrunsuee INTT Lﬂaﬂu'ﬁ'mgaa'm'nmu Lﬁum&ﬂ‘?&l

_56_



3.2.1.6 nﬁnn17Lﬁaaﬁunaon11¥udaiagauuvagﬂ7n

ﬁww%unﬁnnﬂaLﬁaoﬁuwaonﬁ?¥udaﬁagauunaqninﬁ1ﬁnﬁwvﬁa3ua1u17n
ﬁasﬂiﬂnﬁuﬁa o 1gsof

1. ﬁagaunumuﬁua1ﬂssuuqsgnLﬂ%ﬂu1ﬁtﬁuiagauuuaqnﬁuLﬁaLm?ﬂu
ﬁqsdoaanTHWﬁﬁud1u¥uiaga '

2. ﬁagaasgndoaan1ﬂ51ﬂ5m$1aoﬁdﬁuﬁe g915un31  "BAUD
RATE" fla dnfmsdefayadiadngt 1200 BAUD 3uaﬂe51Lﬁunﬂsdaﬁagaﬁaﬂﬁmiﬁ
1200 fndo 1 Su R Gefide nnﬁdoﬁagaTmsﬂﬂﬂvﬂuﬁ 1200 Hz fu109

3. %agaaqn?uavgndoaan1ﬂﬁaeﬁn Tautnisdedn po 1Hufinusn
uacin 07 fufinaafine .

)

4, 1ummzﬁ501ﬁﬁn17doia§aLﬁﬂ1ﬂ1uawﬂﬁo anzdeavanii lag lu
anraninlaaoinuile uaeL11158n@AN1ER11 “"MARKING"

5, qﬂnfﬁdoﬁagaaztﬁuﬁagaﬁn 1 fintdr luiatin po maoﬁagaﬁwa
Aoty iadooy Snfisindr U8 1%end1 »START BITY  FwduinfiaefinoinaTe
Fruffuaonuod MARKING 1fn  #1a03n109 MARKING (fu 1% aelnuosniifay
L o

6. qﬂns&daﬁagaqsﬁwnﬁfnﬁu PARITY BIT (41 1thdeBn D7 %04
1833 LﬁaqﬂquﬂﬁTmﬁﬁﬁﬂDUﬂﬁWNQQWRWQﬁQdiagaﬁLﬂ?ﬂﬂ?ﬂ (Fmfuing Lago .
A9a133 (4 lunSa Tk 18 %uﬁuQaanuuuﬁﬁﬁaonW?ﬁqzLﬁuﬁnﬁtﬁWTUn?a1ﬁ>

7. ﬁwu?nﬁnqﬂﬁﬁﬂﬁgnLﬁuxﬁ11ﬂwﬁa PARITY BIT 1§an71 "STOP
BIT*  H991a3eidman 1. 1.5 w5a 2 Infld  uavaeinuasiniayifuaodn
LRENAuanANtDe MARKING

3.2.1.7 8251 USART
Ul:l ] ;3 } 3 U k73 93
gt lénann 15udrin ﬂ17éomagauuuagﬂiu1ﬂmﬁuﬂ1ﬂdaTmuu, 151

o a' o c:l ' ' aa' ! g [=T~}
" Lﬁunaw'iaemms Lﬂaﬂugﬂuuwna o'ﬁazgmﬁﬂnau lmqﬂﬂ%ﬁﬂﬂﬁﬁﬁﬂﬂllﬁ'}uuLﬁu'Jﬁ

1
o w

fffafilseAnsawlatiue 10931031 CPU azﬁaoﬁﬁnﬂifudaﬁagaLaqquﬁaoanwﬁ
MutrRy Azl
v v < D) ° =y v awv .
dwdudous  cPU nagsisiimInTadeuAEauAn e sdayanFuL i Lo ann
) o Y o ) v v Qu Y o {o
e M lFRaadadesnluntsoanuuy uay ludwdudoyaiiioavio slioundfile
1un17Lﬂ§ﬂuﬁaganﬁuu1Lﬁuuuumuwuﬁn flfiRaeaAnii®ae  sefuFed fuf

avﬁaoqiqﬂnfmnunﬁwua1u17nnazLﬁuTﬁnoqﬂn7m7uuaedo%aga1umdLmﬂﬁﬂu§1u7u

_57_



Tuuniiavnanfodnwasuariimslderuled 8251  USART  (UNIVERSAL
SYNCHRONOUS/ASYNCRONOUS RECEIVER/TRANSMITTER)  391fuwa¥nil4luns

%uﬁaﬁagauunaqn7uﬁﬁﬂ7s§n§n1wu1nﬁanﬁa

8251

780-CPU B SERIAL OUTPUT DATA
Do-D7
/. P
o >
e ] PIO
| vo conTROL
LINES
3
» ‘:
) CTC
R <EamE N N Y VR o8 . R

zﬂﬁ 3.2.6 ﬂ']‘i“l‘l.fﬂ'lu 8251 §9ufly CHIP SUPPORT 19y Z80

Blv"l
o OQ w‘uu

(111 o .
[SU P e
€S ] comraoy

(-3

-
PV

—— —

[-$ T p—
an -
OO »

[ ! sccrme .
eI S
COmTaoy ed . o

[11 p——

aBelOV

sCtv( (3
-1y amay 1 contaon |
oaraens svaort

“Lf
N 8 Seiain @

gﬂﬁ 3.2.7 ufenleesunTures 8251
awnzﬂﬁ 3.2.6 azifuiniraansofiasn 8251 W1 Fourofiy z80
18 usnuz Lfenfiy CHIP SUPPORT 1ua48n » 109 280 144 P10 %S0 CTC uay
1uzﬂﬁ 3.2.7 azuanefle ufonlracunTuree 8251 dufudmurnfiasnanafef

_58..



fio DATA BUS BUFFER fadunfl 8251 aeldlunis Fondasenine s251 fuifa
fayauoe 280 dusalufifio READ/WRITE CONTROL LogIC Foaeimdailunng
mwaun s fuasiayanely
499 8251 1ﬁxﬂu1ﬂaﬂﬁognﬁaa

dmfu MODEM CONTROL fu 2 14lunvfindasening 8251 Ry MoDEM
<qﬂns&ﬁ?ﬁqunﬂiuUaoﬁmmﬂmLﬁado1ﬂm1u51ﬂ7n7ﬁwﬁ> zﬂﬁ 11.8 szuansfiouion
1nozunsy maona%ﬁﬁowumaa 8251 { iy MODEM

280 TELEPHONE LINE
cPu

MOOEM
- 8251

Y
o = //8//5 . 8%

MODEM

280
CPU

" T —~
SYSTEM A SYSTEM B

al 4 } LY
“J;ﬂn 3.2.8 uaan%asunﬁ"maom?‘l'if\ﬂu 8251 §7unNY MODEM

dufiaendnfeno e TRANSMIT BUFFER (p-s) WA TRANSMIT
CONTROL (P-S;PARALLEL TO SERIAL CONVERSION) %oqiﬂunwsdauaxﬂauqu
nydsdou lumasnzda

§1u¥udvuqﬂﬁ1ﬂﬁqenéwaﬁoﬁﬁa RECIEVE BUFFER (S—P;SERIAL TO
PARALLEL CONVERS ION) %aﬁquﬁﬁﬁqunﬁ7¥uuaaﬂauquﬂ1¢¥uﬁagamao 8251

-M5 ML Fasnuaeif
8251 fiuloFrure 28 %o1ﬁuamq1ﬁqugﬂﬁ 11.9  wael91d

»
o

aTofiasutienmes 8251 aaﬂtﬁuﬂéu 9 égatide
1. néuﬁquuﬂﬁﬁﬁﬂdaﬁu CPU
1.1 p0-D7 : 14lumsfesiofu DATA BUS %09 CPU Tatmgefqay
ﬁwuﬁwﬁqun17$u#oﬁagauazﬁﬂﬁedwa 9 TEMI19 8251 fiy CPU
1.2) RESET : 8251 aegniufmfonildsuanin v1v Fa191074

_59_



AEMaN13NYY RESET 199 280 Tmei1u INVERTER faufild

1.3) CLK (CLOCK) : 1ﬁ1unﬁ$ﬂﬁuqnﬁaaLﬁawnwiﬁﬂowunWﬂTumao
8251  dwfumslemtiuarso i Tnonsefureuy athe efimudngndin cix §
Liifeado ey Snv1nsfudedayanTe BAUD RATE usotinela ‘

1.4) RD ¢ \forfildfuansn vor szs1 axﬁﬁﬂwfdoﬁagauuumuwu
2onunfi DATA BUS Slade’ffy cpu

1.5) WR : Homii145ua0tn "o e251 awimsfudoyanuuuy
370 DATA BUS 7997&uy

1.6)  C/D (CONTROL/DATA) : #1 C/D fas14luneile s2si
NTNI1 C CPU dpennsRavRnsioRy CONTROL REGISTER w50 DATA REGISTER
Toeffuntldfuaodn 10 fuanedr ceu Ffoon1sRacdedofiy  CONTROL
REQISTER it 16%ae®n o fuanein cPU  doenafiaviadiody DATA
REGISTER ’

1.7) €S (CHIP SELECT): lunsffmflé¥uansn "o  Soxifumg
ENABLE 8251  Taetir liudrdunafiuntas linannnisnoasiab muen tasa &
4%y CHIP SUPPORT 8y

2. néuﬁ1in17ﬁﬂdaﬁu MODEM.

2.1 DSR (DATA SET READY) : mwuLﬁumwn?i?unﬂiiuﬁmmwmaﬂnaﬂ
nsdnnmuen 89 cpu Aannfiaensasovdunafinild  Taensoauanlussa
madanne ¢ Foavaanfedely o uarTeduresdanafinnias 14 lunruanen
qﬂnfénnﬂuanw%anﬁazﬁnﬂw7ﬁﬂﬁaﬁdﬂn?aﬁo

2.2 DTR (DATA' TERMINAL READY) s mwuLﬁutavnwnnqﬂﬂunﬁsuan?n
ailnsinremennIwi cPU wpafiasiinisRadodas

2.3 CTS (CLEAR TO SEND) : mwutﬁumwauwnnﬂﬂﬂunﬁianu
8251 L?nnwnwﬁdomaua1ﬂ defdaoreSolumsWomeddie (o lild149ruan
uaxmaaﬂnmotmwnuaaan ngv flalidudin s2s1 Lsun1ﬂ17domaua1a AofdoeTs
doﬂunﬂfqﬂowuw1uqzmaonnmaLmﬁnuaaan g frliiduiiy 8251 autnedede
a lai'lé

2.4 RTS (READY TO SEND) : ﬂwutﬂutaﬁnwnn CPU Qetﬁuwﬂ1UﬂN

fagwfrrfiios (1 DIR ﬂnﬂﬂﬁuﬂuTﬂﬂ CPU Lfufin)

_60...



3. nénﬁ1i1un1sdoiaga

3.1) TxD (TRANSMIT DATA OUTPUT) : Lﬁumqﬁﬂﬁﬂunqsdoﬁa¥a1u
nua18de

3.2) TxC (TRANSMIT BAUD RATE CLOCK) : 11iifuafil4luns
daﬁqmqmnﬁanﬁ1ﬂ1unwﬁdaﬁaga Fofimon i 14 lun1a e BAUD RATE Hu
109 Tnaunfudraedosirnirduuefontasreuylifonndy 3o 1

3.3 TxRDY : ifiadlunef i cPU naudn 8251 wdoafiaw
udoynann cPUT \ofiaetnsdene liudwTods  uarationaarinlul4lunny
rodui1nod fti 14

3.4) TxEMPTY : mwﬁaz?iﬁunﬂﬁnaﬂoﬁﬂiagaﬁ cPU daTifu 8251
&u1ﬁgnd§aan1ﬂ1ﬁqﬂniﬁﬁu 0 wuaudy  Taef 8251 awi Wiy v1v  uae
(fla cpPU ﬁ1nwfdoiagaqﬂdaWHWﬁﬁujszs1 1 TxEMPTY faeifin  "o"  qundn

o g -~ d o cgu o 3
8251 qsnﬂnﬂidoﬁagauaanWﬂnum 8251 Raetrldotinguitly »ev Snada

4. néuﬁ1i1un17¥uiaga

4.1 RxD : flumsfudoyanuounsuminansds

4.2) RxC 3 Lﬁumwﬁiﬂqunw?¥uﬁmq1mﬂﬁanﬁ1ﬁ1un1??UﬁagaTﬂﬂﬂnﬁ
uarsetnarao Lty TxC Tagmss

4.3) RxRDY : axl4lun1qudnein 8251 w%auﬁqsdoﬁagaqﬁﬁu CPU
uaverionaas 14lunsmodu L ned il Ldn  fenfue1 TxRDY

%4.4) SYNDET : mwﬁas?i?un17¥uﬁagauuu SYNCHRONDUS  L1infiu
(8251 aqunsnﬁasﬁ1n17¥udoﬁagaTﬁﬁquuU SYNCHRONOUS WAzl
ASYNCHRONOUS Feaeldnanfasollh  Taefisranansafiar Tsunsalfens fusy
gnw?ataﬁﬁgnﬁWﬁ Toef1fa4n SYNDET ﬁQnTﬂiunsnLﬁuLawﬁqnﬁumw SYNDET
arliaodn "1 1fle 8251 #anTa

flarmg2adu SYNC CHARACTER 1§ uaraslfasdn "o" fo cPU  dhnnsaus

atmodanmedmiven  SYNDET farlfaodn v1v luSnnafiviiede (o s2si
15¥uﬁa§aa1ﬂaqﬂdotﬁu "@" wuABuA START BIT aufie STOP BIT.

lunslifien SYNDET QnTﬂsunﬁnqﬁtﬁuﬁugn&u i udannarey
i (ﬁm@ﬁmtﬂﬁﬂuaﬂﬂaaﬁn) ngn (fu w1y 8251 ﬁazﬁaiwiagaﬁmn RxD

1 1 4 N
Lﬁuﬁagaﬁuﬁ uasL71@nsofiasi Waednfianlindui i o0 1édanna rRxc Qnma1ﬂ

._61_



5. nauiianeres 8251
‘ X & v » 8 v &
8251 1ﬁ1w1§aatwﬂoqﬂ1ﬁﬂq fo +5V ffu GND iy getfunn 'ty

»
(Reer0e 8251 Felfle 2 91 @p Vec Sy GND

®.ree N -

gﬂﬁ 3.2.9 msiatFeee1109 8251

- m7ifaosewing 8251 fu ze0
Turdafiarnannfedinatiaien 8251 Cluldemuduiy zee 1f
11,10 awuanefedslunnridoune 8251 §u 2o
aﬁngﬁﬁ 11.19 qsxﬁuiﬁfsui1aﬁaiagaﬁao 8251 WAy 280 Rl
DATA BUFFER daag (7415245) iadalumItunTvustes 280

N

11 CS 499 8251 ldanniTooasiia



3.2.1.7 8253 PROGRAMMAABLE TIMER Baud rate Generator

Tuunfiacuanafen1714 8253 PROGRAMMABLE TIMER fiu 289 luTag
TusLgaitod TﬂﬂasL?uﬁaﬂnﬁ7ﬁa1fmﬁqmauﬁﬁﬁaa1nﬁtuaé%uﬁdaaﬂnﬁuﬁaeﬁﬁ
m7ifoado 8253 14fy zee  lular Tt raLtod uaggatgaenafions
Faugowtund 1Sofiavinduiiu1 e

- ufonleorunsutos 8253 PROGRAMMABLE TIMER

vimfontaosunty gl 320 (HofmimnTiaimedaneluuay
Trunr09nn i 90 03wl avL§u1§iaﬁu§aﬂm001nﬁtua§ﬁLﬂuﬁaiedaﬁuaé 3 10
fnvwenng Tirunguiandinofgas Indinadhe S‘qmﬁﬁﬁnﬁmstuﬁauﬁu Tuunti 191
aeﬁn&1iwasﬁ1LﬂnﬁLmaéudazqm1ﬂ1ioﬂu15aﬂ1017

Z”ﬁ 3.2.9 u#meuAonto9 DATA BUS BUFFER  FeuSontiayiduthl
LwaéqﬁﬁuﬁagaﬁaguuﬁﬂﬁagaﬁLﬁwuauaanaﬁniuTﬂ?TﬂiLﬁﬂtﬁaéﬁn?%atmaénnﬂ
Tuwos 8258 dwduufon READ/WRITE LoGIC  ufantias i fudauflddwduany
QuﬂWTdﬂuuasn1%L%ﬂumao?ﬁﬂtmaémaaLﬂﬂﬁlma§ uazuganQﬁwﬂLﬁuugaﬂ
CONTROL WORD REGISTER %aLﬁuﬁLﬁuﬁandﬁuﬁgnTﬂfun?utﬁ11u1ﬂﬂﬁeuu1u1ﬂf
Tur ated 'ﬁa%ouﬁa?ﬁaLmaéquuﬁanﬁLﬁuﬁﬁﬁwnuﬂn17ﬁwonumaa%wﬁiﬂqsLﬁu
peinale uasgﬂﬁ 8.2 uanImsintiTee 8253

-63—



: aia
9,0, ¢ 3 3 s
werea

{

—
K " e cants

"o
Ll agaor
L0 )
106

N

A, —

S

CONTAOL,
wond
REQIETEA

1
—l

T 3.2.9 yaan leprunsunay 8253

;ITL______J

gﬂﬁ 3.2.11  udaen1Tinifaeenree 8253
- @edan CLOCK, GATE uay OUT a1 Lnad

tﬂnﬁLmaéudasﬁqﬂuﬂﬁaﬂ1aazuﬂsumaufﬂ 3.2.9 azliasdyy oo
nuumasnaaﬂaﬂ 3 14U Tﬂﬂﬁwaﬁmm1mnu%aqw CLOCK WAy GATE Tﬂtﬁuﬁuwn
dm  ouT’ 1ixﬂuuawnwn wuwn?uﬂqsnwoﬁumaoanﬂLuawutﬂaauuﬂaoWQmunuaw
’ aﬂnsmLuawunﬂnwnumuuwnnwsnwowuLuaamu11aawoWsniaﬂﬂTﬂfunﬁuuwaﬂﬁeis
uavnaunawvmaWﬂu tudasmuatn 9 lUwosanefuynn CLOCK ,DATE uaz  OUT
1091A1 R0

CLOCK : LﬂuﬁuqnﬁTﬂﬂauﬁmmwmnﬁanqﬁuﬁLﬂnﬁtmaé Farafimadlu

i
a o g o g . a L 1 { (lﬁ
e 16 in  mnafinesdipymefenfiannfigafiffow liudiandinesiniiiy 2.6 Mz
o g oy o o
uaznvﬁunmaaﬂaannﬁaﬂnqﬂLﬁu @ Hz (DC) %30 STATIC OPERATION.
GATE : LﬁuﬂﬂﬂﬁmmﬂmﬁugnﬁﬁwﬁaLaﬁau GATE fiavemamTo Lilman'ld

o \ v { 1 o )
fonnuefonduidr lufds iadined  uay GATE sl fuanefognfiouitad

_64_



o Y '4 { & v y & v o v '4 't
(PULSE) LNQﬂTzquqﬁLﬂﬂulma7l7Nuu %omuagnuTuumnTﬂsunsu1ﬁnnLﬂwutmaf

'3 's I'4 Y o 2 ‘o
OUT : LﬂuanaﬁmmqmnaﬁngnmaoLﬂnuLmai %anﬂﬁnwawumuagnunﬁi
Tsungy

«

ao 1
- FlamaTnalureq 8253

d E g omm 4 oy X
alrnglugy 3.2, 11 dudifiaimednialures 8253 Tufudufia
a . ' aa 71 © o o &
WA17071 MODE WORD REGISTER fiou  F3atmofiifiushimanisiroufionuaga
_ ' P ' { 1 a Y
8253  amiinTmua Moo wdastainadly 825 1 fuBaresofu
t {0 &
a1 oauyTiia 1%
- o 1 ¢ 1w . y. o ©
s Tsunsairenluiandinafudaesa 14 TaamsTidoyaigndiosfiy  MoDE

) ! c.’l' a o
WORD REGISTER #938msTusunsuavnatnfeluntmde dolufi s1aeufinnsang
a 4 &
WwinoTneluie 4 1ugﬂ 3.2.11

<

RD : WR A0 A1
WV/ o 0 0 LOADCOUNTERO
NTERO
& ib o M 0 0 READCOUNTERDO
« 1 B0 0 1 LOADCOUNTER
NTER 1
eV BN 0 1 READCOUNTER1
P\ 1 0 LOADCOUNTER?2
NTER 2
b o 0 1 1 0 RE'AD COUNTER 2
MODE WORDOR [t 0 |1 WRITE MODE WORD |
CONTROL WORD 0 1 1 1 NO-OPERATION

gﬂn 3.2.12 meoaaqnﬁao‘mmma‘mm‘lu 8253 nTﬂﬂmm‘lﬁﬂmmumas

[~ T~ ‘a' 2
CONTROL WORD REGISTER : LﬂuiﬂﬁLmaiﬂqiﬂﬁuquTMNﬂﬂ1Tn101u
o oo A3 ‘ ‘ 1 o o (-
uas 141 Ron3F a9 ur0 9 tad Lmadaar Miiunurlunng wSa BCD (BINARY CODED

1 al v oo ‘a» N : al
DECIMAL) naunqs1ﬂa1uasﬁaaTﬂfuniuﬁagaqﬁnu7aaLmafutﬁﬂnau Fodiouafi

_65_



TﬂsuniuﬁQTHﬁaztﬂuﬁaﬁwwuﬂﬁﬂumznnfﬁwowumaaLﬂwﬁxma§ 3@ moSiEN D
Viendoya i1 T ldodne (Ben lisunngmoonainld  uaraviorofudaa Lnedile
\fou A0 uar A1 Faednuf vie

COUNTER #0, #1, #2 : LnnitmaéﬁaﬂwuﬁﬁﬁnumeﬁLnﬁauﬁuuazﬁ1
smed v fuBaredatuardn  wiariadiono ¥ Smna 16 fin PRE-SETTABLE,
DOWN COUNTER uaedunsaduldifu Tuung uSa sep 8§18 mananaanwaqulﬂwu
LmaﬁLwawuawuﬁ7nnnaquma1nTﬂfTﬂ$LﬁﬁLﬁaTTQTmﬂTNnnqnmauanWﬂTuanu
LnadiiuL e %G?BUUSﬁMW?ﬂQ#HﬂﬂGﬂﬁquLﬂﬁulma?1ﬂﬂﬂaﬂlﬁﬂﬁ Toalainge
nunTeLfaun19t e ufionanroaian Lna s

- m7ie 8253 iy Z8e

ﬂaunQUﬁﬂﬁﬁﬁaﬂWTTﬂﬁuﬂ?N 8253 1113ufieatdn1adinede  s2s3
vty 280 (Renau

1999193zRRd1 8253 1fiuiafoufumadn 170 $wn 4 wadn %9
ugneonaniueEneBaTy 150 280 doemTariadofunetniiad L Audnnndy
un Cs Faufuaredogrundnillun s Sanwodn awiiaadnify won LAYAELDR
LATd AO URy Al asLﬁumvLaanwasnnmaon17mmmaqu75u11anwsunmauameaan
S feuwadn 1/0 (At 8253 wadn 1/0 fRaSsaimadnalufie 4 199 8253
fui09 ,

1un17nam7ﬁaﬂ1ﬂ5uyn cs 709 8253 fuldarauoniasa 6 Sinuw fo
A7-A2 ﬁouﬁﬂoquﬁdaéwo<sﬂﬁ 3.2.13  Teal# 8253 uanumstﬁuaﬂnﬁm 170
19T %otsnauumqn 8253 nnnwnumﬂnaﬂ?vnaqomquwuo 170§ seH Ry
33H aviu 8253 axﬂsvnau1ﬂmaﬂwa7n 1/0 fdumie 30H, 31H; 32H uay 33H
mozﬂn 3.2.13

dduQWHﬁmm1m§ugn RD WAz WR %09 8253 i xnde Tnems ofiy
IOW Waz IOR %atﬁuﬁwﬂﬁmmqm AILANTD I TELY

...66_



74,5242

A7 15{0
A8 141C .
AS 13]B ‘4 -
M 121A 3.0
2P
g P &
CcPU
74LS32
74L832
H 21
A3 ] 6 1]
3 f 4
= ;
- "
I

gﬂﬁ 3:2.13  297NUAAITINIT0DRTHE CS INPUT aniduuaninga A7-A2.

fintayaros 8253 awuwﬁﬂmaTmamioLmﬂnunamauamae 280 l&can
um111un171ﬁowuu 1umaoqﬁuwtwa7maua) lugil 3.2.15 1ﬂuﬂmon13ma 8253
iy z8o aawoaMUTm umtﬁuuuuTuqiquMQT dwlunl 8.2.16 tHunasaef
aMUimLua1ﬁquwaf uwtwaimaouamananqina 7415245 Hailp 8253 nﬂLaan
uazdgmBuun RD fiaadnifiu von <Lﬂunwsawua1n 8253) 74LS245 aeﬂauqn
8253 ﬁwﬁagaaaﬂ1ﬂuuﬁﬁﬁagamaoﬁsuu 280 1§ wonanfl 7415245  avean’ld
iagaawnﬁaﬁagamaassuu 280 (472171 DATA INPUT w9 8253 &

1un1$1ﬁ01u10a7ﬁuﬂ901u3ﬂ 8.6 uar 8.7 wu MmlF 280 uaw
8253  aunsafesofuld  udfefaudosfrda i audoelnsTusunsudoly

sruuanTa e umnmagoenie g

- m191UsunTy 8253 (CONTROL WORD FORMAT)

-] ‘ ‘g -4 ot
Truenirtremeasiadimosionun  aantatfonlédasnas Seande
k.3 [~ 1= ( : o (-] g
ﬂalﬁ11ﬂ1uiﬁﬂlﬂaiﬂ1UQN ToligUnro 981 9A AN (CONTROL WORD FORMAT)
ﬁoquzu 3.2.17

~67—



8253

10RG

* -
g
8

3

FROM ! :
ZB80 !
cPu |
l
. |

| on 2
@ i o
M

CONTROL BUS !
SIGNALS COMMON
TO ALL YO DEVICES

i 8.2.14  aolnlansunsauanefenisadredmyn 10R uay 1ow

U~V 4 8253
A3
Sl N T
Al
AQ
FROM
280 ( IOW
CPU | A
07
06
s
D4
03
D2
D1
hoo

o é y | ' v o
TR 8.2.15 yeasdnyTi1a9nT I FoudaTening B2s3 fuseuuiidres
' o 4
280 Taalall4thliwas

’ "‘68"



ﬁwqﬁuaﬂLmiamaoﬁwﬁoﬂauquﬁtﬁuuamLﬂfﬂﬁﬁdﬁmao 40 war A1 ffuaodn w1
%oquisuuﬁLinﬁanimwaéﬁﬂﬁuaﬂLﬂfamao ﬁwﬁoﬂauqutﬁu 33H (Q1ﬁﬂ1ﬂzﬂ 8.3
Uay 8.4)

flaeantandinodiee 8253 5w 3 Fadhefu avtums iy
unsatafimedin  $fudosdminiadimefifosmase Tusuntuideion i
uumﬁn1ﬁ7ﬂﬂ1ﬁaa3nﬁgnﬁaeﬁuﬁn D7 uas D6 Fefifodn SCt uaw sC2 19971
8.8 1Siol&iaLmodfidoeniuin LﬂwﬁlmaéﬁuazgnL%n uauazaéTuanﬁwﬁu
auniwqaﬁﬁwﬁanﬁuqugun7ﬁ11ﬁLﬂﬁauuﬂaa Aunmatmuaaiaintesiin D7 uay
pe  AwduldiFoniand Lnod L fugel

»

D7 D6 COUNTER SELECT
) ) )

) 1 Py

1 / ) 2

1 1 {aifiravane

(o Bontakimedainnis4n 07 war 06 1gudy  deolufin D5
uaz D4 ariusimuedniandimedi (n3a33amed) ¢ l4lu READ/LOAD MoDE
f9Tmuann997L  (READ MODE) LﬂuTnnaﬁ1MTﬂﬁTﬂiLﬁﬁtﬁaédwuiagaaﬂntﬂwﬁ
wind - gruTuwan13Tuan (LoAD MODE) tﬁuTuumﬁTnTﬂiTﬂfLﬁanﬁaéLﬁﬂuﬁaga
ek imed §in DS way Da Qﬂﬁﬁuuﬂﬁoi

D5 D4 R/L DEFINITION

) ) : dﬁﬂu;n1ﬁtmafgﬂuanf nnwaaawniwdwﬁﬁagqu

Lﬂﬁﬁtmaéﬁgnﬁwuuﬂﬁ e A3 e
FLIP-FLOP %4 CPU awnvasusonlyld
1 1 READ/LOAD e lufiffivedhdgen (LEAST-
SIGNIFICANT BYTE)
1 ) READ/LOAD Law1z1uﬁﬁﬁﬁaﬁ1ﬁm§o (MOST-
SIGNIFICANT BYTE)

1 1 READ/LOAD 1uﬂﬁﬁﬁﬂﬁﬁﬁmﬁwﬁauLﬂ?auﬁamwu

ﬁdﬂ1uﬁﬁﬁﬂﬁwﬁm§a

_69_



wngom  Tu 1 lutwesienfinofusenaudag 16 Sn Taefin Do-D7 18y
LEAST-SIGNIFICANT BYTE uav D8-D15 (ffu MOST-SIGNIFICANT BYTE.

o D5 uaw D4 S oo LnnuLmaiqvnnnﬁquaﬂquTuuﬂnwf
uand cLaTCH) %aLﬁuTuuﬂnTiﬁﬂwsun1$anuﬂ1maaanutma7mmvnlﬂﬁutmafﬂe
190t n17LmﬂuTuuﬂuTunu7aaLmafnaunu aznw?nﬂwnaaTuanutmasnn
uand liiug3a Lmadanaly uaaLuonﬂnwfawuanutmasﬂwuaznnawuaanTU
f Lot Tu Truanuand uaunﬁsaﬁuwauaazLnﬂmawﬂwaﬂﬂ%u15
stﬂammsﬁ°1n1sdﬁuﬁauaﬁu muaunwfntnmmuqutﬂnuLmasaun11umauanaatau
LRty (ﬂﬂuﬂﬂ01u1ﬂ8¥uﬂinL?ﬂﬁﬂﬁ?ﬂ 3.2.18) Lﬁuwaanumauanﬁautﬁw
CPU L Refiawanaty auuulwanazawuﬂwmaoLﬂwuxmaﬁqunnmao Tummznxﬂnutnai
nwaoaa?umuaunﬁﬁuuaﬂuu ﬁﬁunsnn11ﬁTmﬂnnnuan1ﬁeﬂﬁﬂﬂnnw7uanf (LATCH
CONTROL WORD) figu uaaaoqnﬂwﬁoﬂauqnaunLﬁuﬂwﬁen1701u1u1unm91ﬂ

ﬁdﬁﬁﬂ%ﬁ%ﬁﬂﬁﬂﬂ?ﬂﬂﬁ?ﬁﬂ1ﬁﬁﬂﬁ0uama0Lﬂﬁﬁlmaé1ﬁlﬂﬁﬂuuﬂ80ﬁm“ﬁﬁ
n1991 Tﬂﬂﬂﬁ?qﬁﬁdQ?ﬂﬁﬂﬂ@ﬂﬂﬂ11ﬂﬂ17uumaﬂLﬂﬁuLﬂaiﬂﬂﬂiﬁﬂmu1u78W110n
fnnTau %otnﬂuﬂuuaﬂ0111u7Un 3.2.19 udaLAsRnantERde (Felushi
oy selud%nisuand awanwﬂuTuTﬂiTﬂsLﬁﬂLﬁaﬁnwnwﬁawumauaLnnntnﬂnau
wintinang 9 oy FeRusumnn i Srre omai uauTunmaoanutmasnﬂwaonnawu
éduaﬁnannnﬁsuumaoLnﬂuLmaﬁuamﬂammaTmﬂvoaﬁnnﬂuanuuuwaLﬁﬂ fRoavdo
Tiqﬂnfmnwoaw7au17ﬂ1qutmuan Fao1am I tRams 1 Ufeuasnfhene g
AT AT %uagﬁunawuqujgﬂuiﬁasLﬁan1ﬁ%§1ﬂ30qzﬁﬁ§ﬂ§1w§unﬁ71ﬁawu&u 9

COUNTER OUTPUTS ——  CMANGE DUE TO INPUT CLX

%
B INPUT TO THE 2253

=

DO~DY SEMT TO ZBO ARE CHANGING DURING THE VO READ

X

gﬂﬁ 3.2.18 laozunsauina (TIMING DIAGRAM) MANIM TRANAINT LRI

nﬁfaﬂumauaawnlﬂﬂutmaimao 8253 %oawnwinun1m1ﬂ7ﬂﬂn17n
1uTarTusioaited LATCH mauaawnnawnwnmaqanutmainaunae
An1T97%
felidn 4 fin ﬂtnﬁamaaﬁ1ﬁoﬂ1uqu1ugu 8.8 o D3,D2, D1 WAy
DO umaenanfe 3 Tnusnnoudie D3, D2 way DI tmiuai L Sufinficua Tiue
° & 4 4 5yt Y a v 4
MIMUImataiaed  Fedde liae ldofursuaruansshagranis 14 and

_70_



' ¥ F-1 aX a
s luudas Tnaafe 5 Tuuadl 1unuu1gaaan

Tnunstetl

D3 . D2 D1
) ) 0
o ) 1
X 1 )
X 1 1
1 0 o
1 ) 1

]
o

fildty 03, D2 uar D1 luudae

_ MODE VALUE

MODE 9 :

MODE 1

MODE 2

MODE 3

MODE 4

MODE 5

INTERRUPT ON
TERMINAL COUNT
PROGRAMABLE
ONE-SHOT

RATE GENERATER
SQUARE WAVE
GENERATER
SOFTWARE
TRIGGERED STROBE
SOFTWARE TRIGGER
STROBE

o L3 v (= E-3 L2 & ‘ ‘ 1
uanﬁWﬂwaoﬂwﬁoﬂauquﬂa po 1dfmundnsuznisiveeetattinodin

Fownenriuifusdrels  fHuBoseiuifly Bop wSo duluwag & po Saodn. iy

‘ ‘ hd o (=] NS o ' a' l"
“1" adieeg seflunuy BCD 81 DO Siaain Lﬁu "g" Qsﬂﬂﬂﬂﬂ‘ﬂﬂ?? ATNNINM

Qﬂ§1u¥Uﬂ17ﬁu1uTnumﬂ17ﬁuuuu1uu1?ﬁdwLﬁﬁﬁu 95

BCD 1fiu 10° N

"

LOGIC TO eI

wae T Tnuantviiuuuy

AN INPUT READ

CONTROULED BY 220

o

d

o - [ o o a e
Zﬂn 3.2.19 uﬁﬂauaaﬂqﬂatunTaniquﬂ17ﬁaoﬂuﬂ1ﬂuwﬂwa1ﬂ73uﬁ10ﬂ17

) { {
awuﬁagaawntnqutnafmao 8253

_.71_

«%



3.3 CRT Controller

mauanan i lunuudneseavuriesant fuaadu lunsuniuouuas L fu
vrriadneselumefe 1du tefosuarh faurienon iy 4o ﬂqﬁu{ 24  YTTNAON
17 eudnnwsneTeld 40 x 24 = 966 §1 Snusvusarsin Suwangnduuy
8x8 3N FaavdootmualF funnddosnisiduifundnes daian g4
wing wfandula 3 lumuraines Lemiuodieinof (character _generator)

ﬂwuiﬂtmasnautuxstmaf tHumniaemand sz ian rov fhaatiufian’l4
EPROM wisanadi 1 1w 8o 8 sansai liifiasaawld amqunnauud
wou  fofuSediosMmihemudil s fud Lﬁanwluzﬁﬂn1uluuuuunn?ﬂﬂ 8x8
1% 1 2w B 1 Snaseminld BproM 11ad 2716 B 2 Ralud arldnwdnye
ifu 204878 = 256

mienwaue 2 3laluifaweaiass 11 11 lumsadroum
inofreen ity luansaimed teuniui Tinef I mua i uen L aralaus A,
fa A, 1w 8 11 umedmadiisadeenisndneselaly 256 agandn
2 = 256) uavifeniaedadnn A, S A, ulunsimedaieseiBentudle
Tu 8 Tudsosdnnredy o %oazﬁuwuﬁaannﬂunuTaunwnasna11ma1ﬂ 79 1 Faud
ageiian o Lrdmuasa uaennuuqunn?usnauu171a31nn1w 1 lud Fo £
AMUNADA M dmnrTiarimuasiialdonely o igedels uaaasWﬂantﬁuam
awldornely 1fuiSosfaendnsosoly

3.3.1 af19anfde Tnvied

uwnqqﬁaanﬂwuuuﬁL?ﬂni1uaﬁtna§ Qmawunﬁnﬁ%w0anﬁﬁdeTn7ﬁﬂﬁTU
fanonwlklandre (Soanfaetroonuansifunndnasy Toea¥1 980 VSYNG
(vertical synchronous) fn 9 20 §adul wiudseam 1 $ad%urd  uae
HSYNC (horizontal synchronous) Qﬂ 9 64 1n1ﬂ73u1ﬁu1uﬂﬁeu1m 5 1N1ﬂ7
i Aulidggmannu (rmamfado quaTﬁnquaanaan%uTuuuu 312 aunulad

919 64 luTariunfifodreaarres 1 aunulad §a1qe11a18as
pwafranwld 1 dulunmesedutie st 20 SaR%u0T Fatheinantes 1 Dad
fotoiaanfadnmadranwldifusen fo 312 dusunnladinildinan 20
fadiutzes  alasiund = 312.5 i udd 20 uar 64 AanaiaBouldin
fordeflotewld TunsdeTnafiadage 9 aedonwy 2 fadio t 1l F018ann

_72_



Jeuy 625 LAY
uﬁnnwﬁTﬁvanéannwuauLﬂﬁasLwiﬁsauLﬁunwwnwiﬁundnﬂmaoﬂuﬁ
LaAnTou ud9na 10N (retrace) aqnaoquﬁmmwmnﬁwLﬁuaﬂﬂnﬂauuaxnaoﬁm
ymBedfomne i Fanindaoiuded Tu 1 aunuladfe 64 1uTﬂ7%u1n FofllnaLude
fwmfunananiszana 42 Talasfunf uasly 1 fadde 20 fad%unR Aefinan

o3

¢ a oo = { ' -1
uaneniwlsennn 13 NadufRotseann 200 ﬂlmlﬁﬂu AWM 9 Luau

matadouldiduty - .
a'a Y o ‘a
ﬁmmwmnnWTuLnagmnnwnaxﬁonnmunmﬂﬁzuwm

'4

Wi = 2 T
‘ 0 I'4
win = 8.5 Taan

{ {

30 = o2 Tah

nﬂa11117ﬂaﬂﬁsu1mLw7131u1oasaanﬁwuaoa?nqnmﬂ1aﬁmm1m uat laimgeinn
afanilouas linruanning
wumaL%auﬁnﬂawuLiﬁqaLﬁﬂqumauﬁﬁauiwdwusoﬁuﬁwuiWNWﬂﬁﬁaﬁLﬁu
uﬁoﬂunLawnwnmaanﬁﬂwauﬁmm1m (video composite) %atﬂuatuﬂfumnwﬂauwn
maoaoaiuﬂauLﬂumqmaamaoqnasﬂn 1 tsenou mouulwaquLnﬂﬁmmﬁmxanngnﬂa
Aa7 awannuum?ugmmwatﬁuaaaﬂ ni uasgﬂmwnﬁuaa%n "gr wSonduR 1y du
Ao odf L fufn szsmmaliify w19 uae vev §18 ﬂﬁNﬁﬂQTﬂNNﬂﬁﬂuﬂquﬂ
11 ffuansn v1v amﬂqxﬁuaaan g Fnded fuaedn TP (Lwa1uﬁaanaaa
fiu 6845) mOR:

7ﬂﬁ 3.3.1 9 7a1nusudn

1 aunuWautfﬂmaon171nanamnﬂwnamnWQTuiae 200 §9 1200
AN muaannaﬂudunaauunL?nﬁaonnﬁ L%umaon177uuﬂﬂauuu 80 aodul  To
1nanmisnuo 9 oti luamind 8 x n AN Sofuludrotnan 40 1ulardunfiras
1 sunuladfusnenwlé awdoaidy so aofuuay uqmnwwtﬁu 80x8 = 640 0

a1 wndateunulal (64 1uTasturd) awifu 1024 N

_73_



anﬁwwuﬂaﬂnwwﬁwnumﬁaaﬁmmwmuwﬁnw DCLK (dot clock) %43
?ananaaﬁn%wnsaatmai (7ﬂn 2) Thumearawwasionn andheghofienylu
1 1nTa71u1nLsﬁmaoanutnﬂaanwwnq 16 901 3t ldaafiees DoLk  FafRe
mafiosnTamoatily 16 Mz

AT i L fudtoons amnad (iumnldndanan 17.3 MHz  agl&in
Tu 1 aunwlad (64 luTasSundy § 1107.2 WA Ay L e T g
wardo M1 Téan

serrrea.
luuu S8

Mcu

Maaiway %

49 -4Aq . v &4 3.

2’1.]?1 3.3.2 'm'-z‘m'mquaan‘w CRTC

Imnesonadintdo 8 asdh mafilndiaseds 1104 wawaenauaz iy 1 4
untlarden 63.8 {ulassuns udrFeoaduld 2018410 1 aunu'ladsl 138 @p
ful  uilfuanonuisios 20 aoduiEn ss podu fudrouumseduay HsyNC

Ml DCLK %an1Tﬂvﬂawuduamnwunaﬂaﬁuuﬁa 8 15eninmu
CCLK (character clock) ae?iLﬂunanTunwsnwudmmaTU Tatawe 8014163
1fiu crrc uazLﬁuﬁmmwmﬂunw7Tuaﬂmauauuumu1uawnﬂﬂufnLn07LﬂuLufomaiqu
unBui$iames Audely crrc Lwaﬂiwoﬁmmwmau 9 s ly

(o198 mua129 1o sy Tad ldudn Sudolufowrinly 1 Dad

oo )

awffaunulad 5841 o foAiaan 1 aunuTaunmﬂaﬂ 312 + I¥lémuinan

_74_



In&1&eafy 20 ﬁaﬁ%uwﬂﬁqm avléiminldesanon 17.3 MHz #1149 313 aunu
{adaeldaan 19.974 ﬁaﬁ%uﬁﬁﬁuiquﬁtﬁﬂaﬁQQ

‘ Tunsuaaennmindioanislfudne 24 usiiadnase  luusiavusTia
drenoudnaidusunulad 8 1 (awamdnd nxe)  edoanas i dusinglad i
fiu 24x8 = 192 Lﬁua§1uiaiwﬁﬂﬁndﬂdn1 wardousias Wuanafe 26 s
fu 208 LﬁuﬂuﬂﬁTaﬁﬁﬁoaéquﬁaiﬁﬁm Tufidar Wugne 24 v3siin  Soundoany
et du dusinuladle s13-192 1 fu 121 A Feldufudhouvaeduas
VSYNC .

3.3.2 Fhsfiusanw

mufnaundumalilarseutusnen oy 80 padul 24 ursiadn
19 Fofudrundnuse Gofusrnnsnusehonnafazuans lddouttaaonndie
8ox24 = 1920 §  uasaninamdrimafiariSnass s nguuaentuin
Simauddneriare sduuay lnifdoadusaLaod L anin s imod 150 v ludfdo L aaudos
S0l 0 §9 7 wuvetinlinon

Tumsdrerianni s damizamaadienio e RaM qure 1920
it (Hensdoalduunn 2 Alalud) Taelilud ¢ saemierndfifusnrreusn
Aoynunirgre9aanu M 1 avifusnassd 2 ARLN1NTITB TN luftd 79
AodnyTviantiigresussiousn uae s 80 Fasusnvesussted 2 uazdo 9
TauBeludd 1919 fiodnaTvaningoting JuN117A1 9199300 M ﬁqﬁu%ﬁgﬁeuaa
wsanndoumiasanadiug 1926 lidnineviio Jamniaamandatidn 5aTe
U5y (video RAM)

3.3.3 29ITUARINALNIDNIW
ﬁﬂiwtﬁwﬁﬂoLﬁaowaLwiwswuﬁaaﬂﬁwdLﬁutﬁuﬁﬂqunniaﬁuWEEﬂﬁ 2 %o
Lﬁa?ﬁgﬁa0n17uaman1w1mm7oﬁ1mnnaan1wﬁaséo7ﬁam005nmis&uuﬁ'

FulugaToury Inludfdoensdufutiudfisanudendannan nishasoroatiigivia

Tougnasnsein i fodiosn1TRarodna L indu uaeﬂiéﬁﬁquuuuéu Aoarfnsofylud

Taa938 Tousufi 16
Taminfugn CRTC LﬂuQﬁmdaﬁuﬁﬁTausuaémaamanﬂ wavin T

oL Ben RoavdrsuoniarateiaTousafusludd 0 Beludf 1919 udaduludd

2 Ind (vommfofuiaadsean 290 TadIuR)

._7 5_



\fla CRTC srouantasaid Tousuas adfasiamafingn %
29097undavufindar 14 uavﬁwTﬁLﬂuuaﬂLmﬁd A, B9 A vavRuTALmDS Lem Ly
trimed  dwnn A & A, i CRTC Lﬁquﬂﬂ1u8ﬂlﬂ7ﬁ1ﬂﬂﬂ70 AUTA LAY
tmiutrined aeldandn 1 1unundaQ7%wn73aLma7 %oavnn DCLK Buoanfiay
Inliurvarnmemudonnde T ifeandnnosutts (otwtary o inagldnne 8
WA WIUIDN

aufinananninle 1 wrtieonrTedsenaudie Jusunulad 8 14u 9o
rormuaSaniulads ¢ 50 7 A TUARIN I IuURALUT TS N T e AN RuaD 9 n T
Thuanandnase & Re 2 aviSudelads o RodmiroeSnrsReluntd @ 109
Snysenniia Tuausaimed Lanui s irof llansusunnlad wdhiulads foludd 1
1dnysenniy lusufeladf 7 fadugrunFodiolusfs 7 wdnrrenndy fiums
UGN 1 uTTRanYTE

nrtamas L fulu Sadnasear ifean A f9 2z gneedudfo
m 1 colk uiladfuinladd o vty uBvmaonsuntasdy (oduaun Ta
1nutﬁulﬂu1aun 1 yiadnaseer SuduiuRewann A 8o 2 Wi (fuidufiauary
8 aunulaf@do 1 urefindnure 1uu77nﬂanm73ma1ﬂ nwnwuqvuﬁmanww n. 89 8
: naslﬁuﬂ171n7uﬂanm7uq1ﬂ n. fie 3. iwaﬂ 8 1feadenanaan - Sonuet du
wifuee CRTC

Arlufotfunamind exe wanld oxe Symrseifedn  Tsurnae
mirem e 9 S funusaimed s iuirinedld doodaly 16 Sn ¢
U 2716 §1un 2 fhdamumin warl4ieSs L med 2 dhaeldwaladudn  wan
whendml i exiz lusiadnaTeite o fosldmiremiusqfe 16 1un ue 14
e 12 Tuf folliumeminsmudise otaifu 2™ (g 4, 8, 16 uSo 32
o 9l me¥aliiiy ex12. ora1iBs snitenn e RE ¥R unn

3.3.4 CRTC 6845
1ﬂuﬂﬂ0ﬂ7?QQﬁﬁ%DG CRTC LUOT 6845 111u3ﬂn 3.8.3 %90FunY

nu1nﬂ17n101utwwﬂou

dauﬁﬁﬂéaﬁn%ﬁg
0, v D wfumandrdosuadnia
CS f11 chip select LﬁaLﬁanﬁﬁﬁuLﬁa%ﬁgﬁaon17azﬁmﬁaﬁaﬂ

_.76_



womtdLio 16 51m0%30 "av
o . { o
RS #11 register select Mwlu 6845 §$3%a1m04i8a4eu’ly
a ) ao =) ) v o o
wiifidne 9 18 ) uazueniaTaTi@innddn 1 ¢ anfl 19 5 1$oldaen

[~

vor  udriuiunng  Fonfedofuuon 1 aTaTsa Lo dnnﬂuﬂanuWﬂLamﬁaatmai1ﬁ
sfirdosniRadodnefo o B 17 (500 §9 s1) 1 Fol¥aadn "1v ufan
luns Fonfedtofusiainatin 18 & d2ladmis %ONﬂMWﬂlaﬁaﬂquuaﬂlﬂiﬂﬁ
3ot Unfazsarify A, 1997

R/W R read/write 1fol#aodn 1%  (Hun1vsmanndaiand
aeluiiolfandn non LHunte Feuiugia e fanely F953a 1m0 furasia Ifau
uaz L Fen T8 Ll flauiudeaenarse y

E #2117 enable synchronization signal FouTeuaia UM
a?oﬁamﬂﬁmmwmuﬁﬁnwmQQfoUTNTﬂihauﬁaLﬂp% \Hlafiaafiy 6845 Tuguewadn
ClitRenfudaauniini luniauaaen @ DCLK w8 CCLK wiodnelay 496
giuaf 6502 o 6800 Tisofudwnanng o, weit1ifln 8o 1d3menvdefiae
uamaquguﬁ 8 wilinfnufitiTaseanToeld 280 fu 6845 vonrawnnld o
o1 fudmuurdnnreesey zee soldTammes (nqmwﬁmﬁanﬁuuwﬁaa)

RESET @ reset (Hon 5511m6845 (o1 5ugdusinan nanivlLiio
16¥uanin "o avLﬂaﬂiﬂwquﬁoasuuuasannmwLawnwnnanLﬁu vgr ety
teReden lugSamadionanan  fefudolg¥uansn v Tnu sy 1Fur9ude
Tufnd Unfidefudannad imassrvumsonadanearsianlisromnla

Ve was v fem hinauasnsiondmudndy  unfstatuumae

cc bS5

& [ ] P~ oo w
L8R ITEI WIALENUMAI ATV Bor1nTiudiefu
anfiResafiunAnananIu

CLK @271 character rate clock faffy CCLK &enanan 15
U fufensdonaumoasiuing 9 aaludh 6845 11 fudagmoon i fionsadg

&
v o

nw Sefiaenarade llusndol

MA, 09 MA__ @97 screen memory address ﬁa'u’lﬁ%if’muaﬂ
wosaundalourn  Feawrradrolé®e 16 Alalud  waluTaseentis11458%0
wswmwin 2 Alalud Feldrweateraifine 11 91 fo Ma_ §a A, FunBo'll
1% msdafiaesioriuneasifion (selector : 74LS157) Lﬁaﬂﬁ%ﬁglﬁugﬁwnum

U [~} (a (=] ) v oo
11 ne %ﬁgnsa%QWTn%asLﬂugmmmanu1ﬂTau7u

_77_



RA_ 19 RA @971 raster (scanline) address signal Lﬁu‘mﬁ’l
wualaffile 1 ure¥adnasy 109 se4s §q 5 WENIINLTIA TR MUASATT Y
uwamfad16fe nxsz  udluTassoniisrdomaifios exe 50l4i5ime 8 11 8o
RA, fiv RA, Tamdomsofiuen A, §9 A, 299muTALe0F LanLuLT LR S

HSYNC #au1 horizontal synchronization T#fuyia SHYNC sy
Fnanaun uﬁﬂﬁqﬂqﬂ 9 64 luTarfunfwnt fumadre a8 Lsdmadrenng
Tusunsa uazﬁmmwmﬁaznénaﬁaaﬂniLﬁuﬁmmnmﬁstazﬁaqTﬂiunfuﬁoﬁu

VSYNC f¥1 vertical synchronization \#¥uim VSYNC

DISPEN fip11 display (video) enable mNfind 1N fi919uuaess
LﬁﬂﬁaGTﬁaanwwﬁmag 2 41980 Tuqnnunuiaﬁdaﬁuaeuﬁo HSYNC uavqnﬂaéﬁau
uasudy VSYNC dafre 6845 ldhdagnafie 2 ursawfn (oR)  usunufiarls

Lﬁuﬁmmnmﬂuﬁdouuaoﬂ ndu s fudagnaTugrsfusaenild cor) annqia LA
M ma?nﬂqudoa7n1ﬂwau§mmwm7ﬂn 1

LI I AN Sl

v P
vt Pin-Mome | T Trwe
v Ll
i s T -'.Dnu Bus . - lncn:lond \'n:un .
=.§ * Cwg Seieet : $ '.: taowt ., ° .. ) ."
L - Requsies Sesect - i~ tnowt volg 4 N
-2 g .. Resc-Wwnew Setect |nw|‘.; L
T el AR 1= Enzate Senchrron Ity o-\ 5 anat st - .
) ax’ - 'Chuuu' Rno\.lxl . LT o
i.'-i - RESET © Reser: | RNt ;I:-o:-'k_. LT
ST Vee. Vs S J‘c-q (oi\h and Gnann BN RSP
3 ; _: . ‘M;UM‘;J”:—: TS;uu.-Mnmcv Acoress Busl, K + Outout . “'; e .
2 Erd :- T RAQ.AAL 3 ., Oql..ul PR
s N :'.‘--.Jll. R .
A L1 B .
¢TI reme——
sv3 L
tR H
“ o
: LR LTI A ‘mamromia Sracromiaten e Quirns
e WSTNC e e - |+ Vertgdt BemenionapananT : Cuteut
§a DISFEN - Diacray IVigaus €nsote =, Quirat
- I3 CuesOon Curror anpoue . . Oulv:al-
Ts Lesta L.gnt Pen Strane o. . i
S: LT .

o v o {
JUh 8.3.3  medavmaruiifres CRTC (uad 6845

~-78~



CURSOR #8971 CURSOR ENABLE uﬁmoﬁﬂuaﬁmaotnaéiﬂaémnuuﬁnfwasTuf

unyu
LSTB #9171 light pen strobe faftnvasihnnuseiilo 6845 Mg
fuaodn "1 ﬁmwﬁﬁuazLﬁud1uaﬂLnsamaa%ﬁTauﬁummzﬁuﬁaﬁwuaﬁuuaan1wmmaﬁu
Far7raunras s funssely tdui it L Ranw o gﬂﬁlﬁwgﬂwﬂnwuaoﬁu.
o wi fufiin Beanern i suaneaundness B4 luwun s 8e3 e lidos

14iu

{
~FRamesmaly
. oo 4 . 1 v [Y)
Tu 6845 §53a1m051997% (parameter register) ot 18 fir &
uanolumrsaf 1 $901%end1 R, Bo R, Tun19l4 6845 1mraedieTulaunty
Y ) 1aa { X D=7 { -1 v Y o ou b v
funauTan i ung3ainod inmanll  n13 I8 328 me S et 6098198 edunouiy
o220 ‘ ¥ oo o 1 o v 2 J r- B ﬂl o 1 vV OO0 ‘V L7
weaLATaT A LmOTUA R Radotuiiule  fuFolun19Facfasetudiainoten lash
o { aa I'4 i B & a o & o
uuoﬁaoqﬁﬁaga 2 T $3@met i iffeswld Fanld  wIoResuuar Seule
v o aa ¢ ,
ﬂouamaquzﬂm17ﬂon 1 uaneFismeTnisluges 6845 o ldde tneludes
) 20 ‘ L) U o o
read/write 115841009 i el lacdenls 4090 BITS  uane
P~ 1= ( 3 (32 + 'ﬁ a' =% 3 ﬂ. o [ 6[9 1
WUNTD9F A LD TUuRALEII L U In  Avartiumimuaiiae lidge

salf i s ludosialy

. Regrates . . = 4 c
) Reed IR) | ...
~ v B Aange — Ynwa A
IR Ne Namasboncusn, ;| WINe W) 1G> MIEr S -, B, -
ey 000y - | morionuas Yot dii s Loy |, ‘|1 =258 08k i Cina
, " Rorgenw L., 100,gl .| Lheracwmrfiom ~* i [ 1= 254.10-FF, 4) CLKs .

. Fermatone
SN Tireng.,

.20y | ASTNC Povamns: JGE i e i [V - 256 DS ) CLka e e e L

i
L ] a3, | onsvecwaw L i L | ovliy - | IR LERT - = T
b 40Ag} | Yot Toame 2 Sep . 1= 12807, ) Chacscior Ao
T AT T T 2
> 506,40 CVSYNC Aot ¢t b= 32018 ) Scan e -

608, | - Crocacios Aomssbramu! - - <o [1=12300 15 | s Canacrar Aowea

O Y :-?-‘

SI02g |- vSYNG Poswon ... |- . [P=120€-7F, ) Charecrw Aowma:

© WOB gl | wienacesoami LT 0.3

<908yl Scan Lo, Aow R S AP

10 i Cursor Siart Sean Lnw ikt = AR LI TYCT PN

MR BB

]
]
[
4
r
s
z
1
2 .
8 e |1 321018 4) Scan s
”
L]
.
]
H
%
[
1 ]

1108,,0. | - Cwsar SieeSaanlme s « | * . B LI Xy P
Rt 1200C,8 wasa Co e R
Lo R Remipprstin 1< 1638410000 155 | 3
P Py, 13100, sy ;| TTeostfeow . . . :
R . -
L ol ~
Reqrstory -7 1408, ) WASR! . B 1 L
RN c,:::,.. . 0 - 14.38410000.4583 ., |
RET-I asm . - .
1ei1Gye! MIB- | gnepen ol TE R . i
T 10284 0000-as5, |
[RTR P9 asu . Powwen !, g h TR
" T ovs uind 10 100GHy Cursar B EnaraCLeimnCy . Lt TR L Wl




v
[~

o Tk Fununs 19T 3s e inanfiasinietnen Tuanan
naudwLTENDY uasmaﬂqﬂqﬁtﬁuimLauﬁﬂﬂgoﬁeﬁ

- 4n3amoa 17.3 MHz wAmAaE Ly DOLK uae;ﬁaoawnqﬁ 1 a9
Fuds 8 RN cuamsnd 8x8) Fedanearwrsudamufifin coLk  dhenfutes
coLk Fofimuenaiily 0.46 luTasSund

- Tu 1 aunuladfl 138 moRuingodo 138 coix  ualdummeniu
fize 80 coLk L fudhsunasduarden 58 coLk

- Tu 1 a6 313 aunwladl uslusaonnifios 192 1Au 8o 24
vrs¥adnre o fudrouuasduarded 121 Lﬁp

- whoureRadnesed 8 aunwlad cuamdnd exe)

ndhatefennasdos lii3adimetine 9 Feronanduudnaa
foudtof  (oeannmatudine o tdule 1 aunulads 198 medul L9nfivann 1
uidn lus3a1me9f L s Turunsaades Whoasiy fuann 0 dfiuras95edos
avdnmmile  wiluwnaFoafunssumateonss Lildnsiude lidosaudae 1+
3K eaumionarliay e ¥a133a 109 wane A T3a1mad 1ot

- R_ @0 horizontal total @o $wam CCLK #o 1 dinuladdn
al#dn 137 (389)

- R, @0 charactor/row fadwamaeAud (COLK) #io 1 auny
1o Susmonniniiiy  8ocss0)

-R, @ HSYNC position ifudhimunitiraelhiSududedd coLk
Qnﬁtﬁ11u§ Foazdioefioniuinatfirras Widauns suuiinls s 1alassunh
ﬁmLﬁu cck g 12 an Saundo L fudroutaed 46 coLK  unveandiuaz vy
fo 23 cok dofuanfifaledfie oLk gofl 128 mifldRe 103 (s6D)

- R, o HSYNC width @omaunitetasdmndedanify  coLk
Ao 12 gn ($0C)

-R, @0 vertical total fadiwmannulafonuaudaa fusman
urTiadnaTy (row) MAlHFe 313/8 =39cs27) ey 1 FoawialHlu R_

- R, @ VAYNC adjust Feteiniflunisufuusdeniniaatluneded
uarmsnszirfiiudiell  wid A0 Lans Tuaunuladf inBoanmnsliean R,
nefiiRe 1 Fegousiariiansnainiudnos laud

- R_ @ charactor rows/frame punsfeiuanuTsiiadnesed
URAINTUAD 24($18)

-80—



=3 v . ° ’ o i v v
- R, A9 VSYNC position fmmuninis1ae i Sududenfussdadn
grefiimla nfidmald  200md 313 13Ul 2@ wseliadnaTe CLawlgdaly
YFULAUA D UANININ 24 uTThaneiuRe 15 uTefia  dwmdu 6845 {imuatae
=] ‘ u::‘ula 74 o
vsYNC  Mmssihfie 16 aunulad (nafufivduudode 2 usefiaindeudqe
{ v ' PG 'lu/c =
wuadd 13 urrhe  awule 1f8nlaunninfile  waludrefusuBadeine  wuiden
s
Thuuasdnou vsync/ifu 6 a'lé R (i 30¢81E)
- J 4 o ) =3
-R, @ interlace mode awwTafslit19MTd 3 wunde
$)) ﬁa $02 Lﬁu normal mode (non-niterlace)
$01 Lﬂu interlace sync.
$11 (ffu interlace sync and video Tasfinluldtenluuy
: ) g " a"a o
normal mode fwananneMEaLiunT 14 uTuunidn 2 TnaeFeuTusunsy
a oﬁ ' | v N o
gt Auanusa L iuae sware 9anann nwnnwgqﬂﬂuqamaﬂugﬂuguawﬁawuo%aLﬂﬂd
v o & A
fiuL ool
o | R { v v
-R_ A8 scan lines/row Wladwusuneladne 1 vrsiindnasy
72 8 undoe e fn 7csam
—Rio'ﬁu Ru ﬁa cursor start ﬁu cursor stop L?ﬁﬂﬁuﬁinﬁﬂ
1 ‘ ‘ l Bl 4 mmne- o ] [~ -1 -] o ~ o o
wuai1 WL ead LroF L Hudia e eda L BenuSeamuiionaisia Tulaane Fanate e
o oy ‘a‘ dg (=] a o MM oy o M
Fouu uﬁaasqﬁLﬁuzuﬁtnaﬂunmunaunnﬁné e linreusimTe lunseusunso lu
4 1 ¥ o Yy o G o ) aa 4 -1
uanelmodLtofat  dnseniudiwio sy Teedimuartluddaimad 2 §l wan
4 g ) of o ) y w
wifoams liiaod igad tfuuRnfon  newfudh muasdoslien R, oy
R,, tifiy $07 maﬂﬁgzﬂﬁ 4 Usenou

R WAL R, @0 start address fuusaiaraifudurosdate

12 3

o v N g , ; ac M £
wsafiay TiisangnusnasyRumndranafiunldniaeerwd) RAM 1ue 2 ATalun
d ¥ [ gg ] £ L0 L a'
CRTC azuastiumismiuirliiuuaniasa  $000 §9 $07FF wufeans i L5y
way R, ufiu

13

fiu Cinitalize)wasuaniasaSuduify soooo iufoldar R,
$00 laef R,

2

§ o )
Lﬂuuaﬂlﬂ?ﬂWUﬂﬁﬂ ag R, Lﬁﬂﬂ@ﬂlﬂ?ﬂqunmﬁ LHubA

t | 3 )
doanT i BonsonwiL 1 usia  wonlaTaLSuduari iy 86 o s0050 wudneld

R._ fia1 $90 uar R _ fian $50 uasiaodf LURuuaoniw (scroll)

12 13

-81- P



Scon Line & Seon line » K Scon Loae @

1! ! Lt 1 !
o 0 o— .
It U 3t i 1—4-64--o
2 2 2 :
3 » 03 ¥ 3 ———b- 4
¢ B it toi
3 [ : s—o—o—*—#—o—&o—
T
] [] [ .
? : 7 1 L
.- ! ' ¢ :
’ > ' —
10 i 10 10 1!
- 1 T et 1" H
" T ¥ T
R1O=8. . R10 =8 A10 « 1
#1100 R11 10 I

B I e

. [xIxFI [ [] | }4——.”-1-:--’:.5‘:-«
. S G '

t___——-oc.u,, (1 =321 Sennline &

T ef T 1. ¢ o e

Gl T 1L L] e - Curar Siar .
W - ‘. — .
T - : }———au 15 g b1 321 SerLine @ — =

i -Ng
Q1 i Ne Cwraor L%, o
10 - Blink, 1/16 fieid rete
t 11 . 8hien 1732 Rela rete - =

1% 3.3.4  uspamisiiee liud ®

o Waz R, ifodwmuauunresinod
{
L1707

‘. iy o TIa%: K- 'f-::- — "..'.~ N
al T N d ol ol vy 4
G s -, Oy QR i, &
< 5
.” e s
Se=0 )
—L 74504
1 B e DX
ST T

1M3.3.5  udaemisianearmedpnauinn DCLK  uas  ccLk Vo
7415193 fwiaffureammirue

_82_



vavme S - anc

7N 3.3.6 uanamTianeasi 6845 74Ls245 fy 74LS74
folaniie 1Y 6845 fu zse 1§  usin@nuwfinasss
2
Tareemiuoni sy wansloffy” 6502 Yaidio e 14
(&
19% 2 (uads

Faavdio 0 1 N uaswaae linanngedn
) s, | ° 1 I's I'4
- R14 uﬂs-Ris #l0 cursor position Lﬂumﬂuuuamaatﬂiatﬁa?

Toufl R, Lﬂuua@Lﬂ7a1un§u uay R uueaiasaluriind i vda Tausy

o
viufin S0 Suduedu o aRe 00 un 1A d rad a@quiwanudwﬁqﬁuﬁ
R,, War R _ A0 $00 warsfauaniasa $0000 1 l¥d9 a0 191870190870
uaz L Fudugianes 2 fils

-R,. Ua¢ R fo 1light pen position  upnsuMieenetnm
uas Tned1af 930 Tousuiduin %1 lédran 170

~T#an 1 5udu

Roy
o
o
<o
>
=
-
=
=
—N
o]
i

F39 e SRnunan i onaninsia Lae
\awly R14
uar R, fdosuBaunlasiinaoniaan  wiifeTusunsalden 6845 anslR
dﬁuﬁ?%aLmaéqnﬁd 7 L FauTsunsumasmamizsaus e s Ldn 189

‘ ™ o - G o ' 2 )
REGTAB Qxaé’]nuaﬂlﬂﬁ'ﬂ‘lﬂﬂ\lﬁ LﬂUﬂ’mLT’)'-}tﬁﬂ‘TLmTN‘lﬁllﬂ Ro 0 Ris L1y

_83_



REGTAB 89 50 ; R_R,
67 0OC .Rz R,
27 @61 ;  R_R_
18 1E ;  R_R,
66 ©7 ; R, R,
66 @7 ; R R,
@ 90 ; R, R
@ o6 ; R, R _

] i [T * [}

ﬁlﬂﬂutﬁu 2 unLuolsentimLian uﬂvlﬁﬂu1ﬂ7uﬂ7NﬂGTﬂ7uﬂ7Nn 1
3 = o ' oo ¢ g e
%0lﬁﬂulﬁuTﬂ?Hﬂ?uﬂﬁﬁﬁLﬂ?@dﬂad 280 luaqﬁ017ﬁﬂlm9?u§ 6845 qel9im

ufiuf

-crTC {wa9as

wiean To%ALiu cre TﬂiuiﬁaTﬁLﬁu CRTC  A9n433A70AN30nT
waénaaugiﬁ Lfﬁ%aﬁaoU7znauvoa7;§uLﬁuaaasﬁaugfﬁmnuzﬂﬁ 2 uﬁazzﬂﬁ
Lnﬁauﬁaunwﬂazﬁnawnwn135ugsﬁ1uﬁaﬁa WﬁWaﬁtuaéﬁszqﬁﬁaomﬂWﬂﬁa

- 7937 DCLK Uy CCLK mngufi 9.9.5

- 2937 CRTC ﬁazﬂﬁ 3.3.6

- d 59T selector 14 74LS157 d1m7u 3§ daagnsuﬁutﬁa

W Ronuoniasals 11 aw

Tusungaf 1 TusunsaifloliA33a mod R, fl9 R,_ 199 6845 dwﬁqsﬂﬁLﬁuaé
TumingA R ouRuonLATH REGTAB + 00H R4 +OFH  ‘143%a1m04 C 109 280
unwnneariisinad R, §o R _ fde ouT (ADRPRTY, A (fumsldmneiang
Rainoifavhedodaafy  address register diudide OUT (REGPRTY, A

U et e ‘!’;
ﬂﬁ?qﬁﬂﬁﬂﬁuﬂﬁ7ﬁﬁuﬂ7QﬂLmaiuu 9
s

-84~



CRTPREP LD HL,REGTAB

LD "¢, ooH
LD B, 10H
"CR1 LD A, C

ouT (ADRPRT), A il
LD A, (HL)
ouT (REGPRT), A
INC C
INC HL

' DINZ CRi °

-nT 14

Tun19 149 CRTC uaﬂaﬁﬂTﬂfnniudwL?uﬁuﬁﬁuﬁ%ﬁaLmaéuﬁqazﬁao
L%auTﬂﬁunsnﬁﬁuaguﬂﬂﬁﬁﬁaﬁuwaoﬁuﬁﬁﬁLﬁuWﬁuﬁ

- CURUP (cursor up) (BauLnad Lgodiuun 1 usTiiadnusy

_ LF (linefeed) \Aouteodigafacany 1 uisfiadnyse

- CURLET (cursor left) (HoulandLgoddhe 1 SnuTy

_ CURRGHT (cursor light) Bowimafimadmn 1 Snuse

- CR (carriage return) Fouiaod Lrof luuurriindnaTy

~ SCROLL (scrolling) Lﬁatﬁaunwwﬁonuméuuu 1 UsTRNINUTE

- HOME Lﬂﬁaéaanwwﬁaqﬁnwwdwﬁoaanww uaeﬂﬁnﬂaftﬁaéaéﬁguiWﬂ

U



Harold B.Killen " Telecommunications and Data Communication

i Hoa 1999

System design with Troubleshooting‘"Prenbice hall, INC.Engle

wood Cliffs,New Jersey.

. . - e »
A Sy TPl T oo
- N - — -
—— —— T T - | L - -
,"M-—-‘::‘::"":*l'lr S e, " s s g N
PR L. - -
I T e et — — s e
Lewis C. Egge brecht " Interfacing to the

Computer " Howard W. Sams é Co.,Inc.

Internatinoal

Library ".

IBM Personal

Business Machines Corporation: (IBM) " IBM

" Technical Reference Personal Computer XT Hardware Reference

Gerry Kane " CRT Controllef Handbook " OSBORNE /McGraw-Hill

Berkeley , California.

Robert Lafore"ASSIMBLY LANGUAGE PRIMER for the IBM PC & XT"

A Plume / Waite Book New American Library New York

Scanborough, Ontario.

James W. Coffron " 780 Application ".

Lance A. Leventhal,Winthrop Sabille " 280 ASYMBLY LANGUAGE

SUBROUTINES ",

and

aT. AIT0 dumBde  wAnnnT B TuTunTua s e AL TILS so88

v o 0, oo
Ailnduw Useniswdn ﬂidlﬂwﬂ 2

wil. Useia  feRauun v SennsInniReans i

Ay IeNT TAAANS
NTILINUY

Multitech corp.
Multitech corp.
Multitech corp.

Multitech corp.

"

Qd [~}
Blﬂﬂﬂiauﬂé "

ﬂnwﬁu;nﬂTuTaﬁwisaauLnﬁﬁL%ﬁqmnn17awmn7xﬁa

MPF1/80 USER MANUAL ".
MPF1/80 REFERENCE MANUAL ".
MPF1/88 USER MANUAL ",
MPF1/88 REFERENCE MANUAL ".



10 H="ip

]

3 L1
CIN PP
M . VoouT PA R
bAoA idigmn P2
bB GB oy 4701
% .Hml s _lllllm. 8] X 9. 6euf
ROC1> T~ = 33k
RBC(2> 1 £ CX VCOIN
RIC1) I INH
ROC2> R1 omzow”mH
_ FAS50 o ZN o
/77 648
fcic 7Y 4701
& 49102
75
Z
D 8
PPPPPPPP ombwm
B1234665 w EEF
OO
r»pw A s
-
\ 9600
7

Time base clock of Transmitter




< -8
[=2:-JC XV 4
Corymic Capec i o
CA 8,1-8,08) F
<6 a,1-8.000 U~
&6 8,16 o

Tantsium Capecitor
CL 8-18 oF

Decowline Cwecitors

SENB Fert
2% Port
21ME Pt
45353 Port

3

o8
Y
RsZ3/
LN
A
I.L00P
hY
—7
Hiv,
y
7
Lew,

i
":é“"is =y
L
I
'__::::E;;>#L———9w.

Fig, 6 Cantrol Herduare Circuit Disares

o’

Norwol Seply

O B 4-8.881 oF
DiiRsZIC
0R:RBazR
03:L0. Saewiy
DAIML, Seely
06 Crrent Loce

y L wnnwwm“m 8

ano 388
Pdeb]

t— 85933345
BoHBIM8E Ko ’

% e v ] g
L mwgm LI j >

as o

Il

ZYEESHERE g 32

SURIRBLR
JURINIER o

292200E8 o 1> w

U pe




.
-1
| um
£
w2l
Sio K o
rm

f ! f
%m : . 2 MwF g
H q ) o 7 o
3 sk et e ,
R g
ToLEERa g
g & .
l

Mg

gre £8 JEE EE BE

. anfulaldon
Tm&m:xm "Wm% THRIBELE
, I Y ayeI9ucy o8
5 ﬁ\ﬁv
J o i
ZURTBERE
2YRTHEER cmm
f el .
[ esnnvbureasIyny ] Enpp
Muia tw-. e
r]v - | E
= [
] émm%wm wﬁsmmw ;> b
L%ﬁég cmm FYQTEEER cmm =D =
?ﬂv ﬁv D 83
> gt
|
G Gl 84 m




MOV
MOV
ouT
MOV
MOV
ouT
MOV
ouT
INT
MOV
ouT
MoV
ouT
INT
MOV
ouT
MOV
ouT
INT
MOV-
ouT
MOV
ouT
RET
CALL
INT
MOV
ouT

Mov

DX,0303
AL,B7
DX, AL
DX,0302
AL,Zé
DX, AL
AL;01
DX, AL

7

AL, 44
DX, AL
AL,02

DX, AL

AL, 88
DX, AL
AL,04

DX, AL

AL, 54
DX, AL
AL, 14
DX, AL
INT7

21

AL, 19
DX, AL

AL, 19
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OUT DX,AL

RET
MOV  AL,04
OUT DX, AL
MOV AL, 39
OUT DX, AL
RET

MOV AL,O08
OUT DX, AL
MOV AL, 78
OUT DX, AL
RET

CALL 002D
INT 7
CALL 0034
INT 7
CALL 003B
INT 7

0011 MOV DX,03FS
MOV  AH, 03

0016 MOV AL,00

OUT DX,AL
DEC AH
JNZ 16
MOV AL, 40
OUT' DX, AL
MOV AL,DD

OUT DX,AL



0026

002F

003F

0507

MOV AL, 37
OUT DX, AL
MOV  DX,03F8
MOV AL, BL
OUT DX, AL
MOV  DX,03F9
MOV  AL,00
IN  AL,DX
TEST AL, 02
Jz  2F

MOV DX, 03F8
IN  AL,DX
INT B

MOV DX, 03F9
MOV AL,00
IN  AL,DX
TEST AL, 04
JZ  3F

JMP 26

INT 7

CLD

MOV SI,0Q
MOV DX,03F8
MOV  D1,0100
LODSB

CMP AL, 00
JZz 0523
OUT DX, AL
MOV DX, 083F9

-~



MOV  AL,O00

IN AL,DX
TEST AL,02
JZ 0513,

MOV  DX,03F8

IN AL, DX
STOSH
INT B
JMP 0507

INT 7



"MAIN CALL
CALL
" CALL
M5 CALL
LD
M4 LD

M3 LD

OUT

M1 LD
IN
BIT
JP
I'N
CALL
M2 LD
IN
BIT
JP
DEC
JP
DJNZ
LD
CALL
JP
RST
RCV CALL
LD
RCV1 LD

cCv2 LD

BAUD
RSINT
CRT

CSR
B,OAH
c,192
A, 4EH
(7CH) , A
A,00H

A, (O7DH)

Z, M1
A, C7CH)
OCRT
A, OOH
A, (7TDH)

0,A

HL,0000H
WRC

M5

38H

CSR

B, 0AH
C,0193

A,00H



CON

COFF

I'N
BIT
JPZ
IN
CALL
DEC
JPNZ
DJNZ
JP

RST

LD
oUT
LD
ouT
LD
ouUT
LD
oUT

RET

LD
ouT
LD
ouT

RET

A, (7DH)
1,A
RCV2

A, (7CH)
OCRT

c

RCV2
RCV1
RCV

38H

A,OAH
(6A0H>,Z
A, 60H
(OA1H), A
A, OBH
(OAOH) , A
A,07H

(OA1H) ,A

A, OAH
(OAOH) , A
A,07H

(OA1H) ,A

; CURSOR ON



HEAD!1 LD A, (DE)

LD (HL), A
INC HL

INC DE
DJNZ HEAD1
RET

HLINE LD A,983H

HLINE1 LD (HL)Y, A
INC HL
DJUNZ HLINE1

RET

VLINE LD A,93H s VERTICAL LINE

LD DE, 50H
VLINE! LD (HL)Y , A

ADD HL,DE

DJNZ VLINE1

RET

RK CALL OS9BOH s READKEY
LD IX,0FF2CH
CALL 0246H

RET



BAUD

RSINT

RSLP

ORCT

LD A,OB7H

OUT_ (33H),A

LD A,OO0H
RET

LD B,03H
LD A,O0OH

QUT <(7DH),A

NOP
NOP

DJNZ RSLP
LD A,XOH

OUT ~ (7DH),A
LD  A,ODDH -
OUT (7DH),A
LD A,37H

OUT (7DH),A

RET

PUSH AF
LD DE, 5000H

CALL RDC

$2400 BAUD



CSR

CSR1

CSR2

ADD HL,DE
PUSH BC
CALL RDC
INC HL
CALL WRC

RET-

LD A,20H | ; CLEAR SCREEN
LD HL,5000H

LD B,02H

LD C,960 .
LD T(HL),A

INC HL

DEC.C

JP NZ,CSR2

DJNZ CSR1

LD  HL,000C0H

CALL WRC

RET
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DESCRIPTION — Each multivibrator of the L5221 fexures 2
nagative-transition-triggered input and a positive-ransition-tnggered
input either of which can be used as an inhibit input.

Pulse triggering occurs at a voltage level and is not related to the
transition tme of the input pulse. Schmit-trigger input circuiry for 8
input allows jitter-free triggering for inputs as.slow as 1 valt/second,
providing the circuit with excellent noise immunity. A high immunity to
Ve noise is also provided by internal latching circuitry.

Once triggered, the outputs are independent of further transitions of
the inputs and are a funcpion of the timing components, The output
pulses can be terminated by tne overriding clear. Input pulse wigth may
be of any duration relative to the output puise width. Qutput pulse width
may be varied from 35 nanosaconds to 2 maximumof 70's by croosing
appropriate timing components. With Rext = 2 kQ and Cexy = 0, 2
typical output pulse of 36 nanoseconds is achieved Qutput rise and fall
times are independent of pulse length.

Pulse width stability is achiewed through internal compensation and is
virtyally independent of V¢ and temperature. In most applications,
puise stability wiil oniy be limited by the accuracy of external timing
camponents.

Jitter-free operation is maintained over the full temperature and VcC
ranges for greater than six decades of timing capacitance {10¢F 10 10
uF), and greater than one decade of timing resistance (2 to 70k(ifor the
SN54LS221. and 2 to 100 &£ for the SN74LS221). Pulse vndth s
defined by the relationsnip: twlout) = CextRext In 2 22 0.7 CoxRext. if
pulse cutoff is not critical, cagacitance up to 1000 gF and resistance as
low as 1.4 kQQ may be uged. The range of jitter-free pulsg wGths s
extended if Vog is 5 V and 25°C temiperature.

- » SN54LS221 and SN74LS221 IS A DUAL HIGHLY STABLE
ONE-SHOT

¢ OVERRIDING CLEAR TERMINATES OUTPUT PULSE

T e PIN OUT IS IDENTICAL TO SN54LS/74LS123

- vee
= Rext ’
+ -
I R/C
Cext ¥ v

SN54LS221
SN74L5221

B
DUAL MONOSTABLE
MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

-

LOW POWER SCHOTTKY

(TOP VIEW!
Afifinatan
S L,
= : .i
= :LA | !
_‘ ==
Ll Lef L] L.[ LIGT LY

128 ks
CLR Coomnt

2Rpr GNG
Cous

Sotitve 10g:c LOwe DUt 10 Clear rmaens G row and
= Q megh cegardiens of D¢ levert at A
or 8 mputy

J Suffix — Case 620-08 {C2ramic)
N Suffix — Case 648-05 (Prastcr

FUNCTION TABLE
(EACH MONOSTABSLE)

INPUTS QUTPUTS
CLEAR | A 8 Q a
L X X [ M
X H X X H
X x R L H
H L t v
H 1 H | LU
t L H il v
TYPICAL MAXIMUNM
TYPE POWER CUTPUT PULSE
DISSIPATION LENGTH
SN5ALS221 23 mwW 195
SN74L5221 23 mwW 705

MOTOROLA SCHOTTXY TTL DEVICES

4-206



NS4LS/74LS221

Once in the pulse trigger mode, the output pulse width is determined by tyw = RextCextIn2. 3s long as Rext and Cexy are within !
therr minimum and maximum valves and the duty cycle is less than 50%. This puise width is essentially independent of V¢ ¢ and
temperature variations. Output pulse widths veries typically no-more than =0.5% from device to device.

if the duty cycle, defined as being ‘IOO‘“—T-N where T is the period of the input pulse, rises above 50%. the output pulse width wilt
pecome shorter. If the duty cycle varies between low and high vatves, this causes the output puise width to vary in length, or

jiner. To reduce jitier to a minimum. Rexg shoulcde as farge as possible. (Jitter is independent of Cexr). With Rexy = 100K, jiter is
not appreciable untit the duty cycie approaches 80%. .

Althoug® the LS221 is pin-for-pin compauble wththe LS123, it should be fermemberéd that they are not functionally identical.
The L5123 is retniggerable o that the output is dependent upon the input transitions once it is high This is notthe case for the
1S221. Also note that it is recommended to externally ground theLS123 Ceyxy pin. However, this cannot be doneonthelS221.

The SN54LS 7415221 is a dual, monolithic. nor-retriggerable, high-stability one shot. The output pulse width, tyy can be varied
over 9 decades of iming by proper selection of the external timing components, Rext and Cext

Puise triggering occurs at a voltage level and is, therefore. indepencent of the input slew rate. Although all three inputs have this
Schmitt-trigger effect, onty the B input should b2 used for very long transition triggers (>1.04V/s). Highimmunity to Vce noise
(typrcally 1.5 V) is achieved-by intérnal latching arcunry. However, standard VCC bypassing is strongly recommended '

The L5221 has four basic modes of operation
Clear Mode i the clear inputis heldlow, irrezardless of the previous output state and other input states, the Q output s low.

Inhebit Mode: i either the A input is high or the B input is low, ance the Q output goes low. it cannot be retriggered by other '

dinputs.
Pulse Tragger p .
Mode- This occurs when none of the ot~er modes are in effect and the Q output 1s low. A proper transition by erther the
CLR. A or B mnput, as shown in 1= truth table, will cause the Q output to go high and remain high for the pulse
time tyy.
Oncetriggered, as 1dng as the ouut remains high. all input transitions {except for Clear, see Note 4) are ignored .
Overriding
Clear Mode- If the Q output is high, it may be forced low by bringing the glear input jow. : -
]
\

MOTOROLA SCHOTTKY TTL DEVICES
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SNS4LS/741.5221

GUARANTEED OPERATING RANGES

symsoL | PARAMETER MIN P MAX UNIT

ce Supply Voltage . 54 45 5.0 5.5 v
74 4.75 50 525

Ta Operating Ambient Temperature Range ‘854 -55 25 125 °c
74 o 25 70

‘OH Qutput Current — Higtr . 54,74 -04 MmA

oL Output Current — Low ' 54 ) 40 mA
74 _ ‘8.0

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE {unless otherwise specified)

IM
SYMBOL PARAMETER N LTYI;'S VAR UNITS TEST CONDITIONS
Positive-Going Threshold: =
T+ Yoltage at' A input {P 79 s Vee=MIN
I Negative-Going Threshold 3 54 Q.7 1.0 v _
Voltage at A input i 74 0.8 1.0 v Vee =MIN
i
Positive-Going Threshold ; =M
T+ Voltage at B Input : 1,'0 39 i Vee = MIN
- Negauve-Going Threshold ¢ | 54 07 9.9 v _ ,
Voltage at B tnput ! 74 | o8 09 v Vee=MIN
K Input Ciamp Voltage -1.5 v Vee = MIN, iy = —~18 mA
Iom Output HIGH Voltage 1% e384 AR Y Vee = MIN, lon = MAX
o} cc OH
i74 2.7 34 v
QL Output LOW Vohage Sl 0258 04 .’ loL=40mA Ve = MIN
To74 0.35 05 \' loL=80mA .
= \, =
I Input HIGH Current 20 A VCCEMAX MiN=27V
0.1 mA Vee =MAX. vy =70V
Input LOW Current ‘
input A -04
w lnput 8 -08 mA Vee = MAX, Vip= 04V
Clear -0.8
Qs Short Circunt Current -20 -100 mA Vee = MAX
Power Suppty Current
cc Qurescent 1 47 11 mA Vee = MAX
- Triggered 19 27.

MOTOROLA SCHOTTKY TTL DEVICES
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SN54LS /7415221

AC CHARACTERISTICS: Vo = 5.0V, Ta = 25°C

FROM’ TO UMTS
SYMBOL {INPUT) | (OUTPUT) WN P UNIT TEST CONDITIONS
A Q a5 70
tPLH ns
B Q 35 55
tPHL A g 0 | B | Cex: = 80 pF. Rexg = 2 k0
8 Q 40 65
PHL Clear Q 35 55 ns CL=15pF,
) 1PLH Clear | Q 44 65 ns
. 70’ 120 150 See Figure 1 Cext = BOpF. Rey =202
* Wiout) AorB Qocd | 20 47 70 ns Cet=0.  Rey=2KQ
. 7600 670 750 - Cext = 100 pF Foxy = 10 k(2
6 6.9 75 ms Cext = 14F, Rgq = 10kQ
AC SETUP REQUIREMENTS Ve = 50V, To = 25°C
T LIMITS
PARAMET! iT
SYMBOL , Al ETER YT ~F MAX UNITS
dv/dt Rate of Rise or Fall of Input Pulse
Schmint, B 10 V/s
Logic Input. A 10 \T
W Input Pulse Wicth )
—~ £ A or B, twin) 40 ns
. . Clear, ryy (clear) ' 40
1g ' Clear-inactive-State Setup Time 15 ns
Rext External Timing Resistance 52 s 79 k0
74 14 100
Coxt Externa! Timing Capacitance (1] 100C uF
Output Duty Cycle 3
RT=20k0 50 %
. RT= MAX Rayq 90
\

MOTOROLA SCHOTTKY TTL DEVICES
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SN54LS/741L5221

AC WAVEFORMS

| wen .‘L e e e,
BINPUT f \x:v

i ov

[ 260 ns ———ey

Vou

A nout is low. T T e e e — — e Vo,
TRIGGER FROM 8, THEN CLEAR — CONDITION 1

e et 1]
awruT % \
t ov

& —— ol v
W 3%
t ¢ ov
Y

. ]
| e 350 ns —ai Vo
- | f 22 v
CLEAR
e Qv
- TRIGGER .
_TRIGGERED T Y
TPUT \
hadlur P4 | IR = i Vo
NOT TRIGGERED b twioun)
A Input g iow A

CLEAR OVERRIDING 8. THEN TRIGGER FROM 8
s

. R 17
8 WNAUT
] ) Qv
i — 350 ng —el

1

f-—;sam—ﬁ ' 3v
cLEaR \S f 13v
———— e e e ov
= — —— Vou
QQuUTPUT N #
vou

A ngut ot e

TRIGGERING FROM POSITIVE TRANSITION OF CLEAR

: Fig. 1

MOTOROLA SCHOTTKY TTL DEVICES .
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DESCRIPTION —The LSTTL/MSI SN54LS /7415139 s 2 high speed
Dual 1-0f-4 Decoder/Demultiplexer. The device has two independent
decoders, sach 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 LS139 can be used as a function generator providing all
four minterms of two variables. The LS139 is fabricated with the
Schotiky barrier diode process for hugh speed and is completely
compatibie with all Motorola TTL families.

¢ SCHOTTKY PROCESS FOR HIGH SPEED

® MULTIFUNCTION CAPABIUTY

® TWO COMPLETELY INDEPENDENT 1-OF- 4 DECODERS

e ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS

¢ INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION

- SN54LS139
- SN74LS139

DUAL 1-OF-4 -DECODER/
DEMULTIPLEXER

LOW POWER SCHOTTKY

LOGIC SYMBOL

EFFECTS

R i ] :l 18 14 13

4 Ag Ay £ Ag Ay

DECOOER a DECODER b

PIN NAMES LOADING (Note a) Torolds 2 o) e}

HIGH' LOW :
ok Addris b | S D AL YL B~ ] 17 )
E Enable {Active LOW) Input 0.5 U.L. 0.25 U.L. == ) omg
Go - 03 Active LOW Outputs (Note b) UL 5(2.5) U.L.

' Vee = Pin 16
ANOTES: GND =Pin 8

3 1TTL Unit Load {U.L.} = 40 A HIGH/1.6 mA LOW.

b. The Output LOW drive factor is 2.5 U.L. for Military {54) sna 5 U.L. for Commercial (74)

Temperature Ranges.

CONNECTION DIAGRAM
DIP (TOP VIEW)

LOGIC DIAGRAM

Ay

o o
Y v
v
I %

o]

Y

22

®;s
—04——;’

o<

] <

i L
J Suffx — Case 620-08 (Caramic)
@ 6 © o & e o o6 N Sutfx — Case 648-05 (Plastic)
Boa O, Bz B3, Oy DBy O O
Vee = Pin 16 NoTE' .
The Flatpat vermon has the same
GNO =Pin 8 prouts (Connection Dugram) as the
C = Pin Numbers Ous in-Ling Package
S .
—

MOTOROLA SCHOTTKY TTL DEVICES

4-105




w
'
r
{
1
N
r
W
L
e

FUNCTIONAL DESCRIPTION — The £S139is a high speed dual 1-of-4 decoder/demultiplexer fabricated with the Schortky
barrier drode process. The device has two independem decoders, each of which accept two binary weightedinputs(Aq. Atlang
provide faur mutually exclusive active LOW outputs t00-03). Each decoder has an active LOW Enable (E). When E is HIGH al
outputs are forced HIGH. The enable can be used as the data input fo_r a 4-output demultiplexer application.

Each half of the LS139 generates all four minterms of two variables. These four mintérms are useful in some applications,
replacing muitiple gate functens as shown in Fig. a, and theraby reducing the number of packages required in a logic network.

TRUTH TABLE € 3
INPUTS QuTPUTS :‘;’%" % %o %D— G

= & p— e~ -y 1
E Ao Ag Og Oy o2 O3 € €
N % 3 ey A= DU
A‘ N Ay
L L 14 L H H H c Y
(2] H H H
: o | A = Do
L L - H H H L H Ay A
L H H H H H L

€ €

. c

= HIGH Voitage Levet ‘0%:)’_0’ ‘0%3— 3
all £

tad
L= LOW Voltage Leved 2y
X. = Don't Care Fig. a

GUARANTEED OPERATING RANGES

SYMBOUL PARAMETER MIN TYP MAX | UNIT
Vee Supply Vohage 54 4.5 5.0 5.5 \'
74 4.75 5.0 5.25
TAa Operating Ambeent Temperature Range 54 -55 25 125 <
74 o 25 70
IoH Output Current — High 64.74 ) -04 , mA
oL Output Current — Low 54 - 4.0 : mA
, - 74 80 |
F

* MOTOROLA SCHOTTKY TTL DEVICES
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SN54LS/74L5139

¥ .
pC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
LIMITS .
YM PARA = N .
SYMBOL METER MIN TP 1 MAX UNITS TEST CONDITIONS
ViH Inpui-HIGH Voltage 2.0 v Guaranteed Input HIGH Voltage for
All Inputs
54 Q.7 Guaranteed Ihput LOW Voltage for
Vi out LOW‘Vohage 72 08 v All Inputs
VIK Input Clamp Diode Vohage -0.65 | -1.5 | v Ve =MIN, iy =—18 mA
- 54 25 35 | v Ve = MIN, 1o = MAX. Vi = Vi
VoH Oulpul‘ HIGH Voltage ) = 27 3% v or V| per Truth Table
) . 54,74 025 | 04 v oL =40mA | VoC = Vog MiN,
VoL Output LOW Vohage o mA | VIN=VijLor iy
74 035 | 05 v oL =8.0 per Truth Table
| HIGH C 20 A Vee = MAX ViN=2.7 V .
W nout urrent [ 01| mA  |Vec=MAXViN=70V
W nput LOW Current ;L -0.4 mA Ve =MAX VN =04 V
. los Short Circuit Current =20 : =100, mA, Vee = MAX
ice Power Supply Current ™ Wil i mA Vee = MAX
AC CHARACTERISTICS: T4 = 25°C -
, - LEVEL OF LIMITS TEST
SYMBOL PARAMETER DELAY T e T vex 1 YNTS T conpmons
~PLH Propagation Delay 2 13 20 "
1P Address to Output 2 22 33
oL H Propagation Delay 3 18 29 i Vee = 5.0V
PHL Address to Output 3 25 38 Ci = 15 pF
Py Propagation Delay 2 18 24 o
R Enable to Output 2 21 32
Vin 13v 13V Vin X 13v 13v
| L ! H
WL—-I = L—T—'mu r-'n.-—,'
Vour 1av ~13v . Vour 13v f~ 13V
' ,
Fig. 1 Fig. 2
\
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TYPES SN54122, SN54123, SN54L122, SN541123, SN54L5122, SN54LS123y

SN74122, SN74123, SN741S122, SN74LS123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

—
. . . SN54122, SNS4LS122...JOR W :
e D-C Triggered from Active-High or sNSaL122...JORT
Active-Low Gated Logic Inputs SN74122, SNTALS12Z... JOR N
Y Reuim* for v“y Loﬂg 0utput (Tq VIEW) {SEE NOTES 1 THRU 4}
Pulses, Up to 100% Duty Cycle ) Rexy/ - B—
Py . Ve Ceaxt NC Cext NC  Rim Q°
e Overriding Clear Terminates Output Puise
v pu ' “ 13 14 n n s
e Compensated for VCC and Temperature T :
Variations
e '122,°L122,°'LS122 Have Internal ]
Timing Resistors i
122,°L122.°L5122 “123,°L123, ‘LS123 —
FUNCTION TASLE FUNCTION TABLE __L‘J_i " 3 , . . ;
INPUTS QUTPUTE IPUTS QUTPUTS Y E =
cLEAr[al Az Bt i & ClearlA 8l a @ Bl 8 CLR O GnD
L X X X X! L H - x x| L ™ . .
x H H x x| Lo W < A oxl e we logie: see function table .
X x x v oxiauto oW x X L[| L H* NC—~No internad connection.
x X X X i [ M .
H Lotlnou
H Lx tom( L Ul e Conln v
Wole x wotin U n P AP SN54113, SN64LS123... JOR W
H x L ¢ K.\ U t SNS4L123...J
MoiX L M 10 U | . ges page 538 SN74123, SN74LS123...JORN
LI L R (TOP VIEW) (SEE NOTES 1 THRU 4}
[ “ IS BB R g
H ‘ H Lo} -] n U ln“‘/ 1 2 -
g""""“‘v’ Vee Cext Cext 10 20 CLR 28 2A
t {x. v vlg)|8p 10 wl (sl [e]l Tl [zl ful [w] s
Ses expisnation of furction tables on pege 38.

Sy

description ' a
These d< triggered multivibrators featurle output
puise width =ntrol by three methods. The basic a {
pulse time is crogrammed by selection of external . CLR g !
resistance and sapacitance values (see typical applica- ___3 :

tion data). The '122, 'L122, and ‘LS122 have internal

¢ i " nz:;sspﬁ:r
timing resistors that allow the circuits to be used with

. : ] 1A 18 1 1@ 2 2 2Rexy GNO
oc:uly an external capacitor, if so desired. Once CLR Coxt c,; ) .
triggered, the :asic pulss width may be extended by
retriggering te gated low-levei-active {A) or high- togic: see function tabie

level-active (B inputs, or be reduced by uss of the
overriding clear. Figure 1 illustrates pulse control by
retriggering ard early clear.

The ‘LS122 ard 'LS123 arg provided enough Schmitt
hysteresis to nsure jitter-free triggering from the B
input with transition rates as slow as 0.1 millivolt per
nanosecond.

NOTES: 1. An externs dming capecitor may be cor d b Coxt and Roxy/Coxt [Dositival.
2. To use the rternat timing resistor of *122, *L122 or ‘LS122, connect Rine to V.

3. For imorowd pulse width accuracy snd repeatsbllity, connect an extarnal resistor between Agxt/Cext and Voo witﬁ 2inf
open<ireurnd, )

4. To obtiin veriable pulse widths, connect an externsl varisble resistancs between Riae of Rext/Cext 8nd Vee.

TExAS anSP;l‘RU MENTS
6-1'5 DOS? OF#ICE BOX 3012 « DALLAS “EXAS 79222

oy

>4

RS

nsy

ok e Yom et BN £ 4Oy RN N



TYPES SN54122, SN54123, SN541122, SN54L123, SN5415122, SN5418123,
SN74122, SN74123, SN741LS122, SN741S123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

me——_ L : N
Py i : RETRIGGER PULSE.
description (continued) + tSes Note)
B NPUT I ] I
» . _—
T
Yt PLH —t

~ TOUTPUT WITHOUT RETRIGGER

‘W

QUTPUT PULSE CONTROL USING RETRIGGER PULSE

B INPUT | . ! .
CLEAR ] I

QUTPUT WITHOUT CLEAR

‘‘‘‘‘‘ n
ouTPUTQ 1
]

OUTPUT PULSE CONTROL USING CLEAR INPUT
NOTE: Retrigger puise must not start before 0,22 Caxt lin pnconnd:) nanoseconas after previous trigger pulse.

. FIGURE 1-TYPICAL INPUT/OUTPUT PULSES
schematics of inputs and outputs

7322, °123,°L122, 'L 123 CIRCUITS

EQUIV.ALENT OF EACH INPUT TYPICAL OF ALL CUTPUTS

Clear inputs of "122,°123: Ren * 2k NOM
Other inputs of “122,°123: Regq = 4 k2 NOM
Clear inputs of ‘L1122, "L123: Req = 4 k2 NOM
Other inputs of "L122, °L123: Req = 8 k2 NOM

‘122,°123: R =100 02 NOM
‘L122,°L123: R =200 2 NOM

2
‘L5122, ‘1.S123 CIRCUITS
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
—— —-_— 120 2 NOM
17 k1 NOM —_—
fu
"‘.
% Yy -
4
V4
S ——
Svny e

TEXAS INSTRUMENTS
INCORPORATED

POST OFFICE BOX 3012 « DALLAS, TEXAS 7222 ) §-77 -



TYPES SN54122, SN54123, SN74122, SN74123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

——
recommended operating conditions
SN54’ SN74°
MIN NOM MAX | MIN noM  max | UN'T
Supply voitage, Vo 45 5 5.5 | 4.75 5 5.25 v
High-evel output current, IOH -800 —-800 | pA
Low-level output current, 1o 6 16 | ma -
Pulse midth, tyy . 40 40 ns |
Extemnal timing resistanca, Rexy S .25 S 50| xn
Extamnal capacitance, Cexy No restriction No restriction
Wiring capacitance at Raxy/Coxy terminal 50 50 | \oF
Opecating free-air temperature, Ty —55 125 0 70| °c

electrical characteristics over recommenced free-air operating temperature range {un

less otherwise noted)

- ‘122 . 123 |
t
PARAH;TER TEST CONDITIONS MIN TYPt MAX |MIN. TYP: MAX UNIT
ViH High-level input «oltage 2 2 \4
Vi1 Low-level inout voltage 0.8 0.8 v
Vix  Input clano voitage icc = MIN, 1= —12mA -1.5 -1.5 Vv
. rcc = MIN, 1oy = —800 uA, 4 4 A
VOH High-level output mIta?e zee Note 1 2.4 3. 2. 3. Y
scC = MIN, gL =16mA,
- | 5 . B
VoL Low-levet output vo tage zoe Note ‘ 0.2 04 0.2 04| VvV
1y Input current at maximum input voltage- | (oo = MAX, Vy =55V h 1 1{ mA
. . Data snputs K 40 40
li4  High-level input current Cresr oo ‘CC MAX, Vi=24V 0 801 “A
. Data inputs ; -1.6 -1.6
. rre e M Vy=04
e Low-ievel input current o AGouT P AX, 1204V =53 =33 mA
lgs  Short-circuit outDut currentd 1g¢ = MAX, 3See Note § =10 —40 | -10 —40 | maA
icec  Sueply current iSuisscent o thggered) iog ® MAX, See Notes 6 and 7 23 35 48 66| mA

T For conditions shown as MIN or MAX, use the value Tecified uncer recommenced opcutlnv ccndiuenx
Tan Tyscel values sre at oo 2 SV, Ty = 25’¢.

*Not more than one outo.t should De snorted ata urs,
NOTES: ‘5, Ground Cgy: to messure Vo 8t Q, Vo _ #t 8, or I 31 Q. Coxq it 008N to measure Vo at 8. Vo a1 Q, or log at 3.
6. Quisscent loc is measured (sfter clearry) mm 2.4 V soplied to all clear and A inputs, B input grounded, all cutouts open, Cexe

= 0,02 uF, 3nd Rgpy = 25 k§2-Rj e 0f "22 08 oo-n.

7. leg is meesured in the triggered state wth 2.4 V cceliod to sl clesr and B inpucs, A inputs grounded, all cutputs open, Cyye ™

Q.02 uF, and Ry, ¢ = 25 k1. Rjpq of 12 i1 Oopen.

switching characteristics, VCc =6 V, TA = 25°C, see note 8

FROM T0 $1g< 123
R b}
PARAMETER (INPUT)" (ouUTPUT TEST CONDITIONS MIN TYP MAX | MIN TYP MAX | UNIT
. P A . P a . .~ 22 33 ‘22 33 ns
PLH g 8 £ 19 r::] 19 28
tPHL -#1 a Cext = 0, Rext ® 5 k0, - e =t X 201 o
: 8 o 18 bF ™l won 27 36 27 36
PHL Clear Q- L . L 18 27 18 27
tPLH a 30 40 30 40
tw(Q (min) AorB Q 45 65 45 65 ns °
- | Cext = 1000 pF, Rexg = 10 ki1,
twQ AorB Q CL = 150F, R{ = 400 Q 3.08 342 3376|276 303 337 us

Y tpy ¢ B prooagstion detay time, low-to-high-fevet ouut
L R Dropagation delev time, high-to-low-level oLDuUt
twQ & width of puise s outout Q

NOTE 8: Load circuit and voltage waveforms are ﬁa-n on page 3-10,

g 78
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’ : : TYPES SN541122, SN54L123,
! RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

" pecommenced operating conditions - .
—~— : . SN54L" .
i . UNIT
MIN NOM MAX
e oty volsce, VCC ’ . . 45 5 55| v
- mcumm, oM 400 | pA
o iewe! OuTDUT current, 1oL i 8| mA
e T T
ocpee veadTh, Kwv 50 ns
I Exreerad tirging resistance, Rext 5 25 | x5
[ Ecerra cacacitance, Cext - . No restriction
yoring caoacranceat Rex1/Cexy terminal 50| pF
 Cmr-grerg Freeair temperature, Ta —55 125 | °C

-~ sectrical characteristics over recommended free-air operating temperature range (unless otherwse noted)

Lt PARAMETER TEST CONDITIONS? g 22 : L1235 : UNIT
S MIN TYPf MAX |[MIN TYP: MAX -
v g ighdzvel input voltage 2 2 v
:"’—i wow-tmvel input voitage [33 0.8 v
I W  ¥Npuf SIamp voitage . Vee = MIN, 1= —12mA | . -15 -15 Vv
B — “1TVee = MIN,  1gn = —400 pA 1
S HN fsgh oo oyt cc . 1OH HA, 4 a
{ % a Mghervet output voltage See Note 1 24 3. 2.4 3. \
v = MiN I =8 mA
Sove ok cc - lou . " . o] v
: v oy Low-evel output voltage See.Note 1 02 . o 0z o
1 input zurrent a3t maximum input voltage Voe = MAX, V=55V 1 1 mA
N et Data inputs Y 3 TR 20 20

Ll i 1t Figh-esvel input current Ciear noot Veog * MAX, V=24V 3 %5 _ 0 HA

i B Data inputs | of - =08 -0.8 .
. Z_owy- i =M = 0.

! [ ow-evel input current Clear input vee AX, V=04V e 76 A
s 235 Sncrzircuit output current® Vee = MAX, See Note 9 ~5 -20 | -5 ~20 | mA
} imc  Suppry current (Quiescent or triggered) Ve * MAX, See Notes 10and 11 11 14 23 33] ma
| S

" k2 comditiows shown a3 MIN or MAX, use the value specified under recommaendad op.r_ning conditions.
F&4 tvo-cal vasues are at Vee=8V, Ta= 25°c.

.=+ ez more ther one oumut should be shormd at » time,
NCTES 9. Ground Coyq to mieasure Vo at Q, Vo 213, 01 10g at Q. Coxq is OPEN to messure Vo at Q, oL #tQ, or Igs at G,

30, ‘Cuiescent tce is measured (after cleacing) with 2.4 V apolied 1o ail clear and A inputs, B inputs grounded, sil ouTuts open, Cext
= 0.02 4%, and Reyq ~ 25 k2. Ring of *L122 is open.

3. 4og is messured in the triggered state with 2.4 V applied to all clear and B inputs, A inputs groundad, all out.ts open, Coxt ™
C.02 uF, and Rgyr.= 25 kE1, Rjn, of 'L122 is open,

seritching characteristics, VCC = 6 V, TA = 25°C, see note 8

: FROM T0 Lizy Liz

¢t PRRAMETERS Y|

: (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP., MAX | MIN TYP MAX LUNIT

- - A n 4 65 “ e8]

—_— B 38 56 38 56

‘ A 60 80 6C 80
\LETH ) o] Cext = 0, Rext * 5 k2, =2 >3 = 51 ™
o 3 Cy = 150F, RL=8000 Y e

- ‘é. " Clear 5 = 0 - & ) ns

——=

— 3 {min) AorB Q 90 135 90 135 ns

4 L) Coxt = 400 pF, Ryt = 10 K&l . v

.\_ AorB, a CL =15 pF, Ry = 800 0 1.7 19 2.1 1.3 . 21 us

‘\

x ; I

o : Procagation delay time, low-to-high-level. ouut

h tg! Protmgation detay time, high-to-low-level outout
=L T &G o pulse ot cutbut Q

e g .
Loac cireuiy and voltage wavetorms are shown on page 3-10,
'
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TYPES SN541S122, SN54L5123, SN74L8122, SN741S123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

i3 - e - \
recommended operating conditions :
SNS4LS SN7ALS ﬁ
: MIN_NOM_ MAX [MIN NoM  Max ] e
Supply voltage, Voo ) 45 5 55|47 5 5[ o
Highevel output current, 101 N —400 —400 | o
Lowlevel output current, Ig . 4 8| ma]
Pulse width, t,, . © 40 40 =
Externai timing resistance, Raxt 5 180 5 . 280 w31
External capacitance, Ceyt ) No restriction No restriction
Wiring capacitanés.at Rext/Caxt terminal . 50 50| pF
Operating free-air temperature, T -55 125 0 70| °c

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

. N SN74
PARAMETER TEST CONDITIONS? MIN S:x;gmx MIN TYP:S‘MAX unar
V)H__High-level input voltage 2 2 ] v
Vi Low-evelinput voltage 4 9.7 08 ) v
ViK  Input clamp vol tage Voo = MIN, Iy = —18 mA -15] . ~1.5 v
. 1 Voo =MIN, Vin=2V,.
H . R . 3
VoH High-eve output voltage Vi = Vymax 1OH = —400 4A 25 35 27 35 v
Ve = MIN, Vig=2V, [loL =4 maA 0.25 04 025 04
i
VoL Lowdevel output voltage Vi = Vyq rmiax ['OL TA TR o5 v
Input current at i
- MA - y .
't maximum input voltage Vee s X AKX o 0.1] mA
1}H__ High-levet input curcent Voo = Max, Vi=27Vv 20 20| wA -
Il Lowjevel input currant Vee = MAX, Vy=04V —0.4 ~0.4 | ma
los _Short<ircuit output current® Vee = MAX -20 ~100 | -20 =100 | mA
Supply current ['Ls12z2 [} 11 [ 1l .
= Al
'C  (quiescent or triggere) ETTRE, e ez 12 20 1220 ™

TFor conditions own ss MIN or MAX, use the eSoropriate velue mecified uncer riccmmmdod operating conditions,

tan typicat vaiues are at Vec*S v, Ta= 25°C.

*Not more than one Oumut should be shorted at & time and duration of the shart-circuit should nat exceed one second,

NOTES: 12, To measure Vow atQ, Vo 2t G, or tos 8t Q,.ground Roxt/Coxt. #00ly 2V 0 B ang clear, and ouise A from 2V o O V.

13. With atl outputs cpen and 4.5 v ecolied to ay dats and clear inputs, 1og is messured after & momentary. ground, then 4.5 V, is
* aoolied to clock,

switching characteristics, VCC =5 V, TA = 25°C, see note 14

FROM TO
ERY NIT
-PAHAMET R (INPUT) (OUTPUT) TEST CONOITIONS MIN  TYP MaX U
¢ A g a z 33 ns
PLH 8 : 2 s
- 4
PHL A a Cext = 0, Rext = 5 k22, 32 5 1 s
B o 34 56
Cy = 15pF, Ry =2kn
[PHL, Clesr e 20 27 ns
PLH a 28 45
twq (min} Aor8 Q 116 200 ns
Coxt = TOOO OF, Fgg = 10 k3,
twQ Aorg Q Ci = 15 pF, Ry =2k 4 .45 5 us

1 LK = propegation dafsy time, low-to-high-ieve: output
PHL M propegation delay time, high-t0-low-leved output
wQ ™ width of puise at cutput Q
NOTE 14:_ Load circuit and voltage waveforrms are shown on page 3-11,

197
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TYPES SN54122, SN74122, SN54123, SN74123

SN541122, SN541123

. RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

For pulse widths when Cexy < 1000 pF, See’
Figures 4 and 5. -

The output pulse is primarily a function of the
external capacitor and resistor. For Ceyy > 1000 pF,
the output pulse width (ty) is defined as:

6.7
tw =K RT* Cext | 1+——
Rt

where

Kis 0.32 for "122, 0.28 for 123,
0.37 for 'L122, 0.33 for *L.123

R is in k82 (internal or external timing resiswance.
Coaxt is in pF
tw is in nanoseconds

To prevent reverse voltage across Cext, it is recom-
mended that the method shown in Figure 2 be
.employed when using electrolytic capacitors and in
applications utilizing the clear function. In ali applica-
tions using the diode, the pulse width is:

0.7
tw = Kp * RT - Cext PR_T

Kp s 0.28 for *122, 0.25 for 123,
0.33 for 'L122, 0.29 for ‘'L123

Vee

Rext < 0.6 R, max.

{See recommended operating
conditions for R, max.}

Ay silicon switching diode
© . such es 1NQ16, 1N3064, etc.

ext  To Rgy /Cory
terminal

TIMING COMPONENT CONNECTIONS WHEN
Caxt > 1000 pF AND CLEAR IS USED -,
FIGURE 2

Applications requiring more precise pulse widths {up
o 28 seconds) and not requiring the clear feature can
Best be satistied with the "121 or ‘L 121,

TYPICAL APPLICATION DATA FOR ‘122, ‘123, 'L122, ‘1123

To €

To Ry, /C

ext ext’ Cext
terminal terminal
- " TIMING COMPONENT CONNECTION‘S
FIGURE 3
‘122, *123
TYPICAL OUTPUT PULSE WIDTH
vs
I EXTERNAL TIMING CAPACITANCE
Y 0000 z T £
7000 E Voo 5V T2
FTas28'C
4000 127 I“
[F——-123
) A
2000
[ g 1
£ rom ' gl Y =
£ > 4 . 4
E 100 S Iz—r
=([ %% T =al)”. pral
< - =t N> 1
K ot M N~ A7 * 60411
AN “IL/ PN \:, 'am’:'
= 20kl 3
3 s n: “leadt
S=ay .5
iy T
x :I
2 | Hi
T2 e 10 20 40 100 200 400 100C
Ceni~Externs Yuming Capacitance~of.
FIGURE 4
‘L122

TYPICAL OUTPUT PULSE WiDTH
vs
EXTERNAL TIMING CAPACITANCE,

106 000

7000 FYCC*5V : =
FTa=25°c [ 1
4000 T
H 7
. 2000 }— =y
3 LY v
! ! il L LY
£ 100 -!41
= 2 V.4
z 700 a v i
; o _l‘ ol
1 Zallie AY 7
< =il !
3 00
% —1— g e e 0 k‘r- Roxe = 50 k0T
@ oo Ryry = 30 k02T
3 70 > Ry *20x0
40 - Rexy™ 1002
” Rext = § k2
S mill
10 -
1 2 4 0 20 «© 100 200 400 100C
Coxt~Externst Timing Capecitance—pF
FIGURES
TThese values of resi od the r m recommenoed for use

over the full temperature range of the SN54’ nnd: SNS4L’ circuits.
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TYPES SN5415122, SN74LS122, SN541S123, SN74LS123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

TYPICAL APPLICATION DATA FOR ‘LS122, ‘LS123

The bas-c output pulse width is essentially deter-
mined by the values of external capacitance and

tlrmng resistance. For pulse. widths when Cext < .
1000 pF, see Figure 7.
When Cexy > 1000 pF, the output pulse width is Vee
defined as:
Rt
tw=045"+ Ry - Cext ‘ o
where :
. . Cext
RT is in kQ2 (internal or external timing resistanpe.f /-}7%\
,Cext isinpF  w ‘ ToCexy TO Figx:/cext

.. terminad terminal
%y s in nanoseconds

For best results, system ground should be applied, to JONRCOMERYENT CONNECTIONS

the Coxt-terminal. The switching diode is not needed ElGURES
for electroiytic capacitance applications.
‘L8122, 'LS123
TYPICAL QUTPUT PULSE WIDTH
vs
EXTERNAL TIMING CAPACITANCE
100000 ¥
T RT =260 QT K5
RT =160 k2 4RS!
dcb Y ‘um /;/v/f “
3 H 111 /
T 10000 l“'ﬁ/ =t
£ T —* ~ =
b=l o - T L <
2 R — r_r? >’ 17
M it rY [T LA
0:.’ 1000 et ] é‘
‘5 T <N lL 11
e. - 9 \T[/ 1 ll.
3 - T ,\\*,%—RT 80 k2 4
X 100 - S \Q‘un7=40ka-=
. S—FRT =20 kQ 3
~ -
: LFERT=10kQ 2
. - H RT =5k} A
i I ARILE
103 ) 100 1600

Cext—External Timing Capacitance—pF

T This value of resistance exceeds the maximum recommended for sse over
the full temoerature rangm of the SNSA4LS circuirs.,

FIGURE 7
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ORDERING

INFORMATION .
.Device' Temperature Range Package
MC1488L 0°C to +75°C Ceramic DIP

MC1488

QUAD LINE DRIVER

The MC1488 is a monolithic quad line driver designed to inter-
face data terminal equipment with data communications equipment
in contormance with tne specifications of EIA Standard No. RS-232C.

Festures:

® Current Limited Ou:pux :

*10 mA typ

® Power-Off Source Impedance
300 Ohms min

® Simple Slew Rate Control with External Capacitor

® Fiexible Operating Supply Range
® Compatible with All Motorola MDTL and MTTL Log:c Families

RS-232C

QUAD MDTL LINE DRIVER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L Suffix
CERAM'C PACKAGE
CXSE 632
T3-116

PIN CONNECTIONS

vee[i]

LE Input D1

Inpuz Alz:
TYPICAL APPLICATION ouvtpwe A3 @3 Input D2
t L
INTERCONNECTING !
N ErEr e L REcE Vel mpuz 814 (1] outout D
== i A npwr 825 9] Input €1
ot o
.jl___ s - __7 Outpuz 8 s : thput €2 .
' Gng 7 Dommn c
1
! INTERCONNECTING !
MOTLLOGICINPLT —de © Cagyg  —fee—— MOTLLGGIC OUTPUT
] i
CIRCUIT SCHEMATIC
{1/4 OF CIRCUIT SHOWN}
Vit 1 O
3w 263t
Pl 4.8, 1208 7
NPUT -
H ‘: -
weyr 0= |
PSS, 10, 13 S 10
Yy =
o ouTPUT
h 4 PRS2, 11083
A h 4
'y .
r n 3n
ver 1 o

5-85

4
-




MC1488

- -

'MAXlM.UM RATINGS (Tp = #25°C unless otherwise noted.)

—
Rating Symbol Vailue Unie
- - —_——
Powaer Supply Voltage Vee +15 Vde
VEE -15
S
Input Voltage Range . VIR -15< Vg <70 Vde
Output Signal Voltage Vo 15 Vde
Power Deraung(Pndug Limitation, Ceramicand Plastic Dual In-lePa:kage) .. PD 100G .mW
Derate sbove T = +25°C 1/Rg A 6.7 mWoC
Qperating Ambient Tamperature Range Ta 0Ot +75 %
Storage Temperature Range Tstg -65t0 +175 °c
ELECTRICAL CHARACTERISTICS Ve = 490 £1% Vde, Vgg = -9.0 £ 1% Vde, T4 = 0 to +75°C uniess otherwwise noted.} 4
Characteristic . Figure Symbaol Min Typ v Max Unit
Input Current — Low Logsc State (V)i = O} 1 e 1.0 1.6 mA
lnput Current ~ High Logie State (Vyy = 5.0 V) 1 LT - - 10 LA
Oumut Voltage High Logic State 2 VOH Vde
T (Vi = 0.8 Vde, R = 3.0k, vccugova: vng-go Vdc) +6.0 +7.0 -
(Vi = 0.8 vde, R = 3.0 k02, Vg = 132 Vde, VEE = -13.2 Vdci +9.0 +10.5 -
- ~
Output Voitage — Low LCogic State 2 Vou Vde
(Vi = 1.9 Vdc, R_ = 3.0 &R, Veg = +9.0 Vde, VEg = -9.0 Vde) -6.a -7.0 -
(ViH = 1.9 Vde, R = 3.0 &2, Vog = +13.2 Vde, Vg = -13.2 Vdel|, . -9.0 -10.5 -
Positive Qutput Shoart-Circuit Current (1) ) ) los+ +6.0 +10 +12 mA
Negative Qutput Short-Circuit Current (1) 3 10s- -6.0 -10 -12 mA
Qutput Resistance IVeo = VEg = 0, | Vo 1= £2.0 V) 4 [ 300 - - Ohms
Positive Supply Current (Ry = oo 5 fce . mA
AV = 1.9 vae, Veg = 9.0 Vdc! = +15 +20
/
(V| = 0.8 Vdc, Vg =+9.0 Vac) - +4.5 +6.0
(ViH = 1.9 Vde, Voe = +12 Vdcl ‘ - +19 +25
(‘/|L = 0.8 Vdc, Vee = ~12 Vde) - +5.5 +7.0
(V)4 = 1.9 Vde, Voo = +15 Vdet N 4 +34
(Vi = 0.8 Vdc, Vog = =15 Vdel | o - +12
‘Negative Supply Current (R = od 5 e ;
(Vi = 1.9 Vdc, V2 = -9.0 Veel - -13 /, -17 mA
(V) = 0.8 Vdc, Vgz = -9.0 Vdc} - - -15 uA
(Vip = 1.9 Vde, V=g = ~12 Vdc) - -18 -23 mA
(Vi = 0.8 Vde, Vez = -12 Vdci - - -5 wA
{Viy = 1.9 Vdc, Vgg = -15 Vde) - - -34 mA
{Vi = 0.8 Ve, Vgg = -15 Vdc) - .= -2.5 mA
Pawer"Cansumption Pc . mW
(Vee = 9.0 Vde, veg = -9.0 Vdc} - - 333
(Ve = 12 Vde, Veg = -12 Vde) = - 576
SWITCHING CHARACTERISTICS (Vg = +9.0 + 1% Vde, Veg = -9.0 £ 1% Vde, Ta = +259C.)
Propagation Delay Time {z; = 3.0k and 15 pF) 6 tPLH - 275 350 | s
Fall Time (= 3.0k and 15 pF) 6 TTHL - 45 75 ns
Propagation Oelay Time [z = 3.0k and 15 pF) 6 tPHL - 110 175 ns
Rise Time fz) = 3.0 k and 15 pF} 6 I M - . 55 100 ns

{1} Maximum Package Power Dissi

fray be

586

d if all outputs are shorted simultaneously.



MC1488 : S :

CHARACTERISTIC DEFINITIONS

FIGURE 1 — INPUT CURRENT . FIGURE 2 — OUTPUT VOLTAGE
N .
A 1Y . ww SV
}u }1 . '}u %1

IOI"

R

FIGURE 3 — OUTPUT SHORT-CIRCUIT CURRENT FIGURE 4 — DUTPUT RESISTANCE POWER-OFF)
vee  Vee
14 1 . 12 Q7 t
418y

o h—o— .

I z 3 1 j»—o—z 1 1 v

tps. o —o-e ] L U " 22 3u
b \ - [ R . Ad
+—0— =3 s —o— :

tos+ | $ G t 7 semamn

2 1 = . b o] b .

o . 10
’ ; \ ) !12 13 -
Arv . : ) .

il
It

N FIGURE 5 — POWER-SUPPLY CURRENTS - : FRGURE € - SWITCHING RESPONSE
. vic . - b .
“asv ” ﬁl ’ tin @——f ) —— _"L - - )
- - ’ . - Tk . ¥ bF S
T % o . T .
s Vix . = =

iy

3 €y

- ‘-rnqL and tTL ) Meesurad 10% o S0%

“VEE
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TYPICAL CHARACTERISTICS
(TA = +259C unless otherwise noted )

- FIGURE 7 — TRANSFER CHARACTERISTICS - FIGURE 8 ~ SHORT-CIRCUIT OUTPUT CURRENT

versus POWER-SUPPLY VOLTAGE e versus TEMPERATURE
12 T T z +12 h\l\ )
Voo = VEE=£ 12V :
0 colTERTy > f +0 = 4
a l l. c = los+ '\ R
- = VeC=Veg=+3V Tl
T g T T T | E£°*80 -
2 vee=VeEg=2§V 3 - -
S 30 = +30
R 2 .
. < - . a Lo
: -
3 W Vo '3 0+
> - -
. 2z = -
2 30— 3k & <30 -
L= R 2
.73 3
72 o = = 50 —t=
> 2 fos--| . S {
s g - é a0
’ —"
. A a1
"z - _lz -~ —-—‘ .
¢ 02 04 06 08 10 12 14 16 13 20 . s 0 s +15 BENT™Y
Vin, INPUT VOLTAGE (vOLTS) . T, TEMPERATURE (°C) .
FIGURE 10 — OUTPUT VOLTAGE
FIGURE 9 - OUTPUT SLEW RATE versus LOAD CAPACITANCE AND CURRENT-LIMITING CHARACTERISTICS
1000 S T = -+20
S 16 [\
vt RS}
. I L - 2 \\ =]
= - - T - < 3
z ol i ™ il | % \a0 3%2L0A0 LINES.
= m__ﬁa :
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- Vit + 7 g g 0 —
~ ] 3 TN e ATI®
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. - F c = 3 Y
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: e ! ] S 03V yerivepssgy Vo,
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2 1L I H il L T N .0 i 4 L=, .
. 0 100 1.000° 1,000 S -2 40 -4 0 w0 80  +12 +16
i CL CAPACITANCE ipF) + V. QUTPUT YOLTAGE {VOLTS)
A
i FIGURE 11 — MAXIMUM OPERATING TEMPERATURE
. . versus POWER-SUPPLY VOLTAGE :
T
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! E 1n
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' MC1488

Al;PLICATFONS INFORMATION

o
T )

The Electronic Industries Association (EIA) tas released the
RSZ32C specification detailing the recuirements for the interface
between data processing equipment and data communications
equment. This standard specifies not only the numnber and type
of interface leads, but also the voltage levels to be used. The

+ MC1488 quad driver and its companion circuiz the MC1489
quad receiver, provide a complete interface syster= between DTL
o¢ TTL logi€ levels and the RS232C cefined levels The RS232C
requirements s applied 10 drivers are ducussed heren.

The required Criver voltages are defined as betmean 5 and 15-
volts in magnitude and are positive for a logic 0" and negative for
2 logic “1”. These voltages are so defined when the drivers are

™ wominated with 2 3000 to 7000-0hm resistor. The VIC1488 meets’
this voltage requirement by convertinga DTL/TTL togic level into
RS232C levels with one stage of inverson,

The RS232C specification further requires the during transi-
tions, the driver output slew rate must not excex 30 volts per
microsecond. The inherent siew rate ¢f the MC1438 is much too

FIGURE 12 - SLEW RATE wersus CAPATITANCE
FOR Igc =10 mA
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tas2 for this requirement. The current tmited outp.t of the device
SN be used to contro! this slew rate by connecting a capacitor to
ack driver output. The required capacitor can be easiy determined.
by fﬂms‘l‘he retationship C = Ios x AT!AV from wha Figure 12is
Cerived. Accordingly, a 330-oF capacitor on each output. will

Burantee 3 worst case slew rate of 30 voits per micrzsecond.
The interface driver is aiso required to withstaret an accidental
* 10any other conductor in an interconnecting cale. The worst
¢ Signal on any conductor would be anathe driver using a
T minus 15-volt, 500-mA source. The MC 1422 is designed to
Mitely withstand such a short to alf four outpes in 3 package
Voo Bas tha power-supply voitages are greater thar 9.0 volis fi.e.,
c TLC290 v: VEEL-9.0 V). In some power-supphy designs, a loss
;Au“:‘“"” POwer causes & low impedance on the powsr-supply out-
b When this occurs. a low impedance to grounc would exist at
ot " INputs 10 the MC1488 effectively shorting the 300-0hm
6&‘.;435!:105 10 ground: H.all four outputs we-s then shorted
¥Or munus 15 volts, the power dissipation ir these resistors

- '\

*Blus o,
ety

FIGURE 13 — POWER-SUPPLY PROTECTION
TO MEET POWER-OFF FAULT CONDITIONS
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would be excessive. Thegefore, it the system is designed o permit
fow impedances w ground at the power-supplies of the driers, a
diode should be piaced in each power-supply lead to preve-s over-
heating in this 'fauit condition. These two diodes, as shown in
Figure 13, could be used to decouple all the driver packages in a
system. (These same diodes will aliow the MC1488 to wreastand

© Mmomentary shorts 1o the +£2S-volt limits specified in the earlier

Standard RS232E.} The addition of the diodes also perrats the
MC1488 to withszand faults with power-supplies of less than the
9.0 volts stated above.

The maximum short-circuit current allowable under fait con-
ditions is more than guaranteed by the previously mertioned
10 mA output current limiting.

Other Appiications

The MC1488 i an extremely versatile line driver with a myriad
of possible applications. Several features of the drivers eshance
this versatility: .

1. Output Current Limiting — this enables the circuit cesigner
to define the outout voltage levels independent of power-supplies
and can be accommlished by diode clamping of the outp.z pins.
Figure 14 shows the MC1488 used as 8 DTL 1o MOS translator
where the high-leve! voltage output is clamped one dioce above
ground.  The resistor divider shown is used 10 reduce the output
voltage below the 300 mV above ground MOS input fevef fimit.

2. Power-Supply Range — as can be seeri from the schematic
drawing of the drivers, the positive and negative driving slernents

of the device are essentially independent and do not require match-’

ing power-supplies. In fact, the positive supply can vary from a
minimum seven wolts {required for driving the negative putidown
section) to the maximum specified 15 voits. The negative supply
can vary from approxirnately -2.54olts 1o the minimum soecified
-15 volts, The MC 1488 will drive the output 10 within' 2 voits of
the positive or negative supplies as long as the current output limits
are not exceeded. The combination of the current-limiong and
supply-voltage festures allow a wide combination of posstie out-
puts within the same quad package. Thus if only a portion of the
four drivers are used for driving RS232C lines, the remainoer could
beused for DTL to MQS oreven DTL 10 DTL transiation. Figure 15
shows one such combination.
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ORDERING INFORMATION

Device Temperature Range Package
MC1485L *C o +75°C Ceramic DIP
MC1489A!T -0°Cto +75°C Ceramic DIP

~ MC1489L -
MC1489AL

QUAD LINE RECEIVERS

The 11C1489 monolithic quad line receivers are designed 10 inter-
face data terminal equipment with data communications equipment
in conformance with the specifications of EIA Standard No. RS-232C. -

. ® Input Resistance - 3.0k to 7.0 kiBhms

® Input Signal Range — +.30 Volts
® input Threshold Hysteresis Built In

® Response Control
a) Logic Threshold Shifting
b) nput Noise Filtering

- ~

~ " QUADMDTL
- LINE RECEIVERS

RS-232C
‘. SILICON MONOLITHIC
“INTEGRATED CIRCUIT
o
nput A E E Voo
el A2 73] input ©
by |E v 2] Comeor &
input 8 [4] 53—0@1 o
Eoeiib R15 iG] Input ©
Qutoue 8 [§] a1y
S

qundE

TYPICAL APPLICATION
LINE DRiVER LINE RECEIVER
| 4Ti-3 MCH403
I N it
—"1.__/ .L___zp- L SUFFIX
b CEAAMIC PACKAGE '
F CASE 632
| 3 I t TO-116 .
: [ i
ATERCONNECTAG
MOTL LOGIC INPUT ——*-— CA:LE —f— MOTL LOGIC OUTPUT
1 ) ] .
CIRCUIT SCHEMATIC (1/4 OF CIRCUIT SHOWN)
N * "
-—O Y¢¢
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LI

RESPONSE CONTROL 2 O—— VA

IXPUT 1 O,

2 0k
>

bi
>y
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Em I MC1aA

10582 2

Q6L

b0 I QUTRUT

—

—O 7 5R0UX0
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MC1433L, MC1483AL

MAXIMUM RATINGS (T4 = +259C unless otherwise noted)

" Rating ‘Symbol Valee Unit
Power Sucply Yoltags . . . . . vee » Vée |
Input Vaoltage Aange . : ViR 2 vde 1
Output Load Turrent - ’ Ty p-] mA
Power Dissipaian (Package Limiauon, Coramic and Plastic Dual In-Line o, N I
Package)l - Po e mw
Derate above T4 = +25°C . . = 18 -- BX mw/ e -
Operating Arrcient Temperature Range TaA 0w . VS -
‘I Storage Temre Range J Tstg -65 m*35 ] “C:J‘
r F -

ELECTRICAL CHARACTERISTICS (Resoonse control pin is open.)b (VCe = #5.0 Vdc £1%, TA= 0:5°C untess otherwise notsq)

Characteristics \ Figure Symbol Wl Typ Max Unit | ,
Positive I npu: Current (Vip = +25 Vdel ] i 1 385 - 8.3 A
1 Vi = +3.0 Vde) | eml -
Negative Inpz Current ' - V)L = -25 Vde) 1 e (- 33 | ma
V= ~3.0 Vdc) aal - - -
Input TurnCr Thresho'd Voltage 2 ViHL el v3e
{Ta=+25C, VoL <045 V) > MC1489 ; 18y - .15
3 MC1489A X 151195 | 235
Input TurnL* Thrashoid Voltxge ] 2 ViLH < 4 Vde
ITA = +2572, VoR 2 2.5V, 1= -0.5 mAl MG 1489 . asl - 125 .
MC 1488A ) 4 Q%) 038 1.25
Output Voltae High (Vi =075V, 1_= -0.5mA} - 2 VoH 5 40 S0 Yde
) . (Ingut Open Circuit, 1| = <0.5 mA) 2/l 40 5.3
Qurput Voloee Low (Vi = 3.0V, i = 10 mA) 2 Voo - 02 0.43 vds
Qutput Sher-Zreutt Current 3 los - 30 - “mA
Power Suopy Zurrent {(ViH*= +5.0 Vdc) a tog 4 - 26 26 -
Power Consurotion (V= +5.0 vdcl 4 LY 1 - ! 100 1 o
SWITCHING CHARACTERISTICS (Ve - 5.0 Ve = 1%, T4 = #2591,
Prepagation Zwdy Time - Ry = 3.9kq) 5 DLH -t 5§ e
Rise Tima : (R =39knr 7 s TN B T R R S
Prooagation _siay 1.ume (R =330 Q1) 5 EIYTR - 28 5Q 58
Fall Time iRy =330 Q) § ITHL 1 - 10 3 rs
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MC1489L, MC1489AL

] . I
TEST CIRCUITS
FIGURE 1 — INPUT CURRENT . v FIGURE 2 — OUTPUT VOLTAGE
) I ViLH and INPUT THRESHOLD VOLTAGE _
. .
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MC1489L, MC1489AL
TYPICAL CHARACTERISTICS T s -
(Vee = 5.0 Vde, T = #259C uniess otherwise noted) T
. r . .
Yy FIGURE 7 — INPUT CURRENT FIGURE 8 — MC1489 INPUT THRESHOLD
. . o VOLTAGE ADJUSTMENT
. +10 - o T 5f —
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N ) " : 2 1
. -— >
- = 40 - ] E AT Ay |3 Aar fT :
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MC1489L, MC1489AL _ :

© APPLICATIONS INFORMATIQN

General information

{ne Tiectronicindusir=s Assceistion (€ 1A}hasreleased the RS-232C
specrfication detaiing the requirerments for the interface between
dats processing equipment and cata communications equipment.
Ths standard specifies not only the number and type.of interface
ieads. but alsd the voltage levels 10.be used. The MC1488 quad
oriver end its companion circuit, the MC1483 quad receiver,
provioe @ compiele interlace system between DTL or TTL fogic
evels and the RS-232C defined levels. The RS-232C requirement
& apphed 10 receivers are discussed herein.- . A

The required 1nput impedance s defined as between 3000-ohms
=d 7000 ohms for input voltages between 3.0 and 25 volts in
magnitude: 2nd any voltage on the receiver input in an open circuit
condition must be less than 2.0 volts in ragnitude. The MC1489
crrcunts meet these reguirements wath 3 Maximum Open circun volt-
age cf one Vg {Ref. Sect, 2.4).

The feceiver shall detect @ voltage between -3.0 and -25 volts ,

s 2 logic *'17 and inputs between =3.0 and 25 volts as a logic 0"
iRef. Sect. 2.31. On some interchanpé leads. an open circuit or
power “OFF" conditson (300 obms or more to ground) shall be
oecoded as sn "OFF " condition or fogic “*1°° {Ref. Sect. 2.5}, For
thrs reason, the input hysterests thresholds of the MC 1489 orcuints
»e all above ground. Thus an open or grounded input witi cause
the same OuIPUL s a negative or togit 17 Input.

Device Characteristics o

The MC1483 interface recervers have internat feedback from the

#cond stage to the input stage providing INput hysteresss for noise

FIGURE 12 — TURN-ON THRESHOLD versus CAPACITANCE:

- FROM RESPONSE CONTROL PIN TO GND

£
\ MC1483L
1 3 :
o YA\
. i <300 pF
3 10 p"

Pt

i, ARPLITUB $ (VOLTS)

rejection. Ti
wolts and gy
The MCiqg
C.8 vott 1oy

[
additon 1o

MC 1489 input has typics! turn-on voltage of 1.25
"ot of 1.0 volt for a typical hysteresss of 250 mV.
DA hes typical wrnon of 1.95 voits snd tun-off of
'Yhicgity 1.15 vots of hysteresis.
4iver section has an external response contiol node in
e 10 vary “:" thput and output pins, thereby allowing the design-
connected ln" st threshold voltage fevels. A resistor can be
ures 6, B .M“'lnﬂ this node and an externzl.power-supply. Fig-
‘L 4 4 U Hlustrate the input threshold voltage shift possibte
" Ichague. PR

Wiihe node can atso be used for the faltering of high-
::::":;' "Wherergy nowe pulses. Figures 12 and 13 show

"% fiuslie reyection for external capacstors of various sizes.
O b m“:“ Bperations on the response node can be combined
cationg ."“'aluwv for many combmnations of interfacing apph-
Detween M C 1489 circuits are particutarly wsefut for interfacing
B\ B h. tweuits and MDTL/MTTL logic systems. In this
AT the 1nput threshold voltages are adusted (with the
MOS voita Wiinly and resistor values) 10 falt in the center of the

U8 fogre severs, F 4
™ ton ViC tevels, (See Fgure 14}

ong a3 the
a low "Mpyy
ground or
cemomitr gy
s|ame lne (),

e node may also be used as the receiver input as
190igner restizes that he may not drrve this node with
Mite source 10 @ voltage greater tnan one diode above
®1) than one diode below ground. This feature s
Y 0 Fgure 15 where 1wo recervers are staved 10 the
81 thyst still meet the RS-232C impedance requirement.

Flaung 13 - TURN-ON THRESHOLD wversis CAPACITANCE
FROM RESPONSE CONTROL PIN TOGND )

|

‘MC1483AL

[
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e s, s
N

Ein, AMPLITUDE (VOLTS)

.

585




MC1489L, MC1483AL . _ .

APPLICATIONS INFORMATION (continued)

FIGURE 18 — TYPICAL TRANSLATOR APPLICATION —

MOS TODTLOR TTL

5 Vde

Laiedd

ot '
L S
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FIGURE 15 — TYPICAL PARALLELING OF TWO MC1489 A RECEIVERS TO MEET RS-232C
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TYPES SN54121, SN54L121, SN74121

- : : MONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

description

e Jitter-Free Operation up to 90%

o Inhibit Capability -

SN54121...J OR W PACKAGE

e Programmable Output Pulse Width . e SNS4L121 ... OR T PACKAGE .
With Rj;e-..35ns Typ . SN74121, ...J OR N PACKAGE ~
With Rgyt/Cayt - - - 40 ns to 28 Seconds : - )

s Internal Compensation for Virtual yeg NC NG Cext Coxt Rior NC .
Temperature Independence {3l al)s

Duty Cycle

FUNCTION TABLE

INPUTS OUTPUTS
Al A2 B a a
L X H L H
X L H L owe
X x u Lo
H H X = H*

) H 4+ H s positive logic: Sse function table
¢ H O H- LT _ .
i 4 H ol iy NC~No internal connection
L X t J"L T NOTES: 1. An externat capacitor may be connected betwean
X L t JL ur Caxt (positivel and Rgyy/Coxt.

2. To use'the internal timing resistor, connect Rine
.to Vee. For Improved pulse width accurscy and
repestability, connect en external resistor between
Raxt/Cext and v;c with Rjne open-circuited.

Far explanation of function table
symbaols, see page 3-8,
-;N page 5-35

These multivibrators feature dual negative-transition-triggered inputs and a single positive-transition-triggered input
which can be usad as an inhibit input. Complementary output pulses are provided.

Pulse triggering occurs at a particular voltagg level and is not directly related to the transition time of the input pulse.

. Schmitt-trigger input circuitry (TTL hysteresis) for the B input allows jitter-free triggering from inputs with transition

rates as slow a 1 volt/second, providing the circuit with an excellent noise immunity of typically 1.2 volts. A high
immunity to VCC noise of typically 1.5 volts is also provided by internal latching circuitry. ’
. 4

Once fired, e outputs are independent of further transitions of the inputs and are a function only of the timing
components. Input pulses may be of any duration relative ta the output pulse. Qutput pulse length may be varied from
40 nancseconds to 28 seconds by choosing appropriate timing components. With nu external timing components
li.e., Riny connected to VCC, Cext 2nd Rext/Cext 0pen), an output pulse of typically 30 or 35 nanoseconds is achieved
which may be used as a d—c tnggered resat signal. Output rise and fall rimes are TTL compatible arid mdependem of
pulse length.

Pulse width stability is achieved through internal compensation and is virtuaily independent of V¢ and temperature.
In most applications, pulse stability will only be limited by the accuracy of external timing components.

Jitter-free operation is maintained over the full temperature and .V ranges for more than six decades of timing
capacitance (10pF to. 1OuF) and more than one decade of timing” resistance {2k to 30k for the
SNS54121/SN54L121 and 2k to 40 kQ for the SN74121/SN74L121). Throughout these ranges, pulse width is
defined by the relationship twlout) = CextRTIN2 = 0.7 CaxtRT. In circuits where pulse cutoff is not critical, timing
capacitance up to 1000 uF and timing resistance as low as 1.4 k{2 may be used. Also, the range of jitter-free output
pulse widths is extended if VG is held to 5 volts and free-air temperature is 25°C. Duty cycles as high as 90% are
achieved when using maximum recommended RT. Higher duty cycles are available if a certain amount of pulse-width
jitter is allowed.

TEXAS [NSTRUM ENTS

CORPORATED
BOST OFMCE BOX 3012 « OALLAS, TEXAS 73722



TYPES SN54121, SN54L121, SN74121

MONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

-
schematics of inputs and outputs
guemp————— N
EQUIVALENT OF EACH INPUT TYPICAL OF BOTH DUTPUTS
vee - Vee
L -
<
$ P
INPUT ——
ouTPUT
Req NOM ¢
INPUT =
121 L2
Al 4k} 8 k1 .
A2 4k 8k ‘121: n,q-13on NOM
B 2kn 4kn "L121: Rgq = 260 2 NOM

recommended operating conditions

54 FAMILY SN54121 SNS4L121
74 FAMILY |°  SN74121 UNIT
y MIN NOM MAX [ MIN NOM MAX
- " T 54 Famity 45 . 5 55| 45 5 65
Supoly voltage, V v
upply voltage. VEC . 74 Family | 4.75 5 525
Highdevel autput curnint, 1oy —400 =200 | pA
Low-evel output current, Igr 16 8| mA
R k Schmitt input, B 1 1 - -Vis
Rats of rise or fall of Input pulse, gv/dt
. S Logic inputs, A1, A2 1 1 Vips
Input pulse width, tywlin) y 50 100 ns
. - 54 Family 1.4 30| 1.4 30
External timin istance, . k2
ol g resic Rext 74 Family 14 40 , i
Extarnol timing capacitance, Coxt 0 1000 0 1000 { uF
Ry =2 k02 67 67
Duty cycle %
<Y AT = MAX Roxt |- 0
. . . 54 Family | —55 125 | -55 125
rrating f 1 ture, T i e
Opsérating free-sir mmperature. TA 74 Family ° 70
-
TEXAS INSTRUMENTS:
INCORPORATED
POST OFFICE BOX 9012 + DALLAS, TEXAS 73221 6-65



TYPES SN54121, SN54L121, SN74121

MONOSTABLE MULTIVIBRATORS
‘WITH SCHMITT-TRIGGER INPUTS.-

—

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

SNS4121 SNSAL 121
PARAMETER TEST CONDITIONS! SN74121 UNIT
MIN TYPE MAX IMIN TYPE max
VT+ Positee-gaing threshald voltage at A input | VeC = MIN. 1.4 2 1.4 2l v
Vy_  Negatvegoing threshold voltage at A inputi Vo = MIN . 0.8 1.4 0.8 14 v
Ve Pasite-going threshold voltage at B input {Vce = MIN : 1.85 2 155 2l v
VT—  Negxive-going threshold voltage at 8 input|Vee = MIN 0.8 135 08 135 v
Vik inpuzt clamo voltage Ve = MIN, lj=—-12mA - T -1.5 -t5{ v
VoH  Highdevel cutput voitage . Vee = MIN, loH = MAX 24 34 24 34 v
VoL  Lowdavel output voltage Veo = MIN, . loL = MAX 02 04 0.2 04 Vv
1y Inpuz current at maximum inputvoltage [Vcoe = MAX, Vy=55V 1 - 1 mA
| Highzevei i ! Vee = MAX, Al or A2 40 20 A
IH igh<evel input current V=24V B 20 20 u
, i iy Vee = MAX, | A1l or A2 . -1.6 -0.8 A
it ow—svelinputcurreat . V=04V " 5. 33 e
54 Family -] -20 ~55|-10 =27
\os Shor-circuit ouput current® Vee = MAX 1 Famil: ey T mf\‘ 4
Quiescent 13 25 A 12
| S v = MAX A
€Cc  Suepy curmnt , ~c Triggered. B 40 s 20 "
T For conditions snown as MIN ar MAX, use the appropriate value specitied under r > ded operating
Al typical vak.es are at Vg 2 5 V, To = 25°C.
®Not more thar 3ne ouut should be shorted at a time.
switching characteristics, Vec =5V, Ta = 25°C ; -
PARAMETER ; TEST CONDITIONS JER et UNIT
: S MIN TYP MAX [MIN TYP MAX
* 4 tion del ima, low-to-high- 4
PLH roe = "m.. °8 d e 465 10{ - 40| ns
lever 2 output from either A input
P tion delay time, low-to-high-
pLn, | o uion delay time, o 3 s 55 10] ne
© level Q cuput from B input Cext = 80 pF, :
P tion deltay tima, high-to-lot Ring to V
PHL ropdane v o ,' ngh-' Y, ing ce 30 80 160| ns
level 2 cumut from either A input
Progxation delay time, high-to-low- CL=15pF, -
Y = : 3 40 65 130
PHL e 2 duut from 8 inout Ry =400Q2 for 121, i
Pyl ideY obtai il Ry =800 tor'L121,{C = F,
tlout] .u se i ' -o tained using v or {Cext=80p 70 10 10| 70 225 260] s
inmral timing resistor, See Note 3 X “ | Bint to Ve © -
- Pulse ~idth obtained with Coext™= 0,
twlout) o oveptained wi ext 0 s 70{ s
2870 tming capacitance Ringto Vo
Cexy ™ 100 pF,
. i _ ext= 10068 0 7o soolsoc 700 ssal s
twiced Pulse ~idth obtained using RT =10k
wicu P . :
1- axter=at timing resistor . Cext = 14F, . 6 7 3 6 7 al ms
AT =10 kN2

NOTE 3: Load sircuit and voltage waveforms are shown on pages 3-10 and 3-11.

TEXASI INSTRUMENTS -

NCORPORATED
s-w POST OF FICE SOX 5012 o DALLAS. TEXAS 73222 -




\ ' TYPES SN54121, SN54L121, SN74121

: > MONOSTABLE MULTIVIBRATORS
. ~ WITH SCHMITT-TRIGGER INPUTS

am—— i N - §
TYPICAL CHARACTERISTICS .
OISTRIBUTION OF UNITS VARIATION IN INTERN AL TIMING AESISTOR \ALUE VARIA SN N QUTPL® 3_LSE WIDTH
o, "’ -
CUTPUT BULSE WiSTh 3 FREE-A:= TEMPERATURE SUPPLY VOL™AIE
- - S»mi — . HRY .
4 L ! l H
e N | o P | :
: T -20% i k3
P - < ml [ 2
3lpreron | ! g J H 08
Il | o € 1ont- - 2
= N i < ot 4 YV ]
s 1 E H H €
> i : « / H €
2 -l H < 5 s < 8
H ! ! s 2 E H te guty ® 420
i 2 . S 2 £ ; / N | 3 outy = 420
[ - . & — B . T Cpesy
- °© }4 c $ 0 1 3 > .
% I3 b 2 H . . :
H 5 $ i H : ! i H
¥ £ L 3 — 3 it H 3
£ ii N 7 =5\ T . 3
i T T
99% of Un-y ~—— ,f -|0\L o ‘ l
w1 e« & 100 703 708 & 275 -50-25 c 25 S0 75 joe " L
tusgur) —OnTou Pulse Wt —ns Ta~Free sr Temperatuce~"C . o IC+Suo0ty Vorae~v
FIGURE 1 FIGURE 2 FIGURE 2

SCHWI™T TRIGGER THRISMOLD VOLTAGE
"
EREE AIA TEMPESSTURE

174 i | — Hyfurwus o Vs = VTL

"Js |
= ,

VARIETION IN QUTRPUT IS

MSTR

-
F3EE AtA TEMPE*3TURE

-08% - oy - We

:.\\i &
{

Blujout) Veriatens o thitgant Pulve Watits

-: i ‘\Tmm-ﬁ.-;; thnnuIdIVT. e . i <@ '
w : | 1 &-ae28’c 4
TN Wad i e
i e esv '\J;\_ ] SR / [
i ‘ ; NegatveGorg Theeshold V. {7 '|
L ' ] l I l -10N g L | j
75—6&-25 0 25 S0 715 100 125 -7 .50 <2¢ 0 25 57 5 100 A
Ta~Free-Ar Temorsture-"C Ta-Frae An Temoratare="C
FIGURE 4 FIGURE 5
s e OUTPUT PULSE WIDTH OQUTPUT PULSE WIDTH
(3 vi
TIMING RESISTOR VALUE EXTERNAL CAPACITANCE

Vcc‘SV
Ta=25"C T

| e

twiout)—Output Pulse Widih
twiout)—Output Pulse Width

Veg=SV= Cet
10 na LTA = 25°C TF{See Note s~ 1ors .
R 2.34 710 20 40 70100 10-11 10-10 10~9 10-8 10-7 10-& 10-5
RT-Timing Resistor ValuekQ €,y —Timing Capeditance—F
‘ FIGURE 6 FIGURE 7
NOTE o . N
|“E 4: These walues of resistance axceed the maximum recommended for use over the full temperature range of vie SNS4L127.

ts
\’.""“ern below 0°C and above 70°C are applicable for SNS4121 and SNS4L121.

v

TEXAS l(N STRUMENTS

ORPORATED .
POST OFFICE BOX 3012 + OALLAS.S YKXAS %212 . s-sr.



@ MOTOROLA .

DESC PT!ON — The SN54L5/74L590 SNS41S/741S92 and
SN54LS/74L593 are high-spead 4-bit npple type counters partitioned
into two sections. Each counter has a divide-by-two section and either a
divide-by-five (L.S90), divide-by-six (LS92) or divide-by-eight {LS93)
section which are triggerd by a HIGH-t0-LOW transition on the clock
inputs. Each section can be used separately of tied together {Q to TP} to
form BCD bi-quinary, modulo-12, or modulo-16 counters. Al of the
counters have a 2-input gated Master Reset (Clear), and the LSSO also
hes a 2-input gatad Master Set (Preset 9). :

J Sutfix — Case 632-07 {Ceramic)
N Suffix — Case 646-05 {Plastic)

-® LOW POWER CONSUMPTION . . . TYPICALLY 45 mW

® HIGH COUNT RATES ... TYPICALLY 42 MH2z

@ CHOICE OF COUNTING MODES . .. BCD, 8I-QUINARY,
DIVIDE-BY-TWELVE, BINARY

@ INPUT CLAMP DIODES.LIMIT HIGH SPEED TERMINATION
EFFECTS

SN54LS/74LS90
SN54LS/741L592
SN54L8/74L893 -

DECADE COUNTER;
‘DIVIDE-BY-TWELVE COUNTER:
- 4-BIT- BINARY COUNTER

' Low POWER scuo‘mw

P e
¢

LOGIC SYMBOL
Lsgo

N ; 8 7 -

AN

MS -
" -~ la=—OfcPy

MR T¢ 0y Q203

e

‘x Z!J'_ZSBI

l—-focr‘ [,
!
f
L}

PIN NAMES LOADING (Note a) Vee=Pins

HIGH ow - . N 2erp. -
—— = Ping 4,
A Clock (Active LOW going edge) nput to .~ 0.8 U.LL 150.L T
+2 Section Lsoz
Py Clock (Active LOW gaing edge) Input to 0.5U.L. 20U.L.
+5 Section (LS90), +6 Section (LS92)
cPy Clock (Active LOW going edge) Input to osu.L 1oL 14—ofcrg
+8 Section (LS93) T 1—dle
MRq, MRy Master Reset (Clear) Inputs 0.5 UL 0.25 U.L. Ma_ 838402 33
- MSq, MS, Master Set (Preset-9, LS90) Inputs 0.5U.L. 0.25 U.L..
Qp Qutput from +2 Sectian (Notes b & ¢) QUL 5{2.5) U.L.
Q4,Q2.Q3  Outputs from +5(L.S90), +6 (LS92J, 10U.L | 525 UL 7 A
+8 (LS93} Sectisns (Note b} Veg=Fin§
GND = Pn 10

Notes:
3 1TTL..m:LoodeL)=40yAmGH/1 5 mA LOW,

b. The Outmput LOW drive factor is 2.5 U.L for Mitary, (S4) and S UL for commarcisl (74) Tampersture Ranges. 14—C§CPy

€ The Qn Outputs are quaranteed 1o drive the L fan-out plus the TPy imout of the device
d To insure proper operation the rise {tr} and fail arne (1) of the clock must Sa less than 100 na.-

NC=Fins 2,3, 4, 13

1S83

1 —cfcp,

MA 393102,

23 129 a1
Veg=Fing
GNO = Pin 10
NC=Pins4,6,7,13

MOTOROLA SCHOTTKY TTL DEVICES -
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SN54LS/741LS90 « SN541LS/74L.592 « SN54LS/74LS93

N

LOGIC DIAGRAM CONNECTION DIAGRAM
LS90 DIP {TOP VIEW}
® .
MS: s
) MSQ%D" l - T ]
. : Py L Q
H S,
O J DO'—‘ —4- DO"-' JSDO— HSDC
-Qa)
¥y ——cicr . s —Cace —fcP R
% ‘CDF ‘CDU "C‘,U : ! lSéDG
. i’ 3 ¥ o
> 5
o= -
Ma, @ . — = ) NC « No internat Connection
Mlz:D» @ & & &.
©)] . % G L] . O3 NOTE:
o Q = Pin Numbers A The Fiatpak version has the same
- VCC.' Pin § pinouts (Connection Diagram: ay, . X
GND = Pin 10 the Dual In-Line Package LN
LOGIC DIAGRAM CONNECTION DIAGRAM ™.
Ls92 DIP (TOP VIEW)
. O |-—~ - aQ J Q 4 Q
::::
TPy ~—chcP —0Of 2» [——o cp tod
"»Kqﬁ !CDE ncoﬁ (CDE
R , 4 ¢
&
MR,
““;QJ @ o’ ® ® NC = No Interns! Connecnon
A2 ag Q. 0y Q3
NOTE:
O = Pin Numbers. T!ue Flatpak version has the same
’ . Vee=Pin§ e as
. the Duat In-Line Paclage
GND = Pin 10
LOGIC DIAGRAM CONNECTION DIAGRAM
1593 DIP (TOP VIEW)
s o= . |+ e R LI
0.
o~—CjC» —<cp cr - cr» .
K ¢ [+ X Ca 3 K CQ.G 3 F?o g
= 2% O]
G
o .
- 3 & ® ® @
% o % . Ca NC = No Internal Connection
O = Fin Numbers note:
- Pi The Flatpak version has the
vcc Pin S . pinouts {Connectron Dm::;.
GND = Pin 10 the Dual in-Uine Pactage

4-65
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SN54LS/ 741530 » SN54LS/74LS92 « SN54LS/74LS93

FUNCTIONAL DESCRIPTION — The LS90, LS92, and LS93 are 4-bit ripple type Decade, Divide-By-Tweive, and Binary
Courzers respéctively. Each device consists of four master/slave flip-flops which are internally connected to provide a
divide-by-two section and a divide-by-five (LS90), divide-by-six (LS92), or divide-by-eight (LS93) section. Each section has a
separate clock input which initiates state changes of the counter on the HIGH-t0-LOW clock transition. State changes of the Q
outpLts do not occur simuitangously becausa of internal ripple delays. Therefore, decoded output signals are subjectto decodiing
spikes and should not be used for clocks or strobes. The Qg output of each device is designed and specified to drive the ratad
fan-out plus the TPy input of the device. N .-

A gated AND asynchronous Master Reset(MR1e MR 2) i.s provided an all counters which overrides and clocks and resets (cleass)
all the flip-flops. A gated AND asynchronous Master Set (MS e MS>)is provided onthe LS90 which overrides the clocks and the

MR inputs and sets the outputs to nine (HULH). "~ . f

s e e e el b i e . ..
Since the output from the divide-by-two seavon is not internally connected to the 'st;coeeding stages, the devices may be
operated in various counting modes. = - .
Lsso ’ S

A. BCD Decade (B421) Counter — The CP1 input must be externally connected to the Qg output. The CPg input receives the
incoming count and a BCD count sequence is produced.

B. Symn'e(r;cal Si-quinary Divide-By-Ten Counter — The Q3 output must be externally connected to the €Pp input. The inout
count is then applied to the €Py input ahd a divide-by-ten square wave is obtained at output Qp. L.

C. Divide-By-Two and Divide-By-Five Counter — No external interconnections are reqdire‘d. The first Hlip-flop is used as a binary
element for the divide-by-two function (CP( as the input and Qg as the output). The &P input is used to obtain binary
divige-by-five operation 3t the Q3 output., S,

Lss2

A Modulo 12, Divide-By-Twelve Counter — The CPy input must-be externally connected w the Qg output. The TPy input
recenes the incoming count and Q3 produces a symmetrical divide-by-twelve square wave output:— ~-

8. Divide- 8y-Two and Divide-By-Six Counter — No external interconnections are required. The first flip-flop isused as a binary
elemant for the divide-by-two function. The CP1q input is used to obtain divide-by-three operation at the Q1 and Q2 outputs
and divide-by-six operation at the Q3 output

Ls93

A 4-Bit ipple Counter — The output Qg mustbe externally connected toinput @1 . The input count puises are appliedtoinput
CPp. Simultaneous divisions 0f2,.4,8, and 16 are performed atthe Qq, Q1. Q2. and Q3 outputs 3s shown in the truth table.

° B 3-Bit Pipple Counter — The input count pulses are applied to input CPy. Simukaneous frequency divisions of 2, 4, and 8 are

availacle at the Q1. Q3. and Q3 outputs. Independent use of the first flip-flop is available if the reset function coincides with
reset = the 3-bit ripple-through counter.

MOTOROLA SCHOTTKY TTL DEVICES
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SN54LS/741S90 » SN54LS/741S32 « SN54LS/74LS93

. 1sso ) . LSS2 AND LS93  ° ;
. " MODE SELECTION . MODE SELECTION ' o
RESET/SET INPUTS OUTPUTS ":1 ifﬁr'g OQUTPUTS™
L MR, MRz MS, w52 -Qo, 01 02 03 -
H H L | x L L & L MRy | MR2{l Qo Q) G, Q3
H H b | N N H H L L Lot
X | X | H & H L & 'H L H Count . |
K L X L X Count . H L Count !
X L X kL ‘ Count L L Count
. L X X L Count | H = HIGH Voltage Lovel
X L)L X Count " L= LOW Voltage Level !
H = HIGH Voltage Leve! j Enaort Care '
L = LOW Voltage Level ) :
X = Don't Care . - N i |
N 1 !
LS90 - Ls92 Ls93
BCD COUNT SEQUENCE TRUTH TABLE TRUTH TABLE
QUTPUT’ OUTPUT OUTPUT
COUNT : COUNT COUNT
% 9 0, g 9 Q@ 0Q; Q 9 0, 9 0o
0 L L L ¢ 0 L L Mss/ i 0 L Lt L
1 H L L oL 1 H )\ /s /L, 1 HLL L Ty,
2 t H L v 2 T AN 2 Lt H L v
3 H H t L 3 H H L L 3. H H L L
4 L L H L 4 L L H, L 4 L L H L
] H L H 5 H L H 1L 5 H L H L
6 L H H L 6 wd ®N\ I AH 6 L H H
7 H H H L 7 H L L H 7 H H H L
8 L "L ¢ H B L H L H 8 Ll <L H
9/ H L L H 9 H H L H 9 H L L H !
NOTE: Qutput Qg s connected tefmput 10 L L H H 10 L H L H
TPy for BCO count. 11 H L H H 11 H H L H
' - ) 12 t L H H
Note: Outpu( Qg connected to input cP,. 13 7 i . H hy
14 L H H H
' 15 H.H H H

- Non:OumutOoemmct-dtoiranﬁ.

-MOTOROLA SCHOTTKY TTL DEVICES
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SN54LS/74L550 o SN54LS/74LS32 e 3 N54LS/74LS93

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER ' MIN TYP MAX UNIT
Vee Suoply Voltage T.ome - 54 - ‘45 50 ' 55 v
74 4.75 | 5.0 5.25

Ta Operating Ambient Temperature Farge 54 =55 25 125 °C

- . 74 0 25 70 .
IoH Qumut Current — High . 54,74 . ~04 mA
o Output Current — Low .- 54 . 4.0 mA

. . 74 . 80

J
Yy,

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER vy U,xl;s MAX UNITS TEST CONDIﬁONS
ViR .. Input HIGH Voitage 20 A Guaranteed Input HIGH Voltage for
. N All Inputs ~
54 0.7. Guaranteed Input LOW Vohage for
Vi Input LL‘)W Voltage Zel 1 - o8 “V All Inputs
Vix Input Clamp Diode Voltage —0.65 | —1.5 V ' lYecc=MIN, IN=~18mA
. : 54" | 25 3.5 v VEC = MIN. Icy = MAX, Viy = Vi
Vou Output HIGH Vohtage. 72 27 T 3s v or V)i, per Truth Table
v ) 4.~ 54.74 025 | 04 v loL=4.0ma | veo = Ve MIN,
oL utput LOW Voltage Ty = VIN =V, or Vil
74 0.35 0.5 v OL =8.0mA per Truth Table
\ i/ y 20 bA VeC=MAX ViN=27 v
H P T 01 | mA  [vec=MAX viy=7.0v
Input LOW Current

MS. MR 1 —-04
h CPp g ) —24 mA Vec=MAX iy =04V

CPy1Ls90, 1s92) . —32 .

CPyiLs93) —-1.6
los Short Circuit Current ~20 T =100 mA Ve = MAX
lce Power Supply Current 15 mA Vee = MAX |

MOTOROLA SCHOTTKY TTL DEVICES
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SN54LS/74LS90 ¢ SN54LS/741.592 « SN54LS/74L.593

AC CHARACTERISTICS: Ta = 25°C, Voo = 5.0V, C: = 15 pF

UMITS
SYMBOL - PABAMETER LSS0 LS92 1523 UNITS
Mix | TYP | max { MiN | Typ | MAX | MIN | TYP | MAX
fmax CPp Input Clock Frequency 32 32 32 ‘ "MHz
TMAX CPy Input Clock Frequency 16 . 16 16 MHz
s PLH Propagation Delay, 10 16 10 16 - 10 16 s
1PHL . | P input 1o Qg Output 12 18 12 18 |. 12 18
LM, e i 327 48 32| 28 2 | 70
i L. CPg input 10 Q3 Output 24 50 34 50 25 70 ns
PLH - 10 16 10 18 12 16
tpL CP1 tnput 1o Q1 Output 14 | 21 14| 2 it 21|
L TR TR 21 32 10 16 I B3 32
PHL 1 CPy Input 10 Q3 Output 23 35 14 } 21 3 35 rs
T tpLH o= 5 21 32 21 32 3| 51
*tppg CP1 Inpitto Q3 Output 23 | 35 23| 35 | | s | ™
WPLH MS Input to-Qg and Q3 Outputs 20 30 ns
tPHL MS input to Q1 and Q2 Outputs 26 40 ¢ ns
tPPHL MR Input to Any Output . 26" 40 26 |. 40 pad 40 ns
AC SETUP REQUIREMENTS: Tp = 25°C, Voo = 5.0V \ \
: UMITS 1
SYMBGCL PARAMETER ; LSS0 1592 1593 } UNITS
. MIN |- MAX | MIN | MaX | MIN | MAX i
W CPg Pulse Width 15 15 15 . ns.
W CPy Pulse Width . 30 30 30 ! ns
w MS Pulse Wicth - 15 5 ! ns
w MR Puise Width 15 15 15 )| _ns
trec Recovery Time MR to CP 25 25 25 .r ns

RECOVERY TIME {t;ec) is defined as the munimum time required between the end of the reset pulse and e clock
transition from HIGH-10-LOW in order 1o recognize and transfer HIGH data to the Q outputs.

- AC WAVE FORMS

Ry h{."-'mq
13v

Fig 1

“The number of Clock Pulses required between the tpyy and tpy i Measurements can be determined from the spproorate Truth Tabims.

m\;us 13 13V MS _1;;»1/(_\\'4:\'
__{_T_.J\q.».c——‘ L——-w——!»v—-'.——l

1.3 T - 13v
vy
———1————/— ?&’%3 -

Fig. 2 . Fig. 3

'MOTOROLA SCHOTTKY TTL DEVICES
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Dynamic Shift Registers

MM4013/MM5013: 1024-bit dynamic shift register/accumulator

general description

The MAA013/MMB012 1024-bir dynamic shif.

register/accumulator is an MOS monolithic inte-
grated circuit using P-chanme! enhancement mode
low threshold technology to achieve direct bipolar

.compatibility. There is on-chip logic 10 load.and -
recirculate data; and a read control for enabling the .

bus-ORable TRI-STATE™ push-pull output stage.

features

®= Bipolar compatibility Standard +5V, -12V
power supplies
No pall down or

pult up resistors

« required
.® Package option . T0O-99 or
molded 8-pin mini-DIP

B |ow clock capacitance

160 pF max

© §min=400Hz @

. 25°C typ

¢ max = 2.5 MHz

over temp. guaranteed
Exclusive-OR and
recirculate loop on-chip
Allows wire-OR bus
structure on output

® Wide frequency range

® Built-in recirculate

TRI-STATE output’

i Full temperature operation
MM4013
MM5013

~556°C to +125°C
0°C'to +70°C

applications

® - *Silicon Store” feplacement for drum and disc
memories .

® File memories
B CRT refresh

ELOSIWIN/ELOPIWIN

connection diagrams.

Metal Can Package

Order Number MM40T3H
or MM5013H
See Package 24

typical applications
TTL/MOS Interface

Dual-In&ins Package

ot L\ \
= "™ Order Number MM4013D
-, 10, e or MM50130
-
r . .See Package 1
ot 3o if—' ot Order Number MM5013N
v See Package 12
(Y . -t

truth table

(Posit ic)
Logic “17 = V,,, = Logical HIGH Level
Logic “0” = V;,_ = Logical LOW Leved .

WRITE | READ {- FUNCTION

e 0 Racirculate
Output Disabled

o~ 3 ° | Recireulate .
Output Enabled

N ° Write Mode
Output Dissbled

f f Write Mode
Output Enabled




MM4013/MM5013

absolute maximum ratings . ' .

~  Voitage st Any Fn : Vis+03t0Ves-22 . .
Opwrating Temparature Range MM4AQ13 -55°C 10 +125°C .
MMS013 0°C o +70°C
Storage Temperatre Rarnge. -65°Cro +150°C
Leed Temperature (Solderwig, 10 sec) | g 300°C -
electrical characteristics c -
Ta within operating temperature range, Vgg = +5.0V $5%, Vag = -12.0V £10%, unlessotherwise noted. ‘">
PARAMETER . CONDITIONS . [T kald MAX UNITS
Data tnput Levels ' -
Logical HIGH Levet (V] Vg3 ~20 Vgg @3 v
Logical LOW Laved (V] Ve ~18.5 Vg -2 v
Data Input Laakage Vin = =200V, T, = 26°C, . 0.01 as BA
. All Other Pirs GND
Data Input Cagacitance k Min 700V, 12 1 MHZ, .30 5.0 pF
. All Qther Pirs GND
Control tnput Levels (Nate 1)- ° . B
Logical HIGH Leved (V,} "Veg =20 Vag * 0.3 v
. Logcal LOW Leved (V) Vs - 185 Vag ~ 4.2 v
Conwal Inpust Leskage Vi = =20.0V. T, = 25°C, 0.01 .as HA
- . * All Other Pire GND .
Control Input Cacacitance . Vin = 0.0V. o | MH2, - 30 50 oF
All Qther Ping GNO N
Clock Input Levels . (Nota 1)
. Logreal HIGH Leved (V) Ves- 1.5 Vg +03 v
Logeal LOW Levet (Vo) Vs - 185, Vg - 145 v
Clock Input Leakage Vo= =200V, T, =« 25°C. 0.05 10 A
. - " Al Other Pins GNO Y )
Clock Input Capacitance Vo= 0.0V, f=1MHz / 140 _ 190 oF
All Other Ping GND {
Data Output Levels Jreate 1)
Logieal HIGH Levar (Vo) teouace ® 0.5 mA 24 Ves v
Logecal LOW Levet (Vo) lgwee * 1.6 mA 0.4 v
Data Qutput Leakage Vour = -5.0V, T, = 25'C a0, HA
Qutput in Highimpadance State |
Power Suppty Curront Ta=25°C, Vgg = -12V,
zc Opvy = 150 nx, Vog = 5.0V, )
| Vou'# =12V, Data = 0-1-0-1
0.0 MH2 < 5, < 0.1 MHz 1.80 0 mA
2 = L.OMH? 53 as ™A
3 » 15 WH2 0.3 150 mA
Clock Frequency (3. ot = oty = 20 s, {Note 2) a.01 33 28 MHz
Clock Puttewsth (Omaf Ote + Spy + 04, 10.5 28 a5 - = 4 u
Clock Phase Oelay Tirmes (0, 5o) Note 2} 0.0 m
Clock Trarwiton Times {0t oU) O *Cow + 0L < 10.5us .0 P
Partial 8t Times (T} {Note 2)
. 1nput Part 2 80t Teme (T 02 100 e
Qutput Partal 8X Tme {Toyr) 2.2 100 us
Data Input Serup Tire (t,} a0 k "
Data input Mcid Tire {tg) 20 ] ns
Weize Setup Teme {t,,) : 80 0 ns
Write Hold T-—e {t 4} 2 ] as
Read Setup T'me (tag? ] ns
Read Hold Tirme {tany % 0 s
Oats Output Propagaron Delay .
fram Sgyur : {see ac test Ciecuit)
Celay to HIGH Level (1,4,) . 150 200 s
Delay 10 LOW Leved (1o} 150 00 ™
Propagation Delay Fram
Read Controi Disabie 10
HIGH Impedance Stats: -
«Oetay From HIGH Level {t,,.) ’ 150 200 s
Detay From LOW tevel (255) 1%0 00 ns
PFropagation Delay From )
Read Control Znable 0 .
LOW Impedance State:
Oetay 10 MIGH Level (t),4) 150 200 ns
Oelay 10 LOW Laved (tg) 150 200 m

Note 1: C'apaci_mnez’ss guaranteed by periodic testing.

Note 2: Mirimum clock frequency is a function of temperature and partial bit times (Tyy and ToT) 23 shown by the of
versus temperature and TN, TQUT versus temperature curves. The lowest guaranteed clock frequency for any temperature

can be attained by making Ty equal to TouT. The minimum guaranteed clock frequency is: *

1

T a T+ where Tiy and TouT do not exceed the guaranteed maximums.
Tin + Tour ’ ’

Sf{min) =

Note 3: Minimym clock frequeacy and partial bit time curves are guaranteed by testing at a high temperature point,




performance characteristics : X
Guaranteed Minimum Clock - Guaranteed Maximum TN -
Frequency vs Temperature and TouT vs Temperature Typical Power Supply Current
{Note 2} {Note 2}. . vs Clock Frequency
1% <1
-m\ = m i ‘@
£ T A e e i | :s'i-';n'.:____ T ]
> t t T . : :
2w eleinien - e e vrue T
£ — : L mhene ==l
2 E Tt 1 W e T = Vore = 35 =
<« T T F [ T E
RT.Y Towe Tour =10 . ! -
: BB S Z = 5 ' "
2 F— T 3 L T T N amm s 18 [T, = 25°C ==—125 C
- 4NN | « =2 | ! 1
2 100 B ; T
5 |=ra I e — | — B S———— So—i—1 iy i [
s | KPR T ! i 3 > M 3 Y? '_l o B ™
PR S T S — w TN w L R His
% 0 22 s 1M 1 S0 - 2 & 1007 wue 081 @01 [R] 18 10
AMBIENT TEMPERATURE ('C AMSIENT TEMPERATURE ("C) CLOCK FREQUENCY, oy tMHz)
. Typical Data Qutput Source Typical Data Output Sink
‘Typical Power Supply.Current Current vs Data Output. # Current vs Data Qutput
vs Voitage Voltage- Ny Voltage
RY ¥ 17 - :
-55'¢C 3 —55°C :
N I—RZ 4 S
g _ s ! Va "
< Tae25'C— RN S 1
(&) = : . / 7/ - .
H & /7t =z
£ sg g ] I
S R 7/ £
o - 25"
bl '_.t‘. n.c—"e...-m- E 2 / ‘ 2 "
18 [ Vg v SV 3 Veg = 5.0V° E
° i i Vg a=128V & | Veg=-120v Ay
ol — Vyn 15V i V-x‘-l’u"
£ Vo= 35V
i ! i oaTArs1at o { ™ .
15 % ” 1 19 O A YA YA Y SICAT 711778 ol Spm-!
Vau = Vg (V) Vour (V} Vour (V)
Typical Tri-State Data OQutput *.
Capacitancs vs Vohtage
- i
z .
- . i
3
z T
<
E \
o Pt ——
=
s !
o
b A
2 :
5 . Tas28°C -
. Tost trog, = 1 MHz
- AL Dther Pum GND
- 4 bY
S 4 3 2 1 8 -t :
. Vour (V)
ac test circuit truth table
-
I _
Al
. S b OELAY st 52 n1 (2]
< oo | Clowed | Ciovea [35¢ | 200F
o ¢ er | Closed | Ciowes | 8K | 20oF
_Ln | h 4 tows .| Clowed | Ciowa | 25% | S oF .
I L. 4 tie | Clows | Crowd | 25k | S oF
= =+ h A [ Ciowed [ Ooen {35k | 200F
ey Open | Ooted | 35K 20 of

I“—-O\
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MM4013/MM5013

switching time waveforms
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DESCRIPTION — The SNS4LS/74L.5245 is an Octal Bus Transmitter/
Reteiver designed for 8-line asynchronous 2-way data communication
* between data buses. Direction Input (DR) controls transmission of Data
from bus A to bus B or bus B to bus A depending upon itslogic level. The
Enable input {€) can be used to.isolate the buses. . N

® HYSTERESIS INPUTS TO IMPROVE NOISE IMMUNITY
® 2-WAY ASYNCHRONOUS DATA BUS COMMUNICATION
@ INPUT DIODES UMIT HIGH-SPEED TERMINATION EFFECTS

TAUTHTABLE

INPUTS ' - - —

DiR B -

BusBDatatoBusA
BusADatatoBusB
isofation

Terriol

XXIr

H = HiGH Voitage Lovel
L = LOW Vohage Level
X » Immatena!

OUTPUT R —

- SNB4LS245
SN7415245

OCTAL BUS TRANSCEIVER

. LOW POWER SCHOTTKY

.-
LOGIC AND COMNNECTION DIAGRAM

DIP (TOP VIEW)
ME———_—MEEVCC
g gl
uE_(—-J\ E]sl
a7 SN L7 a2
o
ME_}_{; M'i s
"E’—*_&—- Bty
oxofig o Tes

J Suffix — Case 732-03 (Ceramic)
N Sutfix — Case 738-01 (Plaszic)

:MOTOROLA SCHOTTKY TTL DEVICES
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SN54LS/74L5245

-~

E ]
GUARANTEED OPERATING RANGES _
SYMBOL i PARAMETER } MIN TYP MAX uNIT
Vee Supply Voltage T S54 45 5.0 55 v
- : | 74 - 475 5.0 525
TA Operating Ambient Temperature Range H 54 -55 25 125 sC
. t 74 0 25 70
104 Output Current — High i 5474 -3.0 mA
, 54 -12 -
] v . LI . -15 mA
oL - | Output Current — Low + 54 - 12 mA
: L ., - 74 24

«

Y

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless atherwisa specified)

UuMIs
SYMBOL PARAMETER A ~r X UNITS ) TEST CONDITIONS
ViR | Input HIGH Voltage | 20 i v Guaranteed Input HIGH Voltage for
All Inputs
54 0.7 Guaranteed Input LOW Volitage for
ViL Input LOW Voltage 74 08 -V ] All Inputs. -
VT4 ~Vy-{ Hysteresis = 0.2 04 v Vee=MIN
ViK Input Clamp Diode Voltage —065 -|—1.8 v Vee=MIN iy =-18 mA
VoH Output HIGH Voltage 54,74 24 3.4 v vc; = MIN, o =-3.0mA
. . ), 54,74 20 \J Vee = MiN, Igy = MAX

1 5474 025 | 04 v loL=12 mA | Yec =Vee MIN,
VoL | Output LOW Vohtage 7a 035 | 05 v IoL= 24 mA m;x‘,‘;r";b‘,’;“
l0ZH Qutput Off Current HIGH 20 HA Vee = MAX Vogyt = 2.4V
lozL Output O Current LOW -200 uA Vee = MAX. Voyr=04V

Aor8 DRorE 20§ pA Vee = MAX, VN =27V
[19) Input HIGH Current | DR or € - 0.1 5 mA Vee=MAX. VIN=T70V-

AorB 011 mA Voo = MAX. VIN= 55V
he Input LOW Current -0.2 mA Vee = MAX, VIN=04V -
los Output Short Circur Current ~40 ~225 mA Vee = MAax )

Power Supply Current ’
Total, Qutput HIGH : 70°
lce Total, Quiput LOW 90 mA Ve = MAX
Total at HIGH Z ‘85
AC CHARACTERISTICS: TA = 25°C, Ve =5.0V B
UMITS
‘SYMBOL ?AHAMFTEB MIN P MAX UNITS TEST CONOITIONS

:’;L—': Propagation Delay, Data to Output gg :lz’ ns CL=450F
pZH Qutput Enable Time to HIGH Leve! 25 40 ns R =667 0Q
PZL Qutput Enable Time to LOW Level 27 40 ns )
tpLZ Output Disable Time from LOW Level 15 25 ns . CL=500F
tPHZ Qurput Disable Tima from HIGH Levei c 15 ; 2% ns - R =6670Q

MOTOROLA SCHOTTKY TTL DEVICES
4-218
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- ) TYPES SN54159, SN74158
Tt 4-LINE-TO-16-LINE DECODERS/DEMULTIPLEXERS
ms! : , WITH OPEN-COLLECTOR OUTPUTS

b BULLETIN NO. DL-S 7211200, DECEMBER 1972

SN54159,,.J OR W PACKAGE

. open-Collector Outputs for Interfacing with SN74158 ... J OR N PACKAGE
MOS, or Memory Decoders/Drivers (TOP VIEW)
o Decodes4 Binary-Coded Inputs into One of . Ve, INPUTS ouTAUTS

16 Mutually Exclusive Qutputs” »

D £ A —
1w dn n}—ﬂ-u Wi{n

Ul stilet
o Performs the Demultlplexlng Function by [ l l T 1 1 I 1 1 1
Distributing Data from One input Line to A B C D G2 Gl 15 14 1312
Any One of 16 Outputs, L . . o
e Typical Average Propagation Delay Times: Moy s 4 s 6 7 e 10 :
i 24 ns through 3 Levels of Logic S 1 T -
13 ns from Strobe Input I T I T I 1 i ] T I
3 4 4

& Output Off-State Current is Less Than 50 p A Wm m

e Fully Compatible with’ Most TI'L DTL, and ouTeuTS
MSI Circuits positive logic: see function taie

dascription’

Each of these monolithic, 4-line-to-16-line decoder; utilizes TTL circuitry to decode four binary-coded inputs into one
of sixteen mutually exclusive open-collector ohtputs when both the strobe inputs, G1 and G2, are taw. The demulti-
plexing function is performed by wsing the 4 input lines to address the output line, passing data from one of the strobe
inputs with the other strobe input sow. When either strobe input is high, all outputs are high. These camultiplexers are ’

» deally suited for implementing MOS ‘memory decoding or for interfacing with dlscrete memory aodress drlvcrs. For
ultra-high-speed apphcanons the SK545138/SN745138 or SN54$139/SN74$139 is recommended.

These circuits are fully compatible for use with most other TTL and DTL circuits: Input clamping dodes are provided
to minimize transmission-line effects and thereby simplify system design. Input buffers are used 1c lower the fan-in
requirement to only one normalized Series 54/74 load. A fan-out to 10 normalized Series 54/74 loads in the low-level
state is evailable from each of the sixteen outputs. Typical power dissipation is 170 mW.

The SN54159 is characterized for operation over the full military temperature range of ~55°C to 125°C; the SN74159
is characterized. for operation from 0°C 10 70°C.

function table
Same as SN54154, SN74154. See page 7-172:

functional block diagram : .
Same as SN54154, SN74154. See page 7-172.

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

i Supolyvolxage,vcc(seeNoxen e e e e e e e e e e P A
IMputwoltage . . . . . . . .. .. .. ... e i . . BBV
Oft-state outputvoltage~ . . . . . . . . T 3 -1
Operating free-air temperature range: SNSMSQ Cucmts e e e e e e —55 C10125°C

-SN74159 Circuits . . . . . . . v . ... ol 0°C to 70°C

: S‘Wﬂgetemperature(ange e e e e e e e e e e e e e e e e e e e e e .. —85°CrO150°C

kOTE . ’

Voltage velues are with respect to network ground terminal

\ . TEXAS INSTRUMENTS'

INCORPORAT
FOST OFFICE BOX 3012 « DALLAS. rIxAl 75222 . 7-189




TYPES SN54159, SN74158
4-LINE-TO-16-LINE DECODERS/DEMULTIPLEXEBS _—
WITH OPEN-COLLECTOR OUTPUTS .

recommendad operating conditions

3

SN54159 ) SN74159° 'ﬁ
) MIN. NOM MAX | MIN NOM max | T
Supply voltage, Voe . . 45 5 55[475 5 525 v Y.
Low-level output current, 1oy . ) X 16 ) 15 | ma
Operating free-sir termperature, T A - 55 128 0o 01 °¢c
electiical characteristics over recommended operating free-air temperature range (unless otherwise noted)”
_PARAMETER . c TEST CONQYTIONST MIN TYPE. MaX | uner
ViH High-level input voltage : R .2 ] v
ViL Lowlevet input voltage . . 08{ v
ViKk Input camp voltage Voo =MIN, 1= —-12mA . . -15}) v
. Voo =MIN, Viy =2V, -
High-level & N = i
Ion  High-level oumut current ViL=08V, VoH =55V v 50| wA
o - Vee=MIN, Vig=2V,
\ fevet t r - 0.
oL Low ocuput voltage Vi =08V, loL = 16 mA 04| Vv
1| Input current at maximum input voltage Vee = MAX, Vi=55V 1] mA
liy  High-level input current . Voo = MAX, V=24V 40{ wA
lit  Lowelewsi input current Vee =MAX, V=04V ~1.86{ mA
Icc  Supply surrent i | Voo =MAX, Allinputs grounded ‘34 56| mA

tFar conditions shown as MIN or MAX, use the appropriate value mecitied under recormmended operating conditions for the applicable typa,
LAl typical velues sre at Vo = S V, Ta = 25°C.

switching tharacteristics, VGG =5 V, TA = 25°C

PARAMETER A TEST CONOITIONS MIN TYP MAX|UNIT

Propagaton delay time, low-to-high-level output, ¢ 23 36| s
8 :
PLH from A, 3, C, o¢.D inputs through 3 lavels of logic

Propagaron delay time, high-to-low-level output, .
tPHL 24 36| ns

from A, 3, C, or D inputs through 3 levals of logic

CL=15pF, Ry =4000Q, See Note 2 -
Propagat on detay time, low-to-high-level output, .
WPLH . . 18 25| ns
from eiter strobe input

- Propagaton delay time, high-to-low-level output, * P j 22 | s
H'L from either strobe input

2

NOTE 2: See l0eg circuit and wavetorms shown on page 3-10. :

schematics of inputs and outputs

: EOUlVALENT OF EACH INPUT £ | TYPICAL OF ALL QUTPUTS
Vee -
e
:: 4 %0 NOM.
- OUTPUT
INPUT — 4
4,,
3

-~
-

TEXAS lNSTRUM ENTS

ORPORA -
7_‘70 POST OFFICE IO‘ 5012 « DALLAS. TEXAS 73222 .



SPEEDIPACKAGE AVAILABILITY
54 FW .74 .

54LS FW - 74L8 A,F

PIN CONFIGURATION

AF,W PACKAGE

:‘] Vee

- w’
| B sk s —
SWITCHING CHARACTERISTICS Vg = 5V, T = 25°C E i :
18 |2 s ul 1c
54/74 54/74LS ' o
/ . CL-15pF CL-15pF » o
1| TEST CONDITIONS Ry -4000 Ry -2kQ = [Thry . [P
. 4
PARAMETER MIN | TYP | MAX | MIN | TYP | MAX | UNIT 2 3] il et o
3 t
3 o
Propagation delay time o [ S OEN
tPLH Low-to-high X fin 1 5 15 ns 8 .,
; GND |7} — —1] ay
tpyL  High-to-low 10 15 9 15 ns iopoge: s Bele

Loag circuit 2nd typical waveforms are shown at the front of section.

SPEED/PACKAGE AVAILABILITY \ PIN CONFIGURATION
54 FW 74  AF ) & AFW PACKAGE
54LS F.W 74LS AF *
: wi] _]Vcc
b J 1& z EAY
SWITCHING CHARACTERISTICS vgc - 5V, Ta = 25°C o -
& ‘i 12|48
54/74 S54/74LS =1
Cy~50pF CL-“pF At n 4A
TEST CONDITIONS RL=1330Q i Ry =667Q 24 fiojav
PARAMETER MIN | TYP | MAX wﬁ TYP | MAX | UNIT . 22[8] ‘ ) *_—_-]35
Propagation delay time 2 E]“
tpLH Low-to-high 6 9 12 24 ns
Ci = 150pF Posive loge: Y=A-B
10 15
tpHL  High-to-low 8 12 12 24 ns
Cy = 150pF ;
L2F - | 12 18

mewwpumntmnmmmmtmm
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'SPEED/PACKAGE AVAILABILITY  PIN CONFIGURATION .
54 e T AR, : 74, 74H, 54/74LS 54, 54H

FW )
S4H Fw T4H AF - AF,W PACKAGE ; " W PACKAGE
548 FW 74LS AF ; . :
£ Al . VCC £
' - > S

oh - b b
|G 5 .Et_]——v_‘[; = - ;

SWITCHING CHARACTERISTICS Vg = 5V, Ta = 25°C

5474 | - 5474R | SA/7ALS
% . Cy =15pF Cy=25pF Ci- !"pF
TEST CONDITIONS - Ry =400Q Ry -280Q A=k
PARAMETER MIN | TYP | MAX | MIN | TYP [ MAX | MIN [ TYP [ MAX  UNIT
Propagation delay time -~ . .
tprH Low-to-high 13 | 22 68 | 10 5 15 ns
tpyL High-to-low 8 | 15 89| 12 ‘9| 20 | ns

. Load circuit and typecal waveforms are shown at the front o* section.

SPEED/PACKAGE AVAILABILITY X ' PIN CONFIGURATION

54 FW . 74 AF : ) AF,W PACKAGE _
54LS FW 74LS AF
fa ] ] vee
’ 13 -—_‘— 4 —— ] 48
SWITCHING CHARACTERISTICS Vg - 5V, T4 = 25°C oy 5 s
- 1y L’T_.__J L-"v__zj 4A
54774 54/74LS 5 \/ :
; CL=1SPF CL"SPF 2A ;‘_,ﬁ —d 1| 4Y -
TEST CONDITIONS RL-4000 RL-2kQ - 17 : 2
PARAMETER MIN | TYP | MAX | MIN | TYP | MAX | UNIT ! | H
g Nl
Propagation deiay time g ;
tpry  Low-to-high 10 15 e T A og Ly
| tpHL  High-to-sow 14 | 22 R ks ey, e ¢

memmmr!‘ms-mutmm:m
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SPEED/PACKAGE AVAILABILITY

54 FW 74 AF
54H FW - T4H AF
54LS F.W 74LS AF
545 FW | 74S AF
DESCRIPTION ;

These monolithic dual edge-triggered D-type fiip-flops feature individual D, clock, preset,
and clear inputs. ‘5

Preset and clear inputs are active-low and operate independently of the clock input. When
preset and clear are inactive (high), information at the D input is-transferred to the Q output
on the positive-going edge of the clock pulse. Clock triggering occurs at a voltage level of
the clock pulse and is not directly related to the transition time of the positive-going pulse.
When-the clock input is at either the high br low evel, the D-input signal has no effect at

“the output.

FUNCTIONAL BLOCK DIAGRAM (Each Fip-Fiop)

PIN CONFIGURATION

AF, PACKAGE
crean[] ; [E Ve
cu;ch . : k 12} 20
Sy ] e
i X [ padser
15E < 5] 20
GNDE 7] 23
St
- W PACKAGE
e \EROHE 00 e o
07| 13]10
1c-|.a.E 2] 13
‘ VccE 1|GND
2CLaE E]za'
20[¢] _ s |2a
2cv<E szn

TRUTH TABLE (Each Fiip-Fiop)

inputs Outputs

Presst | Clear Clock D | Q | @
L H X X|H|L
H % X X1L |H
L L X X | H| K
H H t H{H|L
H H t L atistn
H H L - X|0p{Qo

H = high level (sseady s2ate) L= low level (steady State)
*This condmon 1 nons:abie. it will not remain afier Clear and
prese: retumn o their nactive (rugh) state- g



SWITCHING CHARACTERISTICS V- 5V, T - 25°C

.. 5474 54/74H 54/74LS 54/74S
i TCyL=15pF CL-25pF Cy-15pF Cy-15pF
TS 7 CONDITIONS Ry =4000 RL=2800  Rp=2kQ Ry =2800
B FROM | TO ; ;
pa- ‘METER INPUT | OUTPUT | MIN | TYP | MAX | MIN | TYP |MAX [MIN [TYP [MAX |MIN |TYP |MAX |ut
fen Clock frequency 15 125 35 |43 25 |33 75 - {90 (2
o input pulse - .
Clock high 30 15 6 r
5 Clock low 37 135 7.3
tw(Clear * Width of Siear 30 25 25 ns
input puise
twiPreset) Width of 30 25 25 7 ns
preset inpat
pulse
tSetup  Input setup time 20t |15 34 ns
: High levet 10t 25
Low level 151, 20
tHoid input hola time’ 5t |2 5t 5 2} ns
Propagation delay time ’
tPLH Low-to-high Clear, 25 20 8 |25 5 6 ns
: Preset - L CLK=1
\ 8 & 1135,
\ 3 CLK=0
tPHL High-:o-lcw 40 30 16 |40 8
tPHL Low-to-high Clock 10 |14 {25 4 | 85[15 8 |25 7 19 | ns
teHL High “o-lcw 10 |20 |40 13 |20 16 |40 7 |9

DESCEF!
This later

" SKAGE AVAILABILITY
74 BF
74LS BF

7ION

ideally suited for use as tempo-
: for binary information between
units and input/output or indica-
sformation present at a data (D)
:nsferred to the Q cutput when
{G) is high and the Q cutput wail
jata input as long as the enabe
gh. When the enabie goes low,
ation (that was present at the
at the tme the transition oc-
stained at the Q output until the

-armitted to go high.

~#3vahXTF 7@ SNowe at the front 37 section

BLOCK DIAGRAM

PIN CONFIGURATION

Veg=Pin§
GND=Pn 12
2——0 a 18
G -
Qe g
12
3 {0 Q p—— 15
R S
s o qf—10 5
8. Bl
4
7 o Q e 9
S j 1 EEEE

B,F,W PACKAGE
N
|O'E 16]1Q
mE |__s]2<:

20[3] 14] 2@
E!'MABLEJgE i T_:]ie_r?sus'c
"céE EGND-
a0(s] [17]3a -

-o[z 9] 3@

AEE 340

|
|




8083, _
PROGRAMMABLE INTERVAL TIMER . Lo

.

® 3 Independent 16-Bit Counters ® Ccunt Binary ¢r BCD
®.DC to 2 MHz ® Single +5V Supply : e
B Programmable Counter Modes .- ® 24 Pin Dual-In-Line Package

The 8253 is a programmable countar/timer chip designed for use with microprocassors. it uses nMOS tachnology with a
single =5V supply and is packaged in @ 24-pin plastic-OIP. :

it 15 organized as three independent 16-dit counters, eacn with a cou~t rate of up o 2 MHz. All modes of operation are ,
software programmabie by the 8080.-

“
PIN CONFIGURATION . : BLCCK DIAGRAM
o, 2287 v g 1
'C Sﬁf{ i f——— cLxo
94._ 2 N bl 41 /.___ DATA (‘__.\ Ao s
9,51 3 22014 { a4 aus £ p le——— GATEO
SE B P NOSEA Diiei i iy
2, B L |———ouTo
2, s x20a,
2,008 8253 1A, : T
5,04 7 13jex? ! !
1 { ' ‘
3,0 s 17[our2 - | 00 |
ccod o 18JCATEZ | = A ) o CLK 1
WA € H
outod 10 15 e 4 neaos AN ] Bokred
s WRITE | A =1 fo— GaTE1
cateo{] 1 18 [JGATE Y = | LoGic N
exo(] 12 130Ut "’ | i e gut)
5 v = i !
- a
PIN NAMES | etz
0,0, OATA3US(BBIT) = C°~%";g'~ L A~—— | ~—\] counTer Site
CLKN ~ COUNTER CLOCK INPUTS R N—— N1l = niE s
. GATEN COUNTERGATEINPUTS c L —our2
. OuTN COUNTER CUTPUTS
A0 REaDCOUNTER 2 s
s 'ﬂ‘ﬂ_ by WRITE COMMAND OR DATA < l ¢
el ceseecr o ! :
A;A,  COUNTER SELECT 25 %
Vg _-SVOLfS' } /
GND GROUND y i INTERNAL 3US =
&
e siin
;10159
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53

8253 BASIC FU&CTIONAL DESCR’P.TION
General - 7

The 8253 is a crogrammabie interval timer/courtar
specifically cssicned for use with the Int2i® =030
~ Microcomputer system. Its function is that of 2 gsraral
purpose, muiti-mcde timing element that canbtetraatedas
‘an array of I/O poris in the system software.’

The 8253 solves cne of the most cemmon problemsinany
microcomputer system, the generation of accurats time
delays under scitware control. Instead of setting up timing
" loopsin systems scitware, the programmer configuresthe
8253 to match his requirements, initializes one of the
counters of the 2253 with the desired quantity, then uoon
‘command the 3233 will count out the dglay and interrust
the CPU when it na8 completed its tasks. Itis easy to see
that the software overhead is minimal and tnat multipie
delays can easity 22 maintainad by assignment of prigrity
levels.

Other counter;ti=er ‘functions that are non-gefay in
nature but also ccmmon to most microcomputears can be
implemented with the 8253,

® Programmabia Rate Generator

® Event Countse <

® Binary Rate Multiplier

® Real Time Clcck
~ e Digital One-Shot

® Complex Mc:ar Controller

Data Bus Buffer

This 3-state. 5i-¢:-2ctional, 8-bit bufferis used to interface
the 8253 to the MCS-807system data bus. Data ‘is
transmitted or recsived by the buffer upon execution of
INput or OUTgut CPU instructions. The Data Bus Buffer
has three basic functions.

1. Programming the MODES of the 8253.
2. Loading the count registers.
3. Reading the count values.

Read/Write Logic

The Read/Write Lagic accepts inputs from the MCs-8o™
System bus and ‘n turn generates control signais for
overall device operation. It is enabled or disabled by.CSso

that no operation can occur to change the function uniess — T

the device has been selected by the system logic. c RO | WR | Ay | Ag

RD (Read) : 0 1 0 |.0 | 0 | Load Counter No.0 |

A “low” on this input informs the 8253 that the CPU is LTS Sy 9 | 0 | 1 | Losd CounterNo.1 ]

inputting data in the form of a counters value. i 0 1 0 1 0 Lsad Counter No. 2

WR (Write) ‘ ‘ 0 1 0 1 1 Writa Mode W;_o_,.

A “low” on this input informs the 8253 that the CPU is 9 I B 0 1 0 | Resd CountarfNo.B

Outputting data in :he form of mode information or loading 0 0 1 0 1 Read Counter No. 1|

counters. 0 0 1 1 | 0 | Read CounterNo.2 }-
0 0 1 1 1 | No-Operation 3-State |
1 X | X | x | x | Disble 35tate. 1.
0 1 1 X | X | No-Operation 3State |

10-160 )

“AQ, At

These inouts are normally connected to the MCS ane
adcress bus. Their function is to seiect one of tha theay

counters to be operated on and to address the

word register for mode seiection.

CS (Chip Seiact)

COontry

A “low"” on this input enables the 3233. NO raagj
writing will occur uniess the device 1s selected. The

. ingut has no effact upon the

coumefs.

actual operation of the

DATA

< V)

¥

. itin st

8253 BLOCK DIAGRAM




Contral Word Register -

The Control ‘Word Register is selected when AJ, A1 ara 11.
It then accepts information frem the data bus buifer and
stores it in a register. The infczmation stored in this
tegister conirols the ccerational MODE of each counter,
satection of tinary or BCD counting and the loading of
each ccunt register. :

The Control Word Registar can only be written into; no
read operation of its centents s avdilable.

Counter #0, Counter =1, Counter #2

These three functional biocks arz identicalin operationso

only a single Counter will be described. Each Counter
consists of a single, 15-hit, pra-settable, DOWN counter.
The counter can operate in either binary or 8CD and its
input. gate ahd ouwtput are configured by the seiection of
MODES storad in the Control Word Register.

The counters are fully independent and each-can have
separate Mccs configuration and counting operation,
tinary or BCD..Also, tnere are special faatures in the
control word that hanc'e the loading of the count value 50
that scftware overhead can be minimized for these
functions.

The reading of the contants of 2ach counteris availableto

the programmer with simple READ Operaticns for event-

counting applications and special commands and logic
are inctudec in the 8253 so that the contents of each
counter can te read “on the fly” without having o inhibit
the clock input. =

8253 SYSTEM INTERFACE

The 8253 is a component of the IntelsMCS-SONSystem and
interfaces in the same manner as all other peripherals of
the family. Itis treated by the systems software as an array
of peripheral 1’0 ports: three are counters andthe fourth is
a control register for MODE programming.

Basically, the select inputs AQ, A1 connect to the AQ, A1
dddress bus signals of the CPU. The CS can be derived
cirectly from the address bus using alinear select method.
Orit can be connected to the output of a decoder, sucnas
an Intal® 8205 for larger systems. The AD and WA inputs
are normally connected to the IOR and IGW outputs of the

3228 but they can be connected to the MEMR and MEMW

signals in a memory mapped 1/Q configuration so that
the full memaory operating instructions of the 8080A can be
used to initialize and maintain the 8253. .

\
13
—

3
.
IS

i R L

r

[P
i
b

O TR S

AZORESS AUS (18 1
x ey
Pt . -
CINTAOL 3US 7
[ ' l ‘noa [:/ow
DATA BUS @) 3 ﬂ
, ,,.‘ i
i : ) :
A A 5%
L 8253
cCunten COUNTER COUNTER
1 2
: |° L 1 : 1
" out Gate ek’ Tout GaTe cux’ [ OUT GATE oLk |

AT T

' 8253 SYSTEM INTERFACE
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8253

8253 DETAILED
OPERATIONAL DESCRIPTION

General

The comclete functional dafinition of the 8253 is
programmed by the systems scftware. A sat of control
‘words must Be sent out by the CPY to initizlize each

countar of the 3253 with the cesired MODE and quantity ~

information. Thase control words program e MCDE.
Loading sequencz and setection of binary or 3C0
counting. .

Once programmed, the 8253 is ready ‘o perform whatever
timing tasks it is assigned to accomgtish. .

The actual counting operation of each ccunter is
completely indepandent and additicnal icgic is provided
on-chip so that the usual groblems associated with
efficient monitcring and management qf,external.
asynchronous events or rates to the. microcomputer
system have been aliminated. -

Programming the 8253

Allofthe MCOES for each counter are programmed by the
systems software by simpta 1/O operations.

Each counter of the 8253 is incividuaily programmed by
writing a control word into the Control Word Register.
(A0, A1 =11)

Control Word Format
Dy Dg Cs Dy D3 Dy Dy Dg
['sct [sco [ ALt JRuo ;M2 | mtimo | Bep

Definition ot Contro! Fields
SC-Select Counter

sc1 ", sco
0 0 Select Counter 0
g 1 Select Counter 1
1 0 Select Counter 2
1 o1 lilegal

RL-Read/Load

RL1 RLO
0. o] Counter Latching operaticn (see
READ/WRITE Procedure Section}
| 0 Read/Load most significant byte only.
0 1 Read/Load least significant byte only.
1 Read/Load least significant byte first,
then most significant byte.

T~
M-MODE
M2 M1 Mg’
0] ol afoced
0 tof 1 Mot
X 1 1] 6! Mede2
X it 1 ‘ moae 3
1| 0 | Modz 4
1§01 1 | Mode5
BCD, )
0 Qinary Countar 16b§ts'
1 Sinary Qcc.cd Dzcimal (BCD) Counter |
(4 Decacesi |

MODE Definition

MODE 0: Interrupt on terminatl count.

The OUTput wil be 1mrally low after the Mode se?
operaton. After the count is loaded into the selectes
count ragistar, the CUT-ut will remain low and the
couniar will count. ‘When terminal count is reached the
OUTpout will go high ang ramain hiz  until tre selected
couni registar is retcacss with the Mode.

Reioeémg a coumar rég-iter during counting results in

_ the {ollowing:

(1) Load 1st hyte siops ihe current counting.
(2) Load 2nd byte starts the new count.

The GATE input will enac:e the counting when high and
inhibtt counting wnen low. .

MODE 1: Pragrammable One-Shot.
The OUTput wii go low 2~ the count following the rising
edge of the GATE inpLt

The OUTput wit 5o hign 3n the terminal count, If a new
count value is loaczd wni2 the OUTput s low it will not
affect the duration of tne One-Shot puise until e
succeeding trigger. The current count can be read atany
time without aifecting in2 one-shot pulse.

The one-shot is retrigcerable, herice the output wilt
remain low for the full cont after any rising edge of the
gate input.
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MODE 2: Rate Ganerator

pivide by N courer. The SUTzut will be low for one
;driod of the input clock. The peried from one outout
sulse to the rextequals the aumeer of input counts in the
ount register. If the count ragisier is relcaded beiween
sutput puises the prasent pericd will not te affectad, but
he subsequent pericd will reflect the new value,

the GATE input. when low. will.force the QUTput high.
wnen the GATE irput goes high, the counter will start
gom theinitial count. Thus.the GATEirputcanteused to
synchronize the counter,

when this MODE is set, the outcut will remain high until
siter the count register isloaded. The cutputtnencanaiso
pe synchron:zed by software.

MODE 3: Square Wave Rate Generator.

similar to MCODE 2 except that the CUTout will remain
nigh untit on2 haif the count has tean compieted foreven
aumbers) ard go low fcr tha othar haif of the count. tf the
count is 0dd. the OUTput will be high for {N+1).2 counts
and low for N-1) 2 counts.

| the countar register is relcaded with a new value curing
counting, this new value will te reflected immediately
after the output transition of the current count.

MOOE 4: Software triggered strobe.

After the mode s set, the output will be high. When the
count is loaded. the counter will begin counting. On
termiral count. the output will go low for one input clock
period. then will 30 high again. :

ifthe count ~egister is reloadad tetween output puises the
oresent perad wiil not be affected, but the subsequent
veriod will reflect the new vaiue. The count-will te
inhibized wnile the gate input is low. Reloading the
countar register will restart counting beginning with the
new number. ¢

MCDE 5: Hardware triggered strobe.

The Counter will start counsing after tre rising ecge of the
triggar input 2nd wili go low for one cicck pericc when the
termunal count is reached. The count2r 1s retriggerable.
The ocutput will not go fow until the full count afer the
rising gdge ct 2ny trigger.

GATE 2in Operations Summary

Signat a
Status Qr Going )
Mcdes 7 Low Aising . High
3 £i3agles —_ Zrasles
couing ceunting
N —_— 13 iriraies —_
oLz~
2) Resess cuiput
after ~ze1 clock
& '} G samies
souaung o xas Zrables
2) Se's outat courrng zounting
im—adiaiey . -
Pz
3 1) C.szcies - H
czunting lnit =25 Eranles 3
2) Seis outa.t coursng counting -
}- im—edixay .
40 i
3 Cusaktes’ —_— gradles |
counting countng
5 _ e a8 — H
: €3uL-ung H
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MODE 9 MODE 3
croex SN UL j i

cocx JWLFLHI'LHJ"LHJ‘U‘U‘UU
HG 3 2 i

. 1043 2 1 ot 3 2
oUTPUT = @

e L

o- -} -

403 2 1 W43 2 Vw3 T 1 m g,
QUTPUT INTERRUPT) e OUTPT =31 __ [ 1 —
na &) (—— e} i "_\‘: f
B : £ 3 2 10 3 2 g
Ml _ [ UTUT et L — - -
1
GATE ; - — RESET | S | - h
5 4 3 2t 0 .
OUTPUT (INTERRUPT) 1 . . K
im =5} ——
A 8 ~Z
Asgm : .

MODE 1 MCDE 4
coex _MUMLMALMLAMLM LALLM ewer L MLAMLALMUMLANNLA
W I l - WR Ln=4
TRIGGER .__]'_'_— N e 3 2w 0
£ 3 2 1 0 YTy L
ouTPYT 1 [ ® 7
=4
LOAD o a4
TRIGGER.____ L
4 3 2z 4 3 2 1.8 GATE L=l
outPuT T 1 N v ¢ £ 3 2 v 0
ouTPuT

MODE 2 MODE 5

ok _ALALAMA AN AN

Win_lil ln-.}r GATE ——r_..__..
ouTPUT 4 3 2 1042 2 1 o210 | « 2 JB8
o 3 2 1 AP 2t o mI ST /el -
oUTAUTIne3 T

Ld |
RESET Tl T ——

QUTPUT (n = &)

8253 TIMING DIAGRAMS
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3253 READ/WRITE PROCEDURE

write Cperaticns |

The SY3i2S scftware must program each counier cf the
8253 wiih 2 Moce and quantity cesired, The program-
mer fust write sut 1o the 3253 a MODE controlward and
the pregrammad number of count register oyzes (1 0r 2)
pfior to aciuaily using the selected counter.

The actual arder of the programming is quite .flexitle.
writing cut of the MODE control word can 2e in 2ny
sequence of counter selection, e.g., countar =0 aces aot
nave to be first or counter #2 fast. Each countar's MGCDE
conttol werd register has & separate address so that its
loading is comgtetely sequence independent. {SCO, SC1}

The loaging of the Count Register with the actuai count
value, however, must be done in exactly the sequence

programmed in the MCDE control word {RLO, aL1). This

loading ¢ the caunter's count register is still sequence
indepencent like the MODE control word loading, but
when 2 sslecred count register-is to oe loaded it must Se
loaded w:th the number of bytes programmead i the
MODE control wore {RLO, RL1). The one or two byt2s 19
be loadec in the count. register,do not have to tollow the
associated MODE control word. They ¢an te pregrammed
at any ume fcliowing the MCOE control word loaaing as
long as ine correct number of bytes is loaded in'orcer.

All countars are down counters. Thus, the vaiue loaded
into the ccunt register will actually be decremented.
Loading il zeroes into & count register wiil resuit in the
maximum count (2 for Binary or 10* for BCD). InMOCED
the ~ew count will not restart until the load nas been
ad. It will accept one of two bytes degencing on
»100E controt words (RLO, RL1) are program-
=zn proceed witn the restart operation.

Programming Format

MCOE Centrol Word

Counter n

Ls3

Count Register yte

Counter n

Mns8

Cowunt Ragister byte

Counter n

Nots: Format shown isa simplte exampla of icading the 325;3 and

doss.not imaly that it is the only.fermat that ca

Aiternate Fregramming Formats

!

n be used.

Example:
—
. All AD
MODE Conzroi Viord
Fogh Countar O ! !
MOODE Control Wosd
o Counter 1 ! !
: *0ODE Control Word
b 1 T
N Ceounter 2
Count Re~ -~ 3yte
No.4 | LS8 RN ¢} 1
Count Register 8yte o 1
No.5 | MSB Caunter 1
A Count Register Byte
Ma. 1 0
KBTI Counter 2
Count Register dyte
. A 1
Nowy | (M58 Counter 2 0
No.8 | LSB Countﬂv'-!egxster dyte 0 0
Counter 9
Count Register Syte
Mo.9 | MSB Couter 0 0 0

Sote: The exclusi
the task of
maximum effective

ve addresses of each countar’s count register max<
pragrammng the g253 a very simple matter, and

is fully utilized.
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8253

8253 READ/WRITE PROCEDURE

Read Gperations

In mest counter apptications it becomes necessary to raad
the value of the count in progress 2nd make a
computaticnal decision bzsed on this quantity. Event
counters are probably the mast common appiication that
uses tnis function. The 8253 contzins fogic that will alicw
the programmer to easily read the €ontants of any of the
three counters witnout cisturbing the actual count in
progress.

There are two methods that the programmer can use 12
read the vzlue of the countars. The first method involves
the use of simpie 170 read operations of the selected
counter. By controlling the AQ, At inputs to the 2253 the
programmer can select the counter to be read (remember
that no read operation of the mods ragister is allowad AQ.,
A1-11). The only requirement with tnis methcd is that in

order to 2ssure a stable count reading the actual operation |

of the selected counter must be inhibited either by
controlling the Gate input or by external icgic thatinhibits
the clock input. The contents of the counier selected will
be avaitable as follows:

first 1/0 Read comains_tﬁe least significant byte (L.S8).

second I/0 Read contains the most ‘significant byte
(MSB).

Due to the internal logic of tha 8253 it is absolutely
necessary to complete the entire reading crocedurs. if two
bytes are programmed to be read then two bytes must be
read before any loading WR command can be sent to the
same counter.

10-165

Rezd Oparation Chart

Al AQ RO

Read Counter Ng g

ter No.g ¥

Read Counm
Read Ccuntm
9 1ttegal \!
—_—

- [

0
1 !
0

i i

|

—

Reading While Counting

in crder for tha programmer to read the contents of 3my
counter witnoui effecting or disturbing the Counting
operation tne. 3253 has special internal Iczic that can >
accessed using simpie WR commands o the MCrs
register. Basically, wnan the programmer wishes to “2am
the contents of a selected counter ~on the fiy" heloads e
MODE register with a special code whcn latches img
Zresent.count value into a storage regisier so that ry
conients ccmtain an accurate. stable guantity. Tha
grogrammer Men issues a n'orrr:al read czmmand to e
seélacted counter and the coritents of the lazzned register 3
available.

MODE Register for Latching Count

AG, AT = 11

| 07 [ o6 [ o5 pa 03] D2 D100 I*
isctiscol o’ 0| x| x x| x

SC1.SC0 — scecify counter to be latchec.
D5.D4
X — <on't care.

— 00 designateas counter latchirg operation.

The same lim:tation aoclies to this mcde ot reading the
counter as the grevious method. That is. it.s mandatery 2
complete the entire read operaticn as pregrammed.
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8253 ngL!Mi?JAﬁy

a T " “vdTin, e .

FerAmetric limirs gy ,u;,-';l’:gfl;amn. Some
- . . ) Change,
ABSOLUTE MAXIMUM RATINGS™ "COMMENT: S:resses above those listed under “Absolute
5 . Maximym Ratings” may cause Sermanent damage to the
Ambient Temperatura Undar Bias  ........ CC70°C d.e vice. This s & stress rating nly and funcn.o.n af opera-
Storage Temoarature . . —65°C10-15C°C tion of the device 3¢ these or any otrer conditions above
“voitage On Any Pin . . those indicaced in the operational sections of this specifi-
withRespectto Ground  .............. -05Yt0~-7V Cation is not umplied. Exposure to sbsolute maximum
power Dissipation ................ ... Do . twatt rating concitions for exnded périoc's may affect device

reliability.

D.C. CHARACTERISTICS3 (T4 =0°C 19 70°C; Vg = 5V £5%)

SYMBOL | PARAMETZR o T UMIN. | MAX. | UNITS TEST CONDITIONS
Viu Input Low Vaoltage : -.5 ! 3 Y,
Vig Input High Voltage 20 | Yop+.5V v )
VoL l Qutpurt Low Voitage ? .85 v [ log =2 mA
Vou' | Output sigh Voltage 24 | ' A low = -400 2A
u i lnput Load Current » ! 10| zA Vin = Vee to OV
oL i Output L2akage Current : z -1 EA Vourt = 0.45V
te oy i Output Lazkage Currant 10 i LA Vour = Vee »
o ] Vee Susely Current y 285 | ma 1
Ay
CAPACITANCE T =25°C:V:- = GND =0V ..
Symbol Parameter i Min | Typ. | Max. | Unit | Tem Conditions
Cin Input Capacitance 10 i pF | fo=1MMz
Ciio * 1,0 Capacitsnce’ 20 | pF Unmeasured pins returned to Vsg
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) *3%;017,
—— ° ) C/I-';f4°’ %ﬁ
_A.C. CHARACTERISTICS Ta =0°Cto 70°C; Vgg = 5.0V #3%;.GND = OV 'b%o%v;‘
. e
BUSPARAMETERS: (Mote 1) . lg;’:,
READ CYCLE ‘ <
SYmMBOL | PARAMETER T OMiN M.l | UNIT ; TEST CONDITIORS
taR "] Address Srabie. Before READ I 50 i s '
1RA Address Held Time for READ 2 5 . . ns T
tRR READ Pulse Width ) a0 ns —
R0 Data Delay from READ | 300 : ns ¢ C_=1000F =
tof . | RZAD to Data Floating ; {200 s ns § C_=100pF
i i
! Y / 5 | PV CL=15pF
WRITE CYCLE »
SYMBOL | PARAMETER " Mii. | MAX. | UNIT | TEST CONDITIOHS |
e taw Address ‘Stable Before WRITE i 50 . ns
twa Addrass Ho'd Time for WRITE ¥ At ns
taw WRITE Pulse Widtn s .o
tow Daia Set Up Time for WRITE . \{com/ bons
wo Data Hald Time for WRITE 40 | | ns
tRv Recovery Time Be.tween WRITES . 1 l i us
Note 1: AC timings measured at Vou = 2.0, VoL = .8, and with toad circut of Figure 1. ’
WRITE TIMING ~ . READ TIMING
' S ) )
bl UG - v
¢ ' & AN / A
Z——-—-—h-——'—*! ‘—"'"1'4"—‘ ¢ ‘,—-——‘u——‘-l —--: r—ui
I + 4 1 d . H ‘...:.,‘_._ + -
. X m L
t ‘
T 1 i iy
Sow—>T— "wo—} ——=t'nore- o{‘o;g——
| N '
. k2
Wi . DATA BUS
- L7 .
‘—‘1’"“'

~
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0
n
(8]
(3]

. VT,
’ w'f !”‘téﬁr ‘ 3
2 C.- CHARACTERISTICS (Cont'd): T =07Cto 79°C; Veg = 5.0V z5%: GND = OV ”%j’v g, ’,? §
- re
J ) %' *22 4‘? }r
GLOCK AND GATE TIMING S P Som,
symsoL | PARAMETER {oMin. ] wax uNIT TEST CGNDITIONS
teLK | Cicak Period xa oc ns
trwH High Pulse Width 200 ns .
oL Low Puise Width 120 ‘ ns '
— I Tem (A1 . g B -
GW Trigger Pulse Wicth €0 ns B
s Gate Set Up Time To CLKT | 150 : nso
tGH Gate Hold Time After CLX? il . | s !
oL " Low Gate Width ' g T—_
oD Cutput Delay From CLX ] i 300 -; as o Cp =50 pF
_loo

GATEG 7' Q_ .'_/! V 2 '/ .
o : ‘L = :
! t
SUTPUT O j/<
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8251

PROGRAMMABLE COMMUNICATION INTERFACE.

s. Synchronous and Asynchronous
Operation

« Synchronous: {
5-8 Bit Characters -
Internai or External Character
. Synchronization
Automatic Sync Inserlion

s Asynchronous:
5-8 Bit Characters
Clock Rate — 1.16 or 64 Times
Baud Rate
Break Character Generation
1.134. or 2 Stop Bits
' False Start Bit Detection

‘¢ 82511s a Universal Syncrronous Asynchrcnous Recerver Trars

~crocomputer svstems. Tre USART is usec &s a peripherai ce:
. serig. data transmission technique present'. inuse iinz’uc ~2 18 31-Sync. The USAF ™ acczsis catacnaraciers from the
=Jin paraliel for—at anc 1~zn converts themr 'ntg z cc~n

-.erve serigl data streams -2 convert them
«=snever it can acczotanew

naracte-fortransmussicnorv.henx
~e comoiete status of the USART ar any ims " nese incluce cz:2

= Baud Rate —DC to 56k Baud (Sync Mode)
DC to96k Baud (Async Mode)

» Fuil Duplex, Double Buffered,
Transmitter and Receiver

s Error Detection — Parity, Overrun,”
and Framing

» Fully Compatible with 8080 CPU
s 28-Pin DIP Package

@ A}l Inputs and Outputs Are
TTL Compatible

a Single 5 Volt Supply
» Single TTL Ciock

Sat

IMFT. The chip .3 constructed using N-cha<ne! silicon gaig tec” ~oiogy

tter (IUSART) Chup casig-2a for data com~unicai-ons
ndisprogrammed by :ne C2Ut: operate us ngvirially

‘datesirzam for trzmsm snic Simultanesusiy it can
~t0 Dara.;e z-aciers 150 the CPU "ne _SAST w!! sigral the CPU
\&* 1nasrecei,ec & characiirforine COU. The CPUcz
IT2TEMUSSIC” £7rOrs ang tonttcl signals such 2s SYNDET,

PIN CONFIGURATION

oo

BLOCK DIAGRAN.

Az ~
Gn2 p— —— — TRANSAMTY
4 A » suscge  p—eTi0
LT T & v 1w
4 ‘
'
|__T.R0v
= SELNIMIT L qae
&z o mEOL
z =~ -—TsC
<< —_
ey R
| s
RaR0s [ 18 s
a2
AT o o, B
b 2= Funcrer 2o 0 E w3 ponne priad D - szeive
- Py - - P ®ECE
e =312 Bus (f b 2 Dotz Set Raers sUFcE —Rs0
. Cantrat or Bate 1 tc De Virrtoe= - Spac [+ Sets Term 2p Reaas by p—— < s &
~ 2439 Data Com=dne < Se- 2 [t J— 4
. Aeire Dats or Lomro! Commans FT3 Fec.ar 1z Seng Dats T
. Chvie Enatie €78 Sanz Sata .
g, Cotk Punse TT. it ¢ Empoy ’
Ly N
. o o oo % | a0y
':,” L Ivmater Ciuze (180} / PCENE L_ e
b= Fansmitie Ot ol 1 coarsol -
T e G ’ e SYNOET
teyy *enver Date
T, Peeve Reacy v characrer oo 8022 ~
‘\mﬁn:. “wddv 193¢ 2vy o3 8080 .
. 13143

Lme




8251

8251 BASIC FUNCTICNAL DESCRIPTION
General

The 8251 is a Universal Synchronous/Asynchronous Re-
ceiver/Trznsmitter designed specifically for the 8C80 Micro-
computer Systam. Like other 1,0 devices in the 8C80 Micro-
computer System its functional configuration is programmed
by the systams software for maximum flexibility. The 8251
can support virtually ‘any serial data technique -currently
in use (including i3M 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 deiete or insert bits or characters that are functionally
unique 0 the communication technique. In essence, the
interface should apgear “'transparent” to the CPU, a simple
input or ou tput 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 upan execution of INput or QuUT-
put instructions of the 8080 CPU. Control words, Command
words and Status information z2cé also transferred througn
the Data Bus Buffer.

Read/Write Control Logic

This functional block accepts inputs from the 8080 Controd
bus and generates control signals for overall device operation.
1t 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 “|dle’” mode.
The device will remain at “'Idle” until a new set of control
words is written into the 8251 to program its functional
definition. Minimum RESET pulse width is 6 tcy.

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 {4.5 times for asynchronous
mode). ’

WR (Write)

A “low” on this input informs the 8251 that the CPU &
outputting data or control words, in essence, the CPU is
writing 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. <_
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C/D (Control/Data)

This input, in conjunction with the WR 2nd RD i it o,
forms the 8251 that the word on the Data Bus is e""ltr
data character, control ....d or status information,
1=CONTROL 0=DATA

CS (Chip Select)

A “low" on this input enables-the 8251. Mo reading or wrig.
ing will occur unless the device is selectzd.

——— PR SN

VS
BUFFER

RN T
P R Rt 1 Y. +

7 EX——f qeanivarte
. CONTRGL

L
]

:

|
4
5;

T s o Y . GOt
R |
=== TLv iy
..___»__;_! L3 \Lm o &
= e 8- 1.}, ale
fot ] {: :
SR n:
HO0EM H p
IR Lo <\'_.v\1 7
TS ek "_A__-/i_
-3

e
c/D RD WR

0 0 1 0  8251=DATA3US
0 1 0. O  DATABUS= 3251 .
1 ) 1 0 STATUS=~DATABUS

1 1 0 O DATABUS=CONTROL -
X 1 1 0  DATA BUS= 3.STATE .
X X X 1

DATA BUS = 3.STATE are




Modem Control

The 8251 has a set of control incuts and outputs that can

pe usad o simclify the interfsce to almaost any Modem.

The modem control signals zra sanerzl purpcse .n natura
-d c&n be used for functicns sther than Modem contrel,
necessary.

DSR (Data Set Ready)

The DSR input signal is general pursose in nature, Its cen-
dition can be tested by the CPU tsing a Status Read opera-
tion. The CSR input is normaliy used to test Modem con-

ditions such as Data Set Ready.

DTR (Data Terminal Ready)

The DTR output signal is general purpose in nature. It can
be set “low” by programming the appropriate bit in the
Command Instruction word. The DTR output signal is norm-
ally used for Mcdem ‘contrat such as Data Terminal Ready
or Rat2 Select.

RTS (Request to Send)

The RTS output signal is general purpose in nature. It can
be set “low’” by programming the eppropriate bit in che
Command Instruction word. The RTS output signal s norm-
ally used for Modem ccatrol such as Request to Send.

CTS (Clear to Send)

A "low’ on this input enzbles the 8251 to transmit data
lserial) if the Tx EN tit in the Command byte is set to a
“one.”

Transmitter Buffer

The Transmitter Butfer accepts par:ilel data from the Data
Bus Butfer, 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.

Tfanf»mitter Controi

T’fe Transmitter Control manages all activities associated

".’"h e transmission of serial data. It accepts and issues

Ynals both externally and internally to accomplish this
Nction,

TXRDY (Transmitter Ready)

This Qutput signals the CPU that the transmitter is ready
3cept a data character. It can be used as an interrupt to
;kRgREm or for the Polled operation the CPU can check
Y using a status read operation. TxRDY is automatic-

feset when a character is loaded from the CPuU,

]

TxE {Transmitter Empty) .
Viben the 3251 has no characters to fransmit, the TxE out-
PLT will go "igh™. It resers 2utomatically upon receiving a
charactsr from the CPU, TxE can be used to indicate the
end of a wransmissicn mode, so that the CPU “knows’’ when
to "“turn the line around” in the half-duplexed ocerztional
mode. TXE is independent of the TxEN bit in the
Command instructicr,

In SYNChronous moce, a “high” on this output indicates
that s character has not been loaded and the SYNC charac-. -
ter or characters ara2 about to be transmitted au tomatically

as “‘fillers”. TxE goes low as soon as the SYNC is being
shifted out.

PN

-, CwTa TAANSWMT
£ » s 3UFFER  f—=T4D g
B Shr—} susrea P-si )
;
? 4 i
{ - i N
§ . » 7 ]
N —aw & {_.T.ROY
X { Re sowrire [\ .
o frerabi rassT | oo
S % conTROL [T
B, LG i +
B ¢ ] —TaC
o Y
.
s H
»
&= i i
i %
--g 9 C
o -
- 3
STR ! 4 € H
soas R
T4 CONTROL > ST is-A |
n
i
s ]
| R:AD¢  :
RECTIVE }__5C A
CONT2GL b
Lot SYNOET. 3
4
3
3
ol i e {

TxC {Transmitter Clock)

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

For E;ample:

If Baud Rate equals 110 8aud,
TxC equals 110 Hz (1x)

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

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

The Receiver accepots serial data, converts this serial input
to paraliel formar, checks for bits or characters that are
unique 0 the commuaication technique snd sends an
““assembied’’ character to the CPU. Serial data is input 10
the RxD pin.

Receiver Control

This functional block manages all receiver-ralated activities.

RxRDY {Recesiver Ready)

This output indicazes that the 8251 contains a character that
is ready tc ke input to the CPU. RxRDY can be connacted
to the interrupt structure of the CPU or for Foiled cpera
tion the CPU can check the condition of RxRDY using a
status read cperaticn. RxRDY is automatically reset when
the character is read by the CPU.

RxC (Recsiver Clock)

The Receiver Clack contrals the rate at which the character
is to be received. In Synchronous Mode, the frequency of
AXC is equal to the zctual Baud Rate (1x). In Asynchronous
Mode, the frequency of AxC is a muitiple of the actual
Baud Rate. A portion of the mode instruction selects the
value of the multiptier; it can be 1x, 16x or 64x the Bauc
Rate.

For Example: If Baud Rate equals 300 8aud,
RxC equals 300 Hz (ix)
RxC equals 4800 Hz {16x)
RXC equals 19.2 kHz (64x).
If Baud Rate equals 2400 Baud,
RxC squals 2400 Hz {1x)
RxC equals 38.4 kHz {16x)
AxC 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. Consequerxly, the Receive and Transmit Baud
Rates will be the same. Both TxC and RxC will require iden-
tical frequencies far this operation and czn be tied together
and connected to 3 single frequency source (Baud Rate
Generator) to simplify the interface.

SYNDET (SYNC Detsct)

This pin is used in SYNChronous Mode only. It is used as
either input or output, programmable through the Controt
Word. It is reset to “lcw” 1pon 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 automaticaily reset upon a Status
Read operation.

Whan used as 2n input, (external SYNC detecy 5175

positve going signal will cause the 8251 1o start = g3
data charscters on the falling edge of the next RTQ oy
in3¢NC, tha "high” input signai can be removed. ’h- -

tion of tha high signal should be at least equal tg*‘;&.

of RxC.

azser
FR—ed dapmarTe
Ch 3 CONTISL
B, N OB
fe=L. S
L 3 O R I
T e
STR ey RECEIVE
e K BUFFER
[g SRNRYY L {4._. 1 is-7)
ru Poa— , -
] f
1
A
/ RECEIVE
v INTERNAL CONTROL
DATAZLS
" skt -
» ——
v ADORESS 8US :
Aof [
: —
{ CONTROL BUS, J—
VO8] 0%l AESET]
[ [ [ N i L “T:'L_——-r
¢ oia 8US { .
s ! i -
IR IR NN
L+ SER-
<o & Oy~Cy. "G *H  ARESET Tk e
8251 '
e

8251 Interface to .80 Standard System Bus
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ngA!LED CPZRATIOM DESCRIPTION  °
gl

o comeletz functicnal dafinition of the 8251 is program-
by the sysiems softwara. A sat of control words must

 sent cut by the CPU 1o initialize the 8251 to support the

,ired communicasons format, These control words wiil
yogr2m the: ZAUD RATE, CHARACTER LENGTH,
WMBER OF STOP 8iTS, SYNCHRONGCUS or ASYNCH-
ONOUS CPSRATION, EVEN/OCD PARITY satc. In the
ychfoNoUs Mode, cptions are also provided to select gither
qgemal of externzl character synchronization.

e programmed, the 8251 is ready to perform its com-
gunication fur. -.ons. The TxRDY output is raised “high”’
p signal the CPU that the 8251 is rezdy to receive a char-
. This outout {TxROY) is reset automaticaily when the
P writes a character into the 8251, Qn the other hand,
e 8251 receives serisl data from the MODEM or /O de-
wce, Upon ceiving an -;.‘mire charactaer the RxRDY output
g raised ““high”" 1o signal me CPU that the 8251 has acom-
e character ready for the CPU to fetch, RxRDY is reset
amomatically upen the CPU read operation.

v 8251 cannot begin transmission until the TxEN {Trans-
witter Enable) bit is set in the Command Instruction and
¢ has received 2 Clear To Send {CTS) input. The TxD out-
at will. be held i he marking state upon Reset.

Iogramming the 8251

Mor to starting <at3- transmission or reception, the 8251
st be leaded with a set of control words generated by
#e CPU. Thess contol signals define the complete func-
“oral definition of the 8251 and must immediately foliéw
rReset operation linternal or external).

e contral words are split into two formats:

" 1. Mode Instruction
2. Command instruction

Bode Instruction

& formart defines the general operational characteristics
# the 8251, It must follow a Reset operation {internal or
Xumal), Once the Mode instruction has been written into
% 8251 by the CPU, SYNC characters or Command in-
Muctions may be inserted.

2
_“mmand Instruction

T
-": format defines a status word that is used to control
1 v atual operation of the 8251:

the Mode 2nd Command instructions must conform to
®ecified sequence for proper device operation. The Mode
Ction must be inserted immediately following a Reset
on, prior to using the 8251 for datapommunication'.

P~

g
g?»
S..-.

ANl contral werds writien into the 8251 after the Mode In-
struction’ will lead the Command Instruction. Command In-
structions can e writtan into the 8251 at a0y time in the
data tleck during the coeration of the 8251, To retwm to
the Mode ‘~struction format a bit in the Command Instruc-
tion ward can be set to initiate an intarnal Reset operation
which sstematically glaces the 8251 back into the Yode
Instruction format. Cam: .~4 !nstructions mwst follow che
Mede Instructions or Sync characters.

=1 “SOE INSTAUCTION
4 i
chet 5YNC CHARACTER 1 |
| sY~C MODE
eb-1 Y€ CHARACTER 2 ;o

G =1 | CoumaND INSTRUCTION

coe-0 <~ 0aTA

Co=1 CCWMAND INSTRUCTION

]
o
.
a
A v

DATA p

€O s 1 | COVWAND INSTRUCTION

“The secong $YNC zharacter 1 shipged f MQDE irmection

hae sesgummes e 3251 10 ungle character inea SYNC
Voda 308y SYNC sharaciirs are thiooed 1f MODE ~soruction ©
hax rogummaed e 3251 to ASYNC moda,

Typical Data Block
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) 8251

Mode Instruction Definition N

The 8251 can te used for aither Asynchronous or Synchro-
nous data communicstion. To understand how the Mode
Instruction defines the functional operation of the 8251 the
designer can best view the device gs two separate components
sharing the same package. Cne Asynchronous the other
Synchronous. The format definition can be changed “on
the fly” but for explanaticn purposes the two .crma.s will
be idclated.

Asynchronous Mode (Transmission)

Whenever a data character is sent by the CPU ths 8251
automatically adds a Start bit (low level) and the program-

med number of Stcp bits to each character. Also, an even:

or odd Parity bit is insarted criof 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 a rate equal
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode
Instruction. BREAK characters ¢an 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 Sreak {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. |f a low is detected again, it is a valid START
bit, and the bit counter will start counting. The bit counter
locates the center of the data bits, the parity bit {if itiex-
ists) and the stop bits. If parity error oceurs, the parity er-
ror flag is set Data and parlty bits are sampled on the RxD
pin with the rising edge of RxC. If alow 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 1/0 buffer of the 8251. The RxROY
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 1ost). 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.

R, T

L e s a t

1
[}
-~

5 [ ?
21Ts ! BITS | 37s | 3
PAAITY ENASLE

2]

1= E£MNABLE * CISASLE
EVEM PARITY G=\En.\nm‘xﬂ
1«EVEN 0O~

NWGER COF STOP 2178

] t | y

[ o 1|1
wvaud| gl gl | o2

3T TS | aivy

Mode Instruction Format, Asynchronous Mode

TRANSMITTER QUTPLT

STAAT PARITY sToP
3t ATA an’s i ar I s l
BIT! !

T MAAKING

RECEIVER INPUT

RO START [ saTABITS L"‘“‘

sIT

TRANSMISSION FORMAT
CPU BYTE {5-8 ITS/CHAR)

- b

| SATA CHARACTER l
Py
i ¥

ASSEMBLED SERIAL DATA OUTAUT (Tx0)
s
START YT l
o l DATA CMAACTER I ar | a

RECEIVE FORMAT

SERtAL DATA INPUT (RxD)
uan’v s'I'DP
L1k 373
CPU BYTE (58 BITS/CHAR)®
f -
r DATA CHARACTER _‘
it

*NOTE: 1F CHARACTER LENGTH IS DEFINED AS 5. 80R7
SITS THE UNUSED 8ITS ARE SET TO "ZERO™.

QATA CHAFACl’Eﬂ

STARY |
27 |

Asynchronous ode
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synchronous Mode (Transmission)

7re TxD output is cominuousty hign until the CPU sends
as first character :ot_‘xg 8251 which usually is a SYNC
craracter. 'When the CTS line goes low. tha first character
¢ serially transmitted eut Al characters are shiftad out on
the fallingﬁe of TxC. Data is shifted out at the same
(ste as the TxC.

Once transmission has stared, the data stream at TxD out- .

putmust continue at the TxC rate. Ifthe CPU does not pro-
vide the 8251 with 3 character befors the 8251 bescmes
ampty, the SYNC characrers (or character if in single SYNC
aord mode) will be automatically imserted in.the TvD data
gream. In this case, the TXEMPTY pin is raised high to sig-
nal that the 8251 is empty and SYNC characters are being
ent out. TxEMPTY goes low when SYNC is teirg shiftad
wut (See Figure below). The TxEMPTY pin is interraily
et Dy the next character being written into the 3251.

AUTCMATICALLY INSERTED 2¥ USART
T ‘\
v
Tao| 2ara | 0ata | svae i SNC2 | 2a7a | -~ — — j

TIEMPTY n 4
\ 1

HOMINAL CENTER OF LAST BIT

Synchronous Mode (Receive)

In this mode, character synéhronization can be internally
¥ externally achieved. if the internal SYNC mode has been
Fogrammed, the receiver starts in 3 HUNT mode. Data on
*e AxD pin is then sampled in on the rising edge of RxC.
The content of the Rx buifer is continuously compared
wth the first SYNC character until a match vecurs. If the
151 has been programmed for two SYNC characters, the
Lbsequent received character is also compared; when both
SYNC characters have been detacted, the USART ends the
AUNT mode ang is in character synchronization. The SYN-
ET pin is th set high, and"is reset automatically by a
TATUS READ. E

 the external SYNC mode, synchroni cation is achieved by
Wlying a high level on the SYNDET pin. The high tevel can
*removed after one RxC cycle. )

x"ﬁ‘v error and overrun.error are both checked inf the same
Y 2 in the Asynchronous Rx mode.

e CPU can command the receiver to enter the HUNT
e it synchronization is tost.

o 3 B 3

Sy 3 2 o,

Lscs seu! s_’:‘:=.~c_ L,= L a m

i
H

! | THMARACTER LINGTH
l [ e— 1t e 1
3 o i -}

51 8 V7
775 aits !oams

L]
B8irs

(h— PIRTTY ENABLE

i1+ IXASLEY
122 SESABLE)

EVEN PARITY GENERATION/CHESK
/ 1+ &EN

8-CCO

.

EXTEINAL SYNC SETECT
1« SYNDET IS AN "MPY
Q= SYNOET 15 AN OUTUT

SINGLE CHARACTER SYNC
1+ $1%GLE SYNC CHARACTER
0 = SCUBLE SYNC CHARACTER

Mode Instruction Format, Synchronous Mode

CPY SYTES (58 BITSCHAR)

L CATA CHARACTERS ]

ASSEMBLED SEAIAL DATA CUTPUT (TAD}

3YNC
CHaAR 1

b ] DATA CMARALTERS '

| cmaRz

RECEIVE FOAMAT

SEVUAL DATA INPUT 24D}

[Coe e Pcunacss |
CPUAYTES S 3 BITS CHAA)
[ SATA CHARACTIRS l
Synchronous Mode, Transmission Format i
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COMMAND INSTRUCTION CEFINITION

Once the funcsional definition of the 8251 has been pro-
grammed by the Mada Irstruction and the Sync Characters
are loaded {if in Sync Mode) then the device is reacy to be
used for data communication. The Command Instruction
controls the actual operstion of the selected format. Func-
tions such 2s: Ensble Trznsmit/Receive, Error Reset and
Modem Contrais are provided by the Command Instruction.

Once the Mode Instruction hzs been written inzo the 8251
and 'Sync charzcters insarzed, if necassary, then ali further
“control writs” (C/D = 1) will load the Command In-
struction. A Reset operstion (internal or external) will
return the 8251 to the Mode Instruction Format.

5, 6, > 5 Db 0O, 9 O

(o] =] o]

;

TRANSMIT ENABLE
—=1 1 = enable
0 = dianie

DATA TEAMINAL
READY

“high™ will torce OTR
output 19 itro

AECEIVE ENABLE
1 > eranie
0 = disacke

i
i i SEND BREAK
i CHARACTER
1 » forces TeD “ow”™
i Q = normat aomeanion

l ERROR RESET
1 = reser alt error flags

PE, O, FE

REQUEST TO SEND
"high” wil force RTS
Qutput to 2er0

{ - INTERNAL RESET
= 4 “Tugh” returns 8251 to
Mode instruction Farmat

ENTER HUNT MOOE
1 = snable search for Sync
Charsctars

Commang Instruction Format
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STATUS READ DEFINITION

In data commuaication systams it is often
.examina the “status” of the active device -
errors have occurred or other conditions that %
processor’s attenti. .. The 8251 has facilities That sl
programmer to “read” the status of. the device at gy
during the furctional operation.

L
Yoy

A normal “read” command is issuad by the CPU Wk
C/D input at one to accomplish this function,

Some of the bits in the Status Read Format ha-:el%
meanings to external output pins so that the 8231 i |
used in 3 completely Polled environment or in an intarue

driven environment, ey
!

Status update can have a maximum delay of ‘sgdm
pericds.

o, o, [N D, 0y 0, [-% (R
osA SYNOET FE [~} PE Ts€ AOY | TenTT
: T ; T—
i 3
H ) I i Samy

SAME DEFINTTIONS AS tO rret

PARITY ERRCR .-
The PE Hag it 37 amen 3 Jarty
wTor s datecten. -3 5 ctiet Oy
=ve ER bit of T# lommand
tegtruction, PE 17 ot snoede
scerstion of te I251.

JVERRUN ERAOR

The OF fisg is mt when tw OV
. 2oms nOt r1ad @ Crwcter beies

N Aext One Swos avadibia

~ot inhibit operICoR Of e
Nowaver, the Ivexsly J+="
aracter is o
e

o et

FRAMING ERZCR  Async ¥
The FE tlag o wt when &
S:np Oit i not ewcd It e
o of every carscwer. 1t s &7
e the ER ket of e Commars
tmgzruction. FE does nat inhod
he oowranon of the 3251

L ——

Status Read Format - .

Note 1: TxRDY status bit has similar meaning as the TxRDY <
output pin. T he former is not conditioned by cTsant
TxEN; the, latter is conditianed by both CTS and
TxEN.
i.e. TxROY status bit = DB Buffer Empry
TXRDY pin out = DB Buffer Empty - CTS - TxEX
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APPLICATIONS CF THE 8251

-

LINTADL LS

AT 3us
H ¥
|
i
F====917
AsD fe— | TATO TTL —— :
SINVEPT . ) \
7Y S— | ol _]
251 ————
E2] "—;
— | 3aup 2ave
T GENE2ATOR

Asynchronous Serial Interface to CRT Terminal,

DC-9660 Baud

-3 ns
— §
b
! .
3 CONTROL 5.8 \
A ~r
i b
P i .
e . CATA 5US S
N
IS
RN
SEAYAVA
n a:0
T
PrHONE
g7 asve, LINE
3¢ MCZEW JANTER
s FACE
2251 &
H7s
»
Ral
e TELEPHONE

LINE

Asynchronous Interface to Telephone Lines

s

SYN

L

A6

T2 SYNCHRONQUS
TERVINAL

e ] 0P £RIPHERAL

[ QEVICE

DET

W ¥

‘V"Chronous Interface to Terminal or Peripheral Device

2DCRESS 8.§ )
CCNTROL 3.8 3
JATA gus )
21 ;r.c PHONE
Ers LINE
— INTER-
- b
. FACE
svne
SYNDET el
56
AT
653
673
TELEPHONE

LINE

Synchronous Interface to Tefephone Lines
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ABSCLUTE MAXIMUM RATINGS*®

*COMMENT: Stresses above those listed under ~“Abgey
Maximum Ratings” may cause permanent damage "
device. This is a stress rating only and funciong) -

Ambient Temperaturs Under Sizs. . ... ... . 0°Cto 70°C tion of the dev.we 3t these or any amer condizang
Storage Temperature . . . ... ....... —65°C to +150°C . those indicated in e cperational seCtions of Mg me,
Vpltage Cn Any Pin cation is not implied. Exposure to aosolu:: ity
With Respect o Ground.. .. ...... . ..=0.5Vto+7V rating conditions for extended periods may affect gy,
Power Dissipation . ... ... L 1 Wazt. ralizdility.
e —
D.C. CHARACTERISTICS TR
T, = 0°C t0 70°C; V¢ = 5.0V *5%; GND = OV ¥
Symbal Parameter Min. Tyo. Max. Unit Test Conditions _:
ViL Input Low Yolage -5 3.3 Vv =
Vin Input High Voltage 2.0 Vee v
Vou Outpet Low Ve.tage ) 0.45 Y oL = 1.6mA e
Vou Output High Voitage 2.4 \ ion = ~100pA
b Data Bus Leakxge -50 HA Vourt = 45V 'm
. 10 uA Vout = Vee .
he Input Leakage 10 uA Vin = Vee
lce Power Supply Cunenz‘ 45 80 mA
CAPACITANCE
Ta = 25°C; Voo = GND = OV "
Symbol Parameter Min, Typ. - Max. Unit Test Conditions
Gn Input Capacitance \ , 10 pF fc= I1MHz
Cio 1/0 Capacitance I 20 ! pF Unmeasured pins returned to GNE-

TEST LOAD CIRCUIT:

51002

D.U.T.

24K

p—aww———w—|

L
n

Figure 1.

10-1

TYPICAL A OUTPUT DELAY VS. & CAPACITANCE (et~

*20 S
/ .
«10
= 7
= -
>
< .
-
a
B
- Q
2 23
5
2
Q
a
10 e N
.20 . e
~100 -50 ) ~50 +%00

A CAPACITANCE (pF)

52



~
8251
4.C. CHARACTERISTICS
T 0°C to 70°C; Vg = 5.0V £5%; GND = 0V
3US PARAMETERS: {MNote 1)
ZEAD CYCLE '
SYMBOL | PARAMETER P 1 owax, UNIT TEST CONGCITICNS
an | Addrass Stable 8sfore AEAD (C3, /D) | 5¢ | s
trA | Address Hold Time for READ (CS. C/0) | 5 | ns
taR, i AZAD Pulse Width . 430 | as
taD . ! Data Cefay from READ 33 ns T CL=i30F
T toF | READ to Data Floating i G0 ns CL =120 pF
! i \\\ZB| /] rs CL=13pF
tav i Raccuery Time Between WRITES {Mose 2) 2 6 5 oy
ARITE CYCLE ¢
SYM8OL PARAMETER i MIN. I max. UNIT TEST Ct}NDlTIONS
AW Address Stable Before WRITE : 20 s
twA Adcdress Hold Time for WRITz ! 0 ns
ww WRITE Pulse Width 400 ! ns
tow Data Set Up Time for WRITE 0 ns
two Data Hold Time for WRITE 40 as

WTES: 1. AC timings measured at Vor = 2.0, VoL = .8, and with toaq circuit of Figure 1.

2. This recovery time is for initialization anly, when MQD

€, SYNCH,

Y*%C2, CCMMAND

and first DATA BYTES are vritten into the USART, Subsscuant writing of 2oth

COMMAND and DATA are dnly allowed when TxROY

r

=1
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8251
——
OTHER TIMINGS: . )
SYMBOL | PARAMETER T MiN. | MAX. | UNIT | TEST CONDITISRI~
oy I Clock Perad (Note 3) p o420 | 138 | s T~
tove ¢ Ciock Pulse Width ) 220 Ty a3 T~
tR.IF i Clock Rise 2nd Fzif Time . A 0 F o ! T~
tDTx | TxD Deleyfrom Faliing Edge of TxC H ! 1 ; s i CL =100 oF T~
1sRx Ax Cata Set-Up Time o Samplirg Puise 2 { a8 i CL =100 p-:\
tHRx . Rx Data Hald Time 1c Sampling Puise 2 iops ¢ Cy =100pF
fry i Transmittzr Input Clock Frequency : T
! 1x 32ud Rat2 i DC 55 KHz
| 16 2nd B4x Baud Rate boc | 520 | ke
tThY ¢ Transmitter Input Clock Pulse Wicth / i
! 1x Saud Rate ; 12 Ctey
| 16x and 64x Ssud Rare N oty
tTPD ' Transmitter Input Ciock Pulse Delay : i
1x-Beud Rate T "o
16x and 84x Baud Rate 13 oy
fRx Receiver Input Clock Fraquency ‘i
1x 2aud Rate ‘ DC ‘56 KHz
16x and 64x Baud Rate ' DC 520 KHz
=~ tRPW Receiver Input Clock Pulse Width i
‘ 1x 3aud Rate 12 ey
16x and 64x 2aud Rate 1 oy
tRPD . Receiver input Clock Pulse Delay !
1x-3aud Rate 15 ey
16x and 64x Baud Rate 3 ty | o
1y TxROY Delay from Center of Data Bit 16 tey | C_=50pF
tRx RxRDY Delay from Center of Data Bit 20 toy !
g internal SYNDET Deiay from Center 5 25 ey
of Data.Bit
tes Internal SYNDET Set-Up Time Before 16 tcy
Falling Edge of RxC o . I
tTxE TxEMPTY Delay from Center of Data Bit ‘ 16 tcy CL=80pF -
twe Control Delay froﬂi_sir_\g Edge of 16 tcy
WRITE (TxE,DTR,RTS) .
1CcR Control to READ Set-Up Time (DSR,CTS) 16 Y

3. The TxC and RxC frequencies have the following limitations with respect Ao CLX.
For 1x Baud Rate, fTy or fRy < 1/{30tcy)
For 16x and 64x Baud Rate, fTx or frx < 1/{4.51Cy)

4. Reset Pulse Width = 6 1oy minimum.
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READ AND. WRITE TIMING

b - S _——Al - — -
e W e Ty e B
'v'lﬁl-'—E
hd - < .
- ~a - =Zap e - -
t —— N — . .
N T3 A

TVE5TRATS X
CWRITE ANG PEAD »LSES
NAVE \‘o - v-:.; . vL:nr":m SReTS .
WITR AESPECT T3 Cix — e
agxd X /
TRANSMITTER CLOCK b
AND DATA “row il i

TR Gaaue | o v x>
. ~ 18 TxC PERICOS e

fenezave e/ N/ \__/ ./

—

T el I = = (V% —

RECEIVER CLOCK

AND DATA Fog. S\ A8
- 30 8.9 XT9% V. GEain u !
. ~ t5ax fwavy -
A sauDl | S b= X A
INTERNAL tarw b 1
SAMPLING n
PULSE
‘e START 3T 12 03TASIT cer
Ao T HEEe. A B _ LI 2 " T~ IW
eax —— ~ag
L L s ia it pupiginkipiatisepaptsteis ifshiyhiatiiizhhyi g
-4 AvC PERICOS 18 RxC PERIODS
INTERNAL A e
SAMPLING . . i
PULSE
Tx RDY AND Rx RDY .

TIMING {ASYNC MODE)

oy —— =

ok o
R0 Lsraarair [ -Arazis " i3a8; 77 51713700 57 1 STaRT oM ¢ ;é -
Rx ROY # a

1
RE by ’ 1
Tx EMPTY {
i
4 P -

Tx ROY o S

H I
WRITE 1n BYTE WRITE 2na BYTE AITE B4 BYTE '

Tx0 MARKINGI START BIT | DAaTA 81T LARITY ITISTOP 37 | STAAT AT I

—— o It DATA BYTE - 2 CATA BYTS

INTERNAL SYNC DETECT

- §YNC CHARACTER {013010071)
RxD [Tmair ] { 1 [ feasvery [
PESET AY
W YT / SOFTWARE
SYNDET
fouTeUn o\ coumano

" EXTERNAL SYNC DETECT

. SYNDET LY
- (INPUT) 'P,
i

mol T IIIICT i v

1t DATABYTE
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M8251 "
PROGRAMMABLE COMMUNICATION INTERFACE °

\

" Synchrpnous and ‘Asynchronous = Baud Rate — DC to 56k Baud (Sync Mods
Operation . DC to 8.1k Baud (Async Modq
= Synchranous; s Full Duplex, Double Butfered,

5-3 8it Characters

Internal or External Character Transmitter and Receiver
Syrchronization = Error Datection — Parity, Overrun,

Automatic Sync Insertion and Framing

= Asynchronous: ® Fully Compatible with 8080 CPU

5-8 it Characters g

Clock Rate — 1,15 or 64 Times * All Inputs and Qutputs Are -
Baud Rate TTL Compatible

Break Chapdgft Generatiag ® Full Military Temperature Range

1,11/, or 2 Stop 8its = — -

Faise Start Bit Detection -55°C to +125°C

a +10% Power Supply Tolerance

The M8251 is_a Universai Synchronous/Asynchronous Receiver/Transmitter {USART) Chip designed for datp
communications in microcomputer systems. The USART is used as a peripheral device and is programmes
by the CPU 10 operats using virtually any serial data transmission technique presently in use (including i5%
Bi-Sync). The USART accepts data characters from the CPU in parallel format and then converts them inte
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 \whanever it can accent
a new character for transmission or whenever it has received a character for the CPU. The CPU czn read the
complete statis of the USART at any time. Thesa include data transmission errors and control signals suck
as SYNDET, TxEMPT. The chip is construetad using N-chznnel silicon gate technology.

PIN CONFIGURATION M8251 BLOCK DIAGRAM

CH
Vee ~
e N oara An) —N rn:.;s:u:r | 1o
7R 9 00— s I — ] SUFEE
v M " 102 BUFFER — -5
aTs
osA 0 | Y
hLoe) RESET ! ' L
e 3 Ec‘?" — <—\ ! | rarov
Lk
T L1 ecr0wmre \—/1 .
€0——o] conrnot ; TRasaT e
TREMPTY i CONTRGEL
Tett , a5 4 Locic T
c7s aa —""‘r
SYNDET : ' :
! :
TRROY ] | i :
.
» . '
s —_—
= r [
Pin Name | Pin Function « P Name | Pin Funcon o RECEIVE o
0709 | Cata Bus <8 bi) ) Data Set Rascy chooem < BuFrER [P
co Controt or Data 15 to e Written or Read : BT’ 0a%3 Termunai Resdy. ; (443 ONTROL (\_\ TN (S-m
) Pexd Data Command ! SYNDET | Sync Derect : 4T3 A
WR Write Data or Contres Command § ATS Requert to Sena Davs d i H
cs Chip Enable cTs Clear to Send Data ¢ [ T .
cLx Clock Pulse (TTL) Jree Tramevicow Emoty Al .
RESET | Aeset | ve -5 Vot Suoply P | oAwROT
e Teamumittor Cloek il Ground } I necewe At
T:0 Transmirtar Qata INTERNAL ™ conteoe [T
A Aecawer Clock c DATA 3US } . sYnOET
RxD Recnver i :
RxRDY | Recerver Ready (hat character for 8080) \
TaROY Transmitter Ready ‘ready lor char. from 3080) .
/
.
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15SOLUTE MAXIMUM RATINGS® *COMMENT: Stresses abdve those liseed under “Absolute
d Maximum Ratngs” may cause cermanent damage to the
. R device, T#is is 3 swess ragng ovly & functional opers-
ambient Temeerature Under 3las. . ... -35Cte +125°C ticn of w2 Gavice at these or arry oer conditions above
s..crags Tempzrature . .. .. U -33°C o ~i130°C these incicated in the cperaticnal sec=icns of this specifi-
Joltage On Any Pin cazen is ot ‘mplied. Exoosure to absolute maximum
with Bespectta GMD ... ... L0 -0.5V o +7V rating concitians “ar axrenced periocs may affect device
swer Dissipation .. ... ... e . Pvats relizailicy.
—

0.C. CHARAC "=RISTICS

1, 2-55"Cto +125°Z: V¢ = 5.0V £10%; GND = 0V

A ;
Symbol Parameter Min. Tya. | Max. | Uait ] Test Carditions
Vi Input Low Voitage -5 - [ 038, . Vv
Vit Ingut High Voltage 20 | Y R v
VoL Output Low Voitage { ! 0.46 \ ! loL = 1.6mA
VoH Qutput High Voltage - 2.4 j \' i lgg = -100pA
bL Data Bus Lgakage —SQ ToouA VouT © A5V
10 uA VOUT'= VCC .
u lnput Lead Current 10 ¢ A  Viy =5.5Y
lce Power Supply Current 45 { 8 i
CAPACITANCE
r:~=2“5"c; Vee = GND = 0V P
i‘bol B} Parameter Min. Typ. Max. ‘ Unit Test Conditions
Gn Input Capacitanca . 10+ pfF fc = 1MHz
Co 1/0 Capacitance 20 : of Unmeasured pins returned to GND.

TEST LOAD CIRCUIT:
TYPICAL 5 QUTPUT DELAY VS. A CAPACITANCE {dB)

-2
! !
v i i
i
s1o0 - w
> |
z !
- 3 |
S 9
DT 5 N\gee |
J. : |
=2 (
o 1
" |
I & 2 2k .10
= = i
-0 -
<100 9 -3 +100
Figure 1. . 2 CAPACITANCE (o)
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M8251

. T
A.C. CHARACTERISTICS &
Ty =-55°C z54:125’c; Veg =5.0Y £10%: GNO = 0V
Symbol ' Farameter i Min, ’ Typ. , e, . . Unn ' Test Cm
toy - Clock Period . 420 | | 135 ps |
taw ! Clock Pulse Width P70 | s |
ta.ts Clock Rise'and Fall Time 0 | 50 ns
twa WRITE Pulse 'Width 490 | ! nso
DS Data Set-Up Time for WRITE ©200 | | ns i
tom Data Hold Time far WRITE 4 1 : as
taw , Address Stacie befors WRITE 20 ! ns
wa Address Hold Time for WRITE 0 i ns
tAp READ Pulse Width ; 420 ! ns
top" Data Daiay from BEAD ;350 .  ns
toe READ 10 Daia Floating {3 25 $ 200 ns Ci=150F to 100
taR Address (CE. C/D) Stabis before READ 0 ; ns
taa ~ Addrass (CE, C/B) Hold Time for READ 5 i s
tOTx TxD Gelay from Falling Edge of TxC ‘ — W Hs
tSRx Rx Data Set-Up Time o Samgling Pulsa 2 i ! i us
tHRY Rx Data Hoid Time to Sampling Pulse 2 I ) us
fre i1l Transmitter Clock Frequancy i
1X Baud Rate DC 56 4 KHz
16X and 64X Raud Rate oC 520 |  KHz |
frx 11 Receiver Clock Frequency i
1X Baud Rate ofe 5 | KHz
. 16X and 64X Baud Rate ’ DC 529 | KHz
T TxRDY Delay from Center of Data Bit : 16  CLKPericd| '
tax RxRDY Delay from Center of Data Bit 15 20 CLK Period!
tis Interral Syndet Dalay fram Canter of Data Bit 20 25  CLK Peric-di
tes External Syndet Set-Up Time before Falling 16 . CLK Pericc |
) . Edge of AxC ! : L

Note 1: The TxC and RxC freguencies have the following limitation with raspect to CLK,
For ASYNC Mode, tT, or tRy > 4.5 tcy
For SYNC Mode, tT4 or tRyx > 30 toy X
2. AC timings are measured atV o = 2.0V, Vg = 0.8V, and load circuit of Figure 1.
3. Float timings are measured at Vo = .48V, Vg = 2.08V

Figure 1. Test Load Circuit.

R = 11430
Vnr =228v h

’\"CL = 100pF
=

WAVEFORMS (see 2251 Waveforms, page 10-155)
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LF351

| ;Z}}",’g %w“ M_ﬁ "Txi

274 Semiconductor
LF351 Wide Bandwidth
Input C;
General Jescription

The LE351 is 3 fow cost hish speed JFET incut cozra-
tiond amolifiar v 2n nternally wimmed incut otser

—

‘voltaga (BI.FET §iT™

widm product and a fast dew rate. In acdidon, it

sechnalogy). Tha device raquices 17~
low mippiy current anG yet maintains a large cain cand- C

1
. SFEL .- s
serational Amplifier I

’

BiLFET I ™ Tmm

—_

= tiods hore “hese requirements mcritical, the LF358 5
+- rzeemmencad. 1 maximum suzoly current s important,
Fywever, the LF351 is the bettsr choice.

Features

Note. Pin 4connecmd o case.

. ) i i
matwned high voltsge JEET input devices prowvide very - - . l_" mrr'\a-h'.m.mmed offset voitage 2mv
low input Hias and offset currents. The LF3ST is pin .- 'A_L°"' inpet bias currant . 50?_‘;

. comestible with the sandard LM741 and uses the seme. | ® Low inputnoise voltage- - »* 16 nVA/Hz
offset veitage adjustment circuitry. This feature alicws " Low ingut noise current - 2.01 pAR/Hz

.dasacners to irvmediswiy upgrade the overail perfor- ™ Wide @in bandwiath 4 Mz
marce ¢ axisting LM741 designs. T T = Highosisw rate” 13V/s

: ) « - = lowsupgalycurrent 1.8 mA
The L'F3§1 mazy be used in applicaticns such as h?gh. T ® Hign input impadance 19120
speed intégrators, fast D/A converters, sample-and-hold L .
.. & . "y ; = Low totd harmonic distortion Ay = 10, <0.0Z%
circwsts and many odher circuits requiring low input Ry = 10%, Vig = 20 Vp-p, B2 = 20 HZ% 20 kH
offset vaitage, fow input hias current, hizh input impad- oL 'I'”" 0 P-p, ' 2
ance, high stew rate and wide bandwitith. The device ™ Low 1/fnaise comer 50 Rz
has iow noise and offsetr voitage drift, but for appica ®  Fast sertting time to 0.01% ~ 2us
Typical Connection Simplified Schematic
Ry Yoo O
MA-
vl
+O~d4
INTERNALLY
INTERNALLY TRIMMED
TRIMMED -
- ~¥gg O <> -
Connecticn Diagrams (Top Views) . .
-0 Oual-In-Line Package
- L_I LI
Order Number RALARCE o ? - Order Number R
LFI5TH " LEISIN
LF3S1AH IMVERTING LF351AN
LF3518H eyt . LF3SIBN
Sae NS Package HGAC pemee JGTPUT  Ses NS Packags NOBA
ROMRVERTING T .
\ 1NPUT 0 . . R
. p—— saLANCE




./ ) . -
Absolute Maximum Ratings - - Lt
Suopiy- Yoltage R AN -

Power Dissioatien {Moata 1) B 3 10 3 -
Cperating Temperature Rangs S .  0°Cwn+ig’c K
Ti{MAX) . 13 g - .-
Ditterential Input Volrwge 237 o -
trput Vokage Range (Note 2) | 21T .
Output Short Circuit Curation Contiryce=s . T
Storage Temperature Range -55°C o +158°C - )
Lead Temperature {Sotdering, 10 s2conds) ) B 306°C - = :
. . s ge ..
DC Electrical Characteristics (vowa - .
. .
$YMB0L PARAMETER I COMDCTIONS { L2534 2! BES'S ! LFSE LAITS
5 l = MUN-] TER | MAX § N | TY® | MAX e | TvP | WAX
vos input Offsat Veitage Rg= 1Cu{k Tq = 25°C s - 2 3 H e TN mv
. Qver Tamoerzeure .4 7 P AR B & ] mv
AVOS/AT | Avarage TC of lagut Otfset Rg= 10k 9 0 . LI av/i’c
Voltage 4 ) K
os inout Offset Current 7j=25°C, {Nots 3, &1 s | %0 s oo |7 08 A
’ Tig10°C - 2 4 - 4 nA
1 Ingut 8ias Current Tj=25°CiNoms 3,81 | = | w00 s f0f- |55 | 200 A
Tig10°C ‘4 \ : 8. PA
RIN Inout Resistance Tj='C ’ 12 1092 |. 4 L .
_AVOL | targe Signal Voltage Gain Vg = £15Y. Ta = 25°2 50 | w0’ o {1 |7 s e Vimv
VO ® L1GY, 8 = 2% : TR e
Gver Temoerature pi] 25 = LI B vimv
vo. Output Voitagr Swirg Vg = =13V, R = 10x2 £12 | =135 £12- 121338 232 | 25 ) v
VoM. tnput Common-Mode Voltage +78 15 I peey v
Rarge - Vg = 215V AL B L B L 4 v
CMRR Cammon-Mcrie Rejection Rutio | Rg < 10 k2 g0 | 100 80 | 00 . R = B a8
PSAR Supply Voltap Rejecton datio | (Note 5) A ‘go { W0 | - g | 100 4 B | o a8
s Supaty Curren . . 18 {28 b s 2 | T} s ] e ma
: ) 2 S .- LA AN ) ;
AC Electrical Characteristics. (Notem) _ _ .. — SRy S
SYMBO! PARAMETE —7351A . s TS
MBOL RAMETER COMDITICNS P E s EVEYY PrTYE Eev vy
) Shew Aace *tvse 1Sy, Ta=25C 13 I- Vius
GBW Gain Bandwidth Preduct | Vg= 1SV, Ta=25"C -3 4 B . MHz
tn Equivalent incut Noiss Vortage | TA = 25°C, Rg = 10082 T A i (L0 w [ VAT
. - t= 1000 Hz" Nk . .
- ¥ & RS & -t
in__. | Equivalent Incut Nojse Cumrent | Tj=25'C, f=1000Hx || 0.01 T4 001 - 201 oAAHZ .
& | Now 1: For ¢ ing at o g t ,m.mumumwmqmmmdlsecmmmwmw
€ 46" C/W juncdion to case. - . H
g_ Note 2: Uniess otherwiss p-c-f‘ad the absoluts i getive input 5% is equal 10 the negative pc.w' v.nq:!v voitage.
£ | Nots: Thess soecifications appty for Vg = t15V and °C < Ta < ¢7D‘C.Vos.!3mdtgsnwndnvc,'0. P— ’
F Nots 4: The input biss currens are junction lesicage currents which approximately doubse for every 1@ C inceosm w the jusction mnp«zmn Tj
'E;... Due to limited procuction test time, the input bids currents meesured are commalated o junction 12 normai tha §
g temperacure rises abave the ambient moerwture as s resuit of intemal powdr distication, Pgy. Tj = TA’O;APgﬂm&,Au mnhemnl resis-
tance from junction to mmnmof:hmduuwﬁmwwm-muk:mmu;m:m-. - e
F Nots S: Supply voltags rejection rato & wd for both mapply magniaudes increasing or decrsasing ita ly i o nﬂl&uﬂ-
L. ) Mon-mctee. - - o= — e L the TN
E;\ =
2 - -
EE,-, 933 Y e .
o .- A e e Lt - - LI - -~ ¢ - RS ~ -




LF351

i - . .
Tyvdical Performance Characteristics
frout Sias Current {apez Bizs Curreat
T Lo
199 b ciSY— - . Tyt =T 1
2 bl L e o s |
3 » "3 . 4 v Jx N .4
- 13 »
I A P — I B A
z \ ! ; Poyod i 7 ; =
F ! § B i { H H 3
§ :
- < ' H e B — >
T ; - x
3 M | H SR, et e ] - - ¢
:?i ] R ..'/ ey H
= IR I - , L :
T . ,o 1 P
3 1 4 [ g bt : . toq
-13 -5 3 5 [ T R TR S S R I - B ]
COMMON-MODE VILTAGE V) TENPERATURE ("D -
A Y - a2
Positive Commen-Moda Inputs . Magative Coemmon-Mode Input.
- Voizage Limit v Vgitaze Limit
S —— s £ e .
; o !
TCyTas-ivel | .} 1 e VigTag-iTC i =
5 2 X - ; €
£ { I ! £ = . i = E
as 9 i xs 3 T ” 3 \ i
g2 iz : l fd F P
. %3 L/ =3 i i R ,“ ’
= o - i : 3 }
§;.; i 7 ¥ 3z ol Vi > e[ {ve
< - 8= I 2. !
83 V4R -z i ] +
0 0 . > 3
:E_'g s 3 %’ 5. x r/ T I ) L -
F : g N : — = ]
= s [ I v [ ] : = Pt |
¢ . 3 z £ ¢ i x
s 5 g 15 > B 5 18 ey n 1% 0 -] » a
PCSITIVE SUPPLY VOLTAGE VT RESATIVE SUPPLY YOLTASE (V) ° o~ GTPUT SSURCE CURRENT (mA)
. Negative Current Limit Voitage Swing : Output Yoitage Swing
s -18 w — T e - ™
= Qy w2y i - v
3 L L H L = :
§ == H Tye26¢ : = :
- } s 3 : s -~
\: o S ] - b
2 a H V.2 i
- ‘ \ g - *
R S B 4 [ [ . “- § A H — = -
s s 2 Yy ] s
£ Rl H A d g
Z . ] 5 SP=\7 7 k-
w weii [re 2w . : o=
= + =4 1 i .. e -+ T
< 1 a- j 3 ]
g | - i P
- x -4 - = < ¥ = AN = -
A s 18 EY x 1 s 19 s - ]
. - ——— - -t . - .
QUTPUT SIIK CUABENT (mA}- £ SUPPLY VOLTAGE =¥ Ay - GUTAUT LOAS &
. . - i — - ",_ - - ) I
Gain Bandwidth ' - BodaPlot T, SlewRate
$ T * L S 1
F Vgo:1s¢ | - : wen. —
. . a : T e,
: ., Ao . . Ayer. fratung
T = Ty = Y pF ] - - > . -
%-. NG L ... é %’-‘- E -1 } i P
2 23 1 T -
g . \\\ = @ 5- E P — l 2gne b
] ~_ H N = ¢ b
F 2~ SR =z & i Tk
= 1 - 2 = E
- R 1 . R ¥
3 . P -
N -
b} .o - - 2
¢ 133 A . NN W e -~ PR NE N S- U E- BN . N v:-
TEMPERATURE 'CY e TEMPERATUREC Q- . - Ny
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- PRI - ade=
= . R S-34 (R .



A

DISTORTION (%)

&

5
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100K

UIAN L OUP VOLTAGE GAIN (V1Y)

a L
A

B X
it Typical Performancs Charac

Cistne=ion ys Fraquenzy

éumman—Mode Rzjection
Ratio

R TTREE]
L

o N =y
CM99 229006 —- - 3PEN LOGP
Yeu

TVOLTIGE AN -
10 108tk fok oM 1M oM
FREQUENCY ()

Open Loop Velitage Gain (V/V)

Ay - a
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1
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e

QUTPUT VGLIAGL SWING (Vp p)

OUTPUT IMPEDANCE (12)
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Swing

1% (=3 i~
FREQUENCY M

Power Supply Rzjecticn
Rato

Wome o 1 Tk IM 1
FAEGUERLY (1)

[ D= - " - :
16 1. 1ok 1% M 13
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LF351

Pulsa Resgonse

Small Sigral !rverting

OQUTPUT VOLTAGE SWING (50 aV/DIV)

Ui A
TIME {32 </BiV)

Large Signal Interting

OUTPUT VOLTAGE SWING (6V/01V)

OQUTPUT VOLTAGE SWING (1V/DIV)

Application Hints

The LF351 is an op amp with an internaily trimmed
inputctfset voltace and JFETinput devices (BI-FET 11T™),
Thesa JFETSs have large reversa breakdown voltages from
3ate 1o source and drain eliminating the need for clamps
xross the inputs. Therefore, large differential input
voitages can easily be accommodated without a large
increasa in input current The maximum differentiat

" input voitage is independent of - the supply voitages-

However, neither of the input voltages should be

OQUTPUT VULTAQE SWING (80 1V/DIV)

D - RSVSP DI
. ACath A hadlan ot

OQUTPUT VOLTAGE SWING (bV/1HV)

allowed 10 exceed the regaivespply as this will cause
large currznts to flow wivich sarresuit in a destroyed
unit " : p

Exceading the negative comsmmode limit on either
input will cause a reversa of e phase to the output
and force the amplifier cumasto the corresoonding
high or fow siate. Excesding swegative common-moda
limit on both inputs wil forcede amplifier outout to &

3-36




- .o 1. N - -
Application RHints iCcannuen;

hign siate. In reivier came. coes a laten eecur
raising the 00Ut Tack witiin 28 commicn-mage ran
2gain pus the ‘ncut tzge arnd ys the ampiitier i 3
riormal ogesating moce.

3iace

Exceeding T2 positive commenmoede fimit cn 3 singi2
input wiil not cn2rge the gnase ¥ the cutoul; nowaver,

if both inputs 2xceed e spur, 12 wwwut of the ampli-
fier will e {orced to a bign state.

The amoliﬁer will coeram with 3 common-mace input
voltage =Gual 1I© me gomtve swupoly: howaver, the zain
bandwirttn and clew rate may S decreasad in thrs congis
tion, When tha megative common-mads veltsge swings
to’ within 3V 5f = nesative suonly, aaincrease in inpusz
offset voitage may coour. . A
The LF357 is biased by 3 zansr reference which silows
normal circuit coeration on =4V power supplies. Suoelv

voliages less than thess may resuit in lower gsin band-

width and slew rate.

The LF35! will deive a 2 k2 load resistance to £10V
over the full temnerature range of 8°C to +79°C. If the
amolifier is forced 1o drive h2avier icad currents, how-
ever, an increase in input offs2t veitage may cccur on
the negative voltxge swing a=d finasliy reach an active
current limit on both positive and necative swings.

Precautions should be tiken 0 ensure that tha power
supply for the integrated circu.t navar becomes reversed
in polarity or that the unit is 20t inadversently nstaiied

Detailed Schematic

Ssckaaros in 3 scckat a zn undimited current surge”
Hhrcugn the resLinrsg forverd diode within the iC couid
cause fusing of e intermal conduciors and. rasuitin 3
cestroyed unit ’

Secause nese amclifiers ae JFET rathar than MOSFET
mput op amps ey do sot req.lire.s;eciai handling.

As aith most ac-olifiars, zare sheuid be tzken with jead
drass, compenent placereent and sucply cecoupting in
order 10 ensurz s3ability, For examrale, resistors from the
cLIDUL 10 AN Imout stouid be piaced with the body closs
o the input 10 minimizs “pick-ua’ and maximize the
fraguency of he feedizck pole by minmnizing the
capacitance from me irpet to ground.

A fzedback gote is crexed when the feedback arcund
any amclifier i3 resiste. The parallel resisianes .nd
capagitance from the iout of the device {wsually
inyerung input) to AL gund set the frequercy ¢ th
pole. In many iastancss the frequency of Tus © e is
much greater than the expected 3 dB frequency o the
closed loop gain and masequanty _there is negiigible
effect an stabSlity masin, However, if the feedback
pole is less tnan apocrovimately 6 times the expected
3 d8 frequency a iead mxpacitor should be placed from
the output o the inputof the op amp. The value of the
adcded caoacitor should be such that the RC time con-
stant of this capacitor and the resistance it parallels
is greater than or squd to the original feedback paie
time constant.

w

L 4
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LF351

Typical Applications

Supply Current {ndicator/Limitar-

> TO SYTIM SLPRY
VOLTAGE COANECTION

5 Your . .
T3 CORTAGL CIACUITRY

. A v‘ 4 -

® VouT switches high whan Rglg >V

Ultra-Low (or High) Duty Cycle Pulsa Generator

1916 Ty 41| R
.3 RESET
hs1a az 240 S
[a—— |
—D—A—s—0oumur INTEGRATE

; ' <y
A

= *
, N L oot
8 —~2Vg- .. -
* tQUTPUTHIGH ™ R1Ctn | S
48 ~Vg F
2 2vg~78 R
® OUTPUT LOW ~R2C %N — e .
.LO Vg-—-78 -
where Vg =Vt + VT -

"low feakage apecer

1 1
1ALFIBD
=

Parasitic mout capacitace C1 x 13 oF for LFIST-- :;
plus any ar }

i lzyout capsci: }in

with feectack elemens and ceawes undesitatia .
hign frequency poke. To compenaats, add C2 mch
that: R2C2 2 RICL W .

Lang Time integrator DR

v 4 v e S -
3

'L

* Low leakage capecitor -~ T
L wkmxumdfwumvosmm




LY

% Natioha! -
; Scrmconductnr

Analog Swntches/Mult:piexers

CD40065WCD4""6BC Quad Bllateral watch

general descrption

“The CD40SSBM/COMDBSEC is 2 . -d bilateral switch
intendac for the trmamisson o muitiplexing of anabog
or digital signais. & % pin-for-pin compatible with
CD40165M/CD40MIL, but has 2 much lowér “ON”
sesistance, snd “'ON” recstance is relatrvely constant
“over the mwt-slg'im

features L
& "Wide supply volag ange
8 Hixi noist immeoy

3V 1c 15V
C45Vpp e

L] Vﬁde ’)nge of aigimt and 275 VpEaK
23log moning )

8 “ON* ressmance fr 15V operstion - 800 o

® Natched “ON resistance. over ARQN"SQ oyp

T1EV signal input
® “ON” resiztance fat aver peak-to-peak signal range
® High “ON“/“OFF" output vortage ratio 65 d6 typ
@ fis= 10 kHz, R = 10 k]
® High degree of linessity ) < 0.4% distortion typ
€ fis = 1 kHz, Vig = 5 Vpp,
) Vpn — Vss = 10V, Ry = 10 kD

= Extremely low “OFF" switch leakage 0.1nA typ
8 Vpp — Vsg = 10V,
Ta=25°C
. - & Extremiely high control input 10120 oyp
impedance
" ® Low crosstalk between switches —5048B typ
@ fis= 0.9 MHz, R =~ 1 kQ
-® Frequency response, switch “ON” 40 MH2 typ
applications
®  Anglog signal sw:t:i'un;/mul'lpnexmg
® Signal gating

@ Squeich control

® Chopper. -

¢ Modulator/Demodulator
® Commutsting switch
Digital signal switching/multiplexing

CMOS logic impiementation
Analog-to-digital/digital-to-analog conversion
Digital control of frequency,
and anaiog-signal gain

impedance, phase,

schematic and connection diagrams

Dal-ind ine Package
 p——1
L"- ver

-.: LOMTROL S

1o |

o DI LS oo
$

1=~ 1= !-. | S

it

Orcer Numbes COLORTSMD or CDLOESBLD
Ses NS Prmiegs D1AS

Order humus CDLOASIVT or STMOSEESF
S N7 Sxzluze Fréks,

Oruar Numrner COAGNI SN o CORTGES DY
Ser NS Faziem S4R

Orcer Numbs CI204A S840 or CTAOGEUON
Sor NS Pemapa N3SA

Ocoer humos- O 3

Soa N3 Femorpt N ILA

.'OHQQOVG'Q/WGQQOVGO




-CD40668MICD¢30~568C

-absolute maximum rat ings-
iNotes 7 anc 2)
Vo © Suzoly Vaitage —0.5¥ T “12v

VN ipuT Varage ° ~0.5V to v "Q [V
75 3rorage. Temcerzture Range.

recommended operztng condi

N 2)

Vi) Succty Voluge
Vip input rcivage

T a Qrarxting Temperrure Range

Py Packsns Siarzzicn CTLEERM
71 Laad Tamoeratur: iSaidering, 19 secancx) Coe83G
dc electrical characteristics ‘cDacgeam Nowe 25 -
: -55°C 5°¢ iste 1
- meter Conditicn 3 T =71
- Fora -onergens Vin-' ) Max | win ! Typ Max | Mmoo, Yax g
Ipg.  Quiescent Tevica Currant, Voo = 5V i 1 033 [ri>) R (s o - 75
ivop = 13V 105 ear fos . -i 1§
' ;‘/DD =15V ;10 agr . 19 bl
Signal Inputs and Quszuts T T
Ron  “CN” Resistance i RL = 10 k€2 ro —227 7S5
) Yc= Voo, Vis=Vss o Voo
Vpp=3Vv . 2000 o
VoD =10V o . 400 -]
EVDO =15V : 220 a0
i , Jon—-Ves
- ARON 4“ON”Resiance Ry =10KkR 1o LRV
Between any 2of" Ve = Vo, .Vls.'. V&s ta Vpo
4 Switches |VDD =10V 18
00 = 15% s
s Input or Cutput Laakagas Vc [s] 3 280 0.7
Switch “OFF" Vig=15Vand OV,
Yos=0Vind 15V
Control Inpasts ¢
ViLe Low Leval Ingut Vortage | V)5 = Vg5 and Voo 3 ';
Yos = Vpp and Vg ~
- g =£iQuA™ T o
Vpp=5v . . . 1.5 235 | 1.5 5 v
Vpo = 10V { 20 , 45 |30 is v
Voo = isv, i 4.0 . 875 4.0 43 v
VIHC High Level Input Voitage Vpp =5V i 35 25 75 5 V- ‘
VoD = 10V (see nate 6) 70 » |70 55 7.0 v
Vpp = 15V P10 11.0| ax 11.0 v
B i ‘.-
IIN Input Current Voo - Vsg= 15V - =1 210-5 |=0.1 £2 BA i
Vpp>Vig>Vgs - - i .o -
. Voo 2 V> Vsg £ .
. ) 2
. . ; -0 .
. . s e e o
de electrical characteristics cD40668C (Note 2) . -
Y . [ . e =
. S ] -40°c 25°¢c 85°C
Prrametes= - " Conditions: - — Units
. - Mirn Alax i s Max | Him M |
0D Quiescent Deviex' Current [Vpp = 5V 7 ) 10. oot | sa 75 | pA
. . “{Vop=1twVv R 20 a0t | 20- s BA
Voo = 15V 49 -1 am |as ¥ ) oxA
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“4c electrical ‘characteristics (Continued} CD40668C (Note 2) oo - " 10
— . 2 B . -ar°c - 25°C es°c EE=)
ER Farameter Conditi > Units
4 - - Lo ondnem ~ [-sin  Mex | Mn Typ  Max | Min -Max . g;
,r“ “ K - . i _. - - e m
foN “ON"Resimnce g =miqewo¥RL YSS e L SRS E
- EVC'VDD, Vssto Vpp ~ _‘,: . 0
1 Vpp=§V L. " 2000 270 250 -+ 3200) @ w)
Vpp=10V {." 450 120 s00 ‘820 | 4
3 . {Vpo=15V . 250 80 280 300 I O
BRON A"ON"Ressinz  [Ri =Dk w YRRZVSS - - 2]
- ¢
Between Any 2 of Veo=Vpp. Vis= Vss o Vpp . 3 . %
4 Swirches . lvpp=tov . 10 Q
Vpp=1is5V = z 5 Q O
f1s input or Output Leakage |[Ve=® P R ) 0.1 50 *200 nA
Switch “CFF~ ‘
Zonvol Inputs
- T
wiLC  Low Lavel Input VoltagerVig =Ugs and Vpp |l
’ Vos=Vpp 2nd Vgs ; 3
. [us=t0pa \_ |
‘ . -~ |Vpp=SV ‘ f 1.5 225 15 15 | v
I - . .{vop=10Vv wl <2 Y20 45 30 w0 v
2 - ['Vpp =15V . 40 675 40 - 40 bov
Ving: Migh Level Input Voltags} Vpg =5V 35 25 2.75 35 v B
Vpp =10V {See note 6) [1)7.088% 7.0 5.5 7.0 i v
VDD =15V -f 1.0 110 825 11.0 | v
. Input Current Vpy-Vgs = 15V =03 210-5 203 210 . WA
VDD P Vs > Veg ’ .
. VDD Ve 2 Vse :
ac electrical charaderistics T = 25°C. t, = 1= 20 ns and Vigs = OV unless otherwise specified ’
Parameter . ' Cenaitions : L Min ! Typ : Max ,  Unin
ML 1o Propagation Delay Tme Sordt { Vo = Vp, C = 50 pF, (Fipure 1 }
Input to Signal Outmt Ri =200k DR
- Yoo =56V : 25 g5 ns
Vpo =10V ; - 15 33 ns
Voo =15V .o 15 25 o
TH. P21 Propagation Delay Time Ry = 1.0k, Cp = 80 pF, /Figures 2 ;
Controi Input ta Syt anc 3) " ; .
Output High Impadince VoD =EV N 128 T
Logical Level N Voo =10V ; i . B a5
Van= 15V ) by - s ]
MZ.tp 7 Propagation Delay Tme R = 1.0kQ. CL = 80 oF, TFigures 2 | .
Conwrol leowt o Sl ~ | a2 3 .
Outout Logica! Leeb Vgn =5V N { 25 nt )
High impezsnce Voo =10V ! - ® ™
von =15V = o
Sine Wave D=iontiex . Ve=VpD =58V, Vge = -8V ' G+ %
R =10k, VI§=8 Vpan 1= 1 ke, | !
- . - {Fazure 4;- ' HE _f
- I s
a Frequency Resome-Swich | Ve = Voo = £V, Vge = -8V, { H 42 ! | L4
3 “ON" (Freomncy® ~3¢8) | R, =1 kil Vi = 5Vp_c. ! ! :
A - e 23 Loz10 VOs Vgl Tkheict, i J o
\\\ Foued: “ i b s
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ac electrical characieristics Contrved) -

TA=25°C. ty = t¢ = 20 ns and V5 = OV unless stherwiss specified

T T

M/GD4066BC

Parametse To. Concrgns Mo | Tys. .. | Max Units
Feedehicuzn — Switen “OF &= { VDD~ 5V, Vo v veg = 5, .o
(Fraquency at -5 ¢8) fRLANER Vg =8, T Lot : s
Vas/vVis = =33 eB, (Foue 4) -
Crosstalk 3etween Any Two 1 DD 2 VEI1) * 5V Veg = Veigy = -EV, . o9 MHz
Switch (Frequency at ~50 43} i 8 1 x Vig(a) = 5v o 20 Logig -
© 2 YOSVYIS(Y) = ~56 <3, Tt
(Figure 3) STl
Crosstatx: Cantrol Input to - +Vop=10Y, Ry =18%¢n 156 aYpp
Signal Output _ ] A e 1R, Yep = 10V Zauare ‘Wave, o i
€y = 33pF ." ) :
. IFgure 6) § - -
Maximum Coatral Inaut Ay = Y&, Ty = S0 oF, (Figurs 7}
VEsit) = 4vesiTxHz) - .
b vop =5V &0 - MHz
Yoo=10v 8o MHz
Vep = 15y 8% R MHz
Cis Signat Input Capacitance . 8 pF
Cos  Swgnal Outaut Capacitance - Vgo = 10V 8: oF
Cios  Feedthrough Cacacitance - Vg0V . oS oF
Cin  Control fnout Capacitance i s 7.5 oF
Mot 1: “Amomce Meximum Ratings™ are thew Whss bovond wiich the safety of the Sewcn Nnat De quarinmed. THav ars AT Taent @ imody et the
Garvicas showko DO GDereted aT these wmis, The sxbiee 3f “R Coerating C e "Erceest Cunacar s Srovin condvons for acuel
Sevice operenen, A %

Nete 22 Vog « QV uniess otharwise swcifeed.
Neow 3 n-mmoummlmmmﬁmudmwm'on‘.

Note 4; in a cases, there is a00rOximmesty § 5F of prooe and g capecTancs on e OUrRET howerar, s TICACitancy 't ﬂéudﬁlncémi(km

Now §: vsurhcvolr-wnmnnlmlpinmvos'u T4 volt3ge a1 e Suthn pin, Ve $ e vOiltagn 11 T8 ECAUDE WL,
Nere §: Coneitions foe Viuc:
a} VIS'V:D-'OS”M"!""I'ON L1} v.s-OV.IOS-wsnnuh:q_

ac test circuits and: switching time waveforms -

Yag
Ve Yes
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' Y20 )
o 3 Vig Lty
L
e ——twaut 00 ovtan ( ] 1.

el SO
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- ve- VDD for distortion and frequency response tests

- ) V¢ = Vgs for !udmmugh test
RGUREL.SmonDMon,anM-MMM :

29990vaD/WE990vaAD

TS

w - .
ven = Voo l - .
CONTAOL  Wg .
* Vi —— et J 0L BeTar Vosin
Vet RL h
i - u . . .
[ - SAEDASN o
O Visey WV Y T “
. Ll ™
vein s v ———— | & ) \/
CONTROL  Wg )
10FL
Visgs = 8V IOUT o O BUTN Yosa
Yer Ay
! Ty .
= - LT :
. 3 FIGURE 5 Crosctalic Batwean Any Two Switches 3 & \
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e r S
A ¥op o .
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- rd
I —
- — - .
i SR Scteristie . e e o ST
typical perfcrmance fharaa.enst oS R s Pt
“on Fasisiarea vs Sgnal N of Tomneratus for
Vaiegafor T, % 25°¢ ) Yop - Veg=15v =
T e — T - € 5 ™ - ) :
ETNE * e I Y <
2 ! £ ol ey z
s i g = P 5
z . g 1. N 5
2 a = IS I e
s : = RN L
Z . N L= i T <
=z T ¥r = ! [Ty =12 T . s -
e T ' e et T HF R R =
Lo1se e L] L™ — [ - 3
z N -5 BN ) I
s . 700 - Y5 TEV z Tarossz oot gl - '
5, : N . R . S ) .
4% 4 -2 3 2 1 8 3 ~8 44 20 72 4 8 3 : =
SIGAAL YOLTAGE (Vyg) (v seiar vouTasEvg m k .
2 = 5 By
- “ON" Resistance 13 2 Function " “ON" q{u'stm:.'-cﬁmcﬂen>— - -
- of Tamperature for i of Teniperaturs for . e \
Vpp ~- Vsg = 16V - L VQDKL Ysg=5v . - . et .
= 408 - —r -~ s - 7 .o
= IR IR RN RS B saRRRRIIRETEN] S
z 38 r =ty T ™ . z = T % ud
£ ERNEAREEER e il T TAt128¢C
e IR E AT g AT 1]
& 3o AL
S ol id : - RIRRRY (VA VT =
= e [ LN < S ANTACATT -
2 1% — — » IS 7 Ta=-55¢C -
e Al il =] SR Iy i
2 1oa A o ‘u T - ~f L
R () L gl ex S tes Fe k| st i e
< = > T T = T : .
N W AN RN, Lo S EETTI -
-4 -8 -4 -2 0 2 ¢ § 3 \ - % 4 20 2 & 5.3
SEMAL VOLTAGE fVig) (V) ! SUPPLY VOLTAGE Vg v~ ™~ -
special considerations # I
’
In applications where separate power sources are used.” avoid drawing VoD current when switch current flows:
to drive Vpp and the signal input, the Vop cusrent #mto terminals 1, 4, 8 or 11, me voltage drop across the
capability should excesd Vop/BL (RL = effectile... bg‘directionalswitd\mustnotuczedO.GVnTASZS‘C,
external*load of the 4-CD40668M/CD4CEEBC bilateral or 0.4V 3t Ta > 25°C (cakulated from RoN vatves
switches). This provision avoids any permanent current shown),
flow or clamp action cn the Vpp supoly when povrer is » A
applied or removed from CU4066BM/CD4068BC. - No Vpp current will flow #rough Ry if the swixch
: . . . <urrent flows into terminals 2,3, 9 or 10,
In certain applications, the exzemat load-resistor cusrent- e
may incl_ude both Vpp and signal-line components. To . T H
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