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Abstract

This thesis is presented the devement of signal gene-
rator and the instrument that operation 1BM.,PC,that call IN-
TERFACE GENERATOR.The interface generator is the interfacing
card that consist of two path,the path oné is function gene-
rator that can prosram sine,triangle or square via the I[BM.
personal computer and second is digital oscilloscope that -
can measure and process any signal from input and display on
personsl computer monitor.So that it really make convenient

in electronics circuit experiment.
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Tuild 1oFiued xR 2206 daunmssniandagmainaausnt fans iy
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nanfanquiaona (1

3.1 FUNCTION GENERATOR (XR 2206)

3.1.1 XR2206 MONOLITHIC FUNCTION GENERATOR

xR2206 s JulotuuuTuTudamndoniuioninadisinos
(Monolithic function generabor integrated circuit) ﬂmauﬁaﬂad
KR 2206 RANTONARAINIGTNEY (Sins wave) 5@@1&%L“%HN (Square-
wave) URAQAUINAININALY (Triangle wave) ﬁﬁﬂiuﬁngnwwga nay 7y
1990 AR L ARETAI (high shabiliby) WALWUUAU (ascuracy)

XR 2206 ﬂﬁNWTﬂNNﬂﬁ?WNﬂ1ﬂﬂ0uﬂ 0,01 Hz - 1 MHzZ
FURCTIONAL BLOCK DIAGRAM
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3.1.2  anwarIATIATIINE L XR 2206

XR 2206 ﬁéuuﬂssnaunwa1uﬁﬁwﬁq 4 @7 Ao

t. Thaina ﬂvuquaaa%atatna§ (Voltage controled
oscillator)

2. INIAMBVLINIEN  UALIIITATITII funated
(Analog multiplier and Sine Shaper)

3. 993TLIBUNITIATINTIIIL NN LREY  (Unity gain
buffer amplifier)

a ¢
4, NIITAMINTEUR (Current Switches)
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Controlled Triandular and Square wave Generstor)
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L51En (fo) vty ludnwaediies ro = K V. §m%5u VCOs fo = K I

e v a ( a' I
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b ]
(Y] v " o o ‘ o (Y ]
inverting input) gniuTﬂamioawntawngnaunniﬂxna7 (RUDUNUIY VTL
~ 0 V. way VTH = 10 V.

reasmenlagaoduond (op smp) waLFIMITWIINL(Voltage

Q v a a l ﬂ' a' v L
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1
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iﬂﬁ 3.2 Voltage - controlled triangular / Square wave
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oscillator and wave forms



M V_ =10V, M, ar 19T (of ) A1uveInIToeata-

lﬂﬂﬂﬂWWTﬂﬂaﬂﬁ CaV=1atyaVs=yV -V _,1 =V / (4R) UaY
. e T TL 1

H

a t =T/2
f = KV (3.1 a)

o v 1

,_
bl
2]
=
]

1/ 8RC (V_ - V_) (3.1 b)
TH TL

3INTIFTINLAN Y V. -V =10V, aaus Kv = 1/(80RC)

waee1ld R = 10 K, 2R = 20K wae C = 1.25 =nF , Kv = 1 KH/V

WAL V, =10V - 10 V. M I Fo a8 lutae 10 Hz - 10 KHz
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2. 51a§101ﬂ§ﬂa5qumﬁ1ﬂﬂ (Sine shaper)

aqaﬁagwoﬁqqﬁmﬁnﬂﬁ (sine shaper) ﬁﬂTﬁTﬂanwstﬂéauﬁq—
qwmanytngﬂutﬁuﬁqumﬁﬁaﬁ (Trisandular-to-sine wave converters)
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Javhet (nonlinear) 39 XR 2206 141997unu§enniifiy 1wt miislod
(Logarithmic wave shaper)%dﬁ&ﬂizuﬂm SineusodalTﬁatﬂqniﬂutﬂa;-
\AoW (voltaege transfer curve VTC) Tﬂﬂﬂﬂiﬁ?ﬁp?ﬂuUUSSHtﬂaé e
13 (Emitter-coupled) BJT é
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Tﬂﬁ 3.3 practical logarithime wave shaper
¥

aeaiﬂﬁmmuuuauﬂﬁaﬂ ({Anslog multipliers)
v

= = ( :; gg Ty o LY
3TN Haa L oInuNn Vo FIVUDINURUUN V. UAY Vy 2R3
L} L] ¥ L] &

AuNT

10 K 1IuALNALIALADT (Scal Factor) ot 1yl 480
1/10 V.

ﬂWiﬂ]ﬂm (multiplier) Lﬁaix ﬂuwﬂwaawiﬂﬂa y WRET N
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10 V,

nﬂinwnvﬂm ﬁutQﬂzau1utﬂﬂuﬂaeﬂ11uuﬁuﬂu (accuracy)
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ﬂanugﬂaonwsnaqm tﬁunwstawsqa1utnauuaaﬁ1oﬁqumtﬁn
(small - signal bandwicth) uas?nvwnawuétﬁataﬂﬁgntﬁu 3 dB

(7519158 NTINADNSAUAY FaRwAN219T (Variable transcon-
ductance multiplier)

éauﬁﬂﬁqnaaéﬂaaﬁxsu (Four quadrant) modiiias n3u-
ﬂauﬁﬂlﬂaé ﬁﬂauﬂﬂﬂlaaé(linearized transconductance multiplier)
voe7l 3.4 YsEnovAdg mlulavsuideamd @, - Q) Faawiming

a: 1 o (
VRS BRLR IAINT I UADUAAUALT uas‘nTaﬂ (Q1 Qz)
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. Q1 ‘.'2; ‘1a3 041,
\7111 Q *—]

i<

129 13«14

v

ﬁﬂﬁ 3.4 Linearized transconductance multiplier
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KVLy, Vv +V = V. 4V mmmmmeee 2
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Qﬂﬁiﬁadﬂﬂitﬂéﬂuuidﬁutﬁuﬂivuﬂ (V-1 Converters) 1ﬂ
AT (1, - 1) uar (1, + 1) IINUTIAUOIUN V_ udr v ua
Wigunssua s 0 - v convertery Tty (1, =10 i
usoﬁutawﬁgn (V) 293971104 AUADIRAIINUTY Faneud (I, + 1) 3
usoelwasonniedininotiane setuiie ioinen $em uuuuiaionusy
(four-quadrant)

My daouns s funsens (v-1 converters) 5azﬂﬁ 3.5

KCL [1 = Ix + [!x Lot [ ey I -1 = 21

2 x RX 1 2 ® X

VEE

7ﬂﬁ 3.5 Differentail V-1 Converter
:

[ =V =V ) /R P

RX [ 1B Y [ ]

1 -1_=1(2Ve =-Ve) /R  ----- e 4
2 1 2 b

KVLy Ve - Ve_ = (X -V ) - (X2 -V ) =
1 3 1 1 b

ba e

g (X - X)) -V -V )
1 2 bet b

Ve - Ve = X -X2-V_L (1 /1) -====- 5
. T b3

_26_



1NFNNTN 4
I -1 =102(X-X)1/R -(2V/R ) Ln ¢l /1) --—-6
1 3 i 3 EY] T EY] t 3 N

v 1

Tun1500nunuaT e  inoanaslAlosNN 3 IAA%AINIL O

I - 1. = [20X -X)I/R ===mmmmmmmme- 7
2 1 2 »

-
t.

AN' o il ] .’
Eﬂﬂ 3+6 uﬂﬂdﬂﬂ?ﬂﬁﬂmuUUﬂNgﬁm ﬂﬂ?ﬂﬁﬂ?ﬂ“ﬂﬂTﬂ?ﬂ?@ﬂH?%

o v « (
o ﬂ??iﬁﬁ@dﬂ?ﬁﬂﬂ@ﬂﬂﬂuﬂuﬁ

:
Q7 a8 XL Q9 Q10 }——ovx Lt G12 Z L
[_Ki_gku_iﬁ_—o | B& e ||‘ o
b NSNS
ox2 oY2 Qz2
DO O ~O QO O«

Tﬂ% 3.6 Four - Quadrant multiplier
B
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INANNITN 3 1 - | 21 way 1, - 1, =1

1 3 4 -4
I -1 =[(X-X)/R113 | ===mv- 8
3 4 1 3 X N a9
(-1, = 1, A la
| -1 = [(X -X)J)/R1 3 =--—- 9
(o] -1 1 3 x X 10
AANAAT 8 ugE 9 [ - [ = (2/R )Y - Y aslR
10 9 b4 1 2
(1 + 1 - (1 + 1) = (X1-X2) (Y1-Y2) == 10
a4 [} 3 5
RI_R. /2
KL,V = Wes/= R I+ 1+ 1 )
» 3 -1 12
ot PR >IN % ([4 + [G + [11)
oY Eieee ) e I et ¢ s |+ 1+ 1
3 -3 12 L 3 6 11
o/ <SErms e B0 =0 |]- 1 =
4 8 3 5 12 11
pFeniigiae i 6N & 11
by 2 z
750y AT Yy (P H Yy -—- 12
1 g b 2 1 2
R REGERS R Jf-mmmm- 13

3.1,3  PUANUAYDY XR2206
4

uwéaéﬂa1dnizuaﬂid (supply voltage)

Single supply voltage min., 10 V. max 26 V.
5plit supply voltage min. +5 V. max +13 V.

uﬁéﬂdﬁﬂﬂivua (supply current)

min = 12 mA max 20 mA.
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§79A7700 1801511910 (Operating Frequency)

min = 0.0t Hz max = | MHz

v & PR A
A7LAuTEIL AR IAINNR(Timming Capacitor)
A ]

min = 001 uF max = 100 uF

fanmun L 1agun Nt (Tinming Resistor)

min 1 K
max = 2 M

a a {
QUWUAUTNIILDINUN (output impedance)
9

a o <
auwuaug = 600

3. 1.4 AIT00NRUYATINRYRINTTAIIN

(FREQUENCY OF OPERATION)

LSIAIUIT0AANRYY XR 2206 1ML FONANNDNLTINDINIS IR LAY

f = ¥ Hz
o [ ]
PN/ ﬂﬂﬂuﬁﬂaaﬂﬂiaaa%ﬂtﬂn (frequency
oscillation)
R = ﬂqqyﬁquﬂqu (timming resistor)
C = #7749 (timming capacitor)
9

N17098TALANT0Y XR 2206  A997ATAIINAINNILNYT T WAL
B Y99 XR 2206 (Limming resishor) WAYAIINANYT 5 WAL 6 Y99 XR
9
2206 (tLimming capacitor) N
1 74 ¥ vq vt a'g t
QIRDINTTORNWUY LK IAEI9AINRRINA | Hz - 1 MHz R1nAN3
A
wa £n o d : ¢
AUUAYAY XR 2206 178101501 A0nLERILANITER  (Capacitor)  MOuA
1

& o o
0.001 uF - 10 uF L?Wﬂﬂ&ﬂﬁﬂﬁ?ﬂlaﬂﬂﬂﬁﬁuﬁﬂuﬂﬂuﬂﬂﬂ 7T Ul 8 Y9
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(3]

vo &
XR 2206 lafo
{ / RC  Hz

-t
n

R = 1/ f

Q

uﬁqwnqmauﬁ%naa XR 2206 @1w15otaentdmmumule Aoun

1K - 2M

fo min = 1 /7 (2M x 1 uF)

f min = 0.5 Hz

0

Fo,max = 1/ (2K x 0.001 uF) = 1 MHz

d.1.5 ﬂﬂiaaﬂuﬂﬂﬁiOﬂﬁﬁﬁaﬂadﬂﬂiﬁﬁdﬂu

{RANGE OF OPERATION? -
o v @ R\ Vs : e vt v
ﬂﬂil&ﬂﬂﬂ?tﬂﬂﬂiua (capacitor) lNDlTW1ﬂﬁﬂﬂ71Mﬂquﬂqu

AR (1 K ) WRYAINRNNNINGIER €2 M ) WAEAIINDYRINTDETAL AN
4 ] L]

¥ ﬂ.l d < ] 1 K o C‘t’
1ﬂﬂﬂ fo = 1 Hz {qy Fo max = 1 MHz (71007037701 aanaf371389 ﬁﬂﬂu
‘

Rangs | ¢

f,min_ = 1/ (1M x 1 uF) = 1 Hz
Fo max = 1 / (3.821K » 1 uF) = 2585 KHz
Range 2

f min = 1/ (100K x 0.1 uF) = 10 Hz
f,omax = 1/ (3,921K x 0.1 uF) = 2,55 KHz
Range 3

FO min = 1/ (IM x 0,01 uF) = 100 Hz
FO max = 1 / (3,921K x 0,01 uF) = 25.5 KHz
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Range 4

f pin = 1/ (1M x 0.001 uF) = 1 KHz
f,max = 1/ (3,321K x 0,001 uF) = 255 KHz
Range 5
f,min = 1/ (1M x 200 pF) = 5 KHz
Fo max = 1/ (3.921K x 200 pF) = 1,28 MH:z
Range Capacitor fo mih Fo max
1 1 uF LAHZ 255 Hz
2 0.1 uf 10 Hz 2,55 KHz
3 0;01 uF 100 Hz 25,5 KHz
4 0.001 uF 1 KHz 255 KHz
5 200 pF 5 KHz 1,28 MHz

A1579N 3.1 UAAITIUREL DUAVAY Range
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v {
3.1.6 N1990NUULUNINOT (BUFFER)

v 1 v o v oa u . ¢ .
10Q7UWiﬂai QBlﬁuﬂﬁﬂﬂwuﬂﬂvHWENQQWNﬁﬁau(51ne wave),

AAN WIay(Triangle Wave) MIARINNNTE0dTALANYDY XR 2206

Ov 1SV
, Si1 RS13
i 2K 10K
] |/ @s0o4
P4 283904
A =
cs1z Q7P
QOQuF
P «S02 ;;
2N3904
SRS 143 RS16
K 4. 7K in
<cs_1 1| 4 ?
J AL 4 e O-15v
/RS 15
RIS N
5
<

zﬂﬁ 3.7, WANIANBWLII9T BUFFER
29astidet L T sasvarsuny class A 0 5uwn v ) i
ammnmﬁwau (11N @502 FLRINTEUS ﬂjtujﬁuwﬂ(vw B 999 0502) %u
fawadals ijnwnntﬁuxﬁujuwn \WEUAYN Amplitude uacﬂmwwmaoﬂu
WAy phase RTofudny 0503 uav 2504 AifuiiaItuy Aedeinnin auwnn
ﬂautﬂﬂnuaaqsuutﬂastwﬂa?ﬂtﬂﬂv \WII824950878 class A RINITD

venedgnn IR unuuMn

{ a ¢
3.1.7 ﬂW?DDﬂuUUlOWﬂHﬂ&DNﬂT1ﬂLDDT
(QUTPUT AMPLIFIER)

ﬂ?ﬂﬁﬂ?ﬂﬁ@@ﬁmﬂiﬂtﬂﬂitﬁu class B push-pull Amplifier
“ ] =S l o [ ¥ ﬁ' o
aﬁﬁﬂaﬂiﬂuﬁﬂtﬂaiﬁUﬂﬂiOﬂuﬁﬂu {(npn WAY pnp) T3 complement u?ﬂ

g naunotdu match pair fin NA1IAD ﬁqmauﬁﬁtwﬁauﬁu 1usoan1Insnn-
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¢ ¢ ¥y ¢ ¢ ¢ a
Wo51397 (Lransformer) Wuaoainotawngnnsﬂuﬂaituai HREDUNIINIT U~
& ¢ Tt o a  du u o
ﬂaituai 1iﬂ1ﬂuﬂ1oﬁuﬂuaaniﬂuﬁalnaiiuinwu (period) YDIHUIYINDU-
wntuauﬂWﬂammﬂm L?Hniﬁ ARYENEdsELAN complementary symmetry

nauaﬂaqusﬂn 3.8

l g v 1]

R6Q7 ecs
4., 7K 1K
C602
2603
F—— 2n3306
100uF ) ___K Q605

2N3904

0601 R613
W LN4 148 S

I/P O—d¢ ’ b
1SK N
7

€303
!

R61S
P\ A

pete 50 =P I
s

060%
2N3904

100uF

i re
1t
YT g2

JUn 3.8 UANIIIST Amplifier
9

A li v, Lﬂﬂﬁ@@ﬁmzﬂ sinusoidal
Vi = VimSinwh
Lxﬂanmvmauwn v tﬂuuunn:nuﬁatﬂai Q604 INTEUA URLRY
waly 0606 SInseuatay e 0603 war Q605 wgminseus 1anTeus -
Twaniiiu -ic2ct)
tﬁaﬁqqﬂmﬁugn v, vuau mitudacnes 603 war 0605 1
NTLUANEAIINTENR Q604 uae 0606 1AnTEud ict(t) 1uaé load RL

\iaATY cycle TOAIMBUNN (V) nyewd Tnanaei

1

iL(t) ic‘(b) + [-icz(t)l

iL(t) ic‘(t) - ic_(¢)

..2323..



5432, nﬁuﬁqumzﬂﬂéu sinusodsl nyeualwan il axiiy
5Q“1N2ﬂtaﬂiﬁu %ﬁ maximum peak ([Lm)

\ iL = Illmsinwt = lct - icz

d7U load line WREMIAINNY 4 AVLKTDNLTU|N class B

amplifier AT 99Tl TR Wt e goﬁwuﬁuqnuaunawﬁqn

foLiuton ﬁaaam&wwﬁnxﬂéaoﬁuanﬁuqu warann Tl udainath con-

plement N ﬁft’f)’amuﬁ’lﬂﬂﬁaﬁﬂ'ﬁqmm balance push-pull n3090

dune phase A3 ITINNL tﬁaﬂauuﬁniﬁu%atﬂaéﬁoé uA amplifier gy

N7 power supply usc1ﬂuvnﬂ7uéﬁnuia1ﬂau ﬁﬂ%aﬂssauﬁquﬂ40ﬂwn1u

ﬂﬂiﬁﬂé complementary transistor 1ﬁ match ﬁuﬂ?d ﬂtﬁaﬁdtﬁﬂwﬂ

[}

199 distortion %ﬁﬁ
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3.2 mystasowrions Judsnes

(ANALOG TO DIGITAL CONVERTER)
nsutasenndant furanaa ﬁﬁliﬁuaéﬁv 01U Swanauuwine
fu Feluurasuuuseinannisniony Geaslananseme i

3.2.1  wuulf ey ilsauihouuniy wIouvy ulay

(Parallel Comparator Simultanesus Flash

A/D Converter)

i3 v LIRS l AF RS

nume PRT SIS ITIN TN AR T-L8 STNCL

A7 dhaeii a1 A7 A3 o1 Co i
=~ o-1}4 ¢ ¢ ¢ o o
3“1 {E""':" 1150722 1 i ¢ 0 1
1TV {s137mz oo [ ; 1 1 0
e 3 - 4 1 1 1 l 1 1

)

(n)

Tﬂﬁ 3.9 (M uEQQﬂﬂiﬁadaﬁi parallel comparator A/D converter
]
v v ( 1] v a a' (14 LY
(1) A5 IIUARIAIIHFUUWAT TERITILT IAUDUUN ﬂtﬁuauwaannu
|

( a‘ r-y-%
Lawnqnnnﬁuﬂﬂﬂaa
doaitagﬁuuuﬁ 1%70@7Lﬂ?ﬂuLﬁﬂuﬁﬁaﬁuﬂuﬁuﬁauaﬂaWuzﬂﬁ

3.9 (0 Ysenavensasuuony w0 dwesnidSombsy  warRasmiamnls

\HOUT AUT IAUNTIBWNULINAY Cinverting) THNIMIAATS N AU
A
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Wﬁﬂﬂﬁ?ﬂad?dQTtﬂ%SUtﬁﬂU#31ﬂ tiauiqﬁu%uwn%vﬂﬁuwnuuu
1Nﬂau (noninverting) uﬂﬁauﬂiﬁﬂvﬂauwﬂuUUﬂau ljwnwnﬂu1ﬂu70ﬂuﬂ1
A fauana lunngnes. 9(u>ﬁatawnwnn1ﬂa1n10a71ﬂiauLnauuaauw1ﬂtuw—
7wa1wtﬁutau41uaaana1ﬂ nwuvuuaaaeﬂitﬂiautnaunn30151uaon7nuaa
nuuuwnuaaammwmauwaannauwn N7, 9(n>n1useﬂujuwnunw 1 Taan
1uLwaawannen11w1027tﬂ7au1nauw71m1wﬂwtawnuntﬁu High AUTIR
sening 1 Ba 2 Toan 97 tSau hefisenuinTelann  (bhreshold)
nwaﬂnau1wnawnwntﬁu High wresy 2-3 Toan 9eTuiFeuifiey A uae
A, WWLawnwntﬁu High awuioﬂuauwnuwﬂnvw 3 Than 299710580 Revay

Tﬁlaﬁﬂwﬂlﬁu High ﬂGWNﬂ

!I

Tunimﬂnaqnﬁslwuﬂkuastnﬂﬂaaﬁu ﬂaaUGQTtanﬂuUUﬂuwuu
QWLﬁuﬂjoTﬁaaaaLﬂaaULnaUquuu o ﬂlﬂdﬂﬂﬂ?lﬁ1 WAL L 2R 3 UA
saal1easiSauioy 7 % 4 I deeldressiiFauifien 15w Taen
S eastiSaucharlanin 2 - 1 i N unuewnuin ¥R AL L DER
nN9IN1T

o a‘: v d ﬂ' [ %3

19379241 M5 uUUﬁuﬁuuQ51Hﬁ11u1711uﬂW7LﬂﬂﬂuRWWWNQG

N uwaﬂiutTUﬂaw tanﬂuuu A% (Flash type A/D converter) U

W91 AAD tﬁﬂnunn1ﬂ1utﬂutaﬁswuawo aolr0ami B fuliian1 s s S es

3.2.2 tdﬂﬁﬂqﬁﬂliauﬂtﬂiﬂ

Wuaaait3nﬂnTﬁHWTaunLnsmuuuaaan1m 3 WUl ANNINALATDY
N1TUNLATA AD

wvalatiass wie wuuuswd

(Sindle Ramp'ﬂ§a Single Slope A/D converter)
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EoutREn ~
Tuws
H
“f:ﬁ>*— .
L3 ._--’
. alrs
TeF . _ —— /
L TR ‘ SRnIt.agowic BCD

i o Rueiosl RPN 11| RIILIR IR | -

Ly TS -
uses Tie |

(ny [4H]

Eﬂﬁ 3,10 1qaitagﬁuuuaTaﬂtéﬂv
' (N wanaudonlnazunTw
() ﬂ?ﬂﬂ%ﬂwad§QQWmuTNd

1aaatanauuuaTNﬂLﬂﬂa ﬂsznwuﬁasvaasﬁwtﬁﬂﬁmwﬂuuiuﬁ
29371 U584 N8, 299741 BCD, xuanﬁnwatﬂaauammwm ammnmuiuﬁﬁaa
aeaﬁuuabnnvxﬁnqwxﬁu 0 usoﬂuauwaannnﬂau1ﬂaevan7LﬂiaULnaUﬂwe
nwauwnuuuTunau lNﬂuvoﬂuuuwﬂnvﬂulﬁuU1ﬂM!ﬂﬂ??ﬂﬂﬂ?%WﬂuUUﬂaU N-
miLﬁiﬂﬁtnauna31w1jnﬂwﬂtﬁuivﬂu "high" nquuaunLnﬂﬂwaaﬂmmwm
uwﬁnw1ﬂaavon7uu1ﬂ ununw?ntiutﬂﬂammwmuiuﬂ 1mm1mu7uﬁuuvoﬂuaeuu
o q AUATNINNITUTIRUDUAN aanw\nnawngnuaaaonsLﬂsauxnauqm
semutiin " 1ow nuounin Tadomo a2 19787 99 ise waniiuuae
vauan 1390 eaTuand

auuaqﬁﬁqqﬂmuﬂﬂnwﬁﬂaﬁué 1 MHz 29374y BCD 4 Wan, Uy
5u5uuﬂ vin 2 Toam ﬁwmﬂmuﬁuﬁiﬂkuﬁu 1 V/m$ 5auaﬂa1u§ﬂ%3.1o<n>
qwnaﬂtiuﬂuqunausqﬂuaqaﬂ (2 Toam) 5ﬂmnmu7uﬁ1ﬁt1aw 2mS WA

a’muaaﬂﬂammmmﬁmnaﬂﬂ‘lmw:uu ‘luma 2 mS u ﬁnwiaauaﬂﬂw
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2933iluia 200 an tﬂﬂnunwaqaaaitﬂsﬂutnﬂunu L8 "high" Lﬁun17

aoamwanuvaasuaﬂﬁaaﬂwnuu1ﬁ1ﬂﬂanwmuaﬂaua1ntﬂuﬂw 2.000 TRy
auqn 2 Toam

1u1097tanﬂuuUaTaﬂtna1u sl Aruauiso A ey Son

avlala tuaoaﬂnnnitﬂaﬂuuﬂaa1uuuaonﬂLuﬂammwmuﬁuﬁnununmunu WaY

WARBLAND ORI UM s A e ﬂauuqaunﬂsﬂiuﬂiuWVQﬂu

nanes Suuuy aTaﬂQ (dual - slope)

)
W layd
—_—%
(Dual-Slope A/D converter)
e PRSI
e 'y = oSNt (ﬂa\
Lomone. CRY.LOTiFDT sans T ONIH:
Chrry “ l‘-::i.";";””
\Iq\ CYLF L—-i \ |
N AAA—e— B e
9 4 o l:> ” ;
r r‘:‘—::_ ~:‘__.,a':;5*.~.‘.~.:';\:'y"':i_ BOD L—-J
== = vsel 2o~
A0 LLRFET
] UoOLVY R LATSUF AL
o) 1L I T E= T -
L FouTLsLeT SEEesNI 1K ! i 1
“hY NI S gl
bogr w ~3 v - —

< e gl - an
e T5338WY FNTUNIN = =57
. [
ALY 1,000 73 - v
e 16° 0 X 01 XIC-4F

§E N T e —g = Y V/mg
zﬂﬁ 3.11 10@iuUULaqﬁuuuaTﬂﬂ@

o ¢ a o a a v
(n) uﬂﬂ\iufﬂaﬂ\lﬂazuﬂiﬂ () l@’m%ﬂ'ﬂﬂﬂ’)\Tfi:fauﬂlﬂ'fﬂtuatﬂﬂunutqﬂq
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Eﬂﬁ 3.11 () usnsvsenlnorunia ﬂaoidﬁiuUUﬂTﬂﬂé a3nd
%Sugnqzﬁﬁﬂﬁstﬁanszuiﬂeuiaﬁuﬁugnﬁnui05u51050 F7U293 30 UnAg-
wransud wF019979uf1nT0 0T IAUIN 2 Toan avldnseualuainu
MBI 10 K inans 0.2 mA 1ﬂﬁoQﬂ71u (summingpoint) Vioenn
QﬁﬂﬂﬂﬁiﬂuﬂﬂuﬂﬂuauWﬂﬂﬂddﬁﬂuﬂuﬁﬂduﬂﬂ n73uﬂn1waaotn@uuuwuﬂatnu
ﬂisa Luﬂﬂﬁtnuﬂizqﬁwaa uiaﬂuﬁLaﬂnunﬂaowaﬂuﬂuﬁnqstﬁuauuwnnu
‘o 1 twaiﬂﬁﬂivﬂﬂﬂivua1ﬂﬂdﬂ usoﬂuﬂaﬂuﬂdtnuﬂizq Qo1ﬂtﬂuawm1m
usuﬂtﬁutﬁatau (linear ramp)

quniﬁuiaﬁuﬁugﬂtﬁuuan 2993 9uRLNT L n8T Qs1ﬁta1ﬁgntﬁu
Sunmuruin sau ﬁozﬂﬁ 3.11 (1) wwnusaﬁu%ugﬂtﬁuauﬁazﬁnTﬁtawﬁgn
Tausud Suuan

anzﬂﬁ 3,11 (m tuﬂavanﬂnuamwwmﬂuwn4vn11uuuiuﬂu
uanawnﬁuynxiﬂéaaaiﬁuﬁtn?tmai 1ﬂtﬂﬂnwﬂtﬁuuauﬂn1uauvoaitﬂiﬂu
iguhay Taus svuausnna 1asauiingines ﬁdﬁitﬂiﬂUtﬂﬂUQZ1ﬂuidﬂuﬂu
15t5wﬁgnLﬁuuaﬂﬁﬂ1ﬁtﬂﬂuau5tnﬂ Didnuniingu s easii sasiivae
SulusomnfitmunlSaef & winhmaduaindmeiuseiuenedy  Tume
f0ariutioAaa iy 299390 nInay i aunssing say arnsd
aﬁnfﬁugnuaovqa71ﬂ%u7oﬁu5weﬁaéwau Lawﬁqnvaovan7ﬁatﬁuuiuﬁnwo
nAe 19 b vaezﬂ% 311 (1 w%awﬁu?tﬁmﬁwuaaioaiﬁuaoLﬁuﬂué
i Susiy T Ljatawﬁqnﬂaoaaaiﬁuﬁtﬂitmaé iiufauTedn 0 Snate
LaﬂﬁwnﬂﬂaQQQﬁLﬂ?ﬂﬂtﬁaugaztﬂuau 1oﬂ7ﬂ1uﬂu5unﬂitﬂgﬂuuﬂaoi P!
ac&mwwmalwaﬂ1uaaa1 uUtnUﬂan1511nﬁoaiuaﬂﬁ QﬁnuuaqitﬁﬂWWtﬂuﬂua
uavnwnﬂiaanﬁ1uﬂﬁnuuaoﬂuauun tﬁunnstéunwnﬂstﬂasuammﬂmnniau

iy ﬂﬂtﬂﬁ1§1uvoqsuﬂﬂﬁ Rae 1 TudedonTnensafiuuss
AUDUUN ﬁqqﬂmuﬁuﬂnnaxaﬂﬁgﬂwaavaq75uﬁtn7ﬂ1uﬁuotdaﬂﬂaﬁ b, LA

aeéuiaﬁu v 34
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v = (V. /RC) ¢
in 3

waglftraiam b ifinnnduundrader wsein v 1y

V = (V. /RO t
RETF 3
oot
(V /ROt = (V.  /RC) t
™ 1 REF 3
V xtbt = V  xt
in 1 REF 3
b o= Vo (bt /V )
g in 1 REPF

d v s ’ I:: h:’: L 7] (ﬂ' o .’
Friiuleny @l LT unN AN 99 Ta NN 9L uagL N
UD97995 N L T4 IR 8. LﬁuﬁﬂéﬁuTﬂamiaﬁuuioﬁuaugn V.o v

REF

uaL b A

{ 1
WUUEI99UIRINY

(Charge Balauce A/D Converter)

70?7lﬂ?ﬂﬂ?ﬁﬂﬂmljﬂﬂuUUﬁW?QUWRWuﬁu ﬂﬂﬂﬂﬂuuuuaiﬂﬂﬂ um
ununaquauwnavﬂﬁ1duwvzw)ﬂauvuﬂun1u7ﬂﬂﬂuuvomujwoao ﬂﬂﬁﬂﬁ?ﬂﬂ?ﬂ
waaujoniuuaaﬂoaouwnio | ﬂﬁﬂ??N (summing point)  YNIIIATIUN-
lﬂ?tﬂﬂiquﬂlotiﬁiﬂﬂdﬂ TnﬂﬂQWHJuﬁﬂﬂwaﬂﬁvtﬁuﬂﬂﬂﬁulﬂﬂﬂ70ﬂuuidﬂu

L%

auunn M?ﬂﬂ
{ & v v dv M
WUuEIT9U13748Y Q81Hﬂ11uﬂﬂﬂaG1ﬂﬂ?ﬂ17uuuﬂTﬂﬂQ LUDd

QﬁﬂuiﬂﬂuﬂﬂﬂTUNﬂQanﬂ?Uﬂﬂﬁﬁﬁﬂq}juﬂlﬂ7lﬂ37 Q836W1ﬂ5laﬂd 0 Vv,

ﬂouuao1 ﬂ?WNNﬂNRWﬂQWﬂNRﬂD0ﬂ78u3771“a
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Block 0 § OUOOO-OFFFF | RAM 1o 64K

Block 1 10000-1FFFF RAM to 128K

Block 2 20000-2FFFF. | RAM to 192K

Block 3 | JOOOO-3FFFF | RAM to 236K

Block 4 | 40000AFFFF | RAM to 120K

Block § | SO000-SFTFF | RAM to 384K

Rlock 6 | 60000-6FFFF | RAM to 444X

8lock 7 | 70000-7FFFF | RAM to 512K

8lock 8 | 8O0C0C-3FFFF | RAM to $76K

Block 9 FO000-9FFFF RAM to 640K

Block A | AOOOC-AFFFF | Extended video memory
Block 8 | BOOOO-BFFFF | Standard video memory
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Block O | DOCOO-DFFFF | Other use

Block E | EOCOO-EFFFF | Other use

Block F | FOOOO-FFFFF | blOS EPROM
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ANT9N 4.2 WARINITINATGY DMA luseyy IBM

_48_



a {v (¢ a du ¢
4,1.4 9UL19259us (Interrupts) nwsauxmasswwlu
CPU arutsoaniiu 2 1iaRo NMI (Non-Meskble Inberrupts) ugt INT

1o w a
(Maskable Interrupt) uﬂ37%7U1uTSUUUOG 1BM 3&&ﬂ161ﬂﬂ17tﬁﬂﬂ1?ﬁ

o Ll ' 1 4 ¥ d ﬁl’ Qﬁ‘t’ﬁ 1 4 r-}
WANANAYDINTTTURIUING Tnana 1 iAin3AIA G1wuAIWRANAR CPU 3t

o ‘I) l o 0 l o (Y2 o
gnautﬂafiwﬂuuu INT 983397%7% 256 LINLAaT 1ua1u1unonuﬂu LTI
> { (a lv v a lu da o &
NITOUARITORLADTIUA (Bios Call), ﬁqumautﬂﬂiiWﬂntnﬂwuLaQQWH

oa: DQ.J o ( (
CPU, ﬂﬁ?ﬂ?vﬂﬂﬂﬂvﬂﬂﬁdﬂaﬂTﬂiuﬂiMﬂun (Single Step) WURLAIINUIS

ULADTTUR ﬂﬁﬂﬂﬂﬂ?ﬂﬂﬂﬁtaﬂﬂ1uﬂﬂiﬁdﬂ 4,3

L (T ——
o’ Lowt
M luf-m
mQs
y Carved (e Cirl 3 v AT)
:x Renlome chck
W Ratvund w AR

mQse
mon
mou
»Qus
1RQre
mQu

1zqQ)

IRQe

Qs

Qs

=g

;":unc:--h—t-u.&-.unm——----—n

':“-M———vv~h—hlh.ﬁ-

mi:’rﬁy*—hﬁhhmmﬁATnﬁ—ll@

@ hmade Ascordingly, L4

A e e PC B IRQE 00 the AT, & Ty

 'eacten of 1207 o IRQN »

e e ol o

£
uanuun:agufl”

1

fi [

I\\\\\\\ SNAN

o u { {a dov &
17791 4.3 WAMINITIANINTAUITOULADTTUA 1RTHUU 1 BM

4,1.5 SEUULEILIRT  (Timer)  ludjulsenintian

L4 Aﬁ' LY L ﬁ' : lll v o (
IMNITININVLIRIATY ﬂﬂﬂqu58UU ﬁdTﬂﬂﬂ71ﬂu61Q31ﬁ10ﬁtU87 8253

(Timer and Counter) N95&yy XT BUS Way AT BUS

_49_



{a {
4,1,6 aﬂnimauwn/tannwn uavnﬁsnawﬂ (1/0 ports.

Expsnsion Slots) 1unqﬁﬂauauaﬂnﬁmauun/tawnwn ﬂﬂaaﬂﬂUTVUU (17
ﬂT&ﬂWNWuWOTﬂ 1ﬂﬂﬂ1781duaﬂtﬂ?ﬂﬂ@GwaiﬂﬂﬁﬂﬂimuuﬂﬂﬂﬂTﬂﬂﬁi0 nas
UﬁduaﬂlﬂTQﬂUONBTﬂuu QBuHﬂBDﬂQWﬂﬂﬁfﬁﬁOuaﬂlﬂiﬁﬂaﬁﬂuiﬂﬂQWNQWTﬂﬂ
lﬂﬂﬁﬁﬂ ﬁﬁﬂ?UﬂWTDWO&3ﬂtﬂ7ﬂﬂ80ﬂ87ﬂ 1“78”” XT BUS uav AT BUS uu
Ro—hq
1§1ﬂlwﬁﬂ 10 1A uuﬂa A A ﬁﬂﬂ]”??ﬂaﬂﬂuﬁﬂlﬂ7ﬁ1“aﬁﬁﬂ 1024 NB?W
quawuuunowuﬂu QERUODDHlﬁu 2 ﬂ&N Ao nauwaiwnuuaﬂtniaaaluﬁao
000H - OFFH QﬂqﬁﬂﬁuuulNﬂUD?ﬂRWﬁ)UﬁNﬁNWOTﬂlﬂﬁuu uwunaunuuaﬂ—
£ﬂ7ﬁ8q1uﬁ70 100 - 3FFH nu1ﬁawunun17ﬂuawauuaaam ﬁﬁ?vuaﬂ0ﬂ17ﬂﬂ

{ v o
WonlnTatoIuaTy AIANTIIN 4.4

Adédras Dewcripnicn MNoxe
IFO-IF8 Flaed &isk '
200%F | Cama adageer 4
o2 Expantca san 2
ILF 0d py e reqter ponrt !
280.20F | Alternme EGA
F8IFF 20d seral pont
2EL GPiB () 1 e
2E2.2E) Oas A5 autica (0) 4
30031 F Prototyne card
120-2F Fired disk 2
160- 36F PC Network
378-)7F 18t paralld seinter port a
130-18F SDLC/nd Fynchranaus 3
190-393 Clustar 3} 4
JAOJAF 1y Buynchroacus 1
1BC-18F Monochsrame Liplay/zrinter
WO-ICF | EGA
1D0-)DOF | CGA
IFO-3F7 Flopypy 2isk
JFLIFF 132 seral port
Notey Deveet 2a main hoard not included
AT oely
PC onty

1
1
) | 2nd Busymehrenous on AT only
4 [ These ievices decode the full 16 sddreas Dits
thereyy allewing further devices i the 1ame
“Gategory above IFF (eg GPIB (1) = 1261 ac)
L3

a3 ef 4.4 WananI3IALERL TR AR T LY 1B
dmFvasandiniun1intenn (Expansion slot)  uLLNADIA
Jviaaonag 2 tin ﬁa aFaniuuaraang1) %uﬁiwuauwwﬁq%ﬁ%uasﬁﬂuwﬁo
TIRUIHSL I MUOUNLTY XT BUS Way AT BUS  dmTuadonsuiuseliauie

JEUY AT BUS inIU%  T99vU5ensuniotoNs  ATIUL (8 IAUW) URLLORA-
L'}

._50..

TN Y U T Y
Y i"’l

(170 wuwana ﬂ?ﬂmWWWﬂtﬁu1ﬂﬂ01uWﬂu&8Laﬂﬂwﬂ
(%1/0) HM78ﬂ0 1uﬁ7dﬂﬁﬁﬂ707uﬂﬂﬂﬁvLﬁﬂﬁ?ﬂﬁﬂ?ﬂ

lDWﬂWﬂ uﬂﬂuLﬁuauwﬂquﬁJGﬂlﬂﬂUU7uﬂW7 DMA

_51_



U U

ﬁwn?uvwﬁmwnmﬁﬁtﬂ?aauuﬁﬂauﬁﬁwﬁwasWMWSEoﬂwﬁmwnmﬁuam—
Afaodn "o uasuﬂammﬁmn1uu uﬁautﬂiaanuﬂﬂuvnuﬂaﬂuuﬂqzuNWﬂno
ﬂﬂawmwmnuaﬂmﬂnaﬂqn JE awmwmnﬂaaﬂuuaaaﬂuannvinwu1aﬁnnuaaﬁuﬂ
Tar e vao e Tﬂﬂ1unw1utnﬂnﬂ71naﬂ wvannitwﬂuﬂaaaqumnw

b4
ammmma 9 uuaaamao XT uay AT mm‘muuoa:\mﬁunau ‘ \1515]\113

112003 TuMaN Y

Ground ﬂﬂamw1muﬂﬂaﬂnun711ﬂﬂaosvuuu7ntatﬂai

+ 5 V- ﬂwammwmuﬂaaﬂnu1ﬂ DC Lsntatﬂai + 5 Than
- 5 V- ﬁwammvm;ﬂﬂﬂanUTﬂ DC tintatﬂni -5 Than
+ 12 V- vwawm;muﬂﬂnﬂnu1ﬂ Do tintatﬂﬂs + 12 Tran
-~ 12 V- ﬂwammﬂmuﬂﬂﬂanu1ﬂ DC xintatmws \\:2 Tran

WOALATALY UALIQWINAIY 1 NiNg71ad

SAO-SA19 LﬁuuﬂﬂtﬂiaUﬂn 0 nu 19 Tnesisao § uuaawwmﬂwnaﬂ 'l
(1) ammwmuesunﬂﬂﬂ tujﬂwﬂnmwm BALE naﬂwuvtﬁu wpm
uasavqnuanﬁ11wauvauuwaovaavwa@qwm BALE WoRinTa
H %] : ¥ 7 8 ¢
NI 20 UAY% @1NATR09REIEA R 1At tunne L
XT UAs&WMTY AT (30 19790Ry LAL7-LA23 qus19lany
¢
16 twnglug
LA17-LA23 Coawesn AT mdualavuonil 1 lionduym BALE
of -9 ] o l v
(%1/0) Saomes duandn 10 wiselsinsuant s AOUVDUUIR 9
L ¥) « 8 v ( [ ¥~ v
1991780 BALE aatiumevnaa 170 luinn5e7nen-
a é u, Jdy e v v v
vATALAY 1 sunny lug wnawmnmun1ua1tﬂumaaqﬁ ik
v ° ¢
unWiaﬂauﬁntﬂiaznu aﬂnim 170 9¢R2InINITUant
ammwmu TﬂﬂqﬁHWUﬂﬁadﬁﬂdﬂﬁawmﬁm BALE axfiuundn-
W% -MEMW W3y -MEMR

-Ka2-~



AEN

,,-.""(0)

BALE

o)

SBHE
(%1/70)
GATZANE]
SDO-SA7

(1/70)

L o ‘U
EQWWNBHL%D??Wﬂ
[RQZ2-IRAT

(1

(Address Enable) vﬁﬁqudﬁauuaﬁﬁﬂ.xﬁaﬁaﬂvuqu
DMA 16ﬁ1n17n1unuﬁaﬁwe 1 10T UULRY faiun1Ten
wasnuaoaﬂnim 1/0 QHWD01ﬁﬂmw1mu1uﬂ17ﬂ1ﬂﬂﬂiﬂLwa
ﬂﬂﬂ1Nﬂ11Wlﬂﬂﬂ17ﬂﬂﬂ378ﬁiﬂOTEUUHUOﬂHTm /0 7
Susnt Tunfimsaiinaums o o

(Address Latoh Enable) nwawmwmu1ﬁ1un17uaﬂon11
N TR DTTTEY AL AR q finsRanatniagniasi T
seuani iomuaniazati CPU A9 IN13ARfR BT IILER
VATALN L THUTOENAD wﬂuﬂnﬁvaauauvwaouaoﬁqumiau
Al AnnnTuantdune 5A0-5419 waeAninT8n0uen-
s 1 cunnelunly AT 1%ﬁ8ﬂﬂﬁﬂdﬁﬂﬂﬂm§1uﬂﬁi
WARIUANEdI LAI7-LA23 dae fufuundndylununu
N5 DMA aqqnmuqzuanwuztﬁu "1" AR

(131570 AT) (Bus High Enesble) lﬁﬂﬁﬁﬁ@@ﬂ&%qﬁ

uaﬂaiwiﬂ13¥uéaia¥a1uﬁﬂﬁ $D8-SD15

AMTuTn AT 35d SDO-SD1S (NTuNIIeAD AR O
na 7 ﬁwu?u%u XT uavﬁnw?u%u AT A2 #I7In 0 Do
15 Tﬂﬂn $00 uuda:ﬂmﬂwaﬂ AMTV AT MAMIARADNY

S0 SDE-SD15 awnqsnﬂivqanu1ﬂaﬂnvnammnm SBHE

(Interrup Request) FAWTusu AT 9uiily [RQ3-7,9,
1
L o ‘U " [ LY
12,14,15  (indugeduinoi st cPU fawdy AT
adumad Ao [Ra uien o 9, 10, 11,

t2, 14, 15, 3, 4, 5, 6 |av 7 Tﬂﬂ [RAY ﬁﬁﬁﬁv

-53-



-1/70 CH CK

(S

ﬂawuﬁﬂﬁquwnﬁqﬂ uar 1RQ7 ﬁinﬁumawuﬁwﬁqﬁaa%qﬂ
dmiy XT 1RQ2 asﬁiﬂﬁunvﬂuéwﬁqmnnﬁqﬂ 799 0 A
{yfia tra3, 4, 5, 6, 7 dwTuTIEAYLDEAlUNNT LT
IINTDIUAAE DU LADT U Wﬁq1ﬁawnn171enwsﬁﬂﬁwﬁuﬁu—
LTSN LuR 1 N1 79 UL RO T TR
Taaﬂn%ﬁqumiquﬁanwusxﬁu "0" (AND DAY
midunetsun  cpu Tidevadnduaosn m1v Tidushy
Taglisni fusoemisfomuiravosiad sobiwIneTeny
w99 1BM fnduinodsunmeulniniaed (8259 Interrupt
Contraller) asQnTﬂﬁunﬁyﬁwqﬁnﬂ3ﬂ71qﬂau§qum5u-
LWO;§W5TﬂH1§ﬂaUﬂﬂﬂdﬂ@Gﬁ%ﬂﬁmi

(1/0 Channel Check) (JuY1AQYIGNUDNGIAIINEANAN

| 4 ]
oo o |

Tuﬂ17¥uﬁoﬁaga FINTIARRINNS TS SN RIRHE Y
AN TR SRR TUA NI UM TSR 0 -
uadiA Lalin i uaﬂqiﬂaﬁﬂﬂkuﬁﬂuanﬂﬁun17¥uéqﬁaﬂa
5@@ﬂmﬁazﬁﬂ1ﬁtﬁﬂnﬂiﬁutﬂa§¥w5 CPU Wy NMI  \%o
yonlh  CPU 57039170 Parity Error 3% CPU 9t
W3 9 89RI N YINAY W RAWAAITY uazaswqﬂnniﬁwaﬁu

(Halt) (W9 U961 ¥R5 1980 M1 L IRYD N THANAR
Y %

dund L1 luruaun1s DMA

DRQ1-DRQ3

(1

(DMA Request) (dmiufu AT a1y DRA0-3,5-7)

undaelilumsserhsuny owa Taeh prao §
515Uﬂ1ﬂuﬁﬂﬁquwnﬁ§ﬂ war DRA3 Hansuawddutent
AAMIVIL XT wasdmiuiu AT 1 DRQT  Agdide

AhAylosnian

-54-



-DACKO-3

(0)

Refresh

9490

Y4 XT DRQO 1@ mFuna3 vlstmingauan
worlauniia  Seludindonn prRao Aosoniniaaen  us
AWy AT uﬁ?qzﬁﬂ0@7Tﬂﬂlﬂﬁ1551ﬂ¥u1ﬁ1uﬂ17§Lﬂiﬁ
wuaﬂﬂ11u9ﬂuuu1ﬂuwuﬂaﬂuaa 599497 DRAO aavwaao
uasunuﬂﬂﬁnaaWﬂtuﬂ1uwﬂn7m 170 1al9awld 11emte
o133¢15on DRAO 1w DRas Al vedesiumnuiuan
fudn 5 ulselaundauans X7 Ctuigatuiar San
packo 1w packa)

N1T1aN7 DHA ﬁ115Tﬂﬂ1ﬁuwﬁqumiiﬂnﬁuztﬁu
v WarTDIunTEn e T URINENDINATIN DMA 990 CRU
TN TRT 19apudaIN DACK fid9manan
(DMA Acknowledge) ciqw%uiu AT =t(iu -DACKO-3,
5-7) 1 udauimauanaanivetn DMa uaaqﬂns& /0
tﬁaqﬁqdniﬁ [/0 3T TeTvuaNATT DMA e
FUNITROVAUDINGT LTURIENITIONT DMA wAun1y DRQ2
wario CPU FuTum e A DACK2 wondv

Souianuy XT sedmisunien breo Tuldlums
SulsrlaunSausufiony widanon -DACKo ﬁngnﬁaaan
Fasonsn  iauaneanum s sl Sauanay
aﬂﬂim 1/0 awu17nﬁ15mmﬂmi1ﬂ151unﬂi?aﬂiﬁuﬁaa
ﬂawMQﬂuuuimuwumﬂﬂﬂqumauuWﬂ
<L1wnziu AT) Memory Refresh)  Swinfiuiiowfuu
dnnm DACKO Tuiu XT A9 1duanenuiunissilsmiog
ﬂkuqwtuiﬂvaﬁTuiu AT 3¢5 0931 lunn a5 T mning

ﬂ??ﬁﬂﬂTﬂﬂﬂ?ﬂD%ﬂﬂ? ﬂﬂuuﬂﬁ1uﬁﬁLﬁuﬂadqﬁﬂWQWNWW
DRQO uay DACKO

~-55-



-Master

(1)

T/C

(0)

FUIRAIUAYAIY 7
Al 1

-MEMR

(¥1/0)

MEMR

(0)

(1AIETY AT) (Master) niaieel Fauty oA
Reauest (umsiirmvaseuuialuguiuns oua Tng?
i A aouTnyaia019ed 130 n DMA Request udi7o
aunivﬁo15¥un15ﬂauauaaTﬂﬂﬁqum DACK LNAN1TU0A-
i wdSeasdedunailany ceu seml¥usnnsats
AIFNLA UdY ﬂﬂuTniauatwﬂaanﬂus1ﬂ7atmﬂ wio lo-
auuuﬂuﬁ TR S DA naulnsaiaaiaeoasadn
wiamuduaasen nnunqz&vwmaunuuaﬂwu 1 WALy
oasoon 2 14iAs nounaennnwsonuuiatvauwﬂua ﬁae
Luawnﬂmmwmuuaﬂmﬂ1unlutnu 5 Tulardundi - foein
Jayantewiiieanus swspna |y la iasmnmady-
T NI 81897

(Teeminal Count) tﬂuuﬂﬁqumﬁuaﬂqdﬂiﬁ (/0
DMA Tﬁniﬂuiﬁiﬁuuuﬁaﬂaﬁ§uéa1uuu7unwi oMA iasy

Q v ] L1 cr ﬁ (1] ‘ ¥y U (
CHE PR Tﬂanuaoammwmut uwaaqwﬂuaﬂﬂim [/70
o & L]

(Memory Read) ﬁnu%uiu AT A9 1730070 -SMEMR
(System  Memocy Read)  widgmianosdusvenly
wﬂvaﬂiﬂuiwﬁaﬁDNWJBHNW%ﬂwﬁwﬁa WAEIRTY AT S
-SMEMR asujﬂmﬂtuutnﬂﬂ1731uvauwawmwuuaﬂvwnawn
aﬂnwa1u U wnne lustuaniing

(LAWIETU AT) (Memory Read) nwﬁwwnmi1ﬁ1ﬂﬁmmnm
Lﬂﬂanuﬂuamwwm MEMR Tu xt uuasuwawﬂnﬁunnq U7
ﬂ??ﬂﬁuﬂﬂudﬂtﬂﬂﬂu 1uaﬂag1uﬁaawu1ﬂﬂaﬂuqn 1 \uny-

1umu7nwsa1u

_56_.



MEMW

(%[/0)

MEMW

(0)

-10R
(*%1/0)
-10W
(x%[/70)
RESET DRV

Q)

-MEM C516

(1)

-1/0 CS16

(1)

(Memory Write) (RWFuTu AT Ao My -SMEMW
(Sywtem Memory Write)) uwﬁqumiﬂutﬁuﬁuuanqﬁ
wﬁoaﬂawuiwtﬁuiaganwnnwﬁwﬁa WAARTY AT S
~SMEMW qtuannv lﬁaLﬁﬂﬂﬂil8Ui0§aﬂﬂﬂﬂﬁiﬂﬂiﬂuiﬂ
%aénwa1u U cunelusuaniiny

(1AWIETU AT) (Memory Write) wﬂﬁqumi1ﬁ1ﬁﬁqum
\AganuAY -MEMW Ty XT ﬁuqvuaﬂﬁﬂﬁWuqn 1 VWIUNT
tﬁuﬁaﬁaﬁtﬁﬂiu 1ﬁiwaé1uﬁaawﬁvaﬂ7wuin t wnelun
TEOVERYRY

(170 Read) LﬁuvwﬁqumﬁuanTﬁqﬂnﬁd 1/0 ﬁﬁaaé M
ﬂﬂiéoiagaaﬁuwéﬂwﬁwﬁa

(1/0 Write) tﬂuﬂwﬁqqﬂmﬁuanWﬁqﬂnii 1/0 ﬁéaaé
ﬁwnﬂitﬁuﬁagaQWﬂﬂﬁﬁwﬁaLﬁvTﬂ

(Reset Driver) (unduafinonil noutrofisni3
e lfuseun ol $lumssian ceu uazgﬂniiéwq 1
Tusvuumouiioand iiuﬁogﬂﬂiﬁ 1/0 ﬁﬁaaéﬁva
(LAWI¥TU AT) (Msmory 16 Chip Selsch) e
il Svansrurlinads Aoen13{ud siouaiming
AN 16 1A 511ﬂﬂau§qumi MTTasdanase
\rauiy XT Ao fiimsiudadauatiar ¢ I d09At 010
Tﬁ1ﬁﬂa§auuﬁﬂ L6 1n

(LaWIETL AT) (Memory 16 Chip Select) B
5@@7&%1%U8ﬂiﬁuuqﬁﬂiﬂuiﬁ ﬁaonﬂiquéaﬂagaﬁuqﬂﬂsﬁ
1/0 fiar 15 3 o ladondad IRERITERIGHETA g
wrilouiy XT Aa imsiuasdeuatiar 8 Un doandaLiie

Tilatanamns 16 1n
b’

_57_



dona 13319 Wait States

[/0 CH RDY (1/0 Channel Ready) vwammwmuaunnnw1auaﬂnﬂ Tog =

(D Qﬂn7m' [/0 usawuaaakuawnTuawuﬁinn1awu1ﬂnunu
seuy Ao arsoomami vl angias e
MUY Wait States TﬂﬂﬂﬂTﬁﬂqﬁﬁqq1mﬁuaﬂﬁﬂ1uﬁ1d
LAk 170 S udunaeinnnanlAnuoniaTd,  daae

-MEMR, &0 -MRMW, §qne -10R, duaam -[OW

OWs C(LawIesu AT) (Zero Wait Stabe) A1SWDARWYD YA
9
v

(1) awmﬂmuqzuoﬂu1u1ﬁtnﬂﬂ17a§1a Wait States |pyof-

Tuifiudo nsfieeifn Wait States %u15qsﬁao§uaé
ﬁuﬁqumﬁ Lﬁun17ﬁ1aﬂuquuuvuﬂﬂiéwuniauﬁagavuwa
18 1n Tnalild wait states virlslagnira¥edunn
OWS  AINAINNTITH LAOLDALATA uasﬁqum%1%1uﬂ17
DIMTALIEY ¥TAANTAR Wait States |uyuINnITonw
igudoyauin 8 Tn i indniiiay 2 Wais states tin
TaTns bidunon ows  woadlndsaandaniasny wioldou
Tdudy 1 mdien Tﬂﬂﬂﬂﬁﬂﬂ?ﬁﬂﬁ%@ﬂmiﬂﬂiqﬁtﬂﬂ%ﬁLaﬂﬁ-
Hﬂtﬁuuuu Open  Collector %nuﬂivuaiﬁ 20 mA

(Siknking Current)

Aauuiilng
CLK (System Clock) @3y XT 11dan aiselmunyTesn
(0) 4,77 MHz uaaawa»xaqnaﬁun1ﬂa1wsuauqnu Y

dmiy AT NPT TH— waaiuvu1uuq 914
nuunvnunaaao 15 MHz
Tonins PdaiiniAltiAs 50%  (Duty

cycle) RW3U CPU 1107 80286 HIN14 Unduyimuilm

-58-



nloulwaeuarudidy 2 1n1199AN0N CPU 11973 UA

u cgd 1Y o a: ¢ S
ﬂﬂﬂ@@ﬂﬂﬂﬂ?ﬁﬂﬂﬂdﬂﬂiﬁﬂﬂtﬁu 2 ymyedamupn CPU

-] J L :d 4 o Aﬁ. ! v A!’A!'
N ITUUABIIVEIWUNIL T IAINAVOININUAIUIM CPU

9t LA
0S¢ (0scillator) Lﬂuﬂﬂammwmnunaﬁunaa Ao 14.31818
(0) Wiz eadesdnatiavatidn waelifeTariaty

t v v </
fuwwdu q Tuseny doln Seldarrirdanadilyld

v a { o Y
Snmadanvasansa 1/0 Mnaadiuieyy

4,2 M1IAIUANTLIULALAYNTS Decoder
9

4.2,1 ﬂﬂiﬂ?ﬂﬂuﬁﬁ quTBUUﬂDQ [BM TEUULAANNTA
b ]

wgnladnatin A THUUUANIILALY WAETEUUNAADINNY  TEVUUANILAYIY

Teun wontasala wasliandvausing o fadwontiseeld Tei - state

buffers Lﬁuﬂaﬂvumuua viu Tofives 7alsz4s damusruuasiases
malaun UELERLCIE aztﬁuaﬂvmzuaaﬂanﬂelun17ﬂ1UWuuaﬁuﬂuarmaoﬂﬁ
bus transceiver Lﬁﬂﬂﬁﬂ?ﬁﬂu g 1Wﬂtu17 74L5245 tﬁuﬂu Qﬁﬂiﬂﬂ
4,4 \ﬂuﬂvaﬂﬂanﬂiﬁvuquua ﬂquanaga. TauaninTa uaLianIuANL) TR

oo o a 1 ( a ¢ v
ﬂNﬂiWNQWLﬁﬂ%ﬂﬂﬂi@ﬂtﬂﬂ?tﬂﬂ Qﬂﬂim Buﬂﬂ/kﬂﬁﬂwﬂ nuIvyy IBM

_59_



JAL3245 B et
Dad 7 e ver

(43 00 ~—=2{ Ay Al 800
1a8} 01 a2 a2 :.' 801
ia?) 02 ——;1 a) [ 3] T———- a2
{461 03 —— a4 8 203
(48] 04 —— a3 PPy L
441 08 — 10 e -:_:— 308
(a2} 06 —3{ a1 g toe
{A21 0 ——f ag 84— a0?
13 . ]
H orR —
e — 3
F
3 1
T4L332quma R L

13338 yoed AND

r4.5204
"o state Sul'er
2 18
B4} [OA ~— 1t 12} T ik
013 5% ——1 <2 v? Te 3low
(A31) A9 — 13 Y3 2 340
{a30] A1 —‘4 x4 Y4 .—-— 8A1
[AJ9] A2 — 15 vy _,_'— A2
{AJ8) A} ~——1 8 Y8 . §A)
'
A2 As T x? ¥? :——- [ FY]
{Ale] AS —T 13 AL e B PY
1 5
l té)
-l
3 rasis
= 1= date "wlter
28 18
\J8) a8 ——] 11 Yl p——— 345
. ]
JAJE] A T a v2 -T—— 3A7
L)
LAY Al ——— ] Y) p————————— g§a3j
)
A2l A9 - ] a4 vé L B . dA9d
.
arn, AEN—”*A) rs-:———uw
18 HELET Dy s VO e § g3k T LMY
1y 3
8.0 CLOCK ar V] ——— 0
—'71 p aCLCK
_] 3 f) Al ——
Wb
M
19y .
F}‘ 3]

.=| L ¥ ' v [} L 7 v a ‘
JUN 4.4 RI0YVINITAIVANUA FIMIUNITATIIIFTOULADT LW
v L]

4,2,2 N15 Decode (Address decoder)

M3 Decoder womasa idesniarlilenty 19191190
nsern 18 lnel Flodsman Decoder i lHiialWlnuoninsamunasns aof
1anarauuaalusate 4.1.6 91 uaﬂtﬂsaﬂaouaéﬂﬁuqn/tanﬁqﬂ TR
s a1 i aeaéquﬁvo 100 - 3FFH ty auwRiniaweonizle
WOMLATATIS  300-31FH  LINSINIu 32 WeTW LTI WITONENIITMN B9

wd UAN 0 sufie 1an 10ld6 el

-60-



A A A A A A A A A A (H)
8 -3 3

9 a 7 3 2 1 e}
1 0 0 0 0 0 0 0 0 - 300H
1 1 0 0 0 0 1 1 1 1 - 30FH

1 1 0 0 0 1 0 0 0 0 - 310H

1 1 0 0 0 1 1 1 1 1 - 31FH

INMINITWIENUIT A_-A_ 9wdin17LdRnuutasnanntun
v v
1-16 M99 957 9100UaRLHTAIAUN 300-30F war  310-31FA7uLL 379807
v ) v
Tinanis decade  dm5y A, uuaxunﬁitﬂaﬂuuﬂacaﬂ 1 Aol nuRarea
ﬁqquu71ﬂﬁauwuﬂ17 decade twataanAﬂﬂaonnauﬂﬂtﬂia 1 -16 ﬁao1wu
WAy A_-A_ uu‘uunﬁitﬂaauuﬂaotaa tuﬂﬂ:)Nﬂﬂﬂﬁdﬂﬂduaﬂtﬂfaﬂﬂﬁﬂﬁi
decode  1979v8u 971985 U5 en hsunda 1d tearunuae 29anidSey
4
f<1 | TN > a Yo ‘l'
iNgy (comparator) 1ﬂ1ﬁ71n1uﬂ17 decode f7Y aﬂuﬂinn78n11ﬂﬂ07ﬂﬂ
= Y

4,5

23 a w 0 o eanmnvaen~oa O Ul W
8 GREEREZiIERRER 5 Cerminavil e £ S 2 A
- . O ic oo © ez TLEnE =
cacsecezzzE EoZC3ECECE8ESREE A
N
J
1)
-'nln‘.’ml.l-.l-l,Isl:lzl:L El:‘ -,.-.|-..¢~..E:c:‘_’e:‘ "|'J*l-'—J:‘—’5 e
------------- 2w ow O -6 M eN O ~0e @ 3 - ~
. § ¢ o $/85583¢55 f
3 b L <
5§ 2§ g
X2 Fe g8
lc<ouva I3 5 leevo B 15 Slezecctier »
2fzlzle] o] = :]::2:: ~[~Tel=T=[=f<l=] -
1
b
_{>c"§!
ez ne 2 aesee z
« <
2383 2 L] ss3ds %
<

zﬂﬁ 4,5 WANYII95A79819N1T decode WaRLATA

_61_



4,3 8255 OuWﬂ/tDWﬂWﬂﬂUﬂWTWutﬂOTtWﬂ

¢
4,3.1 anymsn11ﬂuau 8255 . tﬂuqﬂnsmauqn/tawnqnuuu

¥4 u (PPl = Programble peripheral interlace) Qaﬂiunauﬁ3ﬂ 3
WOIR 3ugn/tawﬁqn unaewpiRiTINA 8 T Yulo wadw A watn B,
waém C ATV waén c &u neuﬁotﬁu -up (PC_-PC_) Udx C - low
(PC_ PC ) nwaTumv 8255 (D9 LN Control Registor tﬁutawnwn f

Qvuaﬂﬁﬂﬁiﬂﬂ 4,6 lﬁu1ﬂjﬂuﬂiu nwsnwewunwaWu 8255

]

A}
c .
H

T
H

Py 22

|
]

PN B
|sgupags|
IR ]

oA
3 2

Y

|
i)
;

B8255A

L

:
1
7
.

- — l -
A . A
-ar
.

1
‘;R
H,
+
- H
i)
3 e . -
I H
il |
12
aNalaTalalalallalalelSNaHIUITENREaN NG
13

[
—
]
r
4
§
IR BRI

I I T I T .
UUUTIaOoauUtIiIaat

LI I B

7 4.6 wanslmorunsumamumaly 8255



4

awnzdﬁ 4.6 U31EALLIEA AN

1) TS (Chip Select) tﬂuﬁqum%ugn aeii 8255
x1TaRARENY CPU 1A

2) RD (Read) tﬁuﬁqqn%uqn R 8255 éaﬁagaaanuw%
iatayaves CPU

3) WR (Write) tﬁuﬁqumﬁuqnﬁqsﬁw1ﬁ cPU dvdiayaun by
8255 (f

4) A WAy A (Address) tﬁu5QQW73ugn 0 vwiafiden
wa3n A, B w32 C 1u§nvmsnﬂiﬁwowutﬂuﬁuqﬂu?atawﬁqn

5) RESET Lﬁuﬁqumﬁqﬁtnﬁaéuaén WAy Register

4 « v ) (
6) PAX, PBX, PCX (UuUa70N;12I0ARLWATA
']

8255A BASIC OPERATION

Ay | Ag| RD | WA | &5 ' INPUT OPERATION (READ)
0 0 0 1 0 ' POAT A=DATABUS
3 1 0 1 0 PORT B - DATA BUS
[ 0 [ 1t | 0 . PORTC=DATABUS
! , OUTPUT OPERATION
| . (WRITE)
0. 0 1 0 0 ' DATABUS~PORTA
0 . 1 1 0 0 , DATA BUS = PORT B
110 1 0 0 | DATABUS~PORTC
1 1 1 ) 0 . DATA 5US = CONTROL
| DISABLE FUNCTION
X X X X 1 ; DATA BUS = 3-STATE
i 1 0 1 0 ' ILLEGAL CONDITION
x| x 1 1 0 | DATA BUS - 3-STATE

t ¥
FUN 4.7 WEAINITNIIILL UDIAUYDY 3255
V]
LTI 3o Mode mMImanumelugn 8255 1@ 3 Mode
TﬂﬂWﬁTﬂiunsuﬂvuqu o
- Mode 0 (Basic input/oubput) lﬁuﬂ1ilgaﬂ15 3255 ﬁﬁ
a ¢ H ¢
am BUNN/ LMY TOdUNATR
—é’ode 1 (stored input/output) l.ﬁuﬂ’ﬁlg)'aﬂ B255 ?}
¢ 4 {’] a . ¢ ¢ v a ¢
WDTR A UALUATM B LIUDNWNUARLANUN UALWDIA © A 1§ lun1TE9R10 9

w 1 ¢
nniiuaaﬁagaﬂaawaiw A uqy B

_63_

4,3



& v {
- Mode 2 (Bi-Directional Bus) Lﬁunwsxaan1ﬁowu WOTH

a Tiutaaashante Tagnsld watn ¢ xﬁuﬁvﬂauqu

L ADORESS BUS I
1 TR 1L 3
1 1 T
1 TATA 88 1
[iiﬁ T Il
B0, WR o6 ~a
3|
82584
00E 0 —-‘[ . (4 R .I
0 @o o @no
e, e, ", e, e, " v,
E MooEt —e] B ,______c a T
| 2o [[1] 1] 3B
rs, e, G%:-L‘gt c%':r:’gm (TS
wioe 2 —-{_8 § AT
ST e
I s, Fey, powp.rp *a, o,

4.8 wansnramplanns | luaniay Mode

H 5 : g <
5 = z 2 <
a v < -
T8 5| s1%- Nl 847 TR - P BN
3 | 25a 5& | Z== 3| 358 52 [ 2338 o2
2 |ves =85 | 258 g | o35 | =85 |2g88 bt
B |z25 | %28 | 233 Ol =2z 223 755 3<
: v 2 T ES P
225 | Roa f F52 225 | B2a | %852 i
a —_— I '
|
| i
a l
| i
~
o =]
3
g -
a
=
]
v
E a
-]
o
d ml
n'—] ?
-y

‘Zﬂ?}“ .9 llﬂﬂ\)ﬂﬂ?ﬁ?“ﬂﬂ?ﬂuﬂﬂﬂ'ﬁﬁﬁ o‘m'luuviav Mode
Y

_64...



" aniﬂﬂ 4,9 uaziﬂn 4,9 Lﬁuiﬂuaﬂaanvmzn17masvuuuaﬁao
8255 Tuusiay Mode uasnwsnwuuﬂiﬂuuunninw01u1uuﬂas Mode auiﬂﬂ

R%laﬂﬂ nv1nuano1§1uﬂ19wu1n

4,4 WANNITYD9 8253 (Praogramsble Timer Counter)

a253 dulotnudnlnousenduina  1i9unvlnTasTis-
< l o ﬁ' -] va:o L n:u a' v
VERLTOTIUNR 8 UR ﬁanﬂwuﬂnnwuuﬂﬁiutaannﬂunﬂaan17tu01ﬁﬂ1uqu
' o ° " o {E o v
2a5udn melameainldsunswannlaTaslisigaiens  Hlaseady

nwaquﬁaiﬂﬁ 4,10

(=] -— ~
A ;- 7 f=fa Mo
. Y bl () S S
o C Q0 L e O (SRl o]
1} bt .
S @i H =Y i
1 ot (Y S :
Pt A R iid 0 i
vl §
COUNTZR COUNTER COUNTER E N
=0 o =1 =2 i 4
I r <
. ! - =Ny Bz
P % > ~
r | 2 =
T SNG4
] i z
b ) ‘it L I 2
/ "3 71
- ) 7 i
] W/
| bl : !
.\ 3 Hy> | ‘
CATA READ/ ! COMNTROL | :
BUS VEITE --} —~{ worD P !
BUFFIR LGSIC i RIGISTES ;
{? ] II ! g
[ .}%3 i 1 i
D - | P
52 2 s2 e
>3 i
~
a

Tﬂﬁ 4,10 uany Block Diagranm
v

_65_



90 Block Disgram 9£4MWINI0974Y 3 fAa counter =
0 , counter = I, counter = 2 2IITNUAALAIILFWM CLK  Uay
GATE Lﬁuﬁuqn waw 0UT i tawﬁqn 8 D_-D_ Lﬁuivuuﬁaiawatﬁaﬁﬂﬁa
fululas T gaed Ndgg Ay RD, WR waennTiden A, A mann
WML €S nwa?unvuwaatnavmwe 1 LﬁaﬂauﬂuunuuaﬂoanwuunWT
ornvoelod fsrzae Sonsenalii

4.4.1  PININTDIITIY

93TUUUAAEAT EUTENDUNIBALHWNAINAEUIN RO CLK,
OUT way GATE uRawimnaawtwinisons i

CLK dwnm CLK ®3aduyinuiin tﬁuﬁ@qﬂmﬁﬂauqﬁﬁuvaaiﬁu
diarnsiy  veas i s sasdindaeniao s Jau Juneasiumin 16 3
ﬂaﬂuéaaﬁﬂﬁaeqsiqzﬁu1ﬁ§éﬂﬂ73ywm 2.6 MHz  @ruanwian lidiasann
nanada awiulaauiletng 0 Kz e 2.6 Mz

GATE tﬁuawwﬁmﬂuwn s Juenda- tﬂﬂammwmuwﬁnWﬂuwn
LwaasquammwmuﬂﬂnwuvuTww':1u ﬁiﬂtﬂuamwamﬂﬂzuuﬂnwat{uﬂuwﬂonWT
$u wiife0e GATE SasTutumaniualnannsmiseoe 8253 Searusn
NsA b ana8 IsunIu

ouT tﬂuaww:mtnwnuﬂ ldaannsieo 19315 Lﬁuﬁwmwm
;awnuﬂﬂaqiﬂqmﬂasluﬁu ﬁaﬁwwnmtﬂvﬂwn;aswuﬁanu1WUﬂwﬂaﬂniTﬂiuniu
At

4,4.2 aatﬂaaﬂﬁﬂ1unaﬂﬂmwﬂa 8253

nsnsenmus it 8253 Mo lamedaan1sinnsninuase
-] vy [} 1) v & of o l =3 - -1 llﬂ. -] [ Y] o~
nTem 1amen 1 TaE s 93 3dinas e luty 9253 TIBLNDINAIANAD

oo (C“ o \vJ
Mode Word Register (MWR) Lflu'i'a'aLmainuam‘m‘mown\muﬂnm B253

-66-



[<} 1 v ] o ] L) t L du vy

ﬂﬁ“ﬁ?W?Q?T“UﬂWH%HﬂDO B253 N MNUATERONY uﬁ18ﬂ7ﬂ301ﬂ7Uﬂ17
ﬂ?UﬂMQTﬂ??ﬂlﬁO?u ﬂﬁ?Tﬂ?Hﬂ?NﬂﬂN?ﬂl“u]0Q7uuuWaHﬂ7lﬁﬂ?ﬂﬂlﬂﬂ?ﬂqw
ﬂﬁﬁuﬂﬂﬂﬂﬂd 9 Rd1ﬂ1ﬂﬂﬂlﬁuﬂu ﬁduaﬂﬂﬂﬁitﬂﬂﬂ“ﬂvﬂﬂiﬂ?iﬁﬂﬂﬂd??ﬂ‘

tﬂ@?ﬂﬁﬂﬂ%@ﬂﬂﬂ?ﬂau ﬂd“ﬂﬂﬂTﬂﬂﬁiﬁdn 4.1

?33Lﬂ84ﬁﬁﬂt§an RD | WR | A_ | A NN
29334y 0 i 0 0 0 Tuan2993iy 0
24951y 0 0 1 0 0 97U 995%Y O
293700 1 1 0 0 1 Twanraasiy 1
29354y 1 0 1 0 i 299Uy 1
29931y 2 1 0 0 1 Tuanraasiy 2
29374y 2 0 i 0 1 2129378 2
MWR ¥30 CWR 1 0 1 1 YT MWR

MWR W38 CWR 0 1 I 1 Tuiinrsman

AT 4.1 WARINITLRINUAYNITIN9INTAITIRLADIAINAR WAIVAN

Conbrol Word Register (CHR) |JuiSatmaivutn 8 im fu
vauwwiuﬂtﬁaﬂWﬁuﬂn17ntzwuvunnwnuUﬂ:a1u (s wua T s
qwuwﬂaauaauuﬂwtﬁunwauuuuu1uuﬂi Wunamnaztaan1w1qatwaiﬂaunﬂowu
1alagmasnmun i A way & NRIL nog

25MA03eNy = 0, = 1, = 2 UAAYAI189799T9LMINUDATE

I W Jaa { a AJ' ! AI' v \y ] v !
ﬂ@ﬂﬂtﬂuTQﬂLﬂﬁﬁﬂuﬁﬂ 16 1n ﬂtﬁuﬂﬁtiuﬂuﬁaﬁﬂﬂﬁuu 1uﬂmsn1ﬂ17uum1

_67_



f=" =1 .’d a:: -] v ] 1 oA Q’ L'}
Tus3aimasiaes taouutasly HWWW?HUURWNWTQOﬂuﬂWTQﬂ\ﬂ071ﬂnﬂﬁm5
° ac { ° vy
uaunwsnﬂwuﬂuaﬂLnianaosaanmasqu 8253 11 lanae Ay A u5E¥naY
a9t BD uat WR AoUaRIluR1T1en 4.1

4.4.3 p15ldTunsy 8253

6 ‘; ' H v
NN NNYey 8253 1uuﬂﬂHTﬂﬂﬂuuQv1ﬂQ1ﬂﬂﬂiTﬂiuﬂTN
° ) ' a aa { ™ v o
ﬂ?ﬂuﬂﬂﬂﬁaﬂﬂuﬂﬂﬁﬂﬂﬂd1u7QﬂLﬂ87 “ﬂﬂGTWﬂRVLOﬂﬂﬂdzﬂﬂ 4,11
D D D D D D D D

7 -] B 4 3 2 1 o

[ 2]
-
Q

SC‘ SC RL RL M M | M BCD

o 1 L=}

a' - a § uot'J.::
TN 4011 UARIAIININDTAIINATY lyseaardailalsunsy 8253

AAMINBYaIINAN 1Y Ao D, WAy D_ w30 SC, uav SC_ 9v
i Susdon asasivnselusunsalnfnniaivan neuise i sasiy
¥rau seas Tisunsuaimnaslines A1roe D uay D 3wuAIIIMNIE

RINTTIIN 442

D, D_ \Ran7 437N
0 0 0

0 1 i

1 0 2

1 1 1uld

A1319N 4.2 WIRIAAMNIBTDIIN SC uRY SC_

_68_



@9 D, wae D, awiwiiwualian svosdayansy L 1iy3da-
93 lay RL_ ude RL_ 3A07aMan8fien1597m  (Read) w3on15 1uan

' ) '
(Load) FI49LUININUMBOY KL WY RLO AIAITIIN 4.3

D, D, LRON7 99T
' [} v [ ¥ "
0 0 | MwualEI9asuLan AN
) o {; aQa
0 1| owmSeluanluag 8 Inan o)
1 0 | drwmTelvanluaae <8 Inuw
H I g u’av v v h’
i i anuwsa1vaﬂ1ummﬁnauuavﬂwumvs1Uwga

17791 4.3 USAIAIAMIIELIIUN RL uay RL_ lunisenuwnialuan

D, D_wax D asﬁwuﬁnﬁﬁﬂwuﬂTuuﬂnﬂsﬁnanuiugﬂu A
wanolumsod 4.4 uﬂzﬁﬂqﬂﬁﬁaﬁa D sedmuasunm il Juwuy oo
wialuni  dain D vlu s e unariuue o0 wardiidy vor e
Vi sy Toung nﬂﬁﬁuquTwuﬂ1uuﬂ?avtﬁunwsﬁu15é1§a§ﬂtﬁu 2'®

w30 65, 536 uaaedwury Bco aeiule 10% wdp 10,000

_69_



D D D Twamninun
3 3 1
. o (u‘ng (1]
0 0 0 | Twun 0 : BuimoITuniARINIINATIY
' . y o d.
0 0 C | Twwn 1 ouTuTuaon Samunnis s
. I'4 I'4
X { 0 | Twum 2 ¢+ (IRLEUUDTITINDT
x 1 t | Twwm 3 ¢ afodonadonfian
3 s a ¢ I'4
{ 0 0 | Twwm 4+ alosiwTonSnanagounuag
g o & w ¢ é
{ 0 t [ Twwn 5 ¢ alaswSansnaraansuns

AT 4.4 UERINEINNITIN 180 Moo M M Tunnsrinmua Tras

A7 LU IRs O

a9 s aduL ma3 Sunannm iy
aTysunsuli 8259 shorululnwn 0 299 Iuaxﬁuﬁqqﬂmﬁww
CLK ﬂﬂ%avaﬁuﬂﬁiﬁUﬂaawﬁq suailu§iaimntidn 0000 Hudaildun out
w997 svsiuAn iy 1 ﬂ]ﬂuélunﬂﬂﬂuﬂulﬁu e T Eee g sud1aeeg
uvar g Jﬂﬁiiﬁnﬂﬂﬂlv:1ﬂ1uu ﬁianuﬂanQUNﬂﬁitﬁﬁTﬁuﬂﬂﬁu Tumed
TRV UODERRY liﬂﬁﬂuﬁiﬂqﬁﬂgg o GATE (iRl Sants iy

v

IJ
ﬂ']‘aﬂ’il')l 75?!'!1.'}15!)3?'!'!7 L

u

g
~ I | (’
IMNYY GATE Aty "on W0

uu

ﬂ@@ﬂ)iﬁﬁaﬁuTuTwuﬂ 0 RIuARY LusH 4. 12
b}

-70-



MNiode O

e UYL gUL

1 1
{ 1 1
‘ WR te=a I 1 ; Ltn=2 [
4 3 2 1 a 2 1 0
\\ | OUT (GATE = W) 1 | ] [-———
. ; ;
l T VR (n=d [ i T
| {
| ' i
l GATE } I I ;
’ 4 4 3 2 1 0
ouT ! ! |

T 4,12 uaﬂeiﬂﬁqumnﬁaﬁwoquuTuuﬂ 0

N5l 1u vum 1

TuTuvaia vanlysunsuan la
d .:'4’ ( ﬁu‘a:u v v
Tulwunl 8253 ILUIN L OIMUNL wiaanysvaandt e o

s ""-cn:o | v ¢ a ¢ u
ANRUARINAIRUR ﬂﬂﬂaﬂunﬁwoﬂaawaaastﬁuaﬂuautﬂﬂuaaaqumuwﬁnw n19

. S s " e o quwe Ao
n5n2995 W luauni Tan llsunsuaa 1ad %ﬂLTNﬂ?ﬂqﬁﬂﬂdﬂuquﬂmﬁﬂa@@ﬁm

v d . A -
GATE Lﬁﬂﬂﬁ%ﬂﬂﬂﬂﬂﬂﬁﬂu Rauand tugin 4.13 nauﬂvuaqﬂuammﬁmuwﬁnn

' . - ot

A8

..71-



Moda 1

XS [ I O O O O

WA ln=4) | [
GATE _ Y
a4 3 2 1 o0
| out L 1
GATE { | R
4 3 2 4 3 2 1 o0
OUT in= ) | " 1B

7 4,18 wanestdyeitenielulme 1

REAU TR UL T

AL iavaduay q Ao ing
Tunsiii1# 3258 sanululnon 2 § 8253 aviwindifurans
¥17078 n uwLﬁﬁﬁgﬂﬂaaiaaiﬁuaxaﬁuaaﬁﬂ TS RTON ﬁqu&uwﬁnw
ﬁaanvaﬂivwiﬂovauﬁqumnawﬁgﬂvmetﬂgauaﬁn e W or iy
Araensimeaas 1u33aLnas 10975y %aﬁﬂﬁmszﬂﬁqqﬂmwaanﬂﬁﬁwaquu

Trwa 2 aoumslusin 4.14
v

Plode 2
[ WR b o= (n=2)
4 k] 2 1 4 3 2 1 2 1 2
| OUTIGATE = 11 L L 1]
[ GAaTE { 1 f
a 3 2 1 4 4 3 2 1
OUT (n=4j | | . L

i 4014 wanastdunn diamonluluen 2



v - v v LY ¢ a b
m3lieululuwn 2 drsdesnsliladuymiaminiann
f 638 Hz 9 |AAULIA 1567 us ﬁjTﬁﬁqumuwﬂnwaugﬂﬁnw CLK 1 MHz
sumpatnumanh L Tdsunaaauy Bep 1w 1567 (Hudu

M3 gaululnun 3

3519AuTR L H Ry
v y ] ‘ 1
o L] v LY ! LAY o o
Tulwan 3 & semoameinluen 2 wiselidmaniemind
fauiaantduasin 17 wazasdn "or tnifu  wRdwnTlaunTaRannTiy
Timndacanidniand dommaelsasin “1n (fu (arn/2dauan%n "o e

18 (n-1/2 wanestduwnismn ey lwun 3 ﬁozﬂﬁ 4.15
v - W

cLx __{_l {1 y -] | AR AN A AN =N —l_m__l—‘-_fL

B n =2 ](n=“__.,
AN, VY abvkle AP YR & 2 \§ 3 3
| OUT (GATE = 'H) I ] ! [ L]
[ gatz el \W(I
AN XY S 2 o Mened = A s 4
ouT tn=5 | | | | f

TUn 4.15 uaﬂozﬂﬁmmﬂmxﬁaﬁwawuiuTwnﬂ 3
“ -~

n171daululnun 4

y ¢ o
TsaduriminuToalas

2 X vy a4
Tulwwat iranwnsnTdsunsunsvasinliliomundarmam

1Y -] C: v O a‘ﬂﬁ ( o & 3 <)
poemg e netieuss Sawioiesa et eariu i ung Twan Saudae
uaviiinreasluladunng Ivant TauTon  waviloreemin q aasliliTen q

[< ‘ r-3 ‘: o ‘

AudA1 Ly 0 Laﬂﬂqnav1ﬁtﬁuaaqn vov  (Huiaawiioiad (pulse) 19
dareuailinauun waresduandn "1" SnAsy %0uﬁﬂ&1u2ﬂ5@q1mﬂﬂiﬁ1

ululnwn 4 5uzﬂﬁ 4,16

._73_



' Mode §

e LT UL

t [ WR | |
. ’ ‘a 3 "2 1 0
| OUT (GATZ = "H)) [ |
i [ caTe ' | f
| 4 4 3 2 1 o]
| out L

1 4,16 uanastdug o ululran 4

s g inee 5

THasanrinsnnsoalngy
Tunsin 5253 sorululnm s oy Suya s ninae L dus
ﬁﬁﬂuﬂqﬁléuﬁuﬁﬂﬂﬂiﬁUlDﬁﬁwﬂﬂvlﬁuﬁjaﬂ vor (fudraiaan o AU
VIR AT NN 99T arnwenuTuunuquwaauﬂvnﬁwlﬂ pARDREgl!

lNUﬂWGTNTMiWNﬂ 5 ﬂﬁuﬂﬂdquiﬂﬂ 4.17

GATE L
4 2 2 1 0
CUT (n=4) ! l
GATE LN_ 9 japarywe |
4 3 2 1 4 3 2 1 0
CUT (n=4) . I I

Note: *'n s the vaive s2t in tne zaunter,
Figures in these diagrams refes 10 counies vaives,

7ﬂ% 4,17 u1navﬂ&mm1mlunnwaquuTwuﬂ 5

awnnﬂaxuuzuautﬂuwannﬁﬁﬂﬂawu waen111d9unas 8253 4
Tumsnduned vl Louiuesininod a¢ld 8253 Justmunaameh
iRy vaastﬂéauﬁqqﬁmauﬂﬁan udanwdsnes fouanalunesres

¢ o ¢ ¢ ¢
N1TANNLADT LA L EULUDTL T L MBS

_74..



4,5 NTRATIIANIULTO (Wait States)

Tunnsoonuurrasrduaed g L insswlen &uﬁﬁa
ﬂ17ﬂ101uﬂ803ﬂﬂ7m auWﬂlljﬂnwn seienulitufumoniotner Rokum
CPU 1293v]l ainwsﬁasﬁvﬂ1nﬂﬂnimau n Adadin swsameny
wiounuln lﬂaﬂnﬂluunavﬂuvun17vﬂa cpu 14 lureuy AT BOS At
sy deiniing Celock) 1nny 4 an wiiiio cPU ﬂﬂaﬂﬂﬂﬂ
nunﬂnimnnwanuﬁvnaw qsunﬂstuquuvuawmwmuﬂﬂnwtw11ﬂnn Wi 937
Rmmﬂmﬁaduﬂﬂtﬂ?ﬁﬂiTﬂﬂﬂﬂUﬁTﬁUUUﬂﬂﬂ? ﬁaammwmuwﬁnWHtwutvw1ﬂu 157
L3907 Tw ﬁ0ﬂ11ﬂﬁ)dtlalﬂﬁdﬂUQuﬂﬂitwu%u %aqsnanﬂﬂnimnnﬂowu
$1n91 ceu auinarnlasie TuTeuusas (BY s ceu nauaqumaugﬂuwwuo
ldaqﬁaﬁﬂiﬁﬁﬁﬁﬂﬁuﬁﬂﬂiﬂ ¥UILIRINTTNNNEAY CPU. D [/0 CH RDY

] v

QW%]uSwmﬁmuIQHWﬂtNMtﬂl1ﬂu38ﬁuaﬂﬂUﬁunﬂddﬂU7uﬂl?ﬂtﬂﬂﬂuaﬂﬂﬂﬂﬁﬂm

L?]ﬂﬂﬂuimﬂﬁ!UW?QﬂﬂWGTﬂ?)Mﬂﬂiﬂ kﬁu ﬂﬂﬂqu§8UU AT BUS tnﬂuﬂllﬂﬂ

ﬂ@ﬂﬂﬁﬁ?ﬂﬂ?WNQﬂ (memory) Qﬁuﬂﬂitwu Tw tﬂﬂ1ﬂﬂ@ﬂﬂﬂ1ﬂ“ﬂﬂsﬂﬂ1uﬂ77
Y

o . ua 144 \”J o ‘ ﬂ' -]

Tﬂﬂaﬂiuﬂﬂ 1%ﬂﬂ3 KT BUS 1NN QﬁuuquﬂﬂiﬂaﬂuUUﬁﬂﬂ?ﬂulﬂﬂiLﬂﬁ nmn

UTINNY CPU axapeRt R n o luanlnag
£ 9

_75_



170 CH RDY

ae _[L
SASSA,, X VALID ADBRLES
MEMW _—L_J_
" o0, X VALID DaTA )C
(n)

rl T; T\ T -aT r‘

1/0 CH RDY 1 f
ae _[ |
.
SA.SA,, _ VALID ADDRESS
MEMW - ]
X
0, 0, X vaupDaTs

|

(v)
‘T'Mt)
T, T. T, T,
e Y| giekd. € (V) (27

1 O CH RDY : '

........

i w -
LAR0INTITUO0" Wan Siate
ae 1 J
SA,SA,, X VALID ADDRESS
MEMW ! I
e

[ T | u‘ .o ’ o >
(a) (Fudziflunidrqunrdn-
U8IABINTT Wau State

SUf 4418 WERIMWUELIATUDITYIY KT BUS ngh
(n nuvunwitiﬂuﬁagﬂTﬂa1ﬁ§ Wait State
() wuvunws;%ﬂuﬁaga Tholl Wait State 1 1ad
() IUIUNIS91% 1m0 100 Wait State waedl Wait

State TINNU

-76-



E e Ty ——re—— T ——»i

‘ ax L[ L1 L.

INPUT CLOCK
TO PROCESSGR
(NOT ON 1O .
CHANNEL)
10 CH RDY
ALE | l
SAgSA, X VALID ADDRESS (n)
LAg-La, X VALID ADDRESS x
} SMEMW — '| r'
DyDy + X VALID DATA
’ . ’ —T, ‘ Te—— T, ——a4
ax :
INPUT CLOCK | L | 1 f l
TO PROCESSOR .
Rl e W i
CHANNEL)
1/0 CH RDY _—l—_l_—__.
: ALE ‘ I
SASSA, X VALID ADDRESS
La,, e, X YALID ADDRESS x
SMEMW l , l
Dy X vaLiD 0ATA

)

Eﬂ% 4019 UFEAIRHNETLIATUDY TYUU AT BUS lmam
(n ﬂuvunﬁiv%ﬂuﬁagaTﬂﬂ1ﬂ§ Wait State
(- 1M 5 INGaNa 1ANI5 Il Wait State I
ﬁﬂg (pulse)
aﬂﬂzﬂ% 4.18 war 4.19 tﬁuﬂﬁiuaﬂoﬁﬂ&muzﬂ%ﬂovaaﬁqqﬂm
Tunyrunnanneq TuTeny XT BUS uag AT BUS |uAn7unoaninesn (wait
stsbe) tu awhaaiinlauendonam i o Tafredonm Wait

4y v
state 1ﬂﬂﬂﬂ80
L]

..77_



unn 5

N1T09NWNYD 497 1 E9%

) i o
aNn1IN 101949 Interface Generstor UMM 2 WuLT7
oﬁ ' Clv ua':’
ATONEN2 99500 AL TN 4 @7 Wy q fel
o ¢ - 2 v

1) 79979179748 (Interface)  Feagdvenaulvannees
v v .’ F-" Koy ')
YaUdided (Bus Buffer), 79350 1AALENIRTe  (Address Decodeer),
2IIFTIANINYTD  (Wait stated, 209mnTdammauwing - (divide
clock), 799T47I37/3995%Y (Timer/Counter) Wa¥1935 8255 uWN/

L]
¢
LaInun (8255 1/0 port)
L
2) 2395957980 (Function Generator) 21 ud7Mlae
v v v . o a {
ﬂibﬂ@ﬂ1ﬂﬂ181dﬂ?&ﬁﬁdﬂ@@ﬂm (Function Gemerator) 793¢ )%lo%iv09
XR 2206 NUNT LERIIRRIADR (digital)  LIMAITAIUANANTATY R
-~ u 1 o v

waEdu q analudasaTadnadun o _

3) 79971 UR8uMUA I8 (Signal Conversion)  @7ular
Usenoulifiien sarlfandann anatog Tiiiuduna digital 4 to )

v v o ¥ v a v ¢
TGﬁiﬂfﬂdNQQWNLNQTW A to D JElUATT SUIRETIWA (A o D Inber-
rupts), 1935ATVIADIBLUDI A to D (Sbabus A to D) WALIIITAIUAN
]

A to D

-

_78_



a ¢
5.1 N17000NUWULIITOULADTINY (Interface)

TUN1T00NLILI 9TRINE 2L LINNITEBNNLLY 93T L 3o LFRN T

' ¢ ° T H

IUANY ) YUNNTR [nterface Generabor NMMUTINAUTEUUYDY IBM M
XT BUS ¢ AT BUS F93¢lanariuenidudtn q Al

o [ ¥) ‘
5.1.1 7995udwdiWoT (Bus Buffer)

a quv {a { a 1w
1unwsaanuuuaaQ7tw31uqﬂnsmaugn/ta1ngn I T0ANADNY

cpu 18 Toveuy XT BUS uar AT BUS inseSdamnnanan Juioslflums
ponuuylALA ARLE (D - D)y wdmtaTads (A_ - A), dgw TOR,

downw  TOW, dapm AEN, dgae RESET DRV, wardggiawiiny  (CLK)
LY 3 D‘ < u ¢ C‘: v L] o L 1] "
moiu ot TampeRe s wat i ann 1 veanduavsneineasililes

'
o

(Buffer) L HalasNunIsHsNaIs 1L ARTIULINSAMaonuuL  YwanTenu o
o ol ( 28 -8 —
. SEYUIRIEATIIAINTTLRET LT onn lae 193 5N 5.1
L]

3
3
I3
=
) z A3
nnnnnnnn T o me o oa @ ™~ D D = w,
8833833 == < < < < < £'C
" ¥ u o 0@ = B a'a;:ﬂ:ﬂﬂ :::ﬂ:ﬂﬂ
E:l."f'!‘:_: = bl -2 10 Bl BN IO Y E'SZ.‘:;\~.I-’
z
ez @ T 0w~ 3| - o - S| = o ¢ 86 0~ >
3 M @ P A nam@ B D : =>>;'>'Q‘=;f :'»';';»»-»»
24 ’ 3 33 33
0 oy N
23 2 43 43
a 73 7z
;‘3 nnnnnnnnn i ] @ o e~y ] e aQ n
| B ~ . [ IR RN S RN -
SEl eI IR 2 A xRIxRAXR G Il XREIZRxZT G3
nnvvnu«nﬂ[ uvoa:nna] = nv{WQ:”“:[ -2
=
——————— 3 '3 a @ . a » a > 4
- { ~
83333883 3 BecqeT2 2<:<§:§
________ 3 Q- _ -2 - ==~ <3
- S ) — - O @& D ™~ a U AR I -+
€ £ € < € 4 < o T A AP & NS & ot T
L2222z a ;2(5_(<__< <<<<_3gﬁ
] agiiszxzs 12123f3
b4 T =
=2
b 2

o v v ¢
» JUN 5.1 WARIIIRTUAUMIWDT (Bus Buffer)
Y

-789-



ﬂﬂnvoaizﬂﬁ 5.1 ymaelflofives 74245 Jumdndaii-
ot et uiasome Selu 7a2e5 Fardudu-deda (s
Transciever) WALAMTLUAMY 1 furdosts Tudawuum nidienar1§1e%
\u93 74244 1ﬁuéodﬂuﬁqq1mtuéwﬁ awnvoqstﬁaﬁqumuaﬂtﬂiaﬁtiﬂﬁau
nwsﬂiﬂﬂg%uuﬂuﬁa (Tngagnsrulasindunin 104 91m99D) R wae
1 DIR was 74245 Nanueidu "1+ sei’ly ﬂﬂﬁwﬁaaé1uanwuvﬂanuﬁﬂu
Mgy (high interdance) Soi anwuunaonwﬁwmguﬁna%naéﬁuﬁqmnm
TOR war TOW (mun (uaddgann TOR w30 [0W  cl@sudniuesnn "1”
e mon anruemasmdniase fulny Senlaves 74245 5azﬂ% 5.2
Folauanonng19mste (Toue table) ﬁﬂw$uﬁaﬁtwﬁansLﬁu1ﬂﬂwntgau

{yuny 74244 §951f 5.3 Fauiun1319A 1095 800 74244
b']

.

DIR G A-B B - A

0 0 X L
0 1 X X
1 0 L X
1 1 X X

gﬂﬁ 5,2 H1979A778379189 74245 No X = High Impedance

L = Low lmpedance

_80_



G /G X - Y
1 2
0 L
1 X

Zﬂﬁ 5,3 WARIAITNIAIINTT VDY 74244 (XD

X High Impedance

L Low impedance

-J

5.1.3 10@7515ﬂu8ﬂtﬂ7ﬂ (Adress Decorder)

4

o

I

RTTE PRI By AP TP tﬁaﬁn\ﬂTﬁﬁméaﬁugﬂns&
Bugnftawﬁqn ﬂﬁaquﬂﬁéﬂ Interface Generator %Oﬂﬁﬁﬂﬂuﬂuaﬂkﬂ7ﬂ1{
Tudre 360 - 367K Faifu 16 wominsa lunisalfmmeninsas  avlvlef
LU0 74154 (4 to 16 Line) #g|597us7ufy 74688(8 bit Compara-

o v .::v .:: h’ € R 1
tor) naz1ﬂuaﬂtasﬁnﬂaonﬂiﬂiwnﬂnLaﬁngnwau 74154 |un198 1ARRINITE

nsenn lamal
A A | A A A A |A A A A ADD
- -1 4 (3 = 4 3 2 1 [v]
|
{ (o 1 { ol 0 o o0 o0 360H
{ 1t o 1 {0 \ ! { { 1 36FH

-81_



awiiuliin A, - A fusedims i dinnuaamaaus 0 (0000)
aude P anin e lttenli udunalii 7e1ss Fiwmie 4, B,
¢, 0 mwady dw A, Sands or maon Tidmrites e ludenls
N G_ 999 74154 dfirde A_ - A sehlluondenTaslodives

74688 §92937500 5.4 wANIIISTHIANLONLATATIY 360 - 36FH
’ .

9 B
Ve 18
2P . 360~
: L =
8aQ 3 s b~ l L1521
gal a 5 b 2 9
8ag s 7 ]_AQ_
aal 315\l b 3637
18 B Tt
13 Bia o
BAayg 13
124¢y 13 b3 6_ 369-
T 122 s p ; 368
(97 7ITETL
36¢
BAg 360
BA PQ P=Q
BA 4 36€E
B8A 4
ea :3’ 36F
s+ Pg
P6 .
p? pa Compait &g
+5V 00— ¢ QL‘/ 1
+ -¥¢
=y
Q4
@S
Q8
a7
BRAEN 1 3
‘_L 7408
7

Zﬂﬁ 5.4 UANII99THIANLENLATA MauR 360 - 36FH
Smaisnsmarinlan nﬁiﬁwanuﬂn%tﬁaiﬁqqnmuamtﬂia
n1snlannaet Suldnianismiieuese 74154 uae 74688 (3vanTaRARe
ﬁugﬂniﬁ 5ugn/taﬁﬁqﬂ Tanafoims (e 48N (o Fomnediso

) C"‘ 1 a' b‘ o ‘ s -] .
1Nﬂ71ﬂﬂﬂu) uﬂlualﬂﬂ73UUﬂaNN7lﬂ87 INITMIUIUNTT DMA (Direct

_82_



Memory Access) 5@q1m AEN (Address Enable) qsﬂ:nng%u (qztﬁu "y
vn 1 74688 1ﬂﬁwnﬂ7tﬂ§ﬂULﬁﬂu y'l¥1n P @ vee7sases Sty w1
AN |9 74245 (zﬂﬁ 5.1) siniateynaan uav1ﬁa1u17n§nﬁaﬁugﬂn7£
Buqn/taﬂﬁgn e tﬁaﬂaaﬁunwsaﬂwaﬁﬂﬂaaﬁaga 5£1M7170 Memory

L {Q : a:ou R !
ﬂUQﬂﬂTN auqn/tawngn NNIRIVBTUIUNTT DMA a8
v

154, "LIS4 .
o Te i oy

st a2 o C B A O+t 2 348 6T 8 9 ICHIIZIJIGIB
(SN LLLt L N WM NN HHE NN NN NN
(SN LLLm HOL M NNM N AN NN HNRHN
Lt LLwe MM LR NN NN NN N RN RN
(SN LLww BN LM N M N RN RN RN
P S S S BRI R NS R B R RN ]
L e LRLw H oW NN WL WNHNRN RN R
L L LWL MWW KN RN RN RR NN
Ly bt mwn MOROR MR MWL MKW HN KN
Tt LS S L I N T T I R U R R R B )
L ®LLN NOHR R R A N H LN KN RN
[ Y LN WM N K KN RN NH L NHNHEN
(SN L ) NN NN N M AH K NL NNk
(Y LRCISN Y MMM NN NN H MR R R LW KN
LL nuLw R ] MMM NN L KN
LL]wnom MM OMWoE N RN N MK KN NN
(SN § " hoNn CIC I B R B T R T B B B B B B 8
(W] AKX MM MMM H NN R H AN NN
"L XX EX | wmommnm N L R R T
L] XK XX M Rse NN K H N NN NN
Romp et Leon vl X o ovaran

3ﬂﬁ 5.5 WANIATITIIAIINSTIT0Y T4154

-

Zﬂﬁ 5.6  WARINITIIAIINATITEY 74688

_83_



5.1.3 793789198074L50 (Wait State)

1un1700nuuu1aaiﬁutnaétﬂaﬁu diolirsuufiadoiu aano
THonuldndrovan e aaﬁaoﬁﬂﬁeﬁeﬁquiﬁoa aviunaly  Interfacs
Generator 1A§7995810800M0T0 (Wait state) (o lNa1TOM9 UL
ADNW L ADINANE q TEUY 5ozﬂﬁ 5.7 Folduanareanilaliomede Foae
Tflo%iued 7474 (0-F/F) sy 74168

*CV

pagn I.. A

L2 5
]

TSR 1 X R y vsvo-l 4

cLK 4
Tou p Ha aa
¢ 5= /18 a8
L5500 ac

. 22

8CLACK

A L peLK CF
BRESET (ORV -] L Qq
) -———2C CLR QH
8Ly 7ACETST S BYP~9
4L533 +oV

I/0 CH ROY

5

~
P
r
wn
-J
L
Ve
- ™1

[RRAAAL,

Eﬂ% 5.7 UdNII9I97 Wait state mauﬂ 0-8 an

(Shift Registor) awniﬂn 4,18 yay 4.19 quwvwa 4.5
¥ i nwaﬂﬂim auwnftawnwn n1a1u1ﬂnunu CPU a7 dun 1/0
CH RDY qyify "1 AADALIALDIINIUNTTDINMAY L Taudaya Wi iinlad
aﬂnvuauNN/Lawnwn1na1u11nnwowu1ﬂnunu CPU uan aﬂnfmauwn/tawnwn
QRadEmAYen CPU fitn /0 CH RDY iy on MIfuae T (T, =
T, =T, =T, =T cRU nauLuNtvawuaeuuvuﬂ17awuLuauuanatuw1ﬂan
tﬁwﬁULaaw T_(T) Foeiiiuiom T feny 1un1733nuuu 2997
gl Qzﬂﬂd1ﬁﬂﬂﬂﬂaadﬂﬁﬂﬂiﬂ1Gﬁuﬂﬂd CPU mmzawuuaztnﬂuwauaqwtﬁu

WO\‘)O'NH\)MM"!N [OW, IOR, AEN u'wmummu Iﬁﬂ'} (clock) n‘lﬁﬂu CPU
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184, LS184,'L184 (see Note 2)

INPUTS oUTPUTS M

CLEAS[CLOCK] A ® | GA 08 ~—oH | . N

f L H XX |L C L. {
H L. | X X Oas Ogo Owo L

H 1 W R IH Qan Ogn | -
H 1 L x L Qan OQgn |

" t x L ie oan Oge 3

* i

Functional Block Diagram )

3

i

LML L T PAAALLEL -OUT BT AEETER

! ‘74, H74. LS74, 'S74 {See Note 2)

INPUTS ToutTPuts

SET CLEAR CLOCX D | @ @
L " x T
™ L x K L L}
L v x e | ontowe
" - 1 @ " L
" [ 1 L L "
" " (8 ] ! 05 &

Functional Block Diagram
AT
i

——

Te %4 =0 874 LJADUA, LT S 8 @' CLEAR anC PRLSET

TR 5.8  UARINTITNIINYRY 74164 WAy 7474
Y

5.1,4 299IWITMWIBWINNT  (divide clock)

ﬂnﬁnﬂﬂ1uﬂau§1tﬂaéﬁqqﬁmuwﬁnwﬁqi 4.77 MHz (EUU XT
BUS) 293rdaniaeiminiai efmaniman ¢ (clock/4), warduaa
y1dndan 8 C(elocksB)  1ioldRu A to D WAE19ITLIAT (B253) Mna
ey w1 dladiuns 74393 %qnﬁuﬁvﬁunaugnu 2 (uamanud ﬁozﬂﬁ

5.9 WARIIIATHITAIW Tﬂﬂ‘l{f 74393
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BCLOCK 1dn o l3 BLOCCK./2
g e ELOCCK /4
s8I B OCCK /8
2lcr 52 £ OCCK/16
& 74L5%9
| ;}:& 14 LOCCK/32
prltm— i 1.OCCK/E4
, b= ) LOCCK/128
21 cLr ap 8
@ TILSES

U0 5.9 WARYIIETHIAIND InE LS 74393
Y

5,1,5 734391781/7935%1 (Timer/Counter)

»
lun7snuuurs9siaaIuayr aTiuNY Q31§ﬂ7UﬂNﬂﬁiﬂ101u
1 o 5 u o du ¢
vo9 A T0 DludretFumsugnlls (Sampling duma uaradeduinaihin
¢ | 4
(ioaun1Tugnlle (Sampling) dugnae 1§ 8253 Timer/ counter fanng

ROTNAY 74373 Lﬁuﬁaﬂivﬁu (gate) NITRULDY 8253
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eo § 0o R ovsv
13

80 §oz  cukod4?
80, #+ o3 co Ha
&0 04 oulo
80 o6 cLK 1 ¢4
o °7 ot
EYSR 22
e HE  cgpe]

2
6A L 8y out3 a2 TeLK
36§-360 21 rm J‘@

753
BCLOCK /3

-5V
i
00 <O
_scsuer
01 Qi
0y 4L TNTscer

o
o
F wc-rnw o

L8373

UM 5.10  uAR$I935 timer/counter 8253
L |
ITININT 7ﬂﬁ 5.10 yﬂﬁﬂﬂa (Data bus) Do Eo D7 ﬂﬂﬁﬂiﬂ
]

L VIR ¥ L!’l L vl l {-—. 1] v v e —
HIUAVDITLUUNHILIIITUNIWATUAT RD uay WR ﬂ@1ﬂﬂdﬂ@@ﬂm BIOR uav
BTOW AIyatey A Wiy A_ uae A Wy aeq LUguont aTatan BA_ WAy
BA, ANAMAY  ANTATINYDY 8253 aonlAuaneny  aEn19unueRLATA
368H 3uD9 36BH lpgNuaninTd 368, 369, 36A UL  9vlENul9aTIUANG
Tu 8253 §99 1, 2 way 3 MINAIPY 36B AL 3¢ 1T4MTY Register M8

v 8253 109 Lﬁaﬁauqunﬂiﬁuwaaaaaﬁﬁu (counter) NIZINGI
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amTy 74373 uuﬁotﬂuwanisﬂu (gate) 8253 T AL0ONNLY
i fiuaniaTa 36F B nnoasuumvn 1 (Countar 0) 3 |ATUSUH
Wlndan 4 99n299THAI NG (3ﬂ” 5.9) Lawnwnaannuw 17 (0UT2)
ol lunnsadsdamaduinoidy  Cinteerupt) wasni s odaana
499 A TO D(Analog to Diéital)a1u1?nﬂ1uquﬂ17n1ewunwaTﬁfuﬂfuﬁe

1 ] 1w
Qviﬂﬂ&W?TﬂﬂaﬂLDHQDﬂﬂ?ﬂﬂﬂﬂunﬂﬂ 6 luﬂuﬁﬁﬂ?UﬂNﬂ17ﬂﬁﬂﬂuﬂ?ﬂﬂﬁﬁﬁﬁ

5.1.6 74995 8255 juwn/Lawnwn (8255 [/0 Porh)

]

Uﬂﬂféiuﬁﬂvﬂﬁﬁuﬂﬁl uWDTH {(Port) Luuaeﬂauaaan1ﬂﬂ1umu

1]

maudRal, (SRl (Range), anuuvduiu (Function t Sine,
Squara, Ramp) uRSHWTLQWﬂﬂuﬂﬂ (Amplitude) 99 XR 2206 Func-
tion Generator n1aﬂ101uazﬂJUﬂMﬂvalﬂaunuuuauaWMW:nxuauuWaa
Sanmdne 1 ke sfiduade 2 1 dnanarasas Soanas Tsunsal uund

[ 4

0 ﬂd&ﬂﬂﬁ?dﬂ?ﬂ??ﬂa 8255 ﬂﬂ 33UUUH ﬂdiﬂﬂ 5. 11
v
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14 4 PAO
30199 pao Fa1
23101 PAlL |—
02 PA2 P
03 PAZ R3
at FAd
21oa PAd —F
0S PAS 153 2
e 3 A6
D6 PAG +
o7 Pa? a7
pBO PBO
2€ g P81 Lgr 81
£ a0 P2 £ 82
Al PE3 £ 83
RESET PBa FB4
3 PBS PES
PBE |42 Pes
PE? PB?
4 PCO
eco H
pes Ot PCz
Pc3 (e PC3
N Pca pca
1 3 PCS
PCé PCE
e PC?
B253 <£77
+Cy
B85 NN
0o Pa0 A0
o1 PAL Al
<152 PAZ A2
y ¢ A3
03 PA3
$1oa PRa A4
[-
: gz PAS i 22
PAd
2’ 1p7 PA7 =L AT
e
(4o PBO 8 P8O
H PE1 2 61
A0 PB2 b2
Al PB3X 83
RESET PB] 54
PBS &3 P8BS
PB6 Pae
PE? PB7
a PCO
pes M3 PC1
Ly PC2
£ss
2 Pes PCS
PCH pce
BES PC?

5,11 WAAINTTAD B255 NUTHUUNR

_89_



qnn1ﬂn 5.11 8255 g 1 qznwoﬁuﬂﬂ1uuﬂﬂtﬂﬁan 360 -
3630 ﬁaasnwuuﬂnﬂaumuﬂouanwswamﬂaﬂunuavnwatauntﬁun (Range)
YOIMTHIIAIING Tawota A (PA_ - PA) qvmauwuwﬂuaﬂaanwawamﬂawu
3 won B (PR, - #B,) nanwwuwnﬂvuaunwstaantzun (Rangs) ¥2IN1T
wamnawunawwuuujin C (PC_ - PC) ﬂﬂﬂ?ﬂﬂuﬂﬂiﬂdaﬂﬁﬁulﬂw (Lath)
uaouauanwavn A WaENBTH B nuantﬂ71 360 - 362 MINANY

$1m5y 8255 3 2 1 avnﬂuuﬂnnWTﬂuuwuwﬂuavnqnwaLaﬂn
9417 (Amplitudes) uavnws&wanan&msuaoaqum (Sine, Square,
Ramp) aennaanuuqun1o1unuwatﬂsa 364 - 367 H Fowatn A (PA_ -
PA, ) Aei IR UDAL iTE 364K AIUANATTLEDATIA Wain B (PB_ - PB_)
FLATUANNTTL AN AR Amsumatn © (RC_ - PC7)QU1ﬁﬂﬂTﬂ7UQN
NITANEANIE L AN (Labh) naoﬁaﬁaﬁwaém A URENDIR B MUDRLATA 364 -
366 AIWARL |

5.2 DN17e2nuUL XR 2206 %@y INTERFACE GENERATOR

5,241 éaunvuanavnuﬁ (FREQUENCY CONTROL)
1

XR 2206 3191304 Yaanulasninud ety %uaéﬁumkuﬁwuﬂﬂu
U7 7 Wag 3 (Timming Resistor) uaamvanﬁﬂw 5 Ha¥e (Timming
Capacitor) wAluA1T99AUYY [NTERFACE GENERTOR (31]4Romnuniuiun
7 WA 8 (Timming Resistor) \juiactBauudasninlimiuniy

FUNCTION GENERATOR Taemlduds  1dimsaumintBauan
ATNNAIUNAN (Variable Resistor) unluy [NTERFACE GENERATOR 199
duni diauaasraamun i lile (Fixsd Resistory  Tnaldoun-
0REINT (Analog Switeh) lﬁﬂﬂ?ﬂ?ﬂﬂwﬂﬁilﬂuﬂﬂuﬂ?ﬂﬂ?ﬁNﬂWﬂﬂWuﬂﬂﬁ
7 WAy 8 199 XR 2206 Feawngonding avnﬂﬂvumuiﬂawaaﬂuo (High)

WALADINAT (Low)
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OPIN 7

01, : SKc2 AdiLl
4066 XR2206

ICSOYL
<£; VRSQL JVRS02 NRSO3 VRS04
2.2M- 1M SQOK 470K
i +1.svcm4§
1
{ D4 3ict A2[3
!
| R3S
I }

B1
07 Cq 83
5 : 84{1Q
€S02

VRSGS JVRS06 JVRSO? VRSO8
100K SOK § 20K 10K

7ﬂﬁ 5.12 Digtal Conbtrol R-network
b}

a' Li g -3 { L F) L ¥
qwnzﬂﬂ 5,12 DUIROANININNGI qsgnﬂauquTﬂﬂiaﬂu
S nadnes (D - D) ﬁaﬁmaunﬂwaaaunﬂaﬂavnﬁuuqvnnonuw¢aa1ﬂﬁﬂﬂ
l!' F=% f 0 o =Y l a' a 5
Vateuaodnde (High) waglunieiusdoainsildn (off) Nodonsaing
']
(Low)
o lﬂ' h’ C‘J’ E ¥} +* +“ aoa = 3 1
AL IMNN I TuagRYTEAYIIINAINA Ao A1AINY
ATININIERIAA L NaloL 00000000 (open) uazﬁvaﬂtﬁaﬂau 11111111
ki L ]
v tv a ¢ -] (Y o § vu v
gten 11111111 uIRINAING IENTIIUNNN (an)nﬂlﬁwvﬁﬂunwuqnﬂaﬂa
b ]

WUUYUINAYE (parallel) %aLﬁumaqﬁﬂiwuﬁﬂﬂiaaa%aLaﬂéaqm

5.2.2  FIWAIUANEIIAIINE (Range Control)
9

t 1 ﬂ' LK d o L: L] C:
ﬁ?%ﬂ?ﬂﬂﬂﬁ?ﬂﬂ?ﬁ”ﬂ liﬂqﬁﬂjtﬂUﬂTU? lﬁ%ﬂ?tﬂﬁﬂ%ﬁ?ﬁﬂ?ﬁuﬂ

9191 14%99A7938 5 979 AIRI519 5.1
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Range CAPACITOR

1 | uF
2 0.1 uF
3 0.01  uF
4 0.001 uF
5 200 pF

M1T79N 5.1

N7 lRzula 62 9AIINE t?11ﬁﬁqumﬁ%maa1ﬂﬂvuquauﬂﬁaﬂ

o ( C: d o ( { tu L3} d o -y-% : o
Ny ﬁaauwaanﬁvnﬁazmaaanuwaLnuﬂisa Loy dtiAInNeaYy Qﬂﬂaﬂﬁvwﬁ
] ) - !

Tneld 7415145 (Susmnansung (Decode)at lananiniseh 5.2

Da - DO Decoder Range
000t 1
0010 2
No11 3
0100 4
0101 5

A1979N 5.2
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r-yall XR2206
DECODER 13t Az OPINS
o—— A3 ] -

°°°_ 3C2 i0eMBL L1 }————OPING
D1 AND 4066 [i €S0 1502 CS03="C504CS0S XR2206

DRIVER 6ic3 gé 1uF  P.LluF D.OLuF|0.00LUF220pF
20— 12ics 8313
03 o———| . :

3
QWW\@ 13 1¢504/ 3

5Un 5,13 digital control C-network
]

ﬂ?iﬁﬁdﬂuﬁad digital control C-network

a' » D" UC: -}
lN81§ Do-D3 Lﬁu "0001" - adERRdInt AN 1 NN
v & [ " n v
Avnudsey  LuF ﬂ?81ﬂﬂDﬂUﬂ1 5 Uay & 1Dy XR 2206 nﬂﬂau "onio"
b
Ud 1w Uﬂ' l‘.’
AL NUYTes 0.1 uF S¥FONY ¥1 5 UAY 6 199 XR 2206 UAL#I0U YIRL
A}

LEULRZINY

5.2.3  #IUA7UAUWINTL (Function Control)
L ]

éauﬂvuquﬁqﬁéuﬁ i saviombangvla 3 wuy Ao Fane
ﬁﬁﬂi (Sine wave),5qq3maﬂutwgﬂu<Triangle wave)uazﬁqqnmétuéﬂu
(Square wave)

nn7qqnuuuﬂaum1uauﬁunﬁuu Sone sl nAInasnInAL e
3 in 0, - D) Tagl¥ D ﬂﬁﬂﬂuﬁonﬁuﬁﬂﬂu (sine function) WAL N
D, ﬂauquﬁanﬁuawutuaﬂu(Trxangle Function)uay D_ ﬂauquﬂonﬁua

tu%ﬂu(Square function)
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D D D FUNCTION

0 0 1 SINE
0 1 0 TRIANGLE

1 o o0 SQUARE

CFROM O/P LM319)
IN3O
CFROM O/P POWER AMP.)
IN20-
CFROM O/P

OTO FILTER

BUFFER)

———OT0 RS0O2

-

isv

Tﬂﬁ 5.14 Digital Control Function
¥
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d ot Cl'
Qﬁﬂ?d@i?vtﬁu1ﬂﬁ1uﬂtﬁu Sine Funtion WayY Triangle -
v v d S t [ ¥ ' :’U v ]
Function QﬁﬂaGqﬁauﬂﬂaﬂﬂﬂﬂﬁﬂﬁﬁﬁﬂﬁaﬂﬂﬂﬁtNTﬂvﬂﬂuuQ8ﬂad1ﬂﬂ7Uuﬂﬂ
L ]

v a - yu o ¢
ﬂqumlaaﬂau {Na1§1ﬂaqq7mﬂﬂaaﬂlaqﬂﬂﬂ

5.2.4 ajuﬂ1UﬂuuauﬂTQﬂ (Amplitude Control)

avuﬂvuauuauﬂuaﬂu ﬂnﬂﬂ17ﬂ7uu3wﬂ7aﬂuaaan&muaNWWﬁﬁau
(Sine wave)uasaqumawutw1au<Trrangle wave>t1w1ﬁw1w1un1uﬂ7um1
19 (potent iometer) \JuA?U5Y FA5LIH0 10754 FONAIAIINAIINIL NUN-

Faamang q  dinslaguaouy Linear Va0 70 1 fsRInoa

AuAN Tensena lanesy 5.15
4 ¥

SeF €606
H
1
R616
AAA—
40K

o0 /P

20—

IC606 L

A4
81 L
o 12 ] NESS30
03 84 +~
rd 634 60s 605 607
75K 150K QoK 00K

- L i

5YN 5.15 Digital Control Amplitude

L]
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5,2.5 éduﬁauquvoﬂiniauﬂaﬂuﬁﬁw

(Lowpass Filter Contml)
mumunumuu xﬁumdwumafmmm mwa‘suwnw'mﬂunu
m‘imuqumqmma (Range Control) ﬂaunavﬁaemwnnnaﬂmow

nsaaﬂawuﬁﬁﬂuﬁaqa

I/Po—
1
T
13lct Azl L esis
A3 go.zzur
skz | AANT Zs17
6C3 gé 2 .
12ks 83 ‘ L 514
Wit BtE ! 0.022uF
% i
=10
00— | '5 L 51
+15v 3200pF
016 | DECODER
DQFOER 14A1 R313
v
020 13kt Az i 330
o——] :
03 sic2 afit cs1e o=
4066 680PF;£;
61C3 81
121ca 83—
[ 831
13| 1cso9s [19
S10 ‘|2 00 /P
V4

599 5.16 WARAT935NT09AIU05N

v

ﬂ?iﬂ?ﬂﬂuﬁdﬁaJﬂﬂ)ﬁﬂﬂ]d@)ﬂiﬁdﬂ]?ﬂﬂﬂ?

tudtilﬂou po-D3 Lﬁu "0001"1%ﬂﬁ10?iﬂ?1Gﬁﬁﬂﬂﬂﬁﬂuiﬂﬂﬁ
J7U%{on) 1ﬂuﬂﬂllﬂuﬂav? 0.22 uF ﬂﬂu1ﬂmanu input Uat oubput YD

7937 A M5U Range ADU 0 NUANHAYLIUAL 619 A1319N 5.3
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D D D D Low pass Filter
3 3 1 o .

R C
0 0 0 1 0 0.22 uF
0 0 1 0 g2 0.022 uF
0 0 1 1 232 220 pF
0 1 0 0 330 680 pF
0 1 0 1 (1 9% a

A1374N 5.3

Wang Digital ﬂiﬁﬂuidﬂiﬂiadﬂﬁﬂuaﬁﬁ
b}

5.2,6 aauwzuwm GAIN POWER AMPLIFIER

70Q7a7uuﬂ¥1ﬂ1UQWW1mhﬂﬁ31 QWﬂnWWWNﬂ?UﬂM RBHQP lN?

unwvtﬂndu Rangs AN 1% GAIN 429 Amplifier nﬂaaqu ﬂouu VWD -

7ﬂ3178ﬂu 1mmxmuﬁ1 nutput, 1Wﬂ1ﬂﬂﬂ 1 Range Y9 ﬂ?WNﬂ dTn -

uaﬂaﬂoidn

5.17

00 O0——r
Ot Oo——

020—mm+

03 o

DECODER
AND
DRIVER

13

+15V

12

13

? 1C603/
14 . 604
ATIL
e
A
c2 A3l VR6O3
;oss ALl _L :},\}0" 00601,0602
81
ca B82[2
83p
Ct 84{10
B1iZ
= ] 61 sxe 19 620
<$7 120

zﬂﬁ 5,17 1995U8AINITAIVAN Gain Power Amplifier
5
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5.3 N1399NUUUIITLUATUAYNIA  (Signal Conversion)

1uasévuiazﬁnuﬁnﬁ?uﬁqmnmﬁtﬁu5QQﬁmau1§an (Anslog)
RRPRURE uMAas A to D (Ansglog to digital) udr aeLunlse-
WaNalAe  CPU  uarsr lAuaniwaoanm1a300  (Monitor)  Tasnasld
Tﬂﬁuniuﬂvuquﬁnﬂgawﬁa Fearlmnarimzoanuumuen Sudou n ia

5.3.1 2995 uanudanseniont udananinnoa

(Analog to Digital Converter)

N1399NUYY nﬂﬁtﬂésuﬁqqﬂmauwﬁantﬁuﬁqqﬂmﬁaﬂﬂaa (Ans-
log to digital) q¢lflodiuos ADC 0816 LWSIEAWITOTBIENT 14970
molurewvlfns  warlinasusvos tanﬁwn (Solution) na1utnmmnﬂqu
nate angnian 1 aula uagn o uasnaﬁmm71ﬂ1nﬂ tuﬂtﬂaﬂUtﬂﬂunu
Lﬂmauwaanﬂﬂqmnu (Flat Analog Lo digital) ﬁqq'Twnaawna (Solu-
tion) ntanﬂunaouvn uﬂtuatﬂiﬂﬂtﬂﬂﬂiiﬂwnuuaaau'aanﬂwaﬂﬂa (A to
D) muawaauayﬂﬂaanaﬂuvn Foar lisn fuwantn ﬂauulunwiaanUUWﬁawu

Y% Interface Generator uas%ﬁ ADC 0916 ﬁﬂﬁ51ﬂﬂﬂﬁiiﬁﬂﬂstaﬂﬂﬂa

T

5.3.1.1 Moty 7 Tdwoe Adc 01
ADC 0816 tﬂu%uﬁﬂtéwzﬂﬁaanﬂsLﬂ%ﬂuﬁqqﬂmauﬂﬁantﬁuﬁq—
QIWAINADA  (Analog te digitaD  ww 8 Tn Wdwwn 16 fao
(channal) Wuﬁﬂymsﬁuwﬂiau (Multiplixer) WALdNITAILAINITNNITY
A9 N AITTIAAIADA ﬁaaauaﬂa1ﬂasunaunwanwuﬂuﬂoaﬂn 5.18 #1351

51ﬂﬂ5tu&ﬂ 1Muﬂﬂd1iquﬂ7ﬂﬂu1ﬂ
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Block Diagram - --——--imz o e e T e
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o—i suTas f — L B
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° : |
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WARALOG eyt < O .‘u":'-lz"‘ { . .
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Ot ) —o
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o— i . urew O
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’ s Laaloi 2 “smren TREE i ! -
O ' & .. '
“uTagoness 4 O {
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o—if ] i
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-!Buaum.nm. L F— anuusma‘unuu ‘
i AT ITH]9 b
Wb s S |

Vee 880 AfHe - "TREHA *C

‘zﬂ?l 5.18 uam»ﬂmauunwmiﬁﬂ»a"auma‘lu ADC D216

- Multiplexer YEMIWINMNIILIINIGDIUUNUARLEDY (Channal)
v q

VISRenu lRem InTermartaa 1aon17L Bonaus L suen LAY (Address)
Tuwmemlondunsos1adumm  (Expansion Combrol) Tt R P LAY
‘

v.) Fear lauanesnisien 5. 18
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"“%sELECTED | | ADORESSLINE | expansioN
ANALOG CHANNEL c CONTROL 1

£EINO
Mo
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INg
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IN7
_iNg
IN9
IN1G
TNt
IN12
IN13
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IN1S
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x
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-
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1 v
M7979N0 5,18 UaRINITIANDUNNRNIUG 0-15
1
L CI‘ :r 1 o ¥ -]
AINEININ Mulbiplexer % avdeit1 T 193901050y

Vieyssnudane [

- m31a8L (Converter) ﬁauaﬂoLﬂutauﬂsziuiduaﬂanws

117974 ﬁaaxnn13w1ﬂ11MWﬁunwu waraindludnsaeiuninla (Ladders 1o
v 01 Dudnadi oo (Eﬂﬂ 5.13) 831179211780N8Y  (Comparator)
g Fiauivdgnmaun§oniidainannds Mutbistiexer 1Hlumatng
Snuaasaans 11
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1NTﬂTHDNN71W87 aoawuﬁunavmaoxnauﬁﬂiuniu lwaqﬁHQUﬂMﬂﬁfﬂﬂ
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6. 1 ﬂqg§ﬁ11ﬂuaeTﬂ7uﬂjunwvﬂ%

a1 il eI TiR Line nunber)uay Taitedy
PIMAREUTINA FERDIEIHU L NIRY uetguﬂnHWTﬁiwLﬁuﬂvﬁaoaénioﬁu -
T ST (CompLize) avaultTunay Sowua vt Sudnan dn way
0 complize avriuiii ﬁaﬁﬂﬂunaoTﬂiuﬂiu w50 Weitu (Function)
Bo w1 Sou Sawienwstnidn uay asrwsnssimili 13dmsy

o o ( a' L7 o c:
aqqaﬂ&mﬂqn(Symbolic constbant) QY AN (SLeing) Lasi und’n-

!
LY

My isud o Judasecinly svumlinrsuslelysunsus sann Sedau-
L]
[~ ¢ ] s ]
viguTlTunsu e autnnnt 9nln vasuRRe function %30 Al loop) oy
A'] b']
Tuwwr i haafiu

6.1,1 ANBALIDY lYSUENTUN BT

TdsunTanrwd 3ﬁaﬂéuvaaﬁaﬁ§uﬁléau73a Su-d1 ArfusoEnnIn s
®70 UBRLATA LU
, /% the C program prints s massage on sgreen %/
main{) {
printf(“this is my first program\n") i
}
310 TUsunsuseinin 318 Function maine) fy printFo)

AIMTY function main() 9Lu9IIH complier N30 WL SUMNAIRY -
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(execution) |iudy anﬂsunsuWunn&w% 5031 dus0efl Function §
watarRaaiiiinandariisr Smand Function mainG) et -
complier qu1ﬁn71ui13ﬂtéuﬁuuaeTﬂTunfnaéﬁTﬂuﬁ éﬁuaotguﬁaéwﬁo
function A¢iJuRIMeUoNIED function WA¥ €., 3 FLUINIA Func-
vion 30 TdvunTy (Sumuuavheuash qni Thalnf function aelurii-
ewu?mqtaa t1uuﬂL71q"1wuauawiauaautnﬂntwuwuauﬂoLn11 function
uu uauwwijnjauxnﬂuutiwLianaw 9197 LN Cargumant) ®ANTHANNT
uue Li?ﬂﬂtiﬂﬂ?ﬂ argument lxsbtﬁu "this is my first program”
ﬂnﬂwaGWulﬂaunsnnnxwﬁ SRRl AT EERNACS) Tate L Houdnedn
aumwauuazﬂﬂmaataua .

6.1.2 ﬂduﬂi (variable)

TR RERILls auwaaﬂ1wuﬂanvm~uaaﬂ)uﬂvnaulauj 7ﬂuuu
Y9I ITIR s 1 sl e
type variahle - name |}
W%Q type variable - name ,variable - name... }
aniﬂuuuiﬁwiﬂ type WNI80ILATEIAIUST, variable-name
ﬂNW'E %aﬁ:uﬂu wwnyua1ﬂﬂz1wuunawnnu1ﬂﬂ1mLﬁiaawunﬂqanWﬂ(.)Tﬂﬂ
amvuﬂiﬁemjatiumuﬂaamuwnﬁi w39 Lﬂsjanuwa V4 w«aawnuuautﬁu—
Pl ausoRasneTh 1A ﬁauﬂuﬂﬂ 8 FION¥T ﬁomuuaﬂaiwaauxaaﬂﬂamﬂiwo

6.1

=Sbo.
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sunnIwls PUIA WAy

char 1 byte -128 Q9 127 w59 0 94 255
int 2 byte -32768 §y 32768
float 4 byte -1,7E38 01y 1.7E38

(ﬂaﬂugnﬁao.s AN

double 8 byte |-1.7E38 §9 1.7E38(16 FIunn0)

short int 2 byte -32768 DY 32768

long int 4 byte | -2147483649 [y 2147483648
unsigned int 2 byte 0 {1y 65535

A15790 6.1 URAITUALALTUIS TDIAINUS

6.1.3 ﬁjﬂqﬁ (constant)

maaei nlg e Hanssaviunifarty fanenluomndy

Be
Za
=Dle

- integer constant WYAER $Ash T duiarsIuniEy L1
3,30, 45 (s

- long constant WiERY fIAIH B INEIMINEN Srum 4 -
bybe WALILHOIROINIIAIEENET L w50 | 13 1emieinaniaNe \iouany
5 complier N57094i4 1ong constant 14y 10L,50L,1001 1dugy

- Flost constant WALHY FIAT ﬁtﬁuiagaiuﬁﬁﬂtﬁﬂaﬁu -
double variahle (8 byhe)

- octal constant uuﬁﬂﬁqﬁ}ﬂqﬁuuu integer constant ﬁ
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- hexadecimal constant W80 51u1ut%u1u51u 16 1ng9e
RaILAN Ox 1§w§ﬁ51u1u15n1u§1u {6 |¥u OxFf,0xa0 Liumn

6.1.4 ﬁ?ﬁﬂlﬁuﬂﬂi (operator)

Operstor lumud d2uluiseasngn Aumailiung Tunwrdn
WFa193¢] operator 11967 LI TarUANAT 9 1Y ﬂﬁpﬂsnuﬂn1ﬁﬁoi

DAL BUNSALA arithematic operator) 3wlsenaumin +,
- % WAy / Wuns&ﬁﬁauﬂiaéﬂuazﬁwu vosiASemIng | Judiutlsinseiinmu
aemaslasumantaeconvert) T duiudsuunfaafu fanau

2)69em M50 18U Y relat ional operator) N141unT¥)

o oy &
4 URIu

== VN

= Tuinfu

> TR eR

% w28n77

>= YNNI %30 4NN

<= %2802 KT AMINY

Fowana tiouiSavsraenuni iy 10 $19%e waeiiu vondrla
A7

)76 5un15959N9L logical operator)HIATLRuMT 14A1H7
3 Pohmany logi awniieintieling Tag 2 zﬂduu A9 && (and),

o ot v a P v &
ViCor) ﬁﬁ?ﬂxﬂjlﬁu A ﬂﬂlﬁuQTJ uaﬁaﬂuﬂqlﬁu "O"AINS

. . v e L1 (- J o <]
Hbitwise operator fgwiuidaln wionnasu In laqlunsd
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ﬁﬁvuﬂi inteder variasble
532671 UMM MIAA1 (sssignment operstor) Tumwiaeld
VATDANINEANIND LIUAININLART URENIMEINETL W Ccopy) AIMNIDIN0

POILATOMUIEIIINLE) A9 luueninTR(sddress) wTanwlinestiaNe

»
Y o

] (-} ﬁ 1 ﬁ' 1 L4 [ ‘ﬂ' H’
Nﬂﬂﬁfﬂﬂluuﬂﬂiﬁvﬂiﬂﬂﬂl WA ﬁﬂﬁ?ﬂﬂiﬂﬂﬁ1ﬂ1ﬁ1“ﬂﬂﬂuau ﬂ1ﬂ nIu

a é ' a I'4
WU operator AY2IUUIY
i=3 laatovaininy 2 Ty i 3
¥
i= 246 Téﬁwiagatﬁﬂﬁu 8 lu i 8
i =(k=4) lan1tavaininy 4 lu & 4
L |
o [ | o ( .
WA lARHARNNAY 1Y i

»

nﬂiﬂgunn171uaﬂvmelﬁuu (58099 left hand value (WTE

A9 30N Laas LT a1 i
k] L] '

6)perfix/post.fix operator (+4+,--) ﬁﬁﬁﬁﬂﬁLﬁMdﬁ(inor-
ement, ++) WAY aﬂﬁﬁ(decvement,-—) naoﬁvuﬂi

DmaiungeIauluceonditional sperator) urineTuRA
i g NN D E)es 0y
LIouly Ainawusan lruntiva uzﬂuuumou

expl ? exp2 ¥ exp3d

a

v a  da 2 a a9 a {s
NHIHAIINTT UUIUN 1 (expl) yﬂuaiawsa1u 5ﬁ@?0 wWIun 1

&1 % a {a . ' a {o & a {a
ﬂzuﬂﬁtﬂuuuquﬂ 2 6713?70 UUIUN 1 EUATLUBBUIUN 3

{u
6.1.5 Yangu (Functiom)

o .:: v L ¥ ‘
b k] tﬁuﬂﬂﬁﬂn1ﬂﬁﬂﬂtﬂmﬂﬁaaTuﬂﬂ(modular opproach)tﬁu
k']
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wan1uﬂﬂiwmu11ﬂvuﬂ7u 1Nﬂﬁﬂﬂa11ﬂ0ﬂﬂ3 Yofdu 5o 2 FUAAD function
nt71tﬁﬂuwutﬂa Wat function ntmiﬂu111u complier U3) 7ﬂuuuwaa
function uno;
type name (argument-list)
argument declaration ¢
{ .
declaration of variable
statement (§5) 3§
;
* N e AP o8 o
annzﬂuuuvaa1vﬂﬂnﬁm IELHWIIRINADINITNTEN LN TAI%UA
function ﬁﬁdi
1) type %30 btype specifier Lﬂﬂﬁ?ﬁd%ﬁﬁﬂﬂﬂﬂ%ﬂ&ﬂ%@véd
Auoonlain function {agdnfi complise wuﬂjvwﬁnuanﬂﬁua ﬂa033ﬂ1ﬂ
oy intezer (gupdiwn maan171w1aﬂu1uuuuUuq1wv u1ﬂn1uﬂ71xﬂis—
AR
2) name uyﬂﬂﬁq%avaa Puncbimnquﬂﬂﬁqu%aﬂad function
Tinrssatantai iy @ snuse uriowiunissedomuts el complier -
Viutouandny Tenanadosutiuay function S15 Su-dvaningeldn o by
J-130 fuda Function éq%aé1uvat5uﬁ A9 argument %30 ﬂagﬂ%azéo
1AM YUIN
3) argunent list FofonTuls nuﬂnﬂyvﬂua,ﬁnautnﬂ 37N
mawon 13114 funstion awiineale
f)argument declararhion WUIZRINITATRUA ANMGE YDY -
argument, Lﬁafmqﬂivaaﬁ faudoly function 1137 Adedy WIDAY

TUﬂBEEHUUTﬂ

-112-



6.2 WanN171 38 11U5uNTNAIYAY Function Generator
9

! v

3miaten 6.1 1iasLiuinsnruarTaseadh e et U3
199019 3aatw§auﬁunwuﬂ7uﬁu§aéu il

ﬁwu?unnst%ﬂuTﬂsuniunauqu Function Generator3zoaniyy
Tiinenns Address 3600 - 367H lupowiuueaTsunsy avdnistimuadd
199 Address wwaals vielrannsm Senlludaele veeTisunsy fla
tj'al-amwazmn a9y sdefine .oven. TuiatmuRRIAN g N A9
TuTisunsy testp.c Edﬁ 6.1 ForduTdsungy sy Arsanun1Tiian

199 funchtion generator

/* TESTP.C */
#include “conio.h>
#include <stdio.h>
#$#include <ctype.h>
#include <dos.h>
#define PORT_A!l Ox360 /% define 8255 P1/0 %/
#define PORT_B1 0Ox361
#define PORT_C1 0x362
#define PORT_CTRL1 0x363
#define PORT_AZ Ox364
#define PORT_BZ 0x365
#define PORT_CZ 0x366
#define PORT_CTRLZ 0x367 /% End 8255 P1/0 %/
main{)
3

int drande ¢
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int, dfrequency }
int dfunction 3
int damplitude }
clrser() 3
do £
clrser()
printf("\t\n\nGenerste in rangel1-511") i
scanf{("%d",&drange) 4
printf("Generate frequency in range %d [1-2551:",
drange)
scanf("%d",&dfrequency) i
printf("Generate in functionll.sine,2.ramp,
ds.squarel:")
scanf("%d",&dfunction)
printf{"Amplitude of frequency outputli1-15]1:") H

scanf("%d",&damplitude) 4
/

oubport (PORT_CTRL1,0x80)

outport (PORT_CTRLE,0x80)

-

datout(0,0,0,0)

delay(1000)
datout(dfrequency,drange,damplitude,dfunction) H
gobtoxy(20,13) 4

printf{"Press any key to continue OR ESC to quit™)y

3 while(getch() != 0Ox1b) i /% end do ¥/
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clrscr() 3

3 /% end main %/
dstoubt{int freq,int range,int ampli,int func)

outport (PORT_Al4 freq)

oubtport (PORT_B1,rande)

outport (PORT_A2,ampli)

outport {PORT_BZ,func) ¢

3
zﬂﬁ 6.1 WanalUIuNIu MI19801 Function Generator
QﬂﬂTﬁiuﬂiMzﬁ% 6.1 4513¥AIWITONLINITAIIIL 1091 U5uUNTY

pontin 3 179 8o

15 iumimunan go9 Address fraq Taaldinde sdefine

. f<] " C: w 74 e \
war Argaawna arstgann lda rites) fsaenasleanalulusunsy Taw

t
<)

Tfonde #inotuds  iofavannsa ol 4 limaonlnwes Tosunsainans
aéWu main ) lUTunTy

2) Vi atavuaiugsh qz1ﬁ§uéwnﬂo A8U2IR uar NITUAN
sl luiulsismunty Vo sedeaninand oanls  Address § 14
a1 3l der |

3) V113 SmusanIuen1Ia1u0e 8255 (initial port)
Tu Tun 1(Mede 1 warmssig aé1uﬁvuﬂ7éaaan port tﬁaﬂauqunWT
ﬁﬂQWu #94 Function Generation

Tuldsunyy zﬂ% 6.2 s inTusunsunlde1uase Taaed Tase-

ﬂfﬂuuasﬂﬂiﬁﬂawutwﬁauﬁﬂzﬂﬁ 6.1 URILUTITALLDNHUINNTT 64951
;]
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/¥ main programing INFGEN.C %/
#include “<conin.h>
#include <stdio.h>
#include <ctype.h>
#include <dos.h>
/%Begin define address on 8255 PP1/0 %/
#define PORT_A1 0x360
#define PORT_B1 0x361
#define PORT_C! 0x362
#define PORT_CTREE 0x363
- #define PORT_A2 Ox364
#define PORT_BZ2 0x365
#define PORT_C2 0x366
#define PORT_CTRLZ 0x3G7
/% -End define address on 8255 PP1/0 %/
#define ESC 27
char #messagel J1={
"At How many Amplitudes.? \n",
"F$ Generate Function.? \n",

"Gt How many frequencies.? \n",

"Rt Generate Ranges,? \n",
"0¢ Off Jenerator. \n",
"t Quit to dos, \n"y
"Ht HELP ! \n",
R
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float frequencysetf }

int rangeset |

int funchtionset i

int amplitudeset 3}

intt rangedat }

int freguencydat 3}

int functiondat 3

int amplitudedat 3

char buff{22#%#11%2]1 3
main() i /# start main prdgram */

int, name,edos,offdsn

initprogram{) 3}

input{) 3

initport () 3

whils(1l) £
window(27,19,30,20) 3
goboxy{1,2) 3
name = getche() 3}
window(1,1,30,25) 3
clewindow(42,17,76,23) 4
nam2 = name % OxOODFF
switoh(touaper(name)) {
case 'A': /% amplitude parameter ¥/

setbox(43,13,75,23)

-e

window(44,19,74,22)

-
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gotoxy(2,1) 3
if(functiondat == 4) {
massampli2() 3}

window(1,1,B80,25) i
clrtexthxy(43,15,0) 3
gohboxy(43,15) 3
printf("Default amplitudes it 15 V.fixed.") ;
amplitudedat = 15 %
break i
}
else if(functiondat >= 1 && functiondat <= 2) ¢
massampli() }
cscanf({"%d",&amplitudeset)
if(amplitudeset »>=1 &% smplitudaset <= 15) {
window(1,1,80,25)
clrbtextxy(43,15,0) j
gotoxy(43,15) ¢
printf{"Default amp]ibudeg it %d V.",amplitudeset) ;
amplitudedat = amplitudeset }
brazk i
}
else {
masserror() 3}
break i

3
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else {
Eprinbf("P]ease choose function sine,\r\n") }
cprintf("triangle or square.\r\n") i
cprintf{"\r\n")
cprintf("Please key <F>t")
bresk 3
3

case 'F's /¥ function parameter ¥/

setbox(43,18,75,23)

window(44,19,74,22) 3

gotoxy{241) 3

massfunct() §

cscanf("%d",&functionset)

if(functionset == 1) {
window(1,1,80,25) 3
clrtextxy(43,13,0)
gotoxy(43,13) 3
printf("Default function ,.SINE,.,.") ]
functiondat = functionset
bresk
3

else if{functionset ==.2) {
window(1,1,80,25)

clrtextxy{(43,13,0) %
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gotoxy(43,13) 3
printf("Default function ,.TRIANGLE..,.") }
functiondat = functionset i
break 3
3
else if(functionset == 4) {
window(1,1,80,25) i
clrtextxy(43,13,0)
gotoxy(43,13) 3
printf("Defauvlt function .,.SQUARE...")
clrbextxy(43,15,00
gotoxy(43,15) 3
printf("Default amplitudes are 15 V.fixed.")
functiondat = functionset i
amplitudedat = 15 3 1

bresk i

()

case 'G': /% frequency parameter ¥/
sethox(43,18,75,23)
window(44,19,74,22) 4
goboxy(2,1) 4

massfreq{)



break }
case 'R's /% range paramebeq */
setbox(43,17,75,23)
window(44,18,74,22)
gotoxy(2,1)
massrange() 3
cscanf("%d",&rangeset) 3}
if(rangeset >= 1 && randeset (= 5)
. '
window(1,1,80,25) 4
clrtextxy(43,9,0) 4
gobaxyﬂdS,B) $
printf{"Default in rande %d.",randeset) 3
randedat = rangeset |
break i
3
elee {

masserror() 3

break ¢
3}
case '0's
whila(2) {

saetbox(43,18,75,20)

window(44,19,74,18)



gotoxy(1,1) 3

cprintf("Off Generate Y OR N:")

of fgen getch()

of fgen offgen & OxOOFF

switch(toupper{(offgen)) {

casa 'Y's
rangedat = 0 ’
frequencydat = 0 3

functiondat = 0 i

amplitudedat = 0 j
datdub(frequencydab,rangedab,amplibudedat,Functiondab):
clrscr() 3

goboxy(3,1)

cprintf{"0Off Generate Ok!")
window(1,1,80,25) 3

gotoxy(4,23) ‘
printf{"Please Wait ") i

‘delay(2000)

cirtextxy(4,23,0) 4

clrwindow(42,17,76,23)

window(1,1,80,25)

massclirp()

goto normdisplay i

case 'N'$

window(1,1,80,25) 4
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clrwindow(42,17,76,23) 3
goto normdisplay

}

case 'H': /% set help %/
getbext(42,8,76,15,buff) 3§
clrscr() 3§
helpme() i
inttprogram () §
inpubt () ¢
putbext(42,8,706,15,buff) 4

break

case 'Q':
while(2) {
sebbox(43.19,75,?0) ;
window(44,19,74,19) 3
gotoxy(1,1) 3

cprintf("Exit to Dos Y OR N:")

edos getch() i
edos = edos & Ox00FF
switch{toupper({edos)) {

case 'Y'$

window(1,1,80,25) }
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clrscr()
exit() 3
case 'N't
window(1,1,80,25)
clrwindow(42,17,76,23) 4
goto normdisplay i
}
3 /% end while(2) ¥/
defaults §
3 /% end switch %/
normdisplay!
datout {frequencydat,rangedat,amplitudedat, functiondat) ;
3 /# end while(1) %/

3 /% end main */

initprogram() /¥ initial programing ¥/
i
int i i
cirscri) i
sebtworld(1,1,73,24)
lineh(2,4,78) i
linev(33,5,23) i
goboxy(20,2) i

printf("$%%%%FUNCTION GENERATOR MODEL 220G¥%¥¥¥") H
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gotoxy(6,3) 3}

printf("Copyright (c) 1991 BY TT3V [KMITJ\
Ladkrabang Laboratory & NONTHABURY")i

goboxy(6,6)%

print f("XGENERAL SET TO GENERATE#*")

gotoxy(47,6) i

printf(“#DEFAULT SET TO GENERATED*") i

for(i = 031 <= 65i+4) {

gobtoxy(4,9+1) }

printf(messadelil) |

S

setworld(int xul,int yul,int xlr,int ylr) /% set world of prodr
{
int i}

char hz = 205

-

char vt = 186

char ul = 20¢

-

]
oot
[ea)
-3

-

char ur

i
—
@€
[a0]

char Ir H
char 11 = 200
gotoxy{xul,yul)

for (i=xulfi<=xIrii++)



put.ch(hz)}
gotoxy(xul,ylr)}
for{i=xuljid{=xlr}i++)

putch(hz)}

for(i=yuljil=ylrji++) ¢
gotoxy(xul, i)}
putch(vt)}
goboxy(xlr, i)}
pubch(vt )y
}
gotoxy(xulyyul)jputch(ul)
gotoxy(xlr,yul)jputch(ur)}
goboxy(xlr,ylr)fputch(ir)y

gotoxy(xul,ylr)iputch(11);

£

b

sebbox(int xul,int yul,int xlr,int ylr) /% set box program exer
{
int it
char hz = 196 j
char vt = 179 4
char ul = 218 i
char ur = 191 i

char 1r = 217 i
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char 11 = 192 ;

goboxy(xul,yul)}

for C(i=xulji=xliriit+t)
putch(hz)}
gotoxy(xul,ylr)}
for(i=xulji<=xlr}it++)

putchChz)}

for(i=yulyid=ylryit++) {

gotoxy(xul, i)}
putchi{vt)
gotoxyl(xlr,i)}
put.chivt) s

}

gotoxy(xul,yul)jputch(ully

gotoxy(xlr,yul)sputch{ur)

gotoxy{xIr,ylr)Ysputchi{lr):

gotoxy(xul,ylr)tputch(11)}

lineh(int xstr,int ystr,int xend) /% line horizontal %/
{
int i 3
char 1h = 196 i

gotoxy(xstr,ystr) i
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for (1 Xxstryi <= xendjit++)

putch(1lh) |

linev{int xstr,int ystr,int yend) /% line vertical %/
{
int i %
char lv = 186 {
for (i = ystrii <= yendji++) {

gotoxy{xstr,i) {

putch(lv)
3
}
e e b */

clrbextxy(int x,int y,int y1) /¥ clear text at x,y ¥/
i
int i
gotoxy{x,y) i
for(i = 031 <= ylji++) {
gotoxy(x,y+i) i
prinbf(" \n")
3
3
f e e e */
clrwindow(int x,int y,int r,int b)/% clear text window ¥/

{



window(x,y,r,b)
clrscr()

window(1,1,80,25) }

beep() /% sound #*/

ma

{

int content |

int max = 25000

int count = 0 4
tontent = inp(37)
oubp(97,73)
while(codnb++ < max)

outp(97,content)

sserror{) { /% sebt massade error ¥/
window(1,1,80,25)
gotoxy(4,23) i
beep() i
printf{"Invalid data !")

delay(2000)

clrtextxy(4,23,0)



massreq() £ /% set massage of frequency #*/
if(rangedat == 1) {
cprintf("There are frequecncy in range\r\n") }
cprintf("%d it 1 Hzto 255 Hz.\r\n",rangsdat) }
cprintf("Enter frequency!") }
cscanf("%f",4frequencyset) 3
if(frequencyset >= 1| %% frequencyset <= 255) £
window(1,1,80,25) 3
clrtextxy(43,11,0) 3
gothy(43,ll) }
printf("Default frequencies %0,1f Hz", frequencyset) |

frequencydat = frequencyset §
}
glse {

masserror()

3

else if{rangadat == 2) {
cprintf("There are frequency in ransge\r\n") H
cprintf("%d it 10Hz to 2550Hz.\r\n",rangedat) $
cprintf("Enter frequency:")
cscanf("%f",&frequencyset) 3
if(frequencyset >= 10 &% frequencyset <= 2550) {
window(1,1,80,25) i

clrtextxy(43,11,0) i
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gotoxy(43,11) 3
printf("Default frequencies %0,1f Hz",frequencyset)

frequencydat = frequencyset/10

else if(rangedat == 3) {
cprintf("There sre frequency in range\r\n") ;i
cprintfi"%d it 100Hz to 25500Hz.\r\n",randedat)
cprintf("Enter frequency:") 4
cscanf("%f",&frequencyset)
if(frequencyset »= 100 &% frequencyset <= 25500) {

window(1,1,80,25) ¢

clrtextxy(43,11,0) 3

gotoxy (43,112

printf{"Default frequencies %0.1f Hz",frequencyset) }

frequencydat = frequencyset/100 j

}

glse {

massarror() |

3

else ifi{rangedat == 4) {
8

-131-



cprintf("There are frequency in range\r\n") i

cprintf("%d it 1000Hz to 255000Hz\r\n",rangedat)

cprintf("Enter frequency:") {

cscanf("%f",&frequencyset) |

if(frequencyset »>= 1000 && frequencyset <= 255000) {

window(1,1,80,25)

H

clrbtextxy(43,11,0) i

gotoxy(43,11)

printf("Default

frequencies %0.1f Hz",frequencyset)

frequencydat = frequencyset/1000

}
glse {

masserror()

alse ifi{rangedat == 5) {

cprintf{("There are frequency in rande\r\n") |

cprinbf("%d it 5000Hz to 1275000Hz\r\n",rangedat)

cprintf("Enter frequency:") |

cscanf("%f",&frequencyset)

if(frequencyset »>= 5000 && frequencyset <= 1275000) {

window(1,1,80,25)

[
L]

clrtextxy(43,11,0)

gotoxy(43,11) 3

printf{"Default

+

Frequeﬁcies %0,1f Hz",frequencyset)
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frequencydat = frequencyset /5000 3
}

else §
masserror()

}

elee {
cprintf("Please choose rande generatelr\n") i
cprintf{"t to 5 Ar\n\r\n")

cprintf{"Please key <E>:")

~

returnt frequencydat) |

massrange() { /¥ set massade of range */
cprintf("There are ranges of generate \r\n") }
cprintf("> range,!l.rangeX!,2.rangeX10,\r\n")
cprintf("3.rande X100, 4,range X1K,\r\n")
cprintf{"S.range X5K .\r\n") }

cprintf{"Enter rangel1-53:") 3

massfunct() { /% set massade function ¥/
cprintf(“The functions of generate are\r\n") |

cprintf{("three, 1.,.%ine, 2..Triangle,\r\n")

-e
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cprintf("3..5quarel4I\r\n") 3

cprintkf("Enter number 1,2 OR 41") }

massampli(}) { /¥ set massade amplitude %/
cprintf("“The amplitudes of Ffequency\r\n") H
cprintf("are 15 level,But squsre wave\r\n") i
cprintf("is fixed.\r\n")
cprintf("Enter amplitudes{1-157¢") ¢

}

massampli2() { /¥ set massade amplitude %/
corintf("The amplitudes of frequency\r\n")
cprintf("are 15 level,But square wave\r\n") !

cprintf{"is fixed.\r\n") i

massclirp() /¥ clear prot massage ¥/
{
clrwindow(42,8,76G,16) i
gotoxy(43,9) i
printf("Default range it open .") i
goboxy(43,11) 4
prinLf("Defaullb it very high frequency .")

goboxy(A3,13) 4
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~-printf(*Default it non function .") }
-~gotoxy(43,15) 3

printf("Default aploximate amplitude O V ,") i

input () . /% stan input to set %/
{
goboxy(3,20)
printf{"Please enter charecter $")}
window(27,13,30,20) i

goboxy(1,2)

datout(int freq,int rande,int ampli,int func)
{

oubport (PORT_AL, freq)

outport (PORT_Bl,rande)
Dubporb(PDRT_AE,ampli) $

outport (PORT_B2, func)

initport() /¥ initial port 925

o
A
~.

{

outport (PORT_CTRL1,0x80)
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ou

}

he

{

tport (PORT_CTRLZ,0x80) 3

A e . et et v = S M D =R R e e e A . - . G . - - - —

lpmea() /¥ help massage %/

printf"\ENLA\LHELP FOR FUNCTION GENERATOR !\n\n\n")
printf(“\t The function generator it have three
function,first\n") %
printf("\tis sine wave,second is trisndle wave,third
15 square \n")
printf("\twave and five ranges.lt generate frequency
1Hz -~ 1MHz\n")
printf{"\tand amplitude can select 15 level (1V-15V)
but square\n") 3
printf("\twave at 15V fixed.\n\n") i
prinbf("\t_STEP FOR GENERATING_\n\n") ;
printf("\t1,Choose function of generator are sine,
triangle or \n")
printf{"\t squarelwave.\n") !
printf("\tZ,Choose rande for operate in 1, 2, 3, 4

or 5.\n") }

printf("\t3.Choose frequencies it response of range

in section 2.\n")}

printf("\t4,Choose amplitudes one level for
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signal.\n\n\n") }
printf("\t\tPlezase any keys '") i
getch() 3§

clrscer() 3

i .l ? ;

/ 3 i F,
s o - — - - W A o
. -
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CD4066A Types

COS/MOS Quad Bilateral Switch Y I

N . . . "e 8
For Transmission or Multiplexing of Analog or Digital Signats M“_LE‘L;“?‘
RCA CD4066A is a quid bilateral switch  Features: wrm Y] B" TR
intended for the transmission or multipiex. 8 15.V digital or £ 7.5-V peak-to-peak switching wee .
ing of analog or digital signals, It is pin-for- s 800 typical ON resistance for 15-V operation mouT =4 =~
pin compatible with RCA.CD4016, but 2x- ® Switch ON resistance matched o within S ) over 15.V p— ° ve
hibits a much lower ON resistance, In addi. signaldnput range . il
tion, the ON rasistance is refatively constant @ ON resistanca flat over full peak-to-peak cone o] s ... .
over the full input-signal range. signal range [

& High ON/OFF o io: s U e o .
The CDI066A consists of four independent igh ON/ output-voltage ratio: 65 d8 i
A X N typ. @t = 10 kHz, R = 10kD

bilateral switches, A single control signal 's . . ) . S s
required per switch. Both the p and the n . H'Q'f degree of linearity: < 0.5% distor- “CD4068A
device in 2 given switch are brased ON cr tica typ. @ Ky = 1 RHZ, Vi3 =5 Vy . FUNCTIONAL DIAGRAN
OF F simultaneousty by the control signal As Vpp-Vss? 10V, F.‘L =10k i rar
shown in Fig. 1, the well of the n.chanrai ® Extremaly low OFF switch leakage restlt. canreay =7
device on exch switch is either tied to the ing in rery low offsat current and high NeR

effective OF F resistance: 10 pA typ. @
Vppo-Vgs = 10V, To = 25°C

8 Extramely high control input impedance
{control circuit isolated from signal
circuit): 10120 typ.

8 Low crosstalk betwaen switches: -50 dB
typ. @ £, = 0.9 MHz, R » 1 k2

input when the switch is ON or to Vgg when
the switch is OFF, This configuration 2t me.
nates the varation of the switch-trans.stor.
thrashold voitage with input signal, and thus
keeps the ON resistance low over the Uil
operat ng sigral range.

The dvintages over sungle channel ja 2352 8 Matched control-input to signal-output

include peik nputsignal voltage sa =3 capacitance: Reduces output signal

equal to the full supply voltage, ind Tor2 transients ® ALL CONTROL ‘o0
constant ON impedance over the rcul- & Frequency response, twitch ON = 3QMH: ARE PROTECTEd«-
signyl rarge For samgie and-hold oot ca- {typ.) ﬁgi;:;g::nore':’
tions, however, the CD4016 15 recommendad, 8 Quiescant current spacified ta 15-V

These types are supphad 1 14-lead herratc 8 Maximum control input leakage current 92CS 21hup
dual«n-lne cerimic packages (O et F of TuA st 15V {Full package vss

suffixes), 14-lead dual-n-line plast:c packiz2

temperature range) 9. 1~ ic di \dentic
(€ sutfix), ard in chip form (H sutfiag pe 9 Fig, 1 ~ Schematic diagram of 1 of & dentical

switchey and its sszociated control cif .

MAXIMUM RATINGS, Absolute-Maximum Vilues:

STORAGE TEMPERATURE RANGE IT‘"ql O - . -65 ta -t
OPERATING TEMPERATURE RANGE (T ,)
SPECIAL CONSIOERATIONS ~ CD4G€5A PACKAGE TYPESO, F, K. 1 . Al | 5510 .
PACKAGE TY?PE € . .. -30 ¢
1 In applicitions wher2 separate pcwer OC SUPPLY VOLTAGE RANGE. Vg
sources are used to drive Vo and e IV )it 1Ges rafarancet o Vog) V. . . 05 e 1n
signal .apus, the Vpp cur-entcapabr & INPL T CURGBEST TAANSMISSIC Y GATE it y .
should 2xceed Vop/R (R = effactive POWER DI1S3IPATION PER PACK AGE
external load of the 4 CO4068A blyzral FOR T, + <100 *60 QIPACKAGE Tvag ) St
switchesy. This provision avoids 2ny FOR T4 * 60 to *35'C(PACKAGE TYPE £1  Carita Lrair'y 1t 12 mW O )
permarent current flow or clamp ac¥sn FOR T, = -6512 +100 C(PACKATE TYPES £ F K1 it
on the Vpp supply when paweris apol'sd’ FOR Ty + 10010 +125 CPACKAGE FY23S % F X3 Cuerra Linear'y 10 12~y ''C M
or removed from CD4066A. DEVICE D1SSIPATION PER SECTION

. . e FOR T, F PACKA EVPERATLRI RANGE - ™ - R
2. 1n certain applications, the external 'cad- A FULLPACKAGE TE ATLRZAANGE ALL PACKAGE TYPES) "

A NAL Al W TROL 10,80 7S \

resisior current may include both Vpg LL SIGUAL AND DIGITAL CONTROL 17.P% 75 Vss Yy
. . N LEAD TEWPERATURE (DURING SOLOERING?
and signaldine comporents. To avo'd A Y165 132 mch (1 5 i .
drawing Vpp current when switch cur- Fitance 2 132:nch (1390 7 memt from sase P 105
rent flows into terminals 1, 4, 8, or 11, OPERATING CONDITIONS AT T = 25°C
the voltage drop across the bidirecticnal For maximum reliability, nominal operating conditions should be selected
switch must not exceed 0.8 volt (calcu: 0 that operation is always within the following ranges.
tated from Ry values shown), <
CHARACTERISTIC VDD MIN. MAX. UNITS
No Vpg current will flow through R
if the switch current flows into terminals Supply Voltage Range
2,3,9. 0010 {T 4 = Full Package Tempera- - 3 12 4
3. Minymum bilatera! switch output foad ture Range)

resistance is 100 Q. _

580




¢ Applications:
o Anatog signal switching/multiplexing
Signal gating Modulator
Squeich control  Demodulator

Chopper  Commutating switch
# Digital signal switching/Multiplexing

ELECTRICAL CHARACTERISTICS

8 Transmission-gate logic implementation
8 Analog-to-digital & digital-to-analog con-

vartion

& Digital control of frequency, impedanca,

phase, and analog-ignal gain

[ rest LIvTS
.55° «28°C. -125°C Apot
CONDITIONS Vaues at S;C; N?x‘;m 28°C Aooly to
All Vaitage /et Vaes at 210°C, *25°C. +38°C Agply 1w €
CHARACTERISTIC Are n Vais Pack s UNITS
\{ 28"
o0 " » . 2
wr | 5N 8 8 e Twax
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CD4066A Types
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Fig. 21a) - Typical channel ON resistance «s. signal

voltage for three values of supply volt-
292 [Vpp-Vss).

ntaRlL wh S Lbiamt A = vnEb
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Vgooens mutait "
1vag e gy *Y¢

« & 4 & 9 1
BiNaL TG g0 - ALY

Fig. 21b) = Typical zhannai ON resisiance «s. sigr of

voltage with supply voitsge ’VDD'

Vgg) =5 V.

seseat. On ALLSEAME R g = OnuS

ATY N TAE vag ceqy’c O

0 T ] 1
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Fig 2lc) - Tyoical channel ON resistance vt signal

voltage arth supoly ecitage 1¥gn~
VSS' =10V,

=

- lakat o,

Lhanat.

LA )
B L

3 .
simay
gy s
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CD4066A Types

ELECTRICAL CHARACTERISTICS {Cont'd)

TesT LiMeTS
v B * °C Apol
CONDITIONS e n 5:'5; ;7::..;"15 C Apoly 1o
itseAtuanlil R R I L [
CHARACTERISTIC Pack xgm
v, 2%
[=1-] 2 » - .
wr | ] [ R T
Ve *Voo
Vo0 | vgg e GNO - - - - 2 sa
Pragagation Detay iSignal 'S C * 1308
togut ta Signal Outsut V_‘ P ns
t
e VOO t, ty» 20ns - - - - 10 29
1o l nput Segrabt
Capacisanre
Input CI‘ - - - - [ -
Gutput G, Voo * 3 - N - N . -
Fewtihrauen C, | Vee TVss T8 B A A = as | -
CONTAQL lvcl
v NV
w™ Yop .
Hova Lirmueiry Yy I TuA 2 2 2 ? 1w Z v
Won . B 4%
; Voo Y35 190
, V“ o0 A
[BEARRY ¥ B . . 10" 1 A
Mo Yoo Yss % i ) .
L ¥etvon v |
i
!"oo Y3s |
0
Crow: ik lv 0
C .
Canteal Inut *g i | A e, - X g \ 50 = -
S Qutpur A hiare S B
e fe fa oo, I ‘
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LCL 2 1547 H )
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Masimum ANgw ie Con ol Ay el 150F
- " = 10 - Ve
1nout Ragarnon 3 st Ve 100a wieet
te gt 07
Ay trout Copacstanca S [ - - L [ " s i of
* Limit determinad 3y Minimum ‘eas.ble ladk 1ge Taasu ament for JuIOMarC et ry.
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National

4A Semiconductor -

DM5407/DM7407 Hex Buffers with
High Voltage Open-Collector Outputs®

General Descriptior
This device contains six indep~ndent gales each of
which petforms a bufler functich. The open-collector

ontpuls require external pull-up resislors for proper
logical operation.

Pull-Up Resistor Equations

Vo (Min) ~ Vou

it

Absolute Maximum Ratings note 1

Supply Voltage
tnput Volfage SS¢¥;
Output Voltage 0%s
Storage Temperature Range -65°Cto 1%
i

Note 1: Tha "Absaiute Marimum Ratings” are those velues

which tha salaty of 1% device can nol ba quarantaed The decice

not b apeiaied al tees imita The paramatele valoes detined m hg,
“Electrical Characiershics™ table are not guara~teed at the absohng X

Rppax = = =7 memmm = mazimum ratings The “R ded Oporating Cond "uun-l'l
Ni {lon) + Np (i) define tha condiicas tor actual device oreration.
R Vo (Max) - Vo )
MM TIACT NG D 1
3 o
Where: Ny (Ion) = tolal maximum oulput high current , ?-'
for all outputs tied lo pull-up resistor {‘
N2 (i) = total maximum input high current for . ’?‘
a’'l inputs tied to pull-up resistor ,p
M3 (W) = total maximum inpit low current for B
alinputs tied to pull-up resistor i
L
»,
»
Connection Diagram Funclion Table
Dual-In-Line Package f=A .
\ I v A i s " Input Oulpul ;
T T T e . :
L L
H H
H = W 3n Laqic Level
L=Ll2a Loge Lavel

N S S
a v a v D] L] (11
TLiF 18497 0

DM5407 (J) OM7407 (N)

PR
e v

. it




?ﬂecommended Operating Conditions
A

5 DMS5407 DM7407
o Paramester Units
. Min Nom Max Min Nom Max
%o Supply Voltage 4.5 5 5.5 4.75 5 5.25 v
P!. High Level Input T2 - 2 Y]
Voltage
a8 Low Level lnput 0.8 08 v
Voltage .
L‘i,' High Level Output 30 - o Y RV
Voltage
x Low Level Output 30 h 40 mA
v Current
Free Air Operating -55 125 0 70 °C
Temperature

Parameler Conditions Min L Max Units
(Nute 1)

input Clanip Voltage Vee=Min, = - 12 mA -15 \'
High Level Outpul Vee = Min, Vg = 30V R 250 pA
Curiunt Vin= Min
Low Level Output Vee = Min, lgy = Max 07 \'
Voltage Vi = Max

It = 16 mA 04

VLC = Min
tnput Current @Max Ve = Max, V, =55V 1 mA
Ingut Vollaye s
High Level Input Vew=Max, V=23V 40 A
Cutrunt
Luer tevel lnpul Vi - Max, V, - 04V 16 A
Current
Supply Crnrent Vith Vi btas Y ER] A
Culputs High
Supity Gurient Vin Vee = Max ) 21 0 nA
Gutputs Ltuw

o
_%wllching Characteristits at vee = 5V snd T4 = 25°C 15ee S6206n 1 tur Tunt viaveloims and Oulput Load |

CL =15 pF
Parameter Conditions . Ry =110 Unity
Min Typ Max
b Mocasation Detay Tunc 6 : 10 ns
o High Leve! Output
v Prepagation Delay Tune 20 30 ns
Ao Low Level Output N

L0CLNCIICrSNG




National
Semiconductor

X

/

. ’ ’ .
f154145/DM74145 BCD to Decimal Decoders/Drivers

fBneral Description Features

8 Full decoding of Input logic
8 80 mA sink-current capability
B All outputs are off for Invalid BCD input conditions

BCD-to-decimat decoders/drivars cunslst of eight
rters and ten, four-input NAND gates. Tha inverters are
Bsecied in pairs to make BCO input data available for de-
00y the NAND gates. Full decoding of BCD input logie
os that all outputs remain off for all invalid (10-15) bi-
bput conditions. These decodera leature high-perfor-
ce, NPN output transistors designed for use as

Absolute Maximum Ratings (ote 1)

icalor/relay drivers, or as open-collector logic-circuit = Supply Voltage 7\/!‘
' The high-breakdown outpul transistors are com-  Input Voltage ¢ 5.5V:
gudle for interfacing with most MOS integruted circuits. Storage Temperature Range -65°Cto 150°C

Note 1: The “Absciuts Maximum. Ratings™ are those vaiues beyond
which the salety of the device can not be Qguaranieed. Tha device should
not be operaled at these limits, The paramaetric values defined In thy
“Electrical Charactenstics™ table are not guaranteed at the adsoluty
maximum rating: The “Recommended Operating Conditions" tabile witt
deline the conditions for actual device opcullon.‘

R S L Y E eia

nnection Diagram

. -

Duesl-in-Line Package

SR AR A i~ 5%;-":\‘_4" %

WPUTS OuUTAUTS
— -
vee A L} c o ° s ?
i 16 15 14 13 12 ' 1 l 0 l [
K] J
& 4
Ve

©

s !r Ia

TLIF/B844-Y

54145 (J) 74145(N)




DM54145/DM74145

AT A
Recommendud Operating Conditions G
P . DMS4145 DM74145 "
o,
Sym srametec Min Nom Max Min Nom Mazx (1,
Vee Supply Voltage 45 5 5.5 475 5 525 X
Vin High Level Input 2 2 . g‘!;.;
: Voitage 341
\ Low Level Input ‘0.8 0.8 ‘_.',
Voltage oo
Von High Level Output *15 15 -1
Voltage B L s
lov Low Level Output 20 0 ~=:’- i
Current ¥1.d
Ta Free Alr Operating -55 125 0 0 |3t
Temperature : "."_ S

.

Electrical Characteristics over recommended operating Iree air temperature {unless olh’ol"gg“

oY

Typ
Sym Psrameter Conditions Min (Note 1)
\/] input Clamp Voltage Vee=Min, || = - 12 mA
lcex High Level Output Vee = Min, Vo = Max
Current Vi = Max, Vi = Min
Vou Low Level Output Vee = Min, Ig = Max
Voltage Vin = Min V= Max
loy =80 mA 0.5
Vee = Min
I Input Current 2 Max Vee = Max, V= 5.5V I
input Voltage .:
s High Level Input Voo = Max, V= 2.4V 40 ,g;
Current N
I Low Level Input Vee =Max, V, =04V -18 1%
Current 4
lee Supply Current Ve = Max DMS4 43 82 {x
(Note 2) oMT4 4 70 A2%

~

Switching Characteristics a Vee =5V and Ty = 25'C (See Section 1 for Test Viaretorms and

Parameter

Conditions

C_=15pF
Ry = 1000

Min

Typ

tp n Propagation Delay Time
Low to High Leve! Output

tpu Propagation Delay Time
High to Low Level Output

Note 12 All typicals are ot Ve =5V, T = 25°C

Note : 'cC is mersured wilh all outputs cpen ang sll inpuls grounded
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54244 /74244

Octal Buffers/Line Drivers/Line Receivers

P
IR

$ax tvock velues we 3t Veg SV T, 28C

SN0t more hen 0ne DUtLuT PV D8 WNVIRd BT 8 Le A0 OUE1-N OF tRe NI st Wasd v eageed One second

NOTE 2 1Load orcut and wilaoe wave "Wy aie vhown o osge F 11

Schttky TTL High- Speed TTL Low-Power Scholtky TTL Standard TTL Low-Power TTL &
Package Package ! Package Package Packag
Device Type Device Type Device Type U Device Type Device T a
clPIMEF c[PImEF [cIPMEF P rETPIMEF P TP TMEH.
Tt SNSAL S2ue Y 5
. NS b TN P% g
p
FAIRCHLD Il
.. 2
MOTOROLA .
NS C T
PHLIPS : =X
3
I 3o £
SIGNETICS : b
SIEMENS —=
nA
FUNTSY =8
HTACH -+
e
MITSUBISH i
0 =
NEC T >
g
TOSHEBA , — } -
Blectncal Charscteristics SNS4LS244 SN74L5244 3
ohsolite manwmum ratngs over oparateyd free sv temperature range Pin Assignment (TOP View) -],
Swoiy vaitege YCC W | Oorstng e ar SNSaLS] 5% 3L
1nout vOriage S SV | temowatr carae SNILS{  OC 1o TC . o
Inen i voilage §5v 51ora0e le=oegte range toesT e st | @ -
¢tecammanded operetmg condilions £l
LSS4LS244 SN74LS244 e -
MIN  NOM  MAX IMIN  NOM  MAX
Swoly vatege VCC 48 $ $5,4 18 ) $ 26} v "
Hor-ievet auiput eurrear iQw s 2 5. »4 w] [e) [a] e}l [® -,mm ’,
Low~evet autput current. 19¢ 17, 26" wa T N
Ovwrating froe-a teamoeratre, Td $3 12 0 X T % 'ﬁ:\
electrical characteristics over recommended operating > -, o
free-sir tomoerature range (unless olherwise noted) / // / "
sN7aLs ] > Y S
PARAMETER TEST CONOITIONS t Wz_u'x"“" =/ A =
Vin  Huonevel moul o uoe 2 v DaOz a0 Calis DatlsO AR 3 &
Vig Lowievel 1pant v adw et v - oW DT A
Vi irout clamp voiuge VCCTMIN. 14w - i8ad LA ] SNSALS244 1S SNTALS244 (4, N) -
Mystorons(VT - - VT <) VCC = MIN 07 04 v ! -
4 VCC =MIN, Vi -2V - ]
v - - VIL = VI mer. IQM = - A e 3 - s
t
O Pyl outost ofiser VCC *MIN, Vi =2V, X -t
ViL =0 SV, 10w sMax i
o
Veg =MiN, lig »1ma KX -
VoL  Lew-level autput voltaoe Viu=av, v g
Vi =V mas | o "2ana 0 3
Off-state outowt ouront, &
fozm Pgievel vdlage accmed :CC_‘;‘:“ Vo d A Py
OtFstats oudut curet, Ll » iy
102 tcwwvet rortage scones Vi =Vi mas [V =0 av S I
_'l irowt ::‘um LU L] VEC =MAX, Vi=Tv 0] ma !r_'i A
M “_m‘f ot curren, vacaMAX, V=2 IV n) ‘3. i
[m Low-iovel npul cus ent VCC=MAX, Vit w8 4v -02! maA kS
108 Short-arcut mtgul Qurent & VCC * MAX - 40 T T ° ,, \
Ovtouts ha Ve =Max An 13 73] . ﬁf_A;
Oulpuls low 18244 n 4% - »
] B
cC  Suwcly curem y ] Qutouts coen = s
* ovtouts &,
. LS » “ %
switching charscteristics, Voo SV, Ty 25C ¥
w
PARAMETER TEST CONDITIONS [MIN TYP MAX |yt o
Propagairon deiay tine, T
LY -0 greiavel outut ' Bl Bt . ’;1
- Propagetion detay trme. CL vasoF " AL W, 12 ", - ,:-t?
L ngreso-iowstever outoul See Note 2 | i
192 Ouilout sade b 10 Cw ol o) CMES N
1P 2o Ouipu’ srabie time 10 van level 5 2, s . .<g
' Quiput & sade tme 1] n M : ‘
PLZ  yom lvw tovel CL~%oF, A =L m g
. See N ‘-'Ié
e S o R B
50 condrons Mown a3 MIN O MA KL, use 1he 20000NAtF vaiue e bed WNAR? 1 RnOMmEAGat cCw gt Ay CONP LN 44



54245.774245  Octal Bus Transceivers with 3-state Outputs

Schottky TTL High-Speed TTL. Low-Power Schattky TTL Standard TTL Low-Power TTL
7 71 Package - P,
. ackage Package Package Package
Device Type ——— Device Type Device Type Device Type Device Type
4 :C'PMLF CiP{MLCF CiP|MCF Y E_P MCF Y C{PIMCF
[ SNG4 S2¢8 b W iw
T T SNaL S245 LN
—
FAIRCHLD -
MOTOROLA T
N
.
§
NS.C —
PHILIPS ' .
SIGNETICS +
SIEMENS
FUJITSU
HITACH! :
MITSUBISH
NEC
T I18A >
0SH - ‘ +
Electrical Cheractenstics SN54LS245/SN74L.5245
[ absonte masmum rategs over operstng (ree e lemperature range g \
Suoly votaoe VCC [ Operatng free-av Isnsecs §5°C 1o 125C 4
~out voliaoe v teTperate rance Isnras gC w  10¢C
Storage famoeratre 1ence 65C to 1S0C
racommended operstng conditens
. T swsats2as { SN74LS248 uNIT w'l e e e omo® e oeow
MIN NOM  MAX!MIN _ NOM _ MAX LI=RISLISLISLUISLISLISLISLISL
Suoly vai'age VCC & [y [HIED 5 S5 V )
Migh-ieve Oulpul Current, 10w - 12 18! mA
Low-levs oual arrent. 10 12 26, ma ﬁ
Joerating Wee pe tempeature Ta D) 2] 0 0] < L ]
electrical charscteristics over recommended operating ANPA
free-air temcerature range
SNT74L5248
PARAMETER TEST CONDITIONS ¢ [WiN TXPT MAX ] uaT Nefi=lazNasDsilsDa s
vid Hagh-te v 100ut vol a0 ? v - 3 w e = e = & & &
Vi L ow-tevel 'pul voitage [X] v SNa4LE248 {2 SNT4LE248 (), W)
VK troutl clamo valtage VCE =MIN 1= - I0mA -5 v
Hyswens(VY - -VT =) VCC =MIN 8
Ao 8 vt 020y ‘
VECE=MIN. o= -3ma [ 24 3.4
Vor Hgrieve aoul voloe Vina2v, v
Vit =) mas |igssMax b3 .
VCCTMING |1 c1zma ' 0 ;
voi Lowtevel outoul voitage Vin =TV, v
Vig rViLmer | iy w2dmad 0.5
O't-siate oulipul asrent, 3
'0ZM  grevel vteoe soohes veg=var, |YO Bi @ R .
-
Cti-state ouiput current, St
‘oz m«‘ 'vdu« aocked g t-4v -0
Irput current st AxB . vi=$ SV 0.t
" Basmm roul voltage !Dl!& [ Voo MAx. V-V o -2
HH  Hgheve moul Qsrent VOC =MAX, V=2 TV 20] A
i |, Low=evel 1nput Qrrent VEC =MAX, Vi w0 &V -0.2] @A . .
10§ Shoricvest uldul cusrent VCC =MAX -4 ~225 ] wmaA
Total, sutouts tan o 0
ice Sworyaurent  Tots, cutputsiow Vee =MAX,  Outouts cosn 2 0] s
Outputs at Hi-Z [ ) ”»
switching characteristics. YCC SV. TA 25C .
PARAMETER TEST CONDITIONS MIN TYP MAX [UmaT
. Propagation deolay hime,
PLH tout ] 2] rs
. Procageton selay hime, . .
PHL o topw-tevel oulput :L ':snf ZRL “n, ] IlI s
‘D21 Oulout enabie time 10 low tevel S Note n 0] ns
1P ZL Oviput sredle Tme 10 ngh rovel 5 THED
1PLT Oulps Seatie lime bomow level | Cp =805, Ay =6stu, 13 B ons —_—
1PHZ Oumul @satie time Wewm toghiovel | So¢ Note 2 13 | ne )
tFor condnone shown es MIN o MAX, use the acoroziets veiue wecthed under oersing *

$An tyocd wwurs wre 8t Voo =SV, T #28°C
SNot mare then one oulow! should de snoried &1 & hme, and durafion of the shori-shart shoulg Ot Aot ewoeed ane second



National
A4 Semiconductor

D-Type Transparent Latches

Genera! Description

Thesa B-bit }eqls!ers feature totem-pole 1HI STATE * out-
puts designed specilicully tor dniving highly capucitive or
| telatively low-impedance loads. The high-impedancu state

anc increased high-logic-lavel drive provida these regis-
| ters with the capability of being connected directly to and

-Gnving the bus lines in a bus-organized 3ystem without
| needicrinterlace or pull-up components. They are particu-

tarly attractive for implementing butfer registers, liO ports,
i "tidwectional bus drivers, and working registers.

The eight latches of the ALS373 are transparent D-type
4iches meaning that while the enatle (G)1s high the Q out-
cJts will follow the data (D) mputs. When the enable s tahen
%w the output will be latched at the leve! of the data that
a&s sel up.

A gulfered output controt inpul' can be used to place the
eght outputs in either a normal logic state (hugh or low logc
levels) or a high impedance state. In the h:gh-impedance

itate the outputs nesther 1oad nor drive the bus hines signits-
antly.

e outpul control does not alfact the internal operation of
Pelatches, Thatis, the old data can be retained or new data
<an be entered even wiule the outputs are off.

:Connection Diagram

DM54ALS373/DM74ALS373 Octal

Features

& Switching Specitications at 50 pF.

® Svali hung Specifications Guaranteed Over Full
Tetpetatte and Ve Range

& Advanced Onide Isolated, lon-Implanted Schotthy TTL
Process. -

® Futchionally snd Pin Fur Pin Compuatitde with LS 111
Counterpart.

& linproved AC Perlormance Over LS373 at
Apprexunately Haif the Power.

® TRESTATE Bulfur-Type Outputs Drive Bus Lines Directiy.

Absolute Maximum Ratings (o 1)
Supply Vonage

7v

Ingut Voltage 7v
Operating Free An Temperature Rarige

DMSJIALSI73 -55°C 10 125°C

DM74ALS373 0°C1070°C

Storage Tumperature Range -63°C10150°C

Note t: The “Atsuiute Masimum Ratings™ are Incse ralues teyond
wIuCh e salety of the dewie Can Nt by guatanteed Tre devnice should
POt be uhereted of Bicue inits The perammiatig values dehined i the
’Elu(.lm.‘l Cheraciensticy” tabte are not Quarantsed at tha at sotute
Mattum taiings The " Fecommended Opetating Cond.tigns™ leble will
Qehne the cundiions fur aztual device operalion

! 4
? Dualln Line Pachage
! ENABLE )
vee 8Q 80 70 7Q 6Q 60 50 5Q G '

:::_ lzo 19 18 17 16 15 4 ]IJ ||2 1Al |
yrr

‘ [ =) L= [ |
‘é" a o b a e o o Q l
B G p——d3 G}—edi
e oc oc oc oc

< J '
.

"-" i |
¥ @ 9irqe o e 0 12 © !
7 Gp 98 G G !
-y oc oc oc oc

3 l 4

2 l| - — |- S ) =

=5 1 I 2 3 P s 6 7 ) ° ,w

OuTPUT 19 10 20 20 3 30 40 4Q GND
CONTROL
TLIF16220-1
[4Y
i, S4ALS373(J)  74ALSITI(4N)




DMS54ALS373/DM74ALS

- - DMSAALSI73 | DM74ALSI73 |
Parameter Min | Nom Max Min Nom Max
Supply Valtage, Vcc 45 5 55 4.5 5 5.5
High Level Input Voitage, Viy 2 2
Low Level Input Voltage, Vi 0.8 0.8
High Level Output Voitage, Von 5.5 55
High Leve!l Qutput Current. loy -1 -26
Low Level Output Current, 1oL 12 24
Width of Enable Pulse, High or Low 10 10
Data Setup Time. Tgy 10: l 10.

Data Ho'3 Time. Ty | 1. ‘ b '

The (i} arrerw indicates the regatve edge of the enable is used for raference. . i
Electrical Characteristics over racommanded operating free air tlemperature range. ;
Al' typic..l values are'measured at Ve = 5V, To = 25°C. ’ “
_éyr.n—b;l— Para‘rne:r > Cond—ilions B Min T_;;—:_ Mas

VIK Input Clamp Voltage Ve ¥ 45V = —18mA -15

Vor High Level Output vce - 4.5V S54ALS 24 32

Voltage ViL = Vi MAX IoH = —tmA
T4ALS 24 33
loH = —2.6mA
oM = —400uA 54/74ALS vee -2
VoL Low Level Output Vee = 4.5V 54/74ALS 025
Voltage VIH = 2V oL = 12mA
74ALS - 0.35
loL = 24mA

I Max High Input Current VCe ~ SSVViH =7V

hiy High Level Input Current Vee — 5SSV VIR = 2.7V

T8 Low Level tnput Current Vee = 55V VL = 0.4V

o Output Drive Current vee = S5V 54/74ALS - 30 -112

Vo - 2.25v
- —_——- = k -= ¥
lozH Off-State Output Ve =55V = 2v 20
Current. High Level Vo ~ 21V
Voltage Applied
lozL Oli-State Qutput Vece = S5VVIH = 2V 20
Current, Low Level Vo = 0.4v
Voltage Applied
——— Ar —
Icc Supply Current vee = 55V Outputs High 9 16
Outputs Open - i et
Outputs Low 15 25
L Qutputs Disabled 17 27

2-178
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T N
! racteristics over recommended operating free air temperature range (Note 1).
Wmeasured at Veg =5V, Ty = 25°C.

£LESTVPINQ/ELESTYISING

T DMS4ALS3I73 " DMT4ALS373

" To Conditions Min Trp Max Min Tve Max Unit
S -
! Any Q 2 14 2 12 ns
3 4 18 4 16 ns
N . '

wie | AnyQ | vec=45viossv | 8 218 2 | ns
% R = 5004 7 27 7 23 ns
b CL = 50pF 5 2 | s 20 | ns
(| anya 8 22 8 18 ns
ol 2 16 2 12 ns
3 2 12 | 2 10 | ns

4
lest wavelorms ang output load

L
e i Function Table
0’ .' »
b Uulpul Enable 0 Output
- Control G Q
a4
3 L H H H
- A | L H L L
| ' —o> L) L L X Qo
H X X Z
> 1 L = Low Stats, H = High Stats, X = Don't Care
- 2 = High impedance State
H 2 i n Qg = Previous Condion ot Q
o >—
i
) |
4 i v s bl
,fv’ \ g ]
i - ‘
U —> L

TLIF16220-2




8253/8253-5
PROGRAMMABLE INTERVAL TIMER

7~ = MCS-85™ Compatible 8253-5 » Count Binary or BCD
». m3Independent 16-Bit Counters e Single +5V Supply
* wDCto2MHz ® Available in EXPRESS
—Standard Temperature Range
. = Programmable Counter Modes —Extended Temperature Range

Mae Intel® 8253 is a programmable countaritimer chip designed for use as anlntel microcomputer peripheral. (tuses
AMOS technclogy with a single +5V sugply and is packaged in a 24-pin plastic OIP.

Rrisbrganized as 3 independent 16-dit cauntars, each with a count rate of up to 2 MHz All modes of operation are soft-
sare programmatle,

f— - — LK
R Jata D g TN -
53, a LI .t 2 "‘ po———— GaTen
| an.esEa = > % )
. e 0uT)
| .
n i T 2
| s . } 3
'
+

|

o ; —— cLe 0, 4" Vee
—3 a3 i s eeia 5. A
NauTE —-—1 . i A AR _<D1L BR 719 '~ "
8 Lote { T 0“: 3 ad .
——— uTt m
a, B "h 4 cs
- 3 0, .
s
. t { H 0‘: % hl]
€@ — l ; = o cte?
I i 0,32 our2
i | cLez cuqé ? 3arE?
cont i 1 v s Peter
| coviaon bbb is g geia N auraf] e ot
w0 K ¥ oy e care: care 17] faret
segstea [Py Y
| 3 l our? ave( ourt
, l ! T
i l .
| i | i _
. INTESMAL LS /_\J
Figure 1. Block Diagram Figure 2. Pin Configuration
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8253/8253.5

1
' FUNCTIONAL DESCRIPTION

General

The 8253 is & programmable interval timer/counter
specifically designed for .use. with the Intel™ Micro-
computer systems. Its function is that of a general
purpose, multi-timing element that can be treated as an
array of 170 ports in the system sohwaro;

The 8253 soives one of the most common problemsin any
microbompurer System, the generation of accurate time
delays under software contro! Instead of sefting up timing
loops in systems software, the programmer configures the
8253 to match his requirements, initializes one of the
counters of the 8253 with the desired quantity, then upon
command the 8253 will count out the delay and interrypt
the CPU when it has completed its tasks. it is easy to see
that the Software overhead is minimal and that multiple
delays can easily be maintained by assignment of priority
levels,

Other counterftimer functions that are non-delay in
nature but also common to most microcomputers can be
implemented with the 8253

® Programmable Rate Generator

e Event Counter

® Binary Rate Multiplier

® Rea! Time Clock

® Digital One-Shot

® Complex Motor Controller

Dsta Bus Buffer

This 3-state, bi-directional, B-bit butfer is usedlointerface
the 8253 to the system data bus. Data is transmitted or
received by the butfer upon execution of INputor OUTput
CPU instructions. The Data Bus Butfer 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 Logic accepts inputs from the system bus
and in turn generates control signals for overall device
operation. It is enabled or disabled by CS 30 that no

operation can occur to change the function unless the
device has been selected by the system logic.

RD (Read)

A “low" on this input informs the 8253 that the CPU is
inputting data in the form of a counters value.

WR (Wrlte)

A "low" on this input informs the 8253 that the CPU is
outputting datain the form of mode information or loading
counters.

-

A0, At

These inputs are normaily connected 1o the addree
Their function is 1o select one of the three countery

operated on and to address the control word registy

mode salection.
CS (Chip Select)

{

e

A “low” on this input enables the 8253, No read)
writing will occur unless the device is selecled. Tig
input has no effect upon the actua! operation o(\

counters, raé
e
¥
-
R %) r &
- &m
0r- DaTa . i
S K Ko e 2
 surren., -»a
— 0y
-7
#
l .
=
a5 3 -
S s N o
~d COUNTER P
LWAITE 21 o
A, LoGIc A
A =
( !
.2
\T N
%
a 2
4
3
CONTROL . L
counTER

woa0 T—
ReGIsTER [N—— \1——) =2 ?:

_—
%
INTERNAL BUS /,J ¥

vyt

Figure 3. Block Diagram Showling Data Bus Buff
Read'Write Logic Functions

—%
o

3l

kg

ik

Load Counter No. 03

Load Counter No, T3

Load Counter Nﬂi

Write Mode Word '

Read Counter No.U

Read Counter No. T2

'}
Read Counter No. 2:

No-Operation 3-914‘""

Disable 38(3:03

I PV O I I I il
x olololo|
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X
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inte! 8253/8253-5

Control Word Register

.- COntrol Word Register is selected when AQ, At are 11, ~
1 1t on accepts information from the data bus bu_f_fgr and . cro
. o~ ot in a register The information stored in ifus oy A oata A counteR carco
~eeter controls the operational MODE of each counter, Oy aorien N— L I
wiccvon of binary or BCD counling and the loading of - p—=ouro
ea. h count register.
e Control Word Register can only be written into, no. ' [
.can operation of its contents is availadle, .
B cLxt
counter #0, Counter #1, Counter #2 A ———eq o pe o
. . . . . - a -

“v+ e tnree tunctional blocks are identical in operation so a— Tooic -] N - Gaten
-+, a s'ngle Counter will be described Each Counter i « p—out1

-+ «'s of a single, 16-bit, pre-settable. DOWN coofter. E

seo  cunter can operate in either binary or BCD andts l I
., .2 gate and output are conhgurec by the selection of € '

v+ 11£S stored in the Control Word aag-sier '

re. counters are fully independent and each can have )] ) fe— Cix 2

. L1
-.; ra'e Mode configuration and counting operation. T \“—‘
REGISTER ¥ |

touary of BCD. Also, there are special features in the c
o+ 0. word that handle the toading of the count value so

“r
TER
1 CONTER (~— Gare s

i sofinare overhead can be minimized for these T {

[RETS LT N ! I
*+w teading of the contents of each counteris available to

twe programmer with simple READ operations for event . /

t..aung apphcations and special commands and logic g e i

aeanctyded in the 8253 so that the contents of each
. aler can be read “on the fly” without having to inhibit

e fock input, Figure 4. Block Diagram Showing Contro! Word

8253 SYSTEM INTERFACE Register and Counter Functions

Tre 8253 is a component of the Intel™ Microcomputer”
Systems and interfaces in the same manner as all other

peripherals of the family. It is treated by the systems { 4007€SS BUS .16} b

sofiware as an array of peripheral I/0 ports; three are I
tuunters and the fourth is a control register for MODE -

CONTROL BUS 3

programming.
luewcally, the select inputs AO, A1 connect to the AD, A1

a‘3:es3 bus signals of the CPU The CS can be derived L QAN Bus .4F
2-eectly from the address bus using a inear select method | l
"1t can be connected to thé output of a decoder, such as . i I i
@ Ilel* 8205 for larger systems. i LS
A & 8 . D0, RO we
253
(:Ow"tl counvu COU';Y!I
Olﬂ Gl'l CLK O.ﬂ GATf Cll OuY GAT! CLl

NN

Figure 5. 8253 System Interface
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MODE 0: Interrupt on Terminal Count

accx_fLALMLAAMANANIMNANM

outPutowtemmuery
ine &} ;.-J‘— A et
1
H :

WA m _l__j_—’___.h
H ]
L) . ’
Garte l;‘ 1
s & 3 2 1 0

QUTPUT INTERRUPT) . ; —

{m e — -
LY B

A*sBem

MODE 1: Programmable One-Shot

cock LM MMM UL

wRa~ ] §
TRIGGER I
4 3 2 + O
outPuT W 8 coon B gy |y B iy
n=a

TRIGGEN ' I '

-

outryt

MODE 2: Rate Generator

ccock AL uuuUuunurunuUuUnLnunuTL

wRe T 1
4 3 2 1V 043 2 V5320
ourrur .
L] 2 v C1 t
OuUTPUT tn = 3 Lr 2 1 0', L 1_J 3

RESET =—~— g ——

MODE 3: Square Wave Generator

e
CLWKMFLFLTULFLFUIFU‘[M-
4 2 & 2 4 2 42 43 4 g,

ot _ 11— '
$ 4 2 8 2 & a4 2

S 2 8 .4 2

outrotees 1 &

{ -

MODE 4: Software Triggered Strobe

wR asd
4 ) 2 1 0
ouTPUT ) B
L0AD N | ned |
GATE | |
L) 4 3 2 1 0
OuTPUT I I

MODE 5: Hardware Triggered Strobe

G- atiaingipgipiniptgiipigigighis!
GavE I = °
4 3y 2 1 0

OUTPUT in» &I

GATE l ’| |
« 3 4 3 2 1 0
OUTFUT in = &} |

s

EAPIDRRE -

Figure 7. 8253 Timing Diagrams
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8253 READ/WRITE PROCEDURE

wilte Operations

«e systems software must program each counter of the
p> 1w Ir the mode and quantity desired. The program-
« e must wnite out to the 8253 a MODE control word and
e programmed number of count register bytes (1 or 2)
TR aztually using the selected counter,

ce actaal order of the programming s Quite flexible.
w-t-q out of the MODE contro! word can be in any
.., «~ . of counter selection, e.g, counter #0 does not
+ e 1o e first or counter £2 tast Each counter's MODE
- word register has a separate address so that its

.+ ny s completely sequence independent. (SCO0, SC1)

- wazting of the Count Register with the actual count
Lo however, must be done in exactly the sequence
¢+ wrammed in the MODE control word {RLO. RL1)} This
: . ung of the counter’s count register is stil sequence
waependent like the MODE controi word ioading. but
aten @ selected count register is to be loaded it must be
1w ted with the number of bytes programmed in the
100E control word (RLO, RL1). The one or two bytes to
t» ywded i the count register do not have to follow the
a a'e2 MODE control word They canbe programmed
at amy t.me following the MODE control word loading as
-+ as the correct number of bytes is loaded in order.

A (cunters are down counters. Thus, the value loaced

the count register will actually be decremented
ieading all zeroes into a count register will result in the
manmum count (2°¢ for Binary or 10 tor BCD). InMODE 0
e new count will not restart unti the ioad has been
v pleted 1t will accept one of two bytes depending on
terw the MODE control words (RLO, RL1) are program-
=t The~ proceed with the restart operation.

&

MODE Control Word
Counter n

Count Register byte
Counter n

Ls8

Count Register byte

MsB Counter n

Note: Format shown is a simple example of loading the B253 and
does not imply that it s the onty format that can be used.

Figure 8. Progreamming Format

At | AO
MODE Control Word
BN Counter O ! !
MODE Control Word
No.
By Counter 1 \ !
MODE Control Word
i Counter 2 | !
No.4 | LsB Count Register Byte 0 1
Counter 1
Count Rzgister Byte 0 1
No.5 | MSB Counter 1
Count Register Byte
No.
0.6 | LSB Counter 2 1 0
Count Register Byte
No.7 | MS8 Counter 2 1 0
Count Register Byte
No.
0.8 | LS8 Counter 0 0 0
Count Register Byte
No.9 | MSB Counter 0 0 0

Note® The exclusive sdd-esses of sach counter’s count register make
the task of programming the 8253 » very simple matter, and
maximum effective use of the device will result 1f this feature
18 fully utitized.

Figure 8. Alternate Programming Formats
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Read Operations

in most counter apphcations it becomes necessary toread
the value of the count in progress and make a
compulational decision based on this quantity Event
Counlers are probably the most common apphcation that.
uses this function. The 8253 contains logic that will allow
the programmer 10 easily read the contents of any of the
hre2 counters without disturbing the actual count in
progress

Trere are two methods tha! the programmer can use 1o
read tne value of the counters The first method involves
the use of simple | O read operaticns of the seiected
counter By conltroliing the AQ. A11nputs to the 8253 the
programmer can selec! the counter 10 be read (remember
that no read operation of the mode regisier s allowed AQ.
A1-11) The only requirement with this method s that in
orgerte assure astable count reading the actual operation
of tne selected counter must be inhibited either by
controlling the Gate input or by external logiz that immpibits
tne clock input The contents of the counter selected will
be avarlable as follows

fiest I O Read contans the least significant byte LSS,

secord 1 O Read contains the mos! signi'rcant oyle
(MSB)

Due to the internal logic of the 8253 it 1s absolutely
necessary tocompietethe entirereacing procedure 1fiwd
Dyies are programmed tc be read then two bytes must be
read belore any loading WR command can be sent tothe
same Counter

Read Operation Chart

A1l AQ RD
0 0 0
0 1 (o] Read Counter Ng, {
1 0 [v] Read Counter No, 3
1 1 1] ftleqal

Reading While Counting

In orger tor the programmer to read the contents of any
counter without effecting or disturbing the Counting
operation the 8253 has special internal 10gic that can be
accessed using simple WR commands 1o the MODC
register Basically. when the programmer wishes 19 reag
the contents of a selected counter "onthe fly” heloads the
MODE regsster with a special code which 1atches thy
present count value into a storage register so that "y
contenis contain an accurate stable Quantity The
pragrammer ther issues a normal read command to the
sefected counter and ‘he cortents of in¢ 'atched registern
avavabie

MODE Register for Latching Count

A0, AT = 11
07 | 06 | D5 ! 04| D3 ['D2 | D1 ] DO |
sci|scof ol oo x ;x| x| x

SC1.SCO0 — specify counter 1o be latched
D5.04
X — dontcare

— 00 designates counter iatching operation

The same limitation applies to this mode of reading the
counter as the previous method. That 1s, it is mandatory
to complete the entire read operation as programmaed
This command has no effect on the counter's mode.

3 3IMH2
CLK

® 1 5SMH;

CLK

8085

“if an BOES cloch output 1s to drive an 82535 clock input, it must be reduced to 2 MHZ or less

82535

Figure 10. MCS-85™ Clock Interface®
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ABSOLUTE MAXIMUM RATINGS*

.1 et Temperature Under Bias 0°Cto70°C

rrage Temperature -65°Cto+150°C
y.tage On Any Pin

with Respectto Ground -05Vto+7V
1 wet Dissipation 1 Watt

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings"™ may cause permanent damage to the
device. This is a stress rating only and functiona! opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this
specitication is not implied. Exposure to absolute maxl-
mum rating conditions for extended periods may alfect
device reliability.

D.C. CHARACTERISTICS (T4 = 0°C 10 70°C, Ve = 5V =10%) *

Symbol Parameter Min. Max. Unit Test Conditions
ViL tnput Low Voltage -0.% 0.8 v

' Vin Input High Voltage 2.2 Vee*.5V v
Voo Output Low Voltage i 0.45 v Note 1
Vou Output High Voltage 24 Vv Note 2

‘ he Input Load Current =10 pA Vin = Veg to OV
lorL Qutput Float Leakage =10 uA VouTt = Ve to .45V
lce Vee Supply Current 140 mA

CAPACITANCE (T = 257C, Ve = GND = OV)

Symbol Parameter Min. Typ. Max. Unit Test Canditions
'(',-; Input Capacitance 10 pF fc= 1 MH:
' Cyo 1/0 Capacitance 20 (13 Unmeasu-ed pins returned to Vss

lBus Parameters (Note 3)

A.C. CHARACTERISTICS (Ta =0°Ct070°C. Vce = 50V = 10%, GND = 0V) %\

READ CYCLE
P 8253 82535
!. Symbo! Parameter Min. Max. Min. Max. Unit
l.; taR Address Stable Before READ 50 30 ns
i. N tRA Address Hold Time for READ ) 5 5 ns
l' tRR READ Pulse Width 400 300 4 ns
| tRO Data Delay From READ!} 300 200 ns
| tor, READ to Data Floating 25 125 25 | 100 | s
l thy Recovery Time Between READ
| and Any Other Control Signa! 1 1 | “s
!
I
|
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A.C. CHARACTERISTICS (Continued)
WRITE CYCLE
8253 8253-5
Symbol Parameter Min. Max. Min, Max. Unit
taw Address Stible Befors WRIT 50 30 : ns
twa Address Hotd Time for WRITE 30 i 30 ns
T WRITE Pulse Width 400 I 300 ns
tow Data Set Up Time for WRITE 300 250 ns
) Data Hold T'me for WRITE 40 30 ns
tRy Recovery Time Between WRITE ! ! Ls
and Any Othar Controt Signal
CLOCK AND GATE TIMING
NI 8253 82535
Symbol . Rarameter | Min. Max. Min. Max Uait
toLx Clock Pzr.cd } 380 de | 380 T
oW H High Pulse Wcin { 230 3 230 Yo
teyL Low Pulss Vi-gth 150 [ET) | ; s
{ tgw . Gate Width Hgh 150 ——CY) Iom
tGL | Gute Width Low 100 100 o
'Gs L_GJte_Se_:_'.:?? I-‘mit.o ?L_K;i_ 1AY 100 ni E_IOO F—"—-'—-—r'“—
tGH Gate Hoid Time After CLK? 50 | so ng
too L B d:::pu( D;el_a_y_érom CLK:. 4 q7 » 400 i 400 ns
tooG Output Datay From Gatet v | R 300 : 300 .
; twe ; Write to CLX 3=t Un g 430 io3s0
NQTES: 7Y : B (
1ty = 22 mA. .

100 pA.

try =

2
3. AC umings measurad at Vou 2 2, Vg
4

C, = 130pF

08.

A.C. TESTING INPUT, OUTPUT WAVEFORM

For Edtended Temperature EAPIESS, use ME253 alectr cal parameters.

“ A.C. TESTING LOAD CIRCUIT

|
i

2.3v v
> rEST POinTS <:
o8 s
948

Fagf% AT 240 8,83 G.C 1 aNDg sy 204
MENTI ASI WASE AT Q0 PR At b

o€viCE
YNIER
TEST

L.
il

a WCLLCES a6 CARRC TCE
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3
WAVEFORMS

«

i WRITE TIMING

READ TIMING

XC

faa . - - e—lq,

e

- mlipw =g .

i+
B .
’ Ag-1. CS —x x L9.1.CS x
! — e t4a - s - -
. )

l DATA 3US * 8 ‘ ad
! 79 L1h77

~a 1/ Sara s e

MAEIANCE

VAL emiGh wRE3aNCE

CLOCK AND GATE TIMING

GATES

— mocE - count 4
WA

= twe —-3
! .

0yTPyT 9

‘LAST BYTE OF COUNT 3EiNG WRITTEN
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PROGRAMMABLE PERIPHERAL INTERFACE

» MCS-85™ Compatible 8255A-5 » Direct Bit Set/Reset Capability Easing

® 24 Programmable 1/O Pins Control Application Interface
a Reduces System Package Count

u Improved DC Driving Capability

8 Available in EXPRESS
—Standard Temperature Range
m Improved Timing Charac!eristigs —Extended Temperature Range

- i -

o L et
The Intel® 8255A is a general gurposa programmable 1O device designed for use with Intel® microprocessars 1ty
24110 pins which may be individuaily programmed in 2 groups of 12 and used in 3 major mades of operation. In the .o
mode (MOOE 0), each group ot 12110 pins may be programmed in sats of 4 to be input or output. In MODE 1, the sa: -+
mede, each group may be grogrammed to have 8 lines of input or output. Of the remaining 4 pins, 3 are usad for by :
shaking and interrupt control signals. The third mode of ogeration (MOOE 2)is abidirectional bus mode which yxes 4
lines tor a bidirectional bus, and § lines, borrowing one trom the other group., for handshaking.

\

v -
(RTTR

m Completely TTL Compatible

s Fully Compatible with Intel® Micro-
processor Families

[
= 3 £
¥
= = | v O .‘.5, —\/ k-
~ Slk= ; 1 . ~ s -
; [ N oy} =
; I he =" B
s | o= - = £ 4 B
. e et — : ' = "‘E . ": ‘
i ey, INELH <«—.——ﬁJ,n . : =~ 82554 -
' Sl =21k ~g- B
— | ey -t e -g- iy
i , » =N T
| 7 -~ .
{ | =g~
PP ! i 7]
e B | s : - -~
— 5 ] R | ey O SN ~q- .
—— . -~d.
- —_—__| L P Bla s -
‘ !
4
:!*—I

Figure 1. 8255A Block Diagram Figure 2. Pin Configuration
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;ZSSA FUNCTIONAL DESCRIPTION

General

The 8253A is a programmable peripheral interface (PP1)
device designed for use in Intel®* microcomputer,
systems. Its function is that of a general purpose liQ
'companent to interface peripheral equipment to the
microcamputer system bus. The functional configura-
tion of the 8255A is programmed by the system software
0 that normally no external logic is necessary to inter-,
'ace peripheral devices or structures” | _a, .i(‘_r

lo-u Bus Bulifer

This 3-state bidirectional 8-bit buffer is used to interface
the B255A to the system data bus. Datais transmittad or
received by the buffer upon execution of input or output
nstructions by the CPU, Control words and status infcr-
maticn are also transferred through the cata bus butfer.

(RD)
Read. A “low"” on this input pin enables the 8255A to
send the data or status information to the CPU on the

data bus. in essence, it allows the CPU to “‘read from"
the 8255A.

(WR)
Write. A “"low" on this input pin enables the CPU to write
data or cantrol words into the 8255A.

{Ag and Ay)

Port Select 0 and Port Select 1. Thesa inpu! signals, in
conjunction with the RD and WR inpuls, contro! the
selection of one of the three ports or the control word
registers. They are normally connacted o the least
signiticant bits of the address bus (Agand A,).

8255A BASIC OPERATION

. - Ay ! ag! AB | WA | .65 | INPUT OPERATION {READI
Read/Write and Control Logic 0: 0 9 ! Q . POATA =DATAILS
. . 5 9 1 0 1 G : POAT8 ~DATASLS
The furction of this black 1s to manage all of the internal 1 ) 0 1 Q | PORTC = DATA LS
ind external transfers of both Data and Control or Status OUTPUT OPERATION
wcrds. It accepts inputs from the CPU Address and Con- ' (WRITE)
70l busses and in turn, issues commands to both of the 9 , 0 L 9 0 | OATASBYS -PCAT A
antral Groups 0 1 1 1] Q DATA BUS =P03T 3
i ] 0 [ 0 0 | DATABUS =PCATC
T [ 0 | 0 | DATASUS=CCNTAOL
. DISABLE FUNCTION
(€S) X | x| x x 1 | DATABUS = 3-STATE
Chip Select. A “low™ on this input pin enables the com. T oA % ! o {LLEGAL CONCITION
nyniction betwaen the 8255A and the CPU. x| x 1 1 0 | OATA BUS ~ 3-STATE
. (E Ele s
em sy a .n’_- . ‘; (h——l‘l ==k P ,l_‘——l\_—l .o
-~ F . hd
! { bt
! - ' 1
R Sgeie P
B TANET Ty TaTh g A : 7
je. onra
a1, Y 3
———, ...rg‘.’
1 DA P
[ = !
d O \
. iy ey e o
! .
N i .
x }
h 2

Figure 3. 8255A Block Diagram Showing Data Bus Buffer and Read/Write Contro} Logic Functions
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o —
(RESET) Ports A, B, and C
Reset. A “high™ on this input clears the controi register The 8255A contains threa 8-bit ports (A, B, and C). a;
and all ports (A, B, C) are set ta the input mode. can be configured in a wide variety of functional char

teristics by the system software but each has its gun
special-features or “personality” to further enhance :ra
Graup A and Group B Controls power and flexibility of the 8255A.
The functional configuration aof each port is program.
med by the systems software. In essence, the CPU “out-
puts™ a control word to the 8255A. The controf ward con-
tains information such as *mode”, “bit set”, "bit reset”,

etc, that initializes the functional configuration of the - port 8. One 8-bit data input/output latch/butfer ary .ra

¥ Port A. One 8-bit data output latchibutter and ore a ¢
data input latch.

8255A. 8-bit data input buffer. 9

Eaxch of the Control blocks {Group A and Group B} accepts Port C. One 8:bit dala output latchibufter and om: §p-

“commands’” from the Read.Write Control Logic, receives data input butter (no latch for input). This port car %e

“contro} words” from the internal data bus and issues the divided into two 4-bit ports under the mode contr it

proper commands to its associated ports. i Each 4-bit part containg a 4-bit latch and it can be .y
Control Group A - Part A and Port C upper (C7.C4) for the control signal outputs and status signal inputy »

Control Group 8 - Port 8 ard Port C lower {C3-CO) conjunction with ports A and 8.

Tre Control Word Regrstes can Only be written iato. No
Reid operation of the Control ‘Ward Register 1s allowad.

PIN CONFIGURATION

sar w] eae
¥ is K ol ot
(200 £ al o
r ] 2] "E‘ .
—a3 ] “
. i S 3 .
r o | ﬁ] cs e YR
go= e L P o, = e ut -
g e AT ) ol K> £ ale ul o
i— m . tlel] ui ,
i rer e wroa
L sca ] assa b
! ’ l scy 10 n!’ n,
[ ! A.xu e ln ...; .
— va
| \pm— L KIS 2] w7 PR
.
» ”r “1n _.( .
[RPSRNR o : -1 g ;
v (T B e wer e o
H ~3 " I3 -
oar |1 4
oty | oue it “F P
sars e s A o
] pommumny’ BE A Gt DALY e Iy P
L P It
L4 2 » [lt .
.
e
o —3 e J— PRy PIN NAMES
) — hopiiviad Smtuy % », - /A 3y
e C—— T (= = = ——— e
- —— . 0; -0 DATA LS 81 O1aEI" &%
~var — RESET RESET inPyT
’ - i 5] Chip SELECT
) ] AEA0 1vPuT
B L) AT e T
A0, A1 :_vonr ADCAESS
" l Tparran_ soRTa @)
. : TFirvsa _ rORTA.WT)
—rn L TRTR2
| rc7eco  rORTC 8N
HIE? -4 vOLTS
L GnO AvOLTS

Figure 4. 822SA Block Diagram Showing Group A and
Group B Control Functions
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$255A OPERATIONAL DESCRIPTION

iodo Selection

fhere are three basic modes of operation that can be select-
'sd by the system software:

l;,Mode Q - Basic Input/Qutput
i Mode 1 — Strabed Input/Qutput .~
= Mode 2 - Bi-Directional Bus

when the reset input goes “high™ all ports will te set to
he Input mode (i.e., all 24 lines will be in the high im-.
'p.dance state). Alter the reset is removed the 8255A can
{remain in the input mode with no additional initialization
'required. During the execution of the system program
sy of the other modes may be selected using a single
output instruction. This allows a single 8255A to service
o variety of peripheral devices with a simiple Software
maintenance routine.

The modes for Port A and Port B can be separataly defined,
attile Port C is divided into two partions Js required by the
?3t A and Port 3 Jdefinitions. All of the output registers, in-
duding the status flip-flops, will be reset whenever the
node is changed. Mades may be combined so that their
Ynctional definition can be “tailored’” to almost any 1O
sructure, For instance; Group B can be programmed in
Mode Q to monitor simple switch closings or display compu-
tational results, Group A could be programmed in Mode 1
19 monitor a keyboard or tape reader on an interrupt-driven
Satis.

-
L ADCAESS 8US Y )
¥ 11
L CONTROL JUS l
| - DATA BUS - )
!
) { 1 )
J'Tc B 0,0, a, a,].
cs
0255A
't wooeo ‘L s 3 .J
fo\\;c s4fio @o :!a 1.0
P, %, PG, [N Pa, P,
wocet —{_ 3 ,.—‘.:—. a T
e
. 1Q 3O
P!, ?9,. COMTROL CONTARQL Pa, ’i.
3 on o on 1’0
?‘ woez L 2 ———% - AT
r— - \}iuo I r r l [ ‘ [I i' 21 DIRECTICNAL
R
. bs, pa, ¥, W o4, 28,

Figure 5. Basic Mode Definitions
and Bus Interface

.

~ CONTRGCL WQRD

% |og|0s|ofo,]o]o0!o

GRQur S

POAT C(LOWER)
Ve INPUT
0= 0uTAUT

PORT 8
1 2 INPUT
0 = QUTPUY

WOOE SELECTION
¢ - mCOEQ
1 - MOOE 1

GROUP A

POAT CUPPER}
1 «iNPuT
Q+ QUTPUT

PORT A
1+ 1800T
0« 0uTPUT

MODE SELECTION
0a = wQo¢t ¢
ot - wQCE T
1X « WQCE 2

MOCE SET FLAG
Ve acTIvE

Figure §. Mode Definition Format

The maode definitions and possibie mode combinations
may seem confusing at first but after a cursory review of
the complete device operaticn a simple, logical /O ap-
prcach will surface. The design of the 8255A has taken
into account things such as efticient PC board layout,
control signal definition vs PC layout and complete
tunctionatl Hexibility to support almost any peripheral
device with no external logic. Such design represents
the maximum use of the available pins.

Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Raset using a
single OUTput instruction. This feature reduces software
requirements in Control-based agplications.
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CONTROL WORD

o, o, | 05 | 0O,

Oy

0y

L

I

QON'T
CARE

|

ST SET AESET
1. SET
0 « RESET

81T SELECT
e

023143567

071310102

0401109118

OO0

BT SET RESET FLAG
9« agTIve

Figure 7. Bit Set'Reset Format

When Port C is being used as status/control for Port A ar g
these bits can be set or reset by using the Bit Set/Resat ap
eration just as if they were data output parts.

Interrupt Control Functions

When the B255A Is programmed to operate in moda 1 q¢
made 2, control signals are provided that can be used 4
interrupt request inputs to the CPU. The intarrupt ra
quest sigrals, generated from port C, cantbe inhititayg
enabled by setting or reselting the associatad INTE h.-
flop, using the bit set/reset function of port C.

This function allows the Programmer to disaltow or .. .. ,
specific 1/0 device to interrupt the CPU without affasc: .
any other device in the interrupt structure,

INTE flip-flop definition:

(BITSET) — INTE is SET ~ Interrupt enable
(BIT-RESET) - INTE is RESET — Interrupt disabl.:
Note: All Mask flip-flops are automatically resat (g

mode selection and device Reset.

Qperating Modes

MOOE Q (Basic InputyOQutput). This functional conligura-
tion provides simple input and output operations for
each of the three ports. No “handshaking” is required,
data is simply written to or read from a specified port.

Mode 0 Basic Functional Deﬁnirigns:
® Two 8-bit ports and two 4-bit ports.
® Any port can be input or output.

@ Outputs srelatched.

o [nputs are not latched.
® 16 different Input/Output configurations ir2 posu'd
in this Mode,

rG

INPYUT

K _

3. a1 30

MQOE 0 {Baslic Input)

0,0,

€3, ar, a0

QuTPUT

we

MOOE 0 (Basic Output)
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JODE 0 Port Definition
x‘ff
kY A B GROUP A GROUP A
fe 04 | 03] 0] 0o | porTa | OUTE | 4 | ponTe PORT C
~ {UPPER]) {LOWER)
* o |l o!o | o] ourpur | ourPur | 0 | OUTPUT | QUTPUT
¥ 0 ] 0 1o | 1 | OUTPUT | OUTPUT | t | OUTPUT | INPUT
% 0 | o1 | o | outeuT | ouTPut | 2 | INPUT ouTPUT
T 2 1o 11 | 1 | outPut | outeuT | 3 | INPUT INPUT
- 0 | v ] 0 | 6 | OuTPUT | INPUT 4 | OUTPUT | OUTPUT
’ 0 1} 0 ! t | OUTPUT | INPUT § | QUTPUT ;| INPUT
g 0 | 1 | 1, 0 | outpPut | INPUT 6 | INPUT ouTPUT
* KR 1 | QUTPUT | INPUT 7 [ ineuT INPUT
1 0 ‘0 | 0 | INPUT ouTPuUT | 8 | ouTeuT ! ouTPuT
- 1 0 , 0 1 [ineuT  louteuT |9 | OUTPUT | INPUT
1 Q0 1 i [s] INPUT 'l QuUTPUT 1 10 INPUT QUTPUT
T, 0 [ INPUT | OUTPUT | 11 | INPUT INPUT
1 T, 0 , 0 | INPUT ! INPUT 12 | OUTPUT | QUTPUT
1 1 o ;! INPUT  * INPUT 13 | OUTPUT : INPUT
s 1 1 1 0 [ INPUT L INPUT | 14 | INPUT QUTPUT
1 1 11 [ INPUT O INPUT | 18 | INPUT INPUT
4 0
2
) - -
MOOE 0 Conligurations T ] 30 il 7 200
I CONT20L #0RD <0~ / /S / CONTRCL #ORO 52
| & 9 0 DO D; O O ]91 0y DOy { Oy Oy 0O [01 0y 9
1 [ ] Q ] Q ] 3 ) 1
. [CLLTLLTD) (LT ELLL]
!
‘ At pa oy At
| { s288a Bassa,
| [‘ — LN { L, %,
0, 0, e et 0,0, ———" -
. S N e, 7
A,y ofe—pl—ru, ey,

CONTACL ACPD 11
. 0, 04 Oy O, 0,

Fnonon

“ At papay

0; 0y 0O

L 4% o, 2,

ot reyrq,

CQNTRCL #QOAD 23

0, 0, Oy O O, D, 0O, O,

noooonnn

A
{ezssa)

|

0;0p

T B
Y Sy
—t— rey g

..—-/.—‘n,ag,
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CONTAGL #ORO 24 o
O, O 0y D, 0, O O, O,

Clefefefe]ete]]

A ——;L.—-n,u,

., S2s%A
{‘—A—-FC,'C.
<

0, 0y —=

Sy,

CONTAGL WORD =8
0; 04 04 O, 0, O, D, 0,

Llelelofefele]]

A .—-,d— ra, s,

Le258a’
_./.!_. pC, PC,
0,0, e c {

4
N

o f——rlm 79, 59,

COMTRCY #ORO *+§
O Oy O D 0y 0, 0, O
[}

Llelefelele] ]

A ——ﬁ"——-n,u,

{ SRSV I X

0,0y ———] ¢

s,y

CONTRQL #CRD 19
% Oy 0y O, 0, 0, O, O,

Lolefelelefele] ]

a .—/'— P4, 04,

[sassal
e ¢, 30,
k [

8 e 39, 99,

CCNTACL #GRO =8
0, 0, Oy O, 0, 0, D, D,

[(LLTLTLT
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Operating Modes

MOOE 1 (Strobed Input/Outpul). This functional con-
i figuration provides a means for transferring /O data to
or from a specitied port in canjunction with strobes or
l "handshaking" signals. In mode 1, port A and Port B use
the lines on port C to generate or accept these “hand-
' shaking" signals.
i

Mode 1 Basic Functional Definitions:

® Two Groups {Group A and Group B)

® Each group contains one 8-bit data port and one 4-bit
control/data port. .

® The 8-bit data port can be egither input or output.
Both inputs ard cutputs are latched.

® The 4-bit port is used for control and status of the
8-bit data port.
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Input Control Signal Definition

STB (Strobae Input). A “low" on this input loads data into
the input latch,

IBF (Input Bufter Full FIF)

A "bigh™ on this output indicates that the data has been
loaded into the input latch;in essence, an acknawledgemant
IBF is set by STB input being low and is reset by the rising
edge of the RD input.

INTR (Inferrupt Request)

A “high” on this output can be used to interrupt the CPU
when an input device is requesting service. INTR is set by
the ST8 is 3 “one", IBF isa "one” and INTE is a “‘one”,
It is reset by the falling 2dge of RD. This procedure allows
an input device to request service from the CPU by simply
strobing its data into the port.

?

INTE'A &
Controlled by bit set’reset of PC,
INTEB

Controlled by bit set/raset of PC,.

MOOE t PORT A)

K

CONTRQL wQRD
0; Og 0y 0, 0, 0, 0, O,

1 v vpur
3. oureyr
O ——a
AD ————etf
:
[ S,
MOCE 1 .PCATY)
.
CIAN G
CONTACL #020 M
9, Dy 04 0, 0, 0, 0, 0, -=-q
bINT
2 N el e
N

D ——f

Figure 8. MODE 1 Input

INTR

INPLT FACM
PERIP=ERAL

Figure 9. MODE 1 (Strobed Input)
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=

i&utpul Contral Signal Definition

7

o_é? {Qutput Bufter Full F/F). The OBF output will go
“low” to Indicate that the CPU has written data out to
" \he specitied port. The OBF FIF will be set by the rising
“sdge of the WR input and reset by ACK Input being low.

-

"KCK (Acknowledge Input). A “low" on this input informs
the 8255A that the data from port A or port B has been ac-
cepted. In essence, a response from the peripheral
device Indicating that it has received the data output by
the CPU.

INTR (Interrupt Reques?). A “high” on this output can be
used to interrupt the CPU when an output device has ac-
capted data transmitted by the CPU. INTR is set when
ACKis a“one”, OBFisa‘one” and INTEisa‘“one™. itis
reset by the falling edge of WR.

INTE A
Controiled by bit set/raset of PCgq.
INTE B
Controlled by bit set/reset of PCo.

CCNTROL WCAO

0, D, Oy D, 0, 0, 0, O,

MOOE 1 {PORT A)

ra, P, 'z>

Ll XXX

1 = INPUT
G = QUTIUT

e, }—e Car,

.
J; POy fo— AR,

MOOE 1:POAT 82

CONTROL AP0 .
Oy Og Oy Oy Dy Og Oy Oy

EDSHIEIED

WR ———e

b

.19

—— 3,

T :NYH‘

Figure 10. MOOE 1 Output

-

- N\ “
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Figure 11. Mode 1 (Strobed Output)
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MOQOE 2 ANO MODE 0 (INPUT)
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Figure 16. MODE % Combinations
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|Mode Definition Summary
MODE 0 MOODE 1 MQOE 2
. IN out IN out GROUP A ONLY
1 PAg IN out N out -
% PAY IN out IN our -
|‘ PAy IN out N out -—
f PA3 IN out IN out e
L PAg IN out IN out <
if PAg IN out IN our <
PAg N out IN our <
i PAZ IN our IN out <
i P8g IN out IN out _ 7]
P8y IN out N our _—
P83 N out IN our _—
P83 IN our IN out E— MOCE Q
P84 IN ouT IN ouT —_ - OR MOOE 1
P8g IN out iN out = ONLY
Pag N out N our —_—
P8y IN out LN out _
PCo IN | ouT INTRg INTRg 10
f PCy IN ) OouT 18Fg 08Fg 10
PCy IN out STag ACKg 7o}
PCy IN our INTR A INTR INTR,
PCy N ouT $T84 1o STBA
PCs COIN ouT 18F o 170 18F 4
I PCq ] out 1o ACK 5 ACK,
PC7 N out /0 0BF 4 08F 5
I

$peacial Mode Combination Considerations

There are several combinations of modes ~hen not all of the
I bits in Port C are used for control or status. The remaining
| Bits can be used as follows:

1t Programmed 25 lnputs —
All input lines can be accessed during a ncrmal Port C
* read.

I
If Programmed 3s Outputs —
+ Bits in C upper (PC7-PC4) must be individually accessed
[ using the bit set/reset function,
|

* Bits in C lower {PC3-PCq) can be accessed using the bit
set/reset function or accessed as a threesome by writing
into Port C.

#

Source Current Capability on Port B and Port C

'Aﬂv set of eight output buffers, selected rancomly from
Ports B and C can source 1mA at 1.5 volts. This feature
Mlows the 8255 to directly drive Darlington type drivers
' .lnd'high-voltage displays that require such source current,

' Reading Port C Status
Tlﬂ Mode 0, Port C transfers data to or from the peripheral”
|:davice. When the 8255 is programmed to function in Modes
l“ior 2, Port C generates or accepts “hand-shaking” signals
Wwith the periphera! device. Reading the contents of Port C

¥

\

allows the programmer to test or verify the ‘“status’ of each
peripheral device and change the program flow accardingly.

Ther2 is no special instruction to read the status informa-
tion from Port C. A normal read operation of Port C is
exacuted to perform this function.

INPUT CONFIGLRATION
Oy O Oy 0 0 9, 0, O

T

[ 2] I o [ 1ar, !mv:.imral:rmr:.[ 18F, lmra.]

GRCUP A GRCUP 8
QUTPUT CONFIGLRATION
0, 0 ©o o 0 © DO, 0O

[W, .‘[-ur:‘

T
5] } -] {mn.]{m[rs.: J8F, Ewr:,]

——— - - -,
GROUP &

Figure 17. MOOE 1 Stat-
!

C) Oy o 0o D0 ¢

[ Gef, : INTE, Lm‘ 'Lm“'irm""'

1
GROULP 3 !

1
(DEFINED @Y WODE 8 CA, 7

Figure 18. MODE 2 St; \
!
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APPLICATIONS OF THE 8255A

peripheral equipment to the microcomputer system. It
represents the optimum use of available pins and is flex-
ible enough to interface almost any 1/Q devica without

IlThc 8255A is a very powertul tool for interfacing
llthe need for additional exterral logic.
b

Each peripheral device in a microcomputer system
usually has a “service routire™ assaciated with it. The
routine manages the software interface between the
device and the CPU. The functional definition of the
8255A is programmed by the /O service routine and
becomes an extension of the system software. By ex-
amining the /O devices interface characteristics for
both data transfer and timing, and matching this infor-
mation to the examples and 'abi2s in the detailed opera-
tional description, a control word can easily be deval-
opad to initialize the 9253A ‘o 2xactly “fit" the applica-
tion. Figures 19 through 25 prasent a few examples of
typical applications of the 3233A.
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ll. SE—— |
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[FITTY =1
>u, —| S
”, — -
., —
8y —t SATA #£a0°
, — :] acn
wgoe 1t swg b | sapea 5o
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AEQUEST

Figurs 20. Keyboard and Display Interface

Figure 19. Printer Interface
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Figure 21, Keyboard and Terminal Address
Interface
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Figure 23. Baslc CRT Controller Interface
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. .. ... ... 0°Cto 70°C
Storage Temperature . . ... ......... —65°C to +150°C
Voltage on Any Pin

With Respect to Ground . . ... ... ~0.5V to +7V
JPower Dissipation . .. ............ ... ..., 1 Ware

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings™ may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion ol the device at these or any other conditions above
those incicated in the operational sections of this spec:ti-

- cation is not implied. Exposure to absolute maximum

rating conditions lor extended periods may alfect devic.
reliability.

D.C. CHARACTERISTICS (Ta=0'Cto70°C,Vge = +5V =10%, GND = 0V) *
Symbot Parameter Min. | Max. | Unit Test Conditions
Vi | Input Low Voitage 0.5} 0.8 v
Vin Input High Voi°ige 20 | Vee Y
Vo (08) | Output Low Voitage (Data Sus) 0457 V loL ® 2.5mA |
VoL (PERI| Output Low Var-age (Paripharal Port) 045 v | 1o =1.7mA ]
Vow (DB) | Qutput High Ya'-1ge {Data Bus) 24 v Iox = -400zA
Vo {PER)| OQutput High Yaliage {Peripheral Port) | 2.4 v low = ~200uA
Inag!!l | Darlingtoo Dr w2 Current -1.0} -40 | mA Rext = 750Q2; Vegxr=1.53V ]
Ice Power Supply Currant 120 mA
e Input Load Currant 3 L0} MA Vin = Vee to OV
loFL Output Float L2ikage £10 | pA Vour =Vee to 45V ]
NOTE:
1. Available an any 8 pins from Part 3 and C.
CAPACITANCE {Ta = 25°C, Ve = GND = 0V)
Symbol . Paramater Min. Typ. Max. Unit Test Conditions :
Cin tnput Capuciti~cs 10 pF fc = tAIH: .
Cno 1.Q Capac rarv2 20 pF Unmeasured pinsc2turned toG?;_n
, A.C. CHARACTERISTICS (Ta=0°Cto70°C.Vgg = +5V =10%. GND = 0V)
Bus Parameters
READ s
8255A 8255A-5
» Symbol Parameter Min. Max. Min. Max. Unit ]
tAR Address Stable Bafore READ 0 0 ns .
, tRA Address Stable After READ 0 Q ns |
| taR READ Pulse ‘Width 300 300 ns
RO Data Valid From READIY 250 200 ns ]
toe Data Float After READ 10 150 10 100 ns |
tav Time Between READs and ‘or WRITEs 850 850 ns
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A.C. CHARACTERISTICS (Continued)

WRITE
1 82S5A 8255A.-5
Symbol Parameter Min. Max. Min, Max. Unit
taw Address Stable Bafore WRITE 0 s} ns
twa Address Stable After WRITE 20 20 ns
o WRITE Pulse Width 400 300 ns
tow Data Valid to WRITE (T.€} 100 100 ns
two Oata Valid Aftar WRITE 30 30 ns
OTHER TIMINGS
82554 8255A-5
Symbol Parameter ) Min, Mazx, Min. Max. Unit
tvia WR =1 to Quipu! 1 350 350 ns
tig Per pheral Data 82%3¢ca RD ns
teR Peripharal Data Aftar RO (o] 0 ns
tac ACK Pulse Width 300 300 ns
tsT ST8 Putse Width 500 500 ns
tpg | Par. Data Bafors T.E. of STB 0 0 ns
tew | Per.Data After T.E of ST3 180 180 ns
tap | ACK =010 Output!'! 300 300 0s
txo | ACK =110 Output Float 20 250 20 250 ns
twos WR =110 O8F =0l 650 650 ns
taos ACK =010 OBF = 11! 3s0 350 ns
tsig ST8 =0to IBF = 111 300 300 ns
| thig | RD=1to!8F =gi" “300 300 ns
i tar | RD=0to INTR =0l 400 400 ns
tsiT STB = 1to INTR = Il 300 300 ns
taT ACK = 110 INTR = 11! 350 350 ns
et WR = Qto INTR = gI1.3! 150 450 ns
NOTES: '
1. Test Conciticns Cy = 150 pF
|2- Period of Reset puise must be at least 5Qus during or after power on. Subsequant Reset pulsa can te 300 as min.
1 INTR? may cccur 1s early as WA .
; * For Exterced Tamperature EXPRESS, use MB255A electrical parameters.
I’A-C. TESTING INPUT, QUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
NPT QUTELT
“ 20 20 grség: .L Vv O
i TEST POINTS <: I G - rsoer
i o4 XL> e =
SEEC?_; ‘," B A P e T AT AR LS UCLTAGES L2 NG TS TAG T T aan e T
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\ WAVEFORMS

l

"
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|
;WAVEFORMS (Continued)

|
e

MODE 1 (STROBED INPUT)

INTR *

MODE 1 (STROBED QUTPUT)
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WAVEFORMS (Continued)

MOODE 2 (BIDIRECTIONAL)

DATA FROM
‘8080 10 9255

wat _—\_—'__/:. .
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Q8f . \ : / ¢
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£2358 10 4080

NOTE.  Any sequence ahers WA cceurs betore ACK and §T8 occurs befare RO 18 parmissidle.

WRITE TIMING READ TIMING
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Sample and Hold

LF198/LF298/LF398 monolithic sample and hold circuits

general description

The LF198/LF298/LF398 are monolithic sample and
hold circuits which utilize BI-FET tachnology to obtain
ultra-high de accuracy with fast acquisition of signa! and
low droop rate. Operating as a unity gain follower, dc
gain accuracy is 0.002% typical and acquisition time is
as low as 6us to 0.01%. A bipolar input stage is used to
achieve low offset voltage and wide bandwidth. Input
offset adjust is accomplished with a single pin and does
not degrade input oftset drift. The wide bandwidth
allows the LF198 to be included -inside the feedback
loop of 1 MHz op amps without having stability
problems. Input impedance of 10109 allows high
source impedances to be used without degrading
accuracy,

P-channe! junction FET's are combined with bipolar
devices in the output ampi fier to give droop rates as
low as 5 mV/min with a 1uF hold capacitor. The JFET's
have much lower noise than MOS devices used in pre-
vious designs and do not exhibit high temperature
instabilities. The overall design guarantees no feed:
through from input to output in the hold mode even
for input signals equal to the supply voltages.

features

®u QOperates from 25V to £18V supplies

8 Less than 10us acquisition time

® TTL, PMOS, CMOS compatible logic input
8 0.5 mV typical hold step at Cp, = 0.01uF

® Low input offset

®# 0.002% gain accuracy

®  Low output noise in hold mode

® Input characteristics do not change during hold mode
® High supply rejection rao in sample or hoid
® \Vide bandwidth

Logic inpuis on the LF198 are fully ditferentiai with
low input surrent, alluwing direct connection to TTL,
PMQS, and CMOS. Ditferential threshold is 1.4V The
LF198 will operate from 25V to +18V supples. It is
available in an 8.lead TO 5 package.

OFFSET

functional diagram
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LF198/LF298/LF398

absolute maximum ratings

Supply Voitage 18V input Voltage Equal to Supoly Voltage
Power Dissipation {Package Limitation) {Nate 1) 500 mW Logie To Logic Referance Differentisl Voltage +7V,~-30V
Operating Ambient Temperature Rarge {Note 2)
LF198 -55°C to +125°C Output Shart Circuit Duratian tndefinite
LF298 -25°C to *85°C Hald Capacitor Short Circuit Duration 10 sec
LF98 0°C to +70°C Lead Temperature (Soldering, 10 seconds) 300°C
Srorage Temperature Range -85'C o +150°C
electrical characteristics (Note 3) )
LF198/LF298 LFI98
PARAMETER CONOITIONS T Tve MiN Tve MAX UNITS
Input Ottset Voitage, (Note 6) Ty 25°C 1 3 2 7 mv
Ful Temperature Range 5 10 mv
trput 31a Current, {Note 8} T,+25°C s 25 10 50 nA
Fuil Temperature Range 15 100 nA
Input Imoedance T e28°C 1010 1010 a
Gan Erroe T, #25°C, A =10k 0.002 0005 0.004 0.01 %
# .1t Temperature Range 002 0.02 %
Feed™rough Atrgnyation Ratio Ty- 25°C, Cpn = 0 01uF 86 96 80 X (L}
Tz
Jutsut '—oedanca T, * 35°C, "HOLD " mode oS 2 39 4 Q
Fu! Tamperatuse Sangs 4 8 N
HOLS ten. [Note 4) T, = 25°C, Ch * 0 01uF, Vaur + 0 as 20 10 25 mv
Scecey Carsent, Nate 6} T,235°C 4% 55 45 6.5 mA
Log€ and Lagc Refarence bnput o 15'¢c 2 10 2 10 uA
Cuyrre~t
Lsakage Cur-ent nto Hoid T, = 25'C, ‘Note 5) 30 100 Jo 200 pA
Cagac tor {Nate 6) ez Mode
Acquisit on Tme to 0.1% SYSUT = 1QV, Cp + 1000 oF 4 4 us
Ch = 0 01uF 20 20 b
Hold Caoacitar Charqing Current Viy - VouTt = 2V 5 S mA
Suooly Yatage Rejection Ratio Vour * 0 110 80 110 d8
Diterant a Logic Threshold T 25°¢C 08 14 24 o8 14 24 v

Note 1: The maximum junction temoerature of the LF198 s 150°C, for the LF298, 115°C, and far the LF198, 100°C. When operating st
elevaied ynbient temperature, the TC-3 Zackage must be cera-zd basad on a thermal resistancs "9, 4l of 150°C.W.
Nowm 2: Aithough the differential .citige may not exceed the limits jiven, the common mode voltage on the logic ping may he agual to the
supply witages without causing darge to the circuit. For procer logic operation, however, one of the 1ogic pins must always be atleast 2V below
the ccunve supply and 3V sbove the ~ezatve supply.
Note 3: Unless otherwits specifed, :he foltowing conditiors 100ly. Unit is in “‘sample’’ mode, Vg = :15V, T| =25°C, ~115V < VN S +11 5V,
Ch = 0.0WF, and Ry = 10 k11, Logee w'srence voltage » OV and fogic voltage = 2.5V,
Now &: Hold stap is sensitive to st-1y 23cacitive coupling be~~een input logic tignals and the hold capacitor. 1 pF, for instance, will create an
additicna 0.5 mV step with a SV lope twing and a 0.0 1uF hold capacitor. Magnirude of the hold step is inversaly proportional to hold capaci-

tor vaite.

Nots 5: Leakags current is measured 3t a junction tamperature of 25°C. The effects of junction temperature rise dus ta power dissipation ar
slevatad ambient can be calculated Sy Zoubling the 25°C value for each 11°C increase in chip temparature. Leakage is guaranteed over full input

sigral rrge.

Note 8: These paramaters guararssd ~ver a supply voltage rarse of =5 ta t18V,

typical performance characteristics
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typical performance characteristics (con’t)
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LF198/LF298/LF398

application hints
Hold Capacitor

Hold step, acquisition time, and droop rate are the
major trade-offs in the salection of a hold capxcitor
value, Size and cost may also become important for
larger values. Use of the curvas included with this data
sheet should be helpful in sefecting a reasonable value
of capacitance., Keep in mird that for fast repetition
rates or tracking fast signals, the capacitor drive currents
may cause a significant temperature rise in the LF198.

A significant source of ercor in an accurate sample ind
hald circuit is dielectric abscritien in the hold capacitor.
A_mylar cap, for instance, may "“sag back” up to 0.2%
after a quick change in voltxe. A long “'sosk” time is
required befare the circuit can be put back into the
hold mode with this type of capacitor. Dielectrics with
24 Law hysteresis are polystyrene, polypropylene, and
{:fun. Other types such 1 mica and polycarbonsza
e 0ot cearly as gnod. Cersm ¢ is unusable with > 1%
ot The adviatig2 of polyprapylene cver pely-
st/rene i thatitev enis the maximum ambient tempera-
ture tram 35°C s 106°C. Far more exact data, see tha
curve tibeied dielectric abseroton error vs sample time.
The hysteresis numbers ca the curve are final values,
taken .iter full relaxation The hysteres.s error can 52
significandy reduced if e sutput of the LF198 .5
digitized quickly after the hold mode is initiatad. The
hysteresis relaxation tima canstant in polypropylera,
for instance, is 10-50 ms. if A.to-D conversion can =
made within 1 ms, hysteras.s zcror wnll be reduced by o
factor of ten, ]

DC and AC Zeroing

DC zeroing is accomplishid by connecting the of st
adjust pin to the wiper ¢f 3 1 k€ patentiometer ahich
has one 2nd tied to V' a~d e nthar end tiad throush a
resistor to ground. The r2s.st0r should be selscted 1o
give =0.6 :nA through th2 1< pciantiometer,

AC zeroirg (hold step r2r3ing) can be obtsined ty
adding an inverter with the adjustment pot tied input
to cutput. A 10 pF capxiar frem the wiper to e
hold capacitor will give :4 mV hold step adjustment
with a 0.01uF hold capac.ccr and SV lagic supply.
For larger logic swings, a smaller capacitor {< 10 pF)
may be used.

Logic Rise Time

For proper operation, logic signals into the LF 198 must
have a minimum dV/dt of 80 2 V/us. Slower signals wiil
cause excessive hold step. If a2 R/C network is used in
front of the logic input for s.gnal delay, calculate the
slope of the waveform at the threshold point to 2nsur’s
that it is at least 0.2 V/us.

Sampling Dynamic Signals

Sampla error due to moving input signals probably
causes more confusion amorg sample-and-hold users
than any other parameter. The primary reason for this
is that many users make the assumption that the sample
and hold amplifier is truly locked on to the input signal
while in the sample moda. In actuality, there are finite
phase delays through the circuit creating an input-output

differential for fast moving signals. In addition, although
the output may have settled, the hold capacitor has an
additional 1ag due to the 300€2 series resistor on the chip.
This means that at the moment the “hold” ¢chmmand
arrives, the hold capacitor voltage may be somewhat
different than the actual analog input. The effect of
these Uelays is opposite to the effect created by delays
in the logic which switches the circuit from sample to
hold. For example, consider an analeg input of 20 Vp-p
at 10 kHz. Maximum dV/dt is 0.6 V/us. With no analag
phase delay and 100 ns logic delay, one could expect
up to (0. 1us)(0.6V us) = 60 mV error if the "hold”
signal arrived near maximum dV/dt of the inputl. A
positive-going input would give a3 =60 mV error. Now
assume 3 1 MHz (3 d8) bandwidth for the overall analog
loop. This generatas a phase delay of 180 rs. If the hold
capdcitor sees this exact delay, then error due to analag
delay wift be {0.16us5){0.6 Vius) = -96 mV. Tarta! out-
put error is +60 mV (digital) ~96 mV (anai~g! for a
total of -36 mY. To add to the confusion, analcy dalsy
is proportional to hold capacitor vilue while dig.tal
deldy ramains constant. A family of curves {dynurna;
sampling error) 1s included to help estimite errars.

A curve labeled Agarture Time has be2n included fos
sampling conditions where the input 1s steady during
the sampling period, but may experience 3 sudden
change nearly coincident with the “hold” commuand.
This curve is bhased gn a 1 mV error fed «nto the output.

A second curve, Hold Settling Time indicatas the time
required for the output to settle to 1 mV after the
“hold” command.

Digital Feedthrough

Fast rise time logic signals can cause hold errors by
feading externally nto the andlog input at the same
tima the amphfier is put into the hold mode. To mini-
mize this problem, board layout should <eep legic hines
as far as possible from the analog irput. Grounded
guarding tracss may also be used around the input
line, especially if it is driven from a high impedance
source. Reducing high amplitude logic signals to 2.5V
will also helip.

Guarding Technique
v
OFFSET
ADJuSY

mrul@
801TOM

ViEw

Qe
REFERENCE

GUARD [GP AND
=~ 801T0M OF 30AAQ

[
auTrur /-‘T‘}"\ HoLD
!} T canacrron

Uss 10-pin layout, Guard arcund
Ch, is tied to output.




logic input configurations .

'3V Vi (HiState) < 7V

\
\

.‘ _l-_[:w“ .
HOLD -

Threshold = 1.4V

7V < Vi (Hi State) £ 15V

<
>
< 0

SaVPLE
J——Lumo

Threshold = 0 6 (V') + 1.4V

o1l SaMPLE

=13 HOLO

Tnreshold » +4V

wypicat applications {con’t)
X 1000 Sample & Hold

TTL & CMOS ‘

>R1®
<

p2av

-

HOLD
I I S A2
SAMPLE > 5.8¢
Threshold = 1.4V
*Select for 28V atpin 8

L—AAA
|t

CMOS

S
' S
S

Hw
SAMPLE

Threshold = 0.6 (V') — 1.4V

1A
‘_—'V" g

Op Amp Drive
v HOLO
-ty sameLE an

Threshold = —4V

Sample and Difference Circuit

15V
A2
L1l
R e AI: Ar—4
OFFSET
ADJUST
18V

(Output Follows Input in Hold Mode)

O Your
Vout * Vg © <V y HCLO MODE)
f

J—l-N!SET
TRACK

*For lower gains, the LM108 must be frequency compensated

100
Use » —— pF from comp 2 to ground
Av
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LF198/LF298/LF398

typical applications (con't)

Ramp Generator with Variable Rest Level
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typical applications (con't)

Synchronous Correistor for Recovering
Signals Below Noiw Level

1 QUTPUT FREQUENCY
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OC & AC Zeroing

0c

Vos
ZERQD 15v

—y *Selett C1 to filter lowest frequency
component of input nose

**Select €2 @ ~ 5 1 1081,y

“A” SELECT
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o m
8" SELECT
L
5 mruT
A [ ]
Gain 1:002% 1:02%
2N 10'0q a7 xa
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LF198/LF298/LF398

B N
typical applications {(con’t)
Capscitor Hysteresis Compensation Differentisl Hold
Q autryr
= Vg WHEN N
mrytr qureryr HALD wa0e
Vg * Vesg) WHEN IR
SAMeLE #Q0E

Lost

*Select for timec3rsidrt C1 2 ——
100k

**Adjust far amr ot tude

connection diagram

Dual-In-Line Package

L ./ .
¥ p—1061C
QFFSET 2 110Gt
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NPyt St ]
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v —oursur
TOP JIEW

Order Number LF 1984, LF2984 or LF398J
See NS Package JOSA

Order Number LF398N
See NS Package NOSB

Metal Can Pack age

TOP VIEW

Order Number LF198H, LF298H or LF398H
Seo NS Package HOSC




National
Semiconductor

Voltage Comparators

o
~°

LMT19/LM219/LM319 high speed dual comparator

general description

The LM119 series are precision high speed dual
comparators fabricated on a single monalithic
chip. They are designed to aperate over a wide
range of supply voltages down to a single SV logic
supply and ground. Further, they have higher
qain and fower input currents than devices tike
the LM710. The uncommitted collector of the

output stage makes the LM119 compatible with *

RTL, OTL and TTL as well as capable of driving
lamps and relays at currents up to 25 mA. Qut.
standing features include:

features

® Two indeper-te® cC7ivrators
8 QOperates froim -
® Typically 80 ns resporese time at £15V
8 Minimum fan-out 0! 2 :ach side

8 Maximum input current of 1 A over tempera-
ture

® Inputs and outputs can be isolated from system
ground

® High common mode slew rate

Aithough designed primarily for applications re-
quiring operation from digital logic supplies, the
LM 119 series are fully specified for power supplies
up to t15V, It features faster response than the
LM111 at the expensa of higher pawer dissipation.
However, the high speed, wide operating voltage
range and low packige count make the LM119
much more versatile than older devices like the
LM711t,

The LM119 is specified from -55°C to +125°C,
the LM219 is specified from -25°C to +85°C, and
the LM319 is specified from 0°C to +70°C.

schematic and connection diagrams

.
B

Dual-In-Line-Package

UL

1 f—1

Jarewts

b—n -~

e @ Wt
i
] ._JC:_.. —t
Quthyt? ! = L.——l H X
e

Order Number LM1130, LM2190
or LM3190

See NS Packsge DI14E

Order Number LM319N
See NS Packige N14A

Order Number LM119J, LM219J
or LM313J
See NS Package J14A

Metat Can Package

Relay Oriver

Window Detsctor

90 0N
Order Number LM119H, LM219H
. or LM319H
See NS Package H10C

Flat Packaga

YertirmVa vy

A AT 1
Order Number LM119F, LM219F
or LM319F
See NS Package F10A




absolute maximum ratings tmii9/LmM219

Tota Supply Voltage IV Power Dissipation {Note 2} 500 mwW
. Output to Negative Supply Voltage AV Output Short Circult Duration 10 sec
Ground to Negative Supply Voltage 25V Opurating Temperature Range LM119 -55°C to 125°C
Ground to Positive Supply Voltme 18v . w219 -25°C 1o 85°C
Di#erentiat Input Voltage 25V Storage Tempaerature Range ~85°C to 150°C
fnput Voltage (Note §) 215V Lead Temperature {Soldering, 10 ) 300°C
electrical characteristics (Note3)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Otfset Voltage (Note 4} Ta=25°C, Rg < 5k 0.7 4.0 my
Input Oftset Current (Note 4) Ta=25'C 0 75 nA
Input Bias Current Ta=25°C 150 500 nA
Voltage Gain Ta " 25°C 10 40 VimV
Response Time {Note 5) Ta=25°C Vg1V 80, s
Saturation Voltage Vin £ =5mV, lgyr = 25 mA
Ta*25°C 075 1.5 v
Output Leakage Current Vin 25 mV, Vguy = 35V
Ta=25°C 0.2 2 uA
Input Offset Voitage (Note 4) Rs < Sk 7 mV
tnput Oftset Current (Note 4) 100 nA
Input Bias Current 1000 g nA
input Voltage Range Vg = £15V 213 v
Vi=5v, V-0 1 3 v
Saturation Voltage V' 245V, V.0
Vin$-6mV, lgu < 32 mA
Ta 2 o°c 02 04 v
T.<0°C 0.6 v
Output Leak age Current Vin 25mV, Vg1 =35V 1 10 HA
Ditferential Input Voltage 5 v
Positive Supply Current Ta=25°C.V =SV, V- e 0 43 mA
Positive Supply Current Ta =25°C Vg =215V 8 1.5 mA
Negative Supply Current Ta=25°C Vg=215v 3 45 mA

Note 1: For supply voltages less than £15V the absolute maximum input vottage is equal to the supply voltage.

Note 2: The maximum junction temperature of the LM119 4 150°C, while that of the LM219 15 110°C For operating at
elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150 C/W, junchcn o
ambient, or 45°C/W, junction to case. For the fiat Package, the derating is based on s thermal resistance of 185 C/W when
mounted 0n a 1/16-nch-thick epoxy glass board with ten, D 03-inchwide, 2-ounce copper conductcrs. The thermal resistance
of the dual-indine package is 100°C/W, junction to ambient.

Nots 3: These specifications apply for Vg = 215V, and theGround pin st ground, snd —55°C < Ta & +125°C, unless other.
wise stated. With the LM219, however, all temperature specifications are limited to —25°C < Ta < +85°C. The offsat voltage,
oftset current and biss current specifications spply for any supply voltage from a singie SV supply up to : iS5V supplies.

Note 4: The offset voltages and offset currents given are the maximum values required 1o drive the 3.t 0w w'thin 2 volt of &
ther supply with 8 1 mA ioad. Thus, these parameters define an error band and take into accsu ~he wisst case effects of
voltage gain and input impedance.

Nots 5: The response time specitied (see definitions) 1s for 8 100 mV input step with 5 mV overdr we.

-
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LM119/LM219/LM319,

absolute maximum ratings M3

Total Supply Voltage v Power Drupation {Nate 2) 500 mW
Output 1o Neystne Supply Voitage eV Output Short Curuit Duration 10 we
Ground to Negative Supply Voltye 2%V Querating Temperature Range LM319 0Ctw0C
Ground ta Poutive Supuly Vaitaje 18V Storage Tempersture Runge -65 Ct0 150°C
Oudterential Tnput Voltage 5V Laad Temperature {Sakiering, 10 sec) 100°¢C
1nput Valtxge (Nate 1) 215V
electrical characteristics (Note )
PARAMETER CONOITIONS MIN TYP MAX UNITS
Input Offset Voltage (Note 4} Ta °25°C,Rg < Sk 20 8.0 mv
Input Otfsat Currant {Note 4} Ta*25°C 80 200 nA
tnput 81as Current Ta*25°C 250 1000 nA
Voltage Guin Ta.»28'C 8 40 V.mV
Rewonse Time (Note 5) Ta*25°C Vg » 215V aq ng
Satutatian Voltaye Vin S =10 mV, lgyy * 25 mA
Ta*25'C 0.75 15 \'
Qutput Lesk sje Curret Vi 2 10 mV, Vy,p + 35V
Ta*25°C Q2 10 A
fnput Oftset Vaoltage (Noir 41 Rg & Sk {0 mY
1nput Clfsat Curr2nt (Nure ) 300 nA
fnput Bras Current 1200 na
Input Vaoitye Rare Vg = =15V «t3 v
V' e85V V' -0 1 3 v
Saturation Vottage V' 235V, v 0 03 04
Vi € -10 MV, tg.g €3 2mA
Ditterential Input Voit xe i) v
Positive Supply Cucrent Ta*25C,V 25V, vV 40 43 mA
Positive Supply Currzat To #29°C Vg » 215V 8 125§ mA
Neyative Supply Curr2nt Ta®25°C Vg 157 N J 5 A

Note 1: For supply voltages ess than 15V the absolute maximum 1nput voltage 13 2qual 1o the supply voltage
Nota 2: The maximum junction temperature of the LM319 15 85°C. For operating at elevated temperatures, devices 1n the
TO-S package must be derated bated on 8 thermal resistance of 150°C/W, junction to ambient, or 45°C/W, juncticn tocase.

The thermal resistance of the dual«n-ding package 1s 10G° C/W, junction to ambient.

Note 3: These specifications apoly for Vg = £15V 3nd 0'C < Ta £ 70°C, unless otherweie stuted. The olfset voltage, offset
current and bias current specifications apply for any supply voltage trom o single SV supply up 1o 215V supphies.

MNote &: The ofiset voltiges ard offs2t currents given ar? the mauirmur values required to drive the outout within 2 volt of
aither supply with 3 1 mA toed. Thus, these parameters define an error band Jnd take into account the ~orst case eftacts of

voltage gain and 1~put impedance.

Note §: The response time specified 13 far 2 100 mV input step with $ mV overdrive.




typical performance characteristics LM119/LM219
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Monolithic Function Generator - e

EENERAL DESCRIPTION : FUNCTIONAL BLDCK BIAGRAM

The XR2206 & a monalithic’ function generator Inte-
Oreted clicult capabie of producing high qusitty gine,

square, tilangle, 1amp, and puise wavelorms of high- e .
Stabillly and sccuracy. The ouiyt wavelorms can be v 11| 16 -l
both smolitude “snd frequency moduisted by en exler . ' | SYMuIRY
lnat voispe. Fiequency of operstion can de geleczied -— Do 2 __¢ L- :o[
€xlernally over & 1anpe of 0.01 H: 1o more than 1 Mz ouiaa -
o - MuTIPLIEA

The circuil ks idestly sulied for communicalions, nstry- [YRAN.T E ~ AND _i
fmenislion, and tunclion generalo: applications tequir- -
iing sinusoidal tone, AM, FM, o FSK generation. h has o 3 AD,
“typicet grill specitication of 20 ponvsC. The oscliislor Ve E

frequency can be tinearly swedl over 3 2000:1 tiequen-

€y 1ange, with an exletnal contio! voliage, having o [: I 5
very small slfecl on distortion - . THANG

CAFACIIOR

:FERURES . ° © - = ruf:E

15
SINE 14
ST\A"LR w;;trw
: 113} |
12} eromd
11

. D $YNC
olmt
E BYPASS

. A RESSIOAS CURBENT
Low-Sine Wave Distortion . k! . 0.5%, Typicel ) L E}— SmICHEE E 2:.11
Excellent Temparatinn Siahiy ~ 20 ppmiG, Typirnt i
Wh it Siwengs Homrp— .« 2000 1, Typical .
Low Supy Sensitivity 0.01% YV, Typics .
- ‘Lineer Amplitude Modulation OZRERING IKFORNATION
TTL Compatible FSK Controls 4
* Wide Supply Range - L. 10V 10 28V 4 Part Kumbe: Package Operaling Tempnerien
Adjustable Duty Cycle . . ... V% 1082% XR-220504 Cenamic ~55°'C o ¢ 128°C
Sy ret XR-2206N Ceiamic 0°'Cio +70°C
C et .- XR-2206P  Pasiic . 0°Cto+20C
. T . .. = XR2Z206CN  * Ceramic 0°Cto47°C |
APPLICATIONS Oove . XRZ206CP Plastic 0°Cto 470°C
Wavelorm Generation g
... Bweeep Generation g . .
e Seneration SYSTEM, DESCRIFTION
1 n
. ‘F”S‘ch:’::?m HERES —e . Tre XR-2208 & comprised of four functions! biocks; 8
. Phase-Locked Loéps (\"CO) ot . woltape-contiolled oselltaior (vCO). ar. analsg mutipher
HE levdsc / andshe-shaper; 8 unlty gain bufler smplilier: anc s s’

O! auient swiiches,

. The VOO actually produces an ot frequency pro-:
- v+ Potioral o an It eurrent, which ks produced bya i

) sis1o fiom the tning terminale to ground. The curiert
:+ Power Supply N A 26V swiiches route one of the tming pins eurreat to By
Power Dissipation ,. _ - g 750 mw VOO cont:olied by an FEK Input pin, 10 produce an e
Dedle Abova 25°C - #e2:e.. - SmwiC © puiliequency Wil wo liming pine, fwo discrele oot
Fotal Thnlng Cunent tot 6 mA

] fiequencles ean be bdependently prodused for FSX
S|ox.p¢ Temperature . ~65°C 10 +150°C Gererzlion Applizations, ) :



v

BECTRICAL CHARACTERISTICS . . . ) R R
Wt Casdtians: Tost Crcult of Figure 1, V¥ = 12V, Tp = 25°,C = C3i4F Ry= 100 K0, Ry = 10 X0, Ry = 25 k0
. unisss otherwiss specified. Sy open k¢ triangle, clcseg ot slne wave. -~ R
i
XR-2205M XR-2206C . . <L
‘ PARAMETERS MIN ] TYe [ MAX | MIN TYFIIAX UNITS |~ CONDIMONS <
| {KEXERAL CHARACTERISTICS . —_— —
Single Supply Volage 10 26 10 26 v
Spfit-Supely Voltage xS 213] =5 RE 3 v
+ {scpply Curront ) 2|l 14 ]2 | ma [Ry210k0
0SCILLATOR SECTION - . . Co.
Maz, Operating Frequency | 0.5 1 05 1, MHz JC = 1000pF Ry =1k
Lowest Practical Frequency : 0.01 -} 000 Hz |C=S0AFRj=2MQ
Fiequency Accuracy . 21 ] =4 *2 %ollhilg= 1RIC . -
Temperature, Stability ’ 210 250 220 pe/*C 1 0°C < Ta s 70°C,
4 IR Ry = Ay = 20k 0
Supply Sensitvity . - ' 0.01 ] 0.1 0.01 %N | Viow = 10V, VyigH =
“ 4 I Jaovit
L {Ry =Ry =20k8
Sweep Range 1000:1} 2000:1 2000:1) .} fyetp [ 14 @Ry =1kD
: W@ Ry =2M0
Sweep Unearity ~
10.1 Sweep | 2 2 % It = 1kHz fyy = 10 kH2
10001 Sweep 8 [ % 'L. = 100 kHz, {4 = 100
) . KMz ~=:.
;| M Distortion . 0.1 01 % | 210% Deviation
Racommended Timing 3
' Components : | T
Timing Capaciior: C | 0.001 100 | 0001 100 | »F" |Sea Fiquea 4.
Timing Reslistors: 1 2000 1 2000 kg .
Ry &Ry
Tiangle Sine Wave Output See Note 1, Figure 2.
. Tiangle Ampditude 160 160 | mVix @ | Figure 1, Sy Open
Sine Wave Amplitude 40 60 80 60 mVik g | Figure 1, Sy Closed
Maz. Oulput Swing 6 6 Vpo
Output impedance 600 800 Q
Triangle Unearlty - 1 1 . 1 %
| “‘Amplitude Stability 0s -1 oS 68 | For 1000:1 Sweep
| Sine Wave Amplitude 4800 4800 ppv*C | See Note 2. -
Stability
| |Sine Wave Distortion -
Without Adjustment - 25 25 Y Ry = 30k 0 g
] . With Adjustment -1 041 10 05 ] 1S % |See Figures6and 7.
Ampiitude Modulation
Input Impedance S0 100 0 100 . kQ
. Modulation Range » 5 100 100 %
Carrler Suppression | ° 55 s a8 ;o :
Unearky R 2 2 % | For 85% modulation ! .
Square-Wave Output . i « e
‘Amplitude .. 12 ’ 12 Vpp [Measured al'Pin 11.
Riss Time . 2350 250 .nsec {Cy = 10pF
Fall Time N 50 52 nsec 1CL = 10 pF ;
.Saluralion Voltage ) 02 { 04 . 02 1 06 v IL=2mA
Leakage Current 01| 20 014100 | pA |vyy = 26V
FSK Keying Leve! (Pin 9) 08 1.4 24 | 038 1.4 ] 24 v See sertioa on clrcuit
. .. . contiols .
Relerence Bypass Voltage 29 ] 31} 33| 25 3 3s v Measured at Pin 10.
| Kets 1: Output ampiitude Is directly proportional 1o the resistancs, Ry, oni Pin 1. See Figure2, - - ...~ -~

Nets 2 For maximum emplitude stability, R3 should be & positive empecatre coelficlent rasistor, -
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Fragoency-ShR Kaylng: |
The XR-2208 can be
resislors, Ry and My, connccled 1o the liming Pin 7 and
8, tespectively, as shiown ks Figure 12, Depending on
the potarity of the logic signal at Pin 9, either one of the
other of (hese timing resistors s activaled. If Pin 9 is
open-circuiled or connected 1o a Mas vollage 22V, only
Ry Is sctivaled. Similacy, i the vollage level at Pin 9 is
= 1V, only.Ry Is activated. Thus, the oulput frequency
can be keyed between two fevels, 1y and [z, as:

M R AREIG « 1mc

For splil'-.sab‘rﬁ;' Operation, the keying vollage at Pin 9 Is
‘reletenced lo V.

.Output DC Lyvel Costrek: e

The dc level at the oulpul (Pin 2) is aporoximalely the
$ame 3s Ihe de bias at Pin 3. In Figures 10, 11 and 12,
Pin 3 Is biased midway between v+ and ground, to
give an oulput dc level of wV+72

APPLICATIONS INFORMATION
Sine Wavs Gensratllon
Without Extarnal Adjustment:

Chpnn 10 shwrwe: i chest Comuns e ku geiwnalling n
shurotdil QUlpUL e B XTEZ20G, The pulentineles,
Ry at Pin 7, provides the desired frequency tuning. The
mMaximum output swing Is greater than V *72. and the
typical distortion (THD) is <2.5%. If lower sine wave
distortion is desited, addilional adjusiments can ba pro-
vided as described In the following section.

The circuit of Figure 10 can be converted o split-supply

operation, simply by replacing all ground connections

* wilh V= For split-supply operation, R3 can be direclly

connected 10 ground,
ceoven WO
With Externyl Adustment:
The harmonic confent of sinusoidal oulput can be re-

duced o = 0.5% by additional adjusiments as shown
in Figure 11, The polentiometer, Ra. adjusts the sine-

shaping. resistor, and Rg provides the fine adius!ment/

for the wavelorm symimelry. The adjusiment procedure
Is as follows:

1. Sel RAg al midpoint and ‘adjust Ry for minimum
digtortion.
“2-Wnh Ry, set a3 above,
: tﬁslorl'on.'r:t;‘.. v,
L EA O A

Telangle Wave Gunerilion -

The clrculls of Figures 10 and 11 can e converted lo
- triangle wavs generation, by simply cpen-circuiting Pin
.18and 14 (Lo, 5, apen). Amplitude of tha triangle is ap-
,‘p:ukmtely_Mcn ihe sine wave output. L

i
-

—
-
-

e B A
~ .

adjust Rg 1o furlher reduce

s

S
.

2’
IR,

S . FSX Geeration
operated with two separate timing T

. - XR-2208

. o A st
Figure 12 shows the clrcult connection for slnusoida
FSK signal operation. Mark and space lrequencles can
be independently adjusted by the cholce of timing re
sislocs, Ay and Ry; the output Is phase-cdntinuous dur-
Ing transitions. The keying signal Is applied 1o Pin 9. The
clrcult can be converted o split-supply operation by
simply replacing ground Ml_!'l‘V".‘"“----: ~

Pulse and Ramp Ganeratlon © - !

Figure. 13 shows the circuit for pulse and ramp wave-
form generation. In Ihis mode of operation, the FSK key-
Ing terminal (Pin 9) Is shorted to the square-wave output
(Pin 11), and the clreuit -Butomatically frequency-shitt
keys Nsolf be!ween two separale frequencles during
the positivegoing and negalive-going outpul wave-
forms. The pulse widih and duty cycle can be acjusted
from 1% 10 99% by Ihe choice of Ry and Ry, The vak-
ves of Ry and Ry should be In the range of 1k 1o 2
MQ\ . . .

PRINCIPLES OF OPERATION
Dascrigilon of Contrels
Fragquancy sf Operatlen:

Tha hieapremcy ol ozcitation, fu. 1S dotonnlned by the ex.
lernal timing capacitor, C, across Pin § and 6, and by
Ihe timing resistor, R, connecled to either Pin 7 of 8.
The lrequency Is given as: -

1
fo = —
° " Fg Hz

and can be adjusted by varying either R or C. The rec-
ommended values of R, lor 3 given frequency range, s
shown in Figute 4. Temperature stability is optimum for
4k < R < 200 k0. Recommended values ol Cane
from 1000 pF 0 100 4F. - -~ :

Freguancy wsep and Mosutation:
Fu;-quency of osciliation s proportional to the tota! tim-
Ing current, It, drawn lrom Pin 7 or 8:

- 520*7("“)
Cwh

Timing lerminals (Pin 7 or 8) are low-Impedance points,
and are internally biased 3t 4 3V, wilh respect 1o Pin 12
Frequency varles linearly with . over a wide range of
curent valuet, from 1 2A 1o 3 mA. The frequency csa
8 contiol volloge, Ve, o the
Figure 9. The lraquen

<y of escMation is relaled 10 VG ax: LT
.V_Q)Hg

1 R .
14 —(1-
E( DN

. 2
e

! Hz

!

"
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CAUTION: For ately. epeufbn of the cheult, #7
'shaAd beimhad o s 3 mA
A

'k;ﬁh\pmv‘l: T e

$Lrmum outpul smplltude & Inversely preportiona!l to
®x sxieinsliesision, Ry connected to Pin 8 (see Figure
;. For st wave cutlput, amplitude b appreximaiely 60
mV pest per KO of Rg: for trlangle, the pesk amplituce
& sppicxtnately 160 mV peat per'kd of R3. Thus, for
sample, Ry = 50 kO would produce appreximately

e e e e T ‘ .':--'_.?p.,q.nmamumudwuwbpmsaeu:#
Ko dVg o w2 pay ° .
R R . * ‘snce 81 Pin 1 k approximately 900 kQ. y
tuse varies Bnaarly whh the 2ot votage 31 Py, for

AR -
Vot et g e =)

N

[

85 8nd s modating 8ignal 10 Pin 1. The Internal krped-
R il
4
values of 6C blat 811hs pin, wihin 3 2 volts of V42 a5 °
Shown in Figute 5. As thls blas leve! approaches vip,

-the phase of the tutput signal ks reversed, ard the am.

B .€

Pliude poes throuph 210, This properly ks suladle tor
rhase shifl keying snd suppressedcarler AM penera.
tion. Tots! dynamic range of amplituge modulstion ke ap-

+. proexkrately 85 gB.

CAUTION: AM eonirol must be_used In conjunction

wiih 8 weltieguiated supply. since the oviDut amptiiude
now becomes 8 function of V¢,

£ 3V shusoidal output smplnude.
i ¥ i
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