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Abstract

This project describes the Frequency Division Multiplexing System Via a
Leased Telephone line and Publictelephone line. The System is especially suitable for
transmitting Satellite Signal measurements from one place to another. The Telephone

bands can be inserted in three channels usual.
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Type or part nunber

of op amp
+V
Positive voltage
supply terminal
(not always shown)
In\ierting input
(indicated by minus sing) © \ )
> XXX —0 Output terminz

noninverting input

(indicated by plus sing) ° +

Negative voltage
supply terminal
Other leads for (not always shown)
frequency compensation

or null adjustment
(not always shows)
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7.m5U5ueeridnlilugus (OFFSET NULLING)

—o Vout

-V

Offset - voltage ajusting resistor
LY | L4
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Input waveform
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AV Input waveform

output waveform
(a) square wave

. o { 4 A L [
11 2.1.6 Sasusaduiiomymimsnlfounlasding dedfouiusumm

11. MINBUTHBIABAING

ﬁm5wuwuaqaaﬂuauﬂwahauﬂamm?iqﬁ’u Awaslugy 2.1.7 sxnuhdan
wwﬁé’wﬁmmm'ﬁ"lumﬁ'ﬁn (Data Sheet) vziiludas1venoiinnui o Fsviy wie Trase
(é’}q1tﬁm1ﬁ'&ﬁummﬁiqqqmamaﬂuauﬂ) Tumsivnwugddla  sedtuldi  2aesil
wdusnmdnnn dufie demmdmuTudunh saswnwezanas 10 (UR

Taoial muudinfveneesez mnefls $ronmdiisnsvoeiii 707 % ves
Sarwenegega nindednlugl uvudinfyesentuenivardagy sxfidnlszuta 10
@iy Fodu mnﬁaqmﬂﬁ'msﬁaanuuuifummmﬁmu"lé"?‘immﬁ'ﬁuvmqq 9 A0
floudygnaninieniymndumniedunm (msﬂaun5'uu'uua'u%*wzﬁﬂﬁ'ﬁﬂswmwmgﬂﬁﬂ
a0 wnluvaiz@oniu anudisasvenonidy 70.7 % voasaswenegegafiziuudae
Sasuimiusugaiiiisaswoonifumil (Unity — Gain Point ) 9vuaaenInsiigagavesssy
wouldosnsveeiinudunils

Y red 4 M



18

Breakover point
70.7% max gain

manufacturer's open loop
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gain
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= closed loop
‘s 10k (80) |— g il gain of 10
o 104
) i
i s
S 1k (60) I _
10
100 (40) —
10 (20) —]
1 (0) l | I l | < Unity gain poir
1 10 100 ik 10k 100k
Frequency(Hz)
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BW (LUUAING) = =10 A Tau@siey
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) ussuninumasseides v (Supply Voltage)
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T - Ci R3

R1 c2
Wi o—AMA—1—]| -
v
—_— 2
i3 Vo

31 2.2.2 2995 Multiple Feed Back Band — Pass Filter

it =11+i2+i3 (2-16)
Va=0
i3=Va—Vo=O—Vo=_& @17
R3 R3 R3
1 ¢.
Vb =VR2 =Vc2 - j i3dt
C2
=— j Vodt
R3C 2
_ Vi~ Vb Vz JVo ’
R1 Rl R1R3C 2
(2-18)

LA N j Vodt
R2 R2R3C2

2= Cli(Vb—Vo)
dr

i2=C1-‘i|:—
dt

[Vodt - Vo]
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_ ClVo _cl dVo 2-19)
R3C2 dt

nu (2),3),4) uaz 5)u (1)

E+ L JVodt=—————1 _[ 0 t—ClVO —Cldvo—ﬁ
Rl RIR3C2 R2R3C2 R3C2 dt R3

Tack Lapace

Vi(s)+ Vo(s) ___Vo(s) _ ClVo(s)
R1 RI1R3C2s R2R3C2s  R3C2

—ClsVo(s) - V%(;)

Cls +

1 1 Cl 1 Vi(s)
Vo(s)| + + + — ]===
RIR3C2s R2R3C2s R3C2 R3 R1

Vo(s) _ R2R3C2S
Vi(s) RIR2R3C1C2S? + RIR2R3CI1S + RIR2C2S + R1+ R2

S

_ RICI
I, 1] [, 1
sii+s| €L C2| | RUR2
R3 R3CIC2

(2-20)

o o o
VMU B HaFU(Transfer Funtion) 1as1§1usila 2™ order vouuvhafaines

Ars %
H p, (s) =T, (s) BP™

Qe
s?+5s—+ac?



31

tf}ﬂ AF : Voltage Gian ﬁf=fo
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RIC1
__ 9 (2-21)
2fcCAF
1.1
®, C1' c2
0 R3
2
R3C
R3=_Y 2-22)
nfcC '
11
__+__
= RL_R2
2R3C
R2 0 @-23)

 2nfcC(2Q° - AF)
i AF dlusaswmedt fo 9214

1

RIC1

F
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AF| 2 |=_L
R3C| RIC
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Q — Q + 2Q2
2nfcCR1 2nfcCR2
_Ri + & =20°*
2Rl 2R2

J ¥ ° (] 1 4:; o Y1 o Y a0t
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AF <20 (2-24b)
Y o . . A P = ' -
V9AYDY Multiple Feed Back Filter imu3lnvsfoannsafissilasusnnying
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A 3 H 1 o
wla gaunsanidlasnisdoust R2 dlu R2 Faaums

2
R2'= RZ(%] (2-25)
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ﬁmtymmnmn'lﬁ'ummgnﬂmmnnqﬂ Fad A veamniusenuuyldfegy Block
Diagram 31} 3.2.1

ch1

— ner Tf;::" — v ] e T L
% g % AGC ch2
Smith Offset
From AND BPF — f—t FNV LPF  f—ed Emm—
LTL " Correcting amp Trigger 1 AP,
¢h3
L erF | :I:‘;:hr L v LPF | o":":' [

zﬂﬁ 3.2.1 Block Diagram 9483 FDM receiver
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msmmmqﬂnsaﬁﬂm Band Pass Filter 111 Multiple feedback

i2

T —_ Ci R3
R1 ]‘ c?
Vi o——AANN, |
——

I Va
. —_
it i3 Vo

N

it

jpm—— -

71322 20951l uuuY Multiple feedback
tudmvealnssau 19endenmauiidimuuy Multiple feedback AouuUAsIENAAN
(Class Case) nﬁ'a‘lﬁ'nwuunt‘r”tynpmm'amiaaﬁagtgmﬁﬂizﬁnﬁmmﬁuﬁyu fosninidiums
1ﬁu5uﬁu(0rder) vnaoaiiud ﬁﬂﬁ'&sawaqmmﬁwﬁﬂ(cnxt off frequency) Hunniu
iosvnmsdounlas c WinldondromaiisRadmualy cl=c2-c3=0.1 LLF
nnunvemguFiifionves  ludauvesnesnseendsing TAgasinnamimginseli
. Ly

GRULTEREY

Rl=—2 _
2nfeCAF

2= Q
2fcC(20Q*% - AF)

R3= 9
nfcC

AF <20?
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fiMua AF=2 vlesnn 202
4
2 x1x10° x0.1x107¢ x 2
=3183.1 £

S Ri=

=~3.183 K
”_ 4
~ 2mx1x10°x0.1x10 x [(2x 4?)- 4]

=227.36 £
=227 £

4
R3 =
x1x10*x0.1x107°

=12.732 K2
=12.7 KQ

1¥350lavus R2
910 1 Khz 1y 600 Hz

ot v
1N R2=R2( = )

3
R2=227364( 219"y

600

finude600 Hz R2=631.567 2

=~ 632 L
910 1 Khz (v 1.4 K12

N R2'= R il )
fc

R2'=227.364(

1x10° )z
1.4x10°
NAMUR14KHz R2 =116 Q
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qaﬁz
MMUA AF =1 Aafiaud 1 KHz
Rl= 3 u "3
2T x1%x10° x0.1x107° x1
=6366.2 {2
=6.336K
4
R2 =
27 x1x10° x0.1x107 x|(2x 4% )—1]
=212.207 £
=212 )
4
R3 =
T x1x10*%x0.1x107¢
=12.732 k€2
=127 KL

1¥351/avus R2
910 1 Khz 13U 600 Hz

nn R2'=R2( £ Y
fe'

3
R2'=212.207( 210y
600
NAUH600 Hz R2 = 589.46 CD,
=589 £
910 1 Khz 1 1.4 KHz
1N R2'=R2( I )
fe
3
R2'=212.207( ﬂa— y
1.4x10

finud1.4 KHz R2 =108.27 Q
= 589 {)

4 ] ) o P '
1G4 veamarmuan 0 Fuiluduvenesasinuendyain Fusiaunsoyas

mudvewsazyeadygnudiomstium p, uezounselfuanugndesvesssiudyana
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1 4

iasniafemsiiusasvnuludvensvnsdygnudugate luiififentsuiuem

l 4
Rg 5MINM5UTUOfFset ¥992995070

v 2 v a 4
3.3 MAVUNNUASHAAINAAIUADNNUNDS

L 4
lunmntufinuazuaninadioneuiiuassiurzlszasudoaesdulngfionau

. v 1
015a15  (Hardware) lazwosnind (Software) Taolumsesnuuutiuestinisesnuuyaiy

' A A ' '
vessa ez tWumalumsesnuuudmvessesing de'ly

33.1 a1‘§ﬂlli°lf(Hardware)

[ L4

3.3.1.1 dmvenwnhdnanauth

Chan{ —w—»p

Chan 2 ———»p Multiol
ultiplexing .
Analog » 8 Bit Tristate Do-D7 To Slot of computer
Chan3 ————»  owitch ADC Buffer \]

ChanN ——» ]

ENABLE
QUTPUT

Control Select
with Tristate
Latch Buffer

CONTROL
ENABLE

11 3.3.1 plvdenlaszunsuvesd nnidyanands

A ar o dl 7=\ L] t o ar : \ : L] o 1
ieanndyguaseiaildfiognasesdygna  dutuseuflvnihdygrama
»
o o as P A *
Wil essilasdygnaeuaemiluAinea (Analog to Digital Converter: ADC)fBNIAT

& " Y, a ¢/ Y A A e Y A e o <
1‘1101161Elﬁﬂluﬂlﬂml'lnﬂil!JW’JlﬂEliil:ﬂasmﬁ’m'Uasnslili‘n‘m'ﬂum‘lumilaaﬂﬂj‘vmﬁtyﬂg‘lﬁm
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wimsnuiudygredlaes  Taumawnsomuguamsideniudyeusin Tusuns
Software) H1UM1Q Data Bus UAtie49115114 Data Bus Sudadidoyadniuiinuas 1
fleynoomnnIuny (Control Select) Aaif13ad0e14 Tristate Bufffer augumsihieyatn
Tuduvud (Output) ves ADC waztihdieyaoonludiuvesvudh ( nput ) YOIAIUAURY
doadynnu Taoldmstmuanesn ( port ) Faduma ﬁndnmf‘fuﬂmﬁqﬂﬁ 33.1 3
viienlaesuns ( Block Diagram ) veenesdnnidganondn

ludauveaTasamezld ADC 0809 Fuiludunlasdyauemndondiuasasalay
1¥n1s8uiitnsm 39 ADC 0809 runsosudaaudunmld s vic dm3umnes Clock idlou
¥y ADC 0809 11 181910 Crystal Sawdnnnud181lszinal 4 MHz domueesihoun ud
tlesnnaudofmuaves ADC 0809 wzdoaldreasuiss iefterl&RIWE 500Hz ade
fmua Taold D Flip-Flop Ao 3 #1 undyenadiidveiidygrusuninhuduniden
Foyauitld 1defy mvert(74LS04) Foygnel Clock 185e9ziiseduves Clock AGoU
aiiuere udaSaidryaar Clock A14flewdhiinn 10 ¥8e ADC 0809 Ha1t Vrer 9214 +5v sle
i1 12 48z —Vref U1 16 A9AY Ground

ADC 0809 9zvi1muile 41 START uaz 11 ALE Haanziiu “1” mimfu ADC 0809
wilasdyga eundoniiuftnen lushamslasnendendiuasaenil Eoc vift 7 oz
isumomzan «1» du <ouazdonlauaioraizves Boc i 7 fexalduuaamzdy

a_ &
“1” 8AATY

3312074999230 3R MUANB SA(Decoder Port)
1 4 v 3 )
TudamvesesdiufissimhiilumsdmuanesaDecode  Port)  titofiesyinly

iTeIneumIReTaNIaARrefugnsalmuenawgalsTadie wuldlumsarugu
¢ A Y Y o o o Yo o & = 4
gunsal wisuaawnaidludy  Jedigylumsdmuaminuay PORT 1 MunSesnouiiunes
1o 4 o 1 A ° [ A
whothifmua  PORT  finouRumeildnued  Feovdhumamlmaiavounios
v 1 : = < A
AouRIADY  wazdiuvesvsfesnuuuiRamsiianatn :Inmsfin SPEC  weundeq
nouiunes Tauiay PORT #1114 149z egluse 300H S 30FH
Hf < aa & 41
Tnsaamuilldns@TRauuy Fixed duiluFBnilsiheuarazainlunsa Inauenmse
~ 1 [ 4 Addv ° ° P [ 4 4
nIBNquusBARTTVeINESA 1O FIFTdumssmuaimauveenmsafiisdosnsld

c‘l‘ ° { o t a 4 A
nmiusvimsidenufenveeansaiidelignlfiulasnifanionssdume imasusg
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1 ° 1] A 1
) udITeenuuuesiviinsd nausamsafisidesnsdeuiullawasaf 3.3

AT 3.3
A A8 1AT  |A6  |AS |A4  [A3 A2 Al A0
1 1 0 0 0 1 0 0 0 0
1 1 0 0 0 1 o o 0 1
1 1 0 0 0 1 0 0 1 0
1 1 0 0 0 1 0 0 1 1

FavzIRdumish A9 - A2 Hun1saTRAULY Fixed Tasfidumia A9, A8 A4 wgn
Wlaerdhivled 74 Ls 133 vweadsafu  dumded A7,A6,A5,A3,A2 veaoni1lilae
hivled 74 Ls 04 riou udrFailudedhiy Todes 74 Ls 133 miloufudaumis A9 .
A8 A4 oaz I dganaszau “low Tihvilfan chip select ¥04 1oF 8255 uonfiW
ALAO szgmi 14y 8255

82551t ledii 145 udsdoyauuuviny Taggunsafmuaneinlumsudedoyald
Taufivn DO-D7 veu 8255 azderify DO-D7 vesardenluniosmenfiumes Wesudadoya

IMIN 8255 iy CPU w1 RD w84 8255 sy IOR veaddien IBM/PC ifjoneuiiniaed
ABIMsemA19In 8255 Aezda « 0 s IOR 1av1 RD 8255 fezdadoyanin 8255 duma
DO-D7 Wuf CPU dun1 WR vos 8255a0147iy IOW veaalion IBMPC dlenenfinnef
doamsiFoudeya’liii 8255 fezde 0 » s 1ow Tl WR 8255 fezdefoyanin cpu
HuMe DO-D7 lUda 8255 ¥ RESET wed 8255 #iofi RESET DRV vesaSenlumisg
feuiames A0,A1 vos 8255 Aoty A0,A1 vesadonlunioineuiumesad iy v1 CS
Yo 8255 ﬂ'a'?im 9 493 74 LS 133 PAO — PA7 ﬂ'aﬁm D0-D7 (27" ~27*)v839 ADC 0809 PBO-
PB1 tiaz PB2 fio iU A,BUazC Y84 ADC 0809 A1Na IRy 1ﬁatﬁana§aqﬁiyq;1mx'ﬁ'1 #9U PCO
Aol start ay ALE PC1 #ioidh#l OE PC4 deidaify EOC Tulassnufindmuauonan

st lumsidonld33mmasnioluved 8255 damis193.4
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A5 3.4 AMMIMNUANIYIRY PORT

A9 A8 A7 A6 AS A4 A3 A2 Al A0 | Portno. | Portname
1 | 0 0 0 1 0 0 0 0 310 Port A
1 | 0 0 0 1 0 0 0 1 311 Port B
1 1 0 0 0 1 0 ! 0 1 0 312 PortC
1 | 0 0 0 | 0 0 1 1 313 control

ATAA Control word 191n 8255 14 Address “0313H” (e e Data “10011000” #36
i1 “98H” 399271 wesm A 1Tl Input, woin B Fu Output wem ,C Upper 1511 Inputiias
W8 C Lower 134 Output

AITEIUAINIANDIN A BIUNNUBAIATH 310H

AISEIUAINIANDIN B (HOUNNUBAIATH 311H

MIAYULATEIUNDIN C upper & lower BIUHATDIUNINUBAATH 312H
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e E13

Smart Probe on CHi
Not Connected

CURSORS on CH1i

At .
17at ?14Hz

/A

-4

v

>

3

.
c
<
<
r

A

-+
E

-+

ﬂ..;..”

i,

TRIGGER on CH2

JULN4L

Holdoff 1| events
CH3 MEASUREMENTS
3.424Y

960us
2.62y

14.1.2 wannmsia Yoyny ol

Tumsnaasasiezasmaasstlouseaunsasudh lUfidmuves

Avsaninda
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g LeCroy
Auto LS1 40

CH1 12 Jan,02:45:17
DC, BUL:Full
UeCenter ?730mV
téCenter 850us

CH2 12 san,02:45:17
DC, BUL:Ful!
U@Center 2,43V
tetCenter 850wus

CH3 12 Jan,02:45: 16
BC, BUL:Full
UlCenter -1 .28V
téCenter 850us

WCHE 12 san,02:456:16

DC, BUL:Full
VéCenter -4 ,33V
teCenter 850us

VCO (Voltage

. Y 4 ia 4 v 4 ~ o
Control Oscillators) theFungmsilasuutasiifadiudiuednls Tavfisvduveussduditlon

y ' ' o 1 ' 1 o~ o 4 - '
flazdoatisnszndng 22 v &g 4.13 swtuhonfisfeussduveausedud o v sxsiud

[ K] } 4 ]
AT VCO wansenumivazminunudnadssyia 1,400 Hz
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R VERV/IRVELV

AN ANIA AN TARY
z::<;;\' ;[4'L“4:l ;j(: [;4}¥::{: .rfr.rl: :/:: , ]
AP T

<+
+

Smart Probe on ¢
Not Connecte

CURSORS on CH4

Cursor Trace
is not on,

ﬂt

TRIGGER on CHi

— 1,75V AC

CHZ

CH1 MEASUREMENTS
ampl & 4.045V freqmi 1.418kHz
per M 705us  cycl 6.5
Max 3.87V risell 174us

1N 4.1.3 waninmisfloussduusedudio v

64

RUON @ LeCroy
Auto LS140

CH1 153 Jan,00:12:

DC, BUL:Full
UéCenter 1 .76V
te€Center -2 .50ms

CH2 13 san,c0:12:

DC, BUL:Full
U@Center 0.0V
t@Center -2 .63nms

v A ° o o ) o .: A 1 o 3
uaiaisnimsdiusesdvusaduiullifosq Taodszanai 1 v s1eusiumsdou

. [ 4 ’ []
wasveanud 1ddany TasautiuszSuanaslaosaldussane 1,352 He Az 4.1.4

i . o : 1 ¥ : 3 o Y o H 4 =1
Taof Fo9di 19vTanr1mives veo daulugesin Hussiaszavveauseauntlou weldisiu

v dad 4 . o dy 2 . { g
ﬂ'nmmnmaﬁmﬂwmuasmwmmmuﬁﬂauumﬂﬁtsuﬁ%zm“lﬁmmﬁulﬁuumlmmu
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Snarhotrggenontcgt TRIGGER on CHi
nnecte
CURSORS on CH4 I 1'?5U nc CH2
Cursor Trace CHY{ MEASUREMENTS
is not on, ampl & 4.051V freqil 1.352kHz
per Ml /40us  cycl 6.5
Max 3.84V risefll 181us

Wi 4. Lamavinnistloussiuusedui 1v
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RUN 8 LeCroy
Auto LS14(

CH1 13 yan,00:22:2
DC, BUL:Full
U@Center 1.76U
teéCenter -2 .50ms

CH2 13 Jan,00:22:2
DC, BUL:Full
UeéCenter 0.0V
t@Center -2 .53ms

. ¥
s nimsdSussRuveus LN 2 v seiuhaiiuasadluEn dosa

. . [ . ¥ [}
Mhszana 1,200 Hz gzl 4.1.6(?@ﬁz1ﬁuﬂmstﬂﬁuuuﬂmmmﬁﬁuaz“lnﬁ'tﬁmnunqyf]ﬁ
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Smart Probe on CHi
Not Connected

CURSORS on CH4

Cursor Trace
is not on.

= v -
Fusrensoaguasenuiilumsne dnaiie

< <
NANUONAN 600 Hz

TRIGGER on CHi
— 4 1.7%¢nAC V

CH2

CH1 MEASUREMENTS
ampl & 4.029V freqin 1.,290kHz
per Ml /7%us  cycl 6.0
Max 3.84v risefl 189us

3 4. 1.6mavnmsflouseduusadun 2 v

t 4

[R]
o
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RUN 8 LeCroy
Auto LS140

CH1 13 san,00:15:01
DC, BUL:Full
UBCenter 1 .76V
téCenter -2 .50ms

CH2 13 Jan,00:15:01
DC, BWL:Full
U@Center 0.0V
t@Center -2 .53nms

A5 4.1 dumsnSvuieuszniusaduiunuai 600 He
Vin G (Hz)
0 600
0.5 571
. 1.0 540
1.5 509
2 480




NNBNAN 1.000 KHz

a3 4.2 JumsalSsuifsussniuswutun s 1.000 Kz

Vin ﬂ’)'lllé (KHz)
0 1.020

0.5 1.993

1.0 1.970

1.5 1.957
2 1.903

NNNUDNAN 1.400 KHz

M 43 dumsnSsufsussnhausadudun i 14008z

Vin A (KHz)
0 1.403

0.5 1.370

1.0 1.339

15 1.306
2 1.275
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Smart Probe on CH
Not Connected

CURSORS on CH4

Cursor Trace
is not on,

i TRIGG

—4

CH1 MEASUREMENTS

ampl & - 3,974y freqm

ER on CH1
5.30V AC

per U 1.641lms  cycl

Max 2

Y risell

_AVA__

CH2

609 .4Hz
2.5
410us

4 422 nfSsuidsudygranmeduazainiudi 600 He
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RUN 0 LeCroy
Auto LS140

CH1 13 Jan,00:45:43
AC, BWL:Full
UeCenter 1.73UV
teCenter -2 .50ms

CH2 13 Jan,00:45:43
AC, BWL:Full
UeCenter 0.0V
tfCenter ~2 .50mMs
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alSsuifisunnudserinmadazniady Al 1,400 Hz

Recalibratlon Suggested (SYSTEM CONFIG Menu) RUN 8 LeCroy
Auto LS140
g ot sty
2 oons f teCenter -3 .50ms
Toewrfooooloooo oo - | CH2 13 yan,00:46:25
+ G6denter b .0U
Eﬂz I teCenter o3 bams
600us [ t 7 7
HHARHHHAEHH A HEE AN N -
AT AN TN
EVANANANANANIWA
I f \
CHlu/ 1 \\J! \./
1

Snarﬁ trgbe ontclgx TRIGGER on CHi
o onnecte
CURSORS on CH4 — 5 5.30V AC CHZ
Cursor Trace _ CHiI MEASUREMENTS
is not on. ampl & 4 .07°0V freqm 1.407kHz
per M ?10us  cycl 6.5
Mmax 2.11y risell 175us

W 423 manfSeuifvudyapaniadas Yo 1,400 Hz

Wodggnaiy  Smith  Tigger  udfezdhgnesudasnmudidussduusediu
4 o > - o Y .
(Frequency to Voltage Converter) a9z 10uasanuduny vco Fesiivziinmsudads

yanduin

é o M . P .
Fedganui 1dnnuesulasnmddursduenseianudgadunnausiddesd

°_ ! R 2 o i 1 Y 1
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Input

zﬂﬁ 2 Transmitter’s mixing and interface circuit: all resisters are in ohms, and all capacitors are in
HF: D: IN4148: Q. BC108, Q;: BC178, Q;: BC140, Q;: BC160, A:JOSLYN type 2022-12.
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#include<stdio.h>
#include<conio.h>
#include<dos.h>
#include<graphics.h>

#include<math.h>

#define portA 0x310
#define portB 0x311
#define portC 0x312
#define contrc;l 0x313
#define QtoV 0.021
#define xmin 26
#define xmax 613
#define ymin 72
#define ymax 404

/*Close*/

#define cxmin 600
#define cxmax 626
#define cymin 12
#define cymax 28
/*Power*/

#define pxmin 20
#define pxmax 70
#define pymin 436
#define pymax 465
/*chl¥/

#define chlxmin 514
#define chlxmax 526
#define chlymin 432



#define chlymax 444
/*ch2*/

#define ch2xmin 514
#define ch2xmax 526
#define ch2ymin 445
#define ch2ymax 457
/*ch3*/

#define ch3xmin 514
#déﬁne ch3xmax 526
#define ch3ymin 458
#define ch3ymax 471

/*Troggle*/
#define txmin 94
#define txmax 140
#define tymin 438
#define tymax 466

void *view_data;
int OLDy,chan=10;

int x_mouse,y_mouse,button;

void init_graphics(void);

int get_key(void);

void init_mouse(void);

void show_mouse(void);

void hide_mouse(void);

void click_mouse(int *x,int *y,int *button);
void move_mouse(int x,int y);

void save_screen(int x1,int y1,int x2,int y2);



void rec_3d(int x1,int y1,int x2,int y2,int d,int ctop,int cbuttom);

void rec_button(int x1,int y1,int x2,int y2,int ctop,int cbuttom);

int main_menu(int *code,int x1,int y1,int x2,int y2,int n,char *strl,...);
int scan_code();

void display(void);

read_port(int Q[3]);/*Q[1]=ch1,Q[2]=ch2,Q[0]=ch3*/

ch_display();

run();

main()
{
int i,menu_code key,x,y,dy;
init_graphicsQ;
init_mouse();
outp(control,0x98);/*Control Word 98H
A=Input,B=Output,Cupper=Input,Clower=Output*/
while(1)
{
setfillstyle(LTBKSLASH_FILL,BLUE);
bar(0,0,639,479);
main_menu(&menu_code,150,50,460,400,3,"MAIN MENU","STRAT","EXIT ");
switch(menu_code)
{
case 1:
hide_mouse();
clearviewport();
sound(1000);
delay(2000);

nosound();



run();

case 2:
exit(0);
}
}
}
/*----——Function for use---------*/

void init_graphics(void)
{
int gdriver=DETECT,gmode,errorcode;
initgraph(&gdriver,&gmode,"");
errorcode=graphresult();
if{errorcode!=grOk)
{

printf{("\nGraphics have error: %s",grapherrormsg(errorcode));

getch();

int get_key(void)

{

union REGS r;
r.h.ah=0x0c;
int86(0x21,&sr,&r);

return inportb(0x60)&0xfT:
}

void init_mouse(void)

{



union REGS r;

r.x.ax=0;

int86(0x33,&r,&r);

if(r.x.ax==0)

{
outtextxy(250,200,"Mouse dose not initialze !:");
getchQ);

exit(1);

void show_mouse(void)

{

union REGS r;
r.x.ax=};
int86(0x33,&r,&r);
}

/# ............... */

void hide_mouse(void)

{
union REGS r;
r.x.ax=2;
int86(0x33,&r,&r);
}
Sy

void click_mouse(int *x,int *y,int *button)
{

_AX=3;

geninterrupt(0x33);

switch(_BX)



{

case 1:/*left*/

*button=1;
break;
case 2:/*right*/
*button=2;
break;
case 3:/*left & right*/
*button=3;
break;
}
*x=_CX;
*y=_DX;
}
L — */

void move_mouse(int x,int y)
{

union REGS r;

r.x.ax=4;

[.X.CX=X;

r.x.dx=y;
int86(0x33,&r,&r);}

void save_screen(int x1,int y1,int x2,int y2)
{
view_data=(void *)malloc(imagesize(x1,y1,x2,y2));

getimage(x1,y1,x2,y2,view_data);



void rec_3d(int x1,int y1,int x2,int y2,int d,int ctop,int cbuttom)

{

int pol[12];

/*Top zone*/
pol[0]=x1;pol[1}=y1;pol[2]=x2;pol[3]=y1;pol[4]=x2+d;pol[5]=y1-d;
pol[6]=x1-d;pol[7]=y1-d;pol[8]=x1-d;pol[9]=y2+d;pol[10]=x1;pol[11]=y2;
setcolor(ctop);

setfillstyle(SOLID_FILL,ctop);

fillpoly(6,pol);

/*Buttom zone*/

pol[0]=x1 ;pol[l]=y2;pol[2]=x2;p01[3]=y2;pol[4]=x2;pol[5]=y1 ;pol[6]=x2+d;
pol[7]=y1-d;pol[8]=x2+d;pol[9]=y2+d;pol[10]=x1-d;pol[11]=y2+d;
setcolor(cbuttom);

setfillstyle(SOLID_FILL,cbuttom);

fillpoly(6,pol);

}

void rec_button(int x1,int y1,int x2,int y2,int ctop,int cbuttom)
{

setcolor(ctop);

moveto(x1,y2);

lineto(x1,y1);

lineto(x2,y1);

setcolor(cbuttom);

lineto(x2,y2);

lineto(x1,y2);

}

int main_menu(int *code,int x1,int y1,int x2,int y2,int n,char *strl,...)

{



char *pt;

int key=0,dif,y,dy,yyl,yy2,count;
inty code;

dy=(y2-y1)/n;

pt=strl;

setfillstyle(SOLID_FILL,LIGHTGRAY);
bar(x1,y1,x2,y2);

setcolor(WHITE);

moveto(x1,y2);

lineto(x1,y1);

lineto(x2,y1);

setcolor(DARKGRAY);

lineto(x2,y2);

lineto(x1,y2);

/*color text of menu*/
setcolor(MAGENTA);
settextjustify(CENTER_TEXT,CENTER__TEXT );

outtextxy(x1+(x2-x1)/2,y1+(dy/2),pt);

Y=yl
for(count=1 scount<n;count++)
{
y=y+dy;
dif=2;
setcolor(BLACK);
moveto(x 1,y-dif);
lineto(x2-1,y-dif);

moveto(x1,y-dif);



lineto(x1,y-1);

setcolor(WHITE);
moveto(x1,y);

lineto(x2-1,y);

yyl=y+6;
yy2=(y-+dy)-8;
rec_3d(x1+5,yy1,x2-5,yy2,2, WHITE, DARKGRAY);

pt=pt+strien(pt)+1;

setcolor(LIGHTBLUE);
settextjustify(CENTER_TEXT,CENTER_TEXT);
setusercharsize(3,5,2,5);
settextstyle(1,HORIZ_DIR,USER_CHAR_SIZE);
outtextxy(x1+(x2-x1)/2,yy 1--yy2-yy1)/2,pt);

}

/*Run bar*/

show_mouse();

pt=strl+strlen(str])+1;

y=yl+dy;

while(1)

{

yyl=y+6;
yy2=(y+dy)-8;
hide_mouse();
setfillstyle(SOLID_FILL,GREEN);
bar(x1+5,yy1,x2-5,yy2);
outtextxy(x1-H{x2-x1)/2,yy 1-Hyy2-yy1)/2,pt);



show_mouse();

key=scan_code(x1,y1,x2,y2,n,&y_code);

hide_mouse();
setfillstyle(SOLID_FILL,LIGHTGRAY);
bar(x1+5,yy1,x2-5,yy2);
outtextxy(x 1+(x2-x1)/2,yy 1+(yy2-yy1)/2.pt);
show_mouse();
switch(key)
{
case I:
exit(0);
case 2:
if(y>(y2-(2*dy)))
{
y=yl;
pt=strl;
}
y=y+Hdy;.
pt=pt+strlen(pt)+1;
break;
case 3:
ifly<(yl+2*dy))
{
Y=y2;
for(count=1;count<n;count++)
pt=pt+strlen(pt)+1;
}
y=y-dy;
ptpt-2;



while(*pt!="0")
{
pt-;
}
pt=pt+1;
break;
case 4:
rec_3d(x1+5,yyl »X2-5,yy2,2, DARKGRAY,WHITE);
*code=((y-y1)/dy);
delay(2000);
return;
case 5:
y=yl+(y_code*dy);
OLDy=y_code;
pt=strl-+strlen(strl)+1;
for(count=1;count<y_code;count++)
pt=pt+strien(pt)+1;
break;

}
delay(1200);

}

int scan_code(int x1,int y1,int x2,int y2,int n,int *NEWYy)
{

int key,count;

int X_mouse,y_mouse,button,dy,yy;

void *pad;

dy=(y2-y1)/n;



while(1)
{
key=get_keyQ;
switch(key)
{
case 0x01:/*Esc*/
return 1;
case 0x50:/*Down*/
return 2;
case 0x48:/*Up*/
return 3;

case Oxlc:/*Enter*/

retumn 4;

click_mouse(&x_mouse,&y_mouse,&button);

if(x_mouse>x1&&x_mouse<x2)

for(count=1;count<n;count++)

if(y_mouse>y1-+(count*dy)&&y_mouse<yl-+(count+1)*dy))

{
*NEWy=count;
if{button==1)
return 4;
iflOLDy!=count)

return 5;



¥ e */
void display(void)
{

int i;

setfillstyle(SOLID_FILL,GREEN);
bar(0,0,639,479);

[#*¥TOP**/
setfillstyle(SOLID_FILL,LIGHTGRAY);
bar(10,10,629,50);
rec_3d(10,10,629,50,3, WHITE,BLACK);

setfillstyle(SOLID_FILL,BLUE);
bar(15,18,250,42);

rec_3d(15,18,250,42,1 ,BLACK ,WHITE);
setcolor(MAGENTA);

setusercharsize(4,4,2,5);
settextjustify(LEFT_TEXT,CENTER_TEXT);
settextstyle(1, HORIZ_DIR,USER .CHAR_SIZE);
outtextxy(20,(18+42)/2,"PDD ");
setcolor(YELLOW);

outtextxy(100,(18+42)/2,"DISPLAY ");

rec_button(260,12,420,48 BLACK, WHITE);
rec_button(262,14,418,46, WHITE,BLACK);
setfillstyle(SOLID_FILL,BLACK);
bar(266,18,414,42);

rec_button(266,18,41 4,42, BLACK,WHITE);

rec_button(600,12,626,28 BLACK,WHITE);



rec_button(602,14,624,26, WHITE,BLACK);
line(602,14,624,26);
line(602,26,624,14);

[¥*BODY**/
setfillstyle(SOLID_FILL,LIGHTGRAY);
bar(10,56,629,420);
rec_3d(10,56,629,420,3, WHITE,BLACK);
setfillstyle(SOLID_FILL,BLACK);
bar(25,71,6 14,405);/*screen to use*/
rec_3d(25,71,614,405,2,BLACK, WHITE);

[**CONTROL**/
setfillstyle(SOLID_FILL,LIGHTGRAY);
bar(10,426,629,475);
rec_3d(10,426,629,475,3, WHITE,BLACK);

rec_button(12,428,80,473,BLACK,WHITE);
rec_button(14,430,78,471, WHITE,BLACK);
rec_3d(20,436,70,465,2, WHITE,BLACK); /*Power*/
setfillstyle(SOLID_FILL,RED);
bar(28,440,62,450);
rec_button(28,440,62,450,BLACK, WHITE);
setcolor(BLUE);
settextjustify(LEFT_TEXT,CENTER_TEXT);
settextstyle(DEFAULT_FONT,HORIZ DIR,1);
outtextxy(24,(436+465)/2+8,"POWER");
rec_button(88,428,500,473,BLACK,WHITE);

rec_button(90,430,498,471, WHITE,BLACK);



setfillstyle(SOLID_FILL,CYAN);
bar(94,438,140,466);
rec_button(94,438,140,466, WHITE,BLACK);
line(94,466,140,438);

setcolor(BROWN);

outtextxy(98,448,"AC");

outtextxy(120,458,"DC");

rec_button(508,428,627,473, BLACK, WHITE);
rec_button(510,430,625,471, WHITE,BLACK);
setfillstyle(SOLID_FILL,BLUE);
bar(514,432,526,444);
rec_button(514,432,526,444, WHITE,BLACK);
setcolor(BLUE);
outtextxy(534,438,"Channall");
setfillstyle(SOLID_FILL,GREEN);
bar(514,445,526,457);
rec_button(514,445,526,457, WHITE,BLACK);
setcolor(GREEN);
outtextxy(534,451,"Channal2");
setfillstyle(SOLID_FILL,MAGENTA);
bar(514,458,526,471);
rec_button(514,458,526,471, WHITE,BLACK);
setcolor(MAGENTA);

outtextxy(534,464,"Channal3");

/*Scal*/

for(i=xmin;i<xmax;i=i+4)
{
putpixel(i,(ymin+ymax)/2, WHITE);



}
for(i=ymin;i<ymax;i=i+4)
{
putpixel(xmin+1,i, WHITE);
}

}
* J

read_port(int Q[3])
{
int ch,i,save=0,pad;

for(ch=0;ch<3;ch++)

{
outp(portB,ch);
outp(portC,1);
outp(portC,2);
Q[ch]=inp(portA);
delay(2);

}

}
L */

ch_display()

{

int Q[31,i,x,y,dy;
float V[3];

y=(ymin+ymax)/2;

X=Xmin;

do{

read_port(Q);

dy=y-Q[chan};



putpixel(x,dy,LIGHTBLUE);
X++;
V{chan}=QtoV*Q[chan];
gotoxy(65,6);
printf("ch%d=%-5.3f V" ,chan,V[chan]);
delay(50);
if(x>xmax)
{
X=xmin;
delay(100);
setfillstyle(SOLID_FILL,BLACK);
bar(xmin,ymin,xmax,ymax);
for(i=xmin;i<xmax;i=i+4)
putpixel(i,(ymin+ymax)/2, WHITE);
for(i=ymin;i<ymax;i=i+4)
putpixel(xmin+1,i, WHITE);
}
click_mouse(&x_mouse,&y mouse,&button);
if(x_mouse>txmin&&x_mouse<txmax&&y mouse> tymin&&y_mouse,
<tymax&&button==1)
{
chan=10;
return,
}
}while(get_key()!=0x01);

run()
{
display();

show_mouse();



dof{

click_mouse(&x_mouse,&y_mouse,&button);
iftx_mouse>ch1xmin&&x_mouse<chl xmax&d&y mouse>chlymin&&y_mouse
<chlymax&&button==])
{
hide_mouse();
setfillstyle(SOLID_FILL,LIGHTBLUE);
bar(514,432,526,444);
rec_button(5 14,432,526,444, BLACK,WHITE);
setcolor(BLUE);
outtextxy(534,438,"Channal]");
show_mouse();
chan=1;
}

if(x_mouse>ch2xmin&&x_mouse<ch2xmax&&y__mouse>ch2ymin&&y_mouse

<ch2ymax&&button==1)
{
hide_mouse();
setfillstyle(SOLID_FILL,LIGHTGREEN);
bar(514,445,526,457);
rec_button(514,445,526,457 BLACK,WHITE);
setcolor(GREEN);
outtextxy(534,451,"Channal2");
show_mouse();
chan=2;
}
if(x_mouse>ch3xmin&&x_mouse<ch3xmax&&y_mouse>ch3ymin&&y_mouse
<ch3ymax&&button==1)
{



hide_mouse();
setfillstyle(SOLID_FILL,LIGHTMAGENTA);
bar(514,458,526,471);
rec_button(514,458,526,471, BLACK,WHITE);
setcolor(LIGHTMAGENTA);
outtextxy(534,464,"Channal3");
show_mouse();
chan=0;
}
if(chan!=10)

{

button=10;

ch_display();

¥

}while(get _key(!=0x01);
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LM131A/LM131/LM231A/LM231/LM331A/LM331

ﬁNational Semiconductor

1

LM131A/LM1:§'1, LM231A/LM231, LM331A/LM331
Precision Voltage-to-Frequency Converters

}

General Description
The LM131/LM231/LM331 family of voltage-to-frequency

converters are ideally suited for use in simple low-cost cir- -

cuits for analog-to-digital conversion, precision frequency-
to-voltage conversion, long-term integration, linear frequen-

has fow bias currents without degrading the quick response
necessary for 100 kHz voltage-to-frequency conversion.
And the output is capable of driving 3 TTL loads, or a high
voltage output up to 40V, yet is short-circuit-proof against

cy modulation or domodulation, and many other functions. Vee. .
The output when used as a voltage-to-frequency converter
Is a pulse train at a frequency preclsaly proportional to tho Features

applied input voltage. Thus, it provides all the Inherent ad-
vantages of the voltage-to-frequency conversion tech-
niques, and is easy 1o apply in all standard voltage-to-fre-
quency converter applications. Further, the LM131A/
LM231A/LM331A attains a new high level of accuracy ver-
sus temperature which could only be attained.with expen-.
sive voltage-to-frequency modules. Additionally the LM131
is ideally suited for use in digital systems at low power sup-
ply voltages and can provide low-cost analog-to-digital con-
version in microprocessor-controlled systems. And, the fre-

u Guaranteod linearity 0.01% max :
m Improved performance in exlstingI volitage-to-frequency
conversion applications )
m Split or s;ingle supply operation’
® Operates on single 5V supply e
“® Pulse output compatible with all Togic fors
m Excellent temperature stability, 50 ppm/*C max
® Low power dissipation, 156 mW typical at 5V
= Wide dynamic range, 100 dB min at 10 kHz full scale

PITRNGES 4

quency from a battery powered vollage-to-frequency con- frequency
verter can be easily channeled through a simple photoisola- m Wide range of full scale frequency, 1 Hz 10 100 kHz
tor to provide isolation against high common mode levels. n Low cost

The LM131/LM231/LM331 ulilizes a new temperature--
compensated band-gap referenceycircuit, to provide excel-
lent accuracy over the full operating temperature range, at
power suppiies as low as 4.0V. Tha precision timer clrcuit

Typlcal Applications .
o
Riy t
. 100k s10% 801wk
e v FuLser - W -
Ciyes j\ 1
i 0.VuF o 0he10%" =
P I M2
= . vl Yiosic
¢ 0 ) fout
K 10 kHz
W l FULLSCALE
P o >Ry _LA 2
100k
4 ng* =
. 12k 1%
A
s
Aoiust
-vg
(OPTIONAL) N
OFFSET ADJUST - = ¢
Vi Rg 1 C o TL/H/5680-1
fout = 2 e
208V AL AG

.

*Use stable components with low tomperature coefficionts. Suo Typicat Applicetions soction.
°*0.1pF or 1uF, See “Principloa of Oporation.”

FIGURE 1. Simple Stand-Alone Voltage-to-Frequency Converter
with £0.03% Typical Linearity (f = 10 Hz to 11 kHz)
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Absolute Maximum Ratings (vote 1) S .
it Mllltary/Aerospace specified. devices are required, please contact the Natlonal Semlconductor Sales Ofﬁce/

D(strlbutors for avallabliity and speclﬂcatlons

. L
PRS-

FEEWT/VICENT/LECNT/VICZNT/LELINT/VISLINT

© LM131A/LM131 LM231A/LM231 . LM331A/LM33 1
Supply Voltage 40V 40V v 40V
Output Short Circuit to Ground Continuous Continuous Conhnuous'
Ouitput Short Circuit to VCC ' Continuous Continuous Conthous
Input Voltage ~0.2Vto +Vg —0.2Vto +Vs | ' —0.8v (o FVs
TN Tmax TN -Tuax: CTMiN Y Tmax:
Operating Ambient Temperature Range —55°Cto +125°C —25°Cto +85°C 0*Cto +70°C ¢
Power Dlsslpat:on (Pp at 25°C) T %
and Thermal Resistance (Ow o
, (HPackage) Pp . 670 mW o o
0ja ' 150°C/W Cov v
(N Package) Pp . ) 1.25W 1.25W )
“ Oja o o 100°C/W ""100°C/W " -
(M Package)Pp 1.26W e e
64a . 85°C/W . A )
Lead Température (Soldering, 10 sec.) ’ ' at X ""
- “Dual-in-Line Package (Plastic). . .260°C ' 260°C 260°C. !
“Metal Can Package (TO-5)i . . 260°C i s
ESD Susceptibility (Note 4) , . wittoge,
" Motal Can Package (TO-5) , 2000V , : . - "
omer‘Packages : 500V . o 500V -
Electrical Characterlstics Ta=25"C unless otherwlse specified (Note 2) R
Parameter Conditions Min ~Typ Max Units
VFG Non-Linearity (Note 3) - 4.5V < Vg < 20V +0.003' | ~ +0.01 % Full-
- ' Scale
s Tumin € Ta <€ Tmax +0.006 +0.02 % Full-
. . © "] . Scale
YFC Non-Linaarity Vg = 16V, = 10 Hz 1o 11 kHz +0.024 | " +0.44 % Full-
- In Circult of Figure 1 ) Do vty :Scele
Conversion Accuracy Scale Factor (Gain) * Vin = —10V,Rg = 14k : o K “__':'_:
EM131, LM131A, LM231, LM231A : 0.95 1.00 " 1.05° {"kHz/V
LM331 LM331A . . 0.90 1.00 1.10. kHz/V
Temperature Stability of Gain A1 TN € Ta € Tyax 4.5V < Vg '< 20V A R A
LM131/LM231/LM331 ' $£30 | +1sb | ppms°C
LM131A/LM231A/LM331A , +20 '} “£50 ﬁpm/fC
Change of Gain with Vg 45V<Vg £ 10V o 0.01 0.1 %IV
10V £ Vg < 40V 0.006 0.06 %IV
§ Rated Full-Scale Frequency Vin = =10V 10.0 kHz
§ Gain Stability vs Time TMIN S Ta € Tmax +0.02 % Full-
I (1000 Hrs) Scale
¥ Overange (Beyond Full-Scale) Frequency | Viy = —11V 10 %
WNPUT COMPARATOR
Ctiset Voltage +3 +10 mVv
LM131/LM231/LM331 TMiN € Ta < Tvax +4 £14 mv
LM131A7LM231A/LM331A Tain € TA € Tpax +3 10 mv
i Bias Current -80 ~300 nA
Otiset Current +8 +100 nA
B8 Common-Mode Range TMiIN S Ta < Tuax —0.2 Vee—2.0 v
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LM131A7LM131/LM231A/LM231/LM331A7/LM331

. [N

Electrical Characteristics Ta=25°C unless otherwise specified (Note'2) (Continued) * e

- Parameter . ] Conditions - ] Min I Typ I - Max Units
TIMER ’ EETEY e W G
Timer Threshold Voltage, Pin 5 o Tt 0.63 0.667 0.70. | XVg
Input Bjas Current, Pin 5 ... Vg=18V P [T I
All Devices LOVLVpin s < 9.9V . +10 , +300.[ , nA,
LM131/LM231/LM331 ‘Voins = 10V . 200 1000..[ A
LM131A/LM231A/LM331A . | Vpysg = 10V 200 500 nA
VsAT PIN 5 (Reset) | 1= 5mA . 022 05 ...
CURRENT SOURCE (Pin 1) - D B
Output Cusrent Rg=14 Kk, Vppy 1=0 _ . b R
LM131, LM131A, LM231, LM231A 126 135 -] 44 | HA
LM331, LM331A ' : 116 136 156 pA
Change with Voltage OV<Vpy 110V 0.2 , 10 | pA
Current Source OFF Leakage “ A -
LM131,LM131A . 0.01 . 1.0 nA
LM231, LM231A, LM331, LM331A 002 . {.10.0 ‘i nA,
All Devices Ta=Tumax 20 500. ]+ nA
Operating Range of Current (Typical) . : (10t0800). ] -~ . |i~puA
REFERENCE VOLTAGE (Pin 2) ‘ ooty et ER
LM131, LM131A, LM231, LM231A | ‘ . 1.76 1.89 "2.02 . Voo
LM331, LM331A 1.70 1.89 208" | “'Vpo |
Stabllity vs Temperature . . . . cu | e 260 %) L - [-ppmi*C
Stability vs Time, 1000 Hours +0.1 % |
LOGIC OUTPUT (Pin3) ) .
. Vsar I=5mA 0.15 '0.50 v
v . {=3.2mA (2 TTL Loads), TMiNSTASTmax 0.10 0.40 v
. OFF Leakage . +0.05 1.0 pA
SUPPLYCURRENT @ . . . '
o LM131, LM131A, LM234, ° Vg=5V 2.0 30 | .40 ‘mA }
LM231A . Vg =40V 25 {40 | 60 | ,mA’
LM33{,LM331A . _ Vg=5V 15 30, | 60 [/.mA
, ) Vg=40V 2.0 ‘40" .80 [LmA

Note 1: Absolute Ma.:dmum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical spocmcabom do not lpply when opemlm
the devlee beyond its spocmed operating conditions. , -

Note 2= All specifications apply In the circult of Figure 3, with 4.0V <Vg <40V, unless otherwise noted. 7

Note 3: Nonlinearity Is deflned as the deviatlon of foyr from Viy X (10 kHz/ ~ 10 Vpg) whenmeﬁwltmbeenmmrorzeroonorat 10 HznndnHOkHb-v
over the lroquency range 1 Hz to 11-kHz. For the timing capecitor, Cr, use NPO ceramic, Teflon®, or polystyrens. Y e p

Note 4: Human body model, 100 pF discharged through a 1.5 kel resistor.

s . . P
w e HE RIS
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fFunctional Block Diagram
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PRECILIOR [ . H
| CURREXT R
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' | td ll | - S :
il et 1 3N
. [ comnumr ' H ] ¥
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: ] . © COMPARATOR | o
. I i 1 R . ¥ y sammanarin
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el e o 1 3
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Pl numbers apply 10 8-pin packages only See connection dlagram for LM231WM pin numbers..
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-
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LM131A/LM131/LM231A/LM231/LM331A/LM331

Typical Performance Characteristics SRR T TR
(All electrical charactenstlcs apply for the circuit of Figure 3, unless, otherwrse noted. )
Nonllnearlty Error, LM131 ~ "7 . ‘ T !
Famlly, as Precislon V-to-F "'Nonlinearlty Eiror, LM131. . .. Nonlinearity vs Power Supply
Converter (Figure 3Y Family : L Voltage [
T T “a Y '
. -
T o » T I
§ ws SPECLIMIT, § = [ P
& wn g LE - i I L
£ s R ! Eum > —
g -E B E : 9(‘: o .
g -an ey . i "E i A —T—1
é _'::; | seec LT’ g ‘E ! ///
" = o w008
- i .. ' wf s
- HE X ; 3 = bd - -
L A A P M T e waww
m:nutncv A . A:"‘ : ! ; rn:uu:u:v ke mmnumvvo;ﬂn! vg
Frequency ys Tomporlluro, -q VREF ve Ll’cmpnrituro, Output Froquoncy ve
LM131A -, LM131A ", Y VauppLy '
1.8 N o (I VR [ - - N 3
J l :.] A1 un - 28 { l.: ‘
IR ST s o1 5 i
# SR " i 1524 L e +5
z jaiicce S BN 1822 T | i
5 | e A 2 g
E st [— — i ; 1420 -~ = 2 ¢ % e 1'
g, 4 N | £ m ~— £ -4 i
w 05(' 4 118 = E .-1.1 . g
" Sl RS, 104 S s > = 3
p 1.9 & ) .
h I I 1512 -2 1 \ é
1410 tu = PRI L
65 -2 A28 8 Ml S 4N A AN $ 10 2R N« g
TEMPERATURE, °C TEMPEAATUAE, *C ViureLY.V %
100 kHz Nonlinearity Error, Nonlinearity Error, LM131 Input Current (Pins 6, 7) vs B
LM131 Famlly (Figure 4) (Flgure 1) w0 Temperature .
om 084 .
» 083 v 3 e .
g st .,[ g ot 'J 3 A
& an a S an /- E 1 \\ -
-E: ¢ ] E ! N E L] 's
S an o > = an P~ Vi o | T N
L= = ™ _,/ 5 ¢
2 -an g -an s [ — 108
T - 2w - k
7] 404
¥ 2 a8 s e 100 120 ° 2 ¢ 6 1 ouw ou 5 25 A 9s aneasn
FREQUENCY, kHz FREQUENCY, kHz TEMPERATURE, °C TJ
Output Saturation Voltage vs Nonlinearity Error, Precision )
. Power Draln vs VgyppLy lout (Pin 3) F-to-V Converter (Figure 6)
12 Y
l 22 H 1’ R
‘ 257t 2 $5°C / 2sc % un
=-55°C. ﬂ" / 2 +0.02 MAXIMUM
<« 3 N > 7 RURTI Lo S
I} 3
s L n‘“ﬂd “25°c 3 5 '
00 -
é -an
1 ER T
. -0.04
$ 10 1 W % I IS 48 30 q 11] ) 2 4 [ [} 0 1
VsuerLy. ¥ FREQUENCY, kRr

TUH/5680-9 . 14
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Typical Applications (continued)

PHINCIPLES OF OPERATION OF A SIMPLIFIED
VOLTAGE-TO FREQUENCY CONVERTER i

The LM131 isa monohthlc crrcult desrgned fc accurécy and
versatrle operatron when_applied as a voltage-’to-lrequency
(V-to-F) converter or as a frequency-to-voltage (F-to-V) con-
verter A simplrl‘ ed block diagram of the LM131 is showniin
Fi gure 2 and consists of a switched current source, input
ool"nparator. ‘and 1-shot timer. j' ' .

The operatlon of these blocks i is best understood by gp;ng
through the operatxng cycle of the basic V-to-F converter,
Figure 2, which consists of the srmplrfred block diagram of
the. LM131 and the varfous resigtors, and capacltors con:
nected toit .

The: voltage comparator compareq [} poslflve Input voltage.
V1, at pin 7 to the volilage, Vy, at pin 6..1{.V1 8 greater, the
comparator will trigger the.1-shot timer.,The output of the
timer will turn, QN both the frequency output transistor and
the swrtohed current source for.a penod te=1.1 RCy, Puring
thls period, the current i will flow out of the_ syvltched current
source and provide a frxed ampunt Qf charge a=ix t. Into
the capacrtor. Ct. This will normally charge Vyuptoa hrgher
lsvel than V1. At the end of the, trmlng penod the current r
wrll tum OFF and the tImer will reset itsell o :

Now there s no current ﬂowrng ‘from pln 1, and the’ capaci-
tor C_ will be gradually discharged by Ry untl Vy, falls to the
level of V1. Then the comparator will trigger the timer and
slart another cycle.

The current flowing Into Cy_is exactly layg = | X (1.1 xR‘C‘)'

X {, and the current flowing out of C is exactly Vy/Ry =

Vin/Ri. If Vi is doubled, the frequenty will double to main- -

tain this balance. Even a simple V-to-F converter can pro-
vide a frequoncy proaclsaly proportional to its lnput vollago
over a wide range of fraquencies.,,

FREQUENCY
ouTeut

ONESHDT
TIMER

o
+
-

TL/H/5680-4
FIGURE 2. Simplifled Block Diagram of Stand-Alone
Voltage-to-Frequency Converter Showing LM131 and
External Components
A o,

s

DETAIL-OF OPERATION FUNCTIONALBLOCK: 2t
DIAGRAM (FIGUHE 18) ¢ Ao

The block dlagram shows’a band gap reference which pro-
vrdes a stable 1.9 Vpc output. This 1.9 Vg is well regulated
over a Vg range of 3.9V to 40V. If also hds a*flat, low tem-
perature coefficient, and typically changes less, than 1/z%
over a 100'C temperature ctiange. = W .N T e

The current pump crrcurt forces the voltage at pln 2 to be'at
1.9V, dnd_causes a curent 1=1.90V/R3"t0 flow. For
Rg= 14k, l=135 BA. The precrsron current reflector pro-
vides a current equal to i to.the current swltch ‘The current
swiich switches the curreht to pin 1 or to ground dependlng
on the state of the Rg flip-flop. v .

The timing function conslsts' ‘of an Rs lllp-flop\ and a time¢
comparator connected-to the ‘axtérnal RCy notwork. ‘When
the input comparator detects a voltage at’ pln 7 higher thah
pin 6, it sets:the Rg flip-flop which turns. ON the_currant
switch and the output driver transistor. Whep the:voltage at
pin 5 rises 10 % Vcc, the timer. comparato;;,causes the As
flip-flop to reset _The reset transrstor is then tumed o/ ,\and
the ¢ current ‘switch s fumed OFF e BT o
However. if the input-comparator, still. detects pin 7« hlghe(
than pin 6 when pin 5 crosses %4 V¢, the flip-flop will not
be reset, and the current at pin 1 will continue to flow, in its
attempt to make the voltage at pin 6 higher than pin 7. This
condition will usually apply under start-up conditions or in
the case of an overload voltage at signal input. It should be
. noted that during this sort of overload, the output frequency
" will be 0; ag soon as the signal is restored to the working
range, the output frequency will be resumed.

.The output driver transistor acts to saturate pin 3 with an
ON resistarico of about 6092 In case of overvoltage, the

_output current is actively limited to less than 50 mA.
. The voltage-at pin 2 is regulated at 1.90 Vpg for all values of

. i between 10 pA to 500 pA. It can be used as a voltage
. réference for other components, but care must be taken to
ensure that current is not taken from it which could reduce
the aocuracy of the coriverter.

PRINCIPLES OF OPERATION OF BASIC VOLTAGE-
‘TO-FREQUENCY CONVERTER (FIGURE 1)

The simple stand-alone V-16-F converter shown in Figure 1
includes all the basic circuitry of Figure 2 plus a few compo-

- nents for improved performance.

A resistor, Ry =100 k2 £ 10%, has been added in the path
to pin 7, so that the bias current at pin 7 (—80 nA typical)
will cancel the effect of the bias current at pin 6 and help
provide minimum frequency offset.

The resistance Rg-at pin 2 is made up of a 12 kQ fixed
resistor plus a 5 k2 (cermet, preferably) gain adjust rheo-
stat. The function of this adjustment is to trim out the gain
tolerance of the LM131, and the tolerance of Ry, R and C;.

S ate.
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LM131A/LM131/LM231A/LM231/LM331A/L.M331

Typical Applications (continued)

For best results; all the components should be stable low-
temperature-coefficient components, such as metal-film re-
sistors. The capacntor should have low dielectric absorption;
depending on the témperature, charactensucs desired, NPO
ceramic, polystyrene Teﬂon or polypropylene are best
suited.

A capacitor C|N is added lrom pln 7 to ground to act as a
filter for Vin. A value of 0. 01 uF t0 0.1 pF will be adequate in
most cases; however, i cases where better filtering is re-
qunred a1 puf capacitor, can be used. When tha RC time
constants are matched at pin 6andpin7,a voltage step at
Vin will cause a step change in foyr. If Cin Is much less
than C, a step at VN may cause four to stop momentarily.
A 471 resistor, in series with the 1 pF Cy, is edded to give
hysterasls effoct which holps the Input compurator provide
the excelient lincarily (0.03% typlcal).

DETAIL OF OPERATION OF PRECISION V-TO-F
CONVERTER (FIGURE3)- = - .

In this clrcuit, intégration is'pefformed by using a conven-
tional operational amplifier and feedback capacitor, Cr.
When the integrator’s output crosses the nominal threshold
level at pin 6 of the LM131, the timing cycle is initiated.

“ '

Cle il Al L
The average_current fed into the op amp's summmg point
(pin2)isi X (1.1 FnCl) X lwhlch is perfectly’balanced with
—ViNn/Rin- In th|s circuit, the voltage offset of the LM131
input comparator does not affeét ‘the pffsét or Aaccuracy, of
the V-to-F converter as it does in the stand- alone Y3o:F

converter; nor does the LM131 blas ‘cuirent or offset cur:
rent. Instead, the offset voltage and offset current of ‘the
operational amplifier are the only. l\rmts on; how small the
signal can be accurately converted. "Since of amps with
voltage offset well below 1 mV and offset currents well be-
low 2 nA are available at low cost, this circuitis recommend-
ad for best ‘accuracy for small sigrials. This circuit also re-
sponds Immediately to any change of input signal (which e
stand-alone circuit does not) so that the output frequency
will be an accurate representation of Vjy, as' quickly as 2
output pulses’ spacing can be measurad, .- ¢ .« .

In the precision mode, éxcellent linearlty is obtained be-

ETI¢ SV AN

. cause the current source (pin 1) Is always at ground poten-

tial and that voltage does not vary with' Vi or four. (In thé
stand-alone V-to-F converter, d majof cause 6f non-linearity
is the output: impedance at pin 1 whlch causes i to change
asa function of V). ""“‘-‘“' oo R R
The circuit of Figuré 4 operates in the same way as F gure.'i
but with the necessa:y changes for hlgh speed operauon

REYRS

vs
. 4 M . B "
10% 2 10% 100 110% " * o0y %™ X - by N
) c‘ , ‘
1 001
' RL] B4
' o I\
st vew - v
: W,
I ae ! . L FULLSCALE
- [ R -
1y i '
™ ‘ e un.
X 0005 F Y :
. R MYLAR
KA ":’u'v ] p ’
FULL SCALE - 1 'our" v Bs '
s 708V Am AG !

‘
.-
‘
1§

100k 2 10% - -
™ 1H4002
A
vg ,
' OPTIONAL ™ '-J_:
OFFSET ADJUST *
200 T0 1M = =
. ) s .Ju/HIse80-6
*Use slable p with low temp ire coetficients. See Typlcal Appllcallona section.

°*This rosistor can be 5 ki1 or 10 ki1 for Vg« 8V 1o 22V, but must bo 10 ki) lor Vg=4.5V to BV.
***Use low offset vollage and low ofisel current op amps for At: recommended types LM108, LMJoaA LF411A

FIGURE 3. Standard Test Circuit and Applications Circuit, Precision Voltage-to-Frequency Converter
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Typical Applicatidns (Continued)

DETAILS OF OPERATION, FREQUENCY-TO-. | .
VOLTAGE CONVERTERS (FIGURES 5 AND 6)

In these applications, a puise input at fiy is differentiated by
2 C-R network and the negative-going edge at pin 6 causes
the input comparator to trigger the timer circuit. Just as with
a V-to-F converter, the average current flowing out of pin 1
Islaverage = i X (1A RGY X 1. - ¢ .
In the simple circuit of FIGURE 5, this current is filtered in
the network R = 100 kQ and 1 pF. The ripple will be'less
than 10 mV peak, but the response will be slow, with a

ateRe
AAA
vYY

OFTIONAL
OFFIET AQIUST
0 TO 1M

LERTE T A7 A S

ovge e1sV

L)
J : [XSTRRLY

I:.‘lln"

f lour

L™

wmm

Your

Ry
LTIV

Whin®

L]
He

TL/H/5880-7
R
Vout = fin X 2.00V X ﬁ—‘ X {RCY
s
*Use slable components with low tempaerature coefficionts.

FIGURE 5. Simple Frequency-to-Voltage Converter,
10 kHz Full-Scalse, +0.06% Non-Linearlty

0.1 second .time constant, and settling of 0.7 second to
0.1% accuracy.

In the precision circuit, an operational amplifier provides a
butfered output and also acts as a 2-pole filter. The ripple
will be less than 5 mV peak for all frequencies above 1 kHz,
and the response time will be much quicker than in Figure 5.
However, for input frequencies below 200 Hz, this circuit will
have worse ripple than Figure 5. The engineering of the filter

* time-constants to get adequate response and small enough

ripple simply requires a study of the compromises to be
mada. Inherently, V-to-F converter response can be fast,
but F-to-V response can not.

00 kilx
FuLL ScALE

1830 F M AN : .- 1_
1 L1 B Vioere
\ 1 tour
7 )
L

FIGURE 4. Precislon Voltage-to-Frequency Converter,
100 kHz Full-Scale, +0.03% Non-Linearfty

A
Vout = =y X 2.0V X -ﬁf X (ACY
s

*Uso stable s with low ire coefiicients.
See Typical Applications section.
**This resistor can be 5 kN or 10 kfl for Vg =8V 10 22V,
but rliust be 10 kit for Vg=4.6V to 8V.
*““Use low offset voltage and low offset current op amps for Al:

1ecommandod types LF411A or LF356.
H +

P

TL/H/5680-6

FERT T A

g AIVTO Y -
. ?

iy —{

€1, 4MF
Yout

1216 1 %*

TL/H/5680-8
Vs — 2V)
SELECT Rx = ~=2——as
*T TozmA
*Use stable comp with low temp coefficients.

FIGURE 6. Precislon Frequency-to-Voltage Converter,
10 kHz Full-Scale with 2-Pole Fliter, £0.01%
Non-Linesrity Maximum
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2| Typical Applications (contnued) T e 4
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Typical Applications (Continued) .

Analog-to-Digital Converter with Microprocessor

Wy M
I , 0ATA
: | comrn L, W .
\ .
e .- . MECAOPROCELSOR
LA x s . |
v'“ ’om 0 . m
{OPTIONAL 1
moroisotaton | = d
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cLocx

- TL/H/6680-13

Remote Voltage-to-Frequency Converter with 2-Wire Tr.anomltlor and Recelver
13 ’
4

FAEQUENCY
ouTPYT
T0 VFL 180V LMMOLAZ SR
CIRCUITRY REGULATOR [~ e18V
[ -
. GND
e
T POWER
; surrLy
Vi N
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'

.o EEEEE - TL/H/5680-14
Voitago-to-Frequency Converter with Square-Wave Output Using + 2 Fllp-Fiop
Vg« +4.0Vpe TO +t8VQC '
. CLA PRE
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¢ ! PR Y
VFC
ciaculT
USING
ViK wat cLocx []
— N e xusacia . lan=fn
o| orssutarn |¥ wmavz .
W s - ~ :
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Voltage-to-Frequency Converter with Isolators
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LM131A/LM131/LM231A/LM231/LM331A/LM331

Typical Applications (continued) . e,

Voltage-to-Frequency Sonverter with Isolators
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\ . +YioGic
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Connection Diagrams

Metal Can Package
) Ve A

CURRENT

COMPARATOR
outeut Lt

PutT

REFERENCE

CURRERT THRESHOLD

FREQUENCY
ouTPUT

ang !
0P ViEw

TL/H/5680-20
Hote: Metal case ls connectoed to pln 4 (GNO.}

Order Number LM131H/883 or LM131AH/883
See NS Package Number HO8C

'
H

"

Dual-In-Line Package

CURRENT __1 | v LI !
ouTPUT - 3
REFERENCE 2] |7 COMPARATOR
CURRENT weur s
FREQUENCY __3] $ _ ruaesHoLo L
ouTeUT et
aNo 4 s [ !
PO
ToP VIEW

TL/H/6080~21

Order Number LM231AN, LM231N, LM331AN,

Small-Outline Package

b
Current ! -/
.. Output ~] 1 . 14 1—NC
Reference __| |
[ _ Current 2 13=HC
© . NC—{3 12p=~NC
Frequency
" . . :Output—} 4 f —zs L
¢ L ] omparator
. GNO—1 5 . 10 ?—-'npu(
! . n NC— 6 9f—nc
R/C—7 8 }—Threshold
Top View

.| Ordér Number LM231WM
See NS Package Number M148

or LM331N i
.- See NS Package Number NOSE * i
4

TU/H/5680-24

Pamers
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NNational Semi’c.onductor

' o

'ADCOBOB/ADCOBOQ 8 B|t wP Compatible A/D Converters

with 8-Channel Multiplexer

General Description

The ADC0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital con-
vortor, 8-channol multiplexer and microprocessor compati-
ble controt logic. The 8-bit A/D converter uses successive
approximation as the conversion technique. The converter
foaluros a high impedance chopper stabllized comparator, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 8-channel multiplexer can
directly access any of 8-single-ended analog signals.

The device efiminates the need for external zero and full-
scale adjustments. Easy interfacing to microprocessors is
provided by the latched and decoded multiplexer address
inputs and latched TTL TRI-STATE® outputs.

The desxgn of the ADCOBOB ADC0809 has been optimized
by incorporating the most desirable aspscts of several A/D
conversion techniques. The ADC0808, ADC0800 offers high
speed, high accuracy, minimal temperature dependence,
excellent long-term accuracy and repeatability, and con-
sumes minimal power. These features make this device
Ideally suited to applicalions from process and machine
control to consimer and automotive apphcauons For 16-
channel multiplexer with common output (sample/hold port)
see ADC0816 dala sheet. (See AN-247 for more informa-
tion.)

Features

& Easy interface to all microprocessors

® Operates ratiometrically or with 5 Vpc or analog span
adjusted vollago reforence ° .o

m No zero or full-scale adjust requlred " :

=u 8-channel multiploxer with address loglc

| 0V to 5V input range with single 5V ‘power sdpply

= Outputs meet TTL voltage level speclllcauons -

n Standard hermetic or molded 28-pin DIP,Ipack,age

= 28-pin molded chip carrier package ' )

m ADCO0808 equivalent to MM74C949

® ADC0809 equavalent to MM74CQ49 1 -

s g
Key Spec:flcatlons "
u Resolution " 8'Bits
u Total Unadjusted Error +v% 1.SB and +1 LSB
m Single Supply 5 Vpe
m Low Power 15 mW
m Conversion Time 100 ps

Block Dlagram i}
: . / START  cLocK
. . r'mm I D _—1 N
o— i END OF CONVERSION
o1 ) | CONTROL & TIMING . l O unreanurn
| 1
o] i 1
O] 8 CHANNELS } 4 |
B ANALOG INPUTS — MULTIRLEXING |
o——  SWITCHES S.AR. | /
COMPARATOR |0 .
o—1 1 I 1 l—o
l sTaTe® 1o <o .
ouTPUT 81T OUTPUTS
Lo | LATCH o
- | | EUFFER [0
l—o
{} i | D
: SWITCH TREE :
3-81T ADBRESS { ADDRESS !_ : :
° LATCH ] i i |
"ADDRESS . o] AND | .
LATCH DECODER
EnABLE 25 R RESISTOR LADDER ! See Ordering
i information
L

Vc: cnn REF(H

~ “ngr-) ouTrur
ENADLE

TL/H/8672-1
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ADC0808/ADC0809

Absolute Maximum Ratings (Notes 142

It Military/Aerospace specitied devices are required,
please contact the National Semiconductor Sales
Office/Distributors tor avallability and specifications,

Supply Voltage (Vcc) (Note 3) L. ] 6.5V,

Voltage atAnyPin~" " % - "~0.3V to (Voo +0.3V)
Except Control inputs

Voltage at Contro! Inputs —~0.3Vto +15V
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C),..

Storage Temperaturg Range , -65'C to +150°C

Package Disslpation at To=25°C 875 mW
Lead Temp. {Soldering, 10 seconds)
Dual-In-Line Package (plastic) 260°C
Dual-In-Line.Package {ceramic) 300°C
Molded Chip Carrier Package
Vapor Phase (60 seconds) 215°C
Infrared (5 %econds) 220°C
ESD Susceptlbnhty (Note 1_._1) 400V

- P
e 8

Electrical Characteristics

Converter Specifications: Veg=5 VDc='VREF+, VHEF(~ )—GND TM|NsTAsTMAx and 'CLK~640 kHz unless othenmse

A

Operating Conditions (notes 1&2)
Temperature Range (Notd 1) - ¥ * Tyn<TasTuax
ADC0808CJ " ~55'CSTAS +125°C
ADC0808CCJ, ADCOB0BCCN, !
ADCOBOSCCN = 7",
ADCOBOBCCV ADCOBOQCCV
Range of Voc (Note ) ]

T ¥ B

., —40°CsTas, +85°C
—40'C < Ta < +85C
3 4.5Vpe 10 6.0 Vpe

e

ploskinin 4%y

g #, e

v [ ER

PEy sy

stated. ; . . i
Symbol 3 Parameter Conditions Min :Typ Max Unlts
ADC0808 ‘ \ .
Total Unadjusted Error 25°C R LS8
(Note 5) TN 10 TMAX E2/A LSB
ADC0809 ‘ . o
Total Unadjusted Error 0°Cto 70°C £1; Ls8 |}
(Note 5) TmiN to TMax +1Y, ‘LSB
Input Resistance From Ref(+) to Ref(~) 1.0 25 - kN
Analog Input Voltage Range | (Note 4) V(+)orV(—) | GND-0.10 ; Voo 40107 | Vpe
VRer(+) Voltage, Top of Ladder Measured at Ref(+) Vee Veg+0.1 \
v " - - - O -
—REMZ—VRE—FU Voltage, Genter of Ladder Veo/20.4 | Veo/2 | Vegr2+01 | v
PR R . 3 N N
VReF(-) Voltage, Bottom of Ladder’ | Measured at Ref(—) -0.1 i 0 v
N Comparator Input Current fo=640 kHz, (Note 6) ‘-2 10,5 2 nA

Electrical Characteristics

Digital Levels and, DC Specificatlons: ADCOBOBCJ 4.5V<Veps5.5V,
ADC0808CCJ, ADCOB0BCCN, ADCO808CCV, ADC0B09CCN and ADC0B08BCCYV, 4.75< Vo s 5. ?5V -40'C’TA’ --85°C un-

tess otherwlse noted

i

e
. ?
'

—~55°C<Tas + 125°C unless otherwise noted

Symbol J L7, Parameter Conditlons [ Min Typ Max Units
ANALOG MULTIPLEXER T .
loFF(+) OFF Channel Leakage Current ..Vco=5V,ViN=5V, |
Ta=25C . 10 200 nA
Tmin to Tmax 1.0 nA
loFF(-), * " OFF Channel Leakage Current Voo =5V, ViN=0. oo
R ey Ta=25°C —200 ~10 nA
Tmin to Tmax -1.0 RA
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Electrical Characteristics (Continued)

Digital Levels and DC Specifications: ADC0808CJ 4. 5VLVeps5.5V, —55°C<Ta<+ 125°C unless othermse noted
ADC0808CCJ, ADCO808CCN, ADcoaoaccv ADCO809CCN and ADCOBOQCCV 4, 75 <Vep<£5.25V, —40'CSTAS +85'C un-
less otherwise noted -

Symbot - ] . " Parameter Conditions - [ Min l Typ J Max* |---Units'
CONTROL INPUTS . ' ' : ) '
Ving) - Logical *“1" Input Voltage Vec—1.5
:Vu,';(o)_ ' Logical “0” Input Voltage” . ) oo i5 o
gy Logical “1" lhput Current” ViN=15V . Lo T mA
* (The Control Inputs) : ’ ,
ling) Logical “0" Input Current Vin+ 0 . =10 . pA
(The Control Inputs) . . i
fce Supply Curront oLk — 040 ki iz 0.9 3.0 mA
DATA OUTPUTS AND.EOC (INTERRUPT) .
Vout) * Logical “1" Output Voltage ' lo=~—360 pA Vcc—0.4 R v
Nout() Logical “or Output Voltage - + lo=1.6mA ' 0.45 \"
Vour(o) Logicat “0" Output Voitage EOC lo=1.2mA I "0.45 \
lout - TRI-STATE Output Current Vo=5V _ . a | e
. e ) Vo=0 -3 ’ " pA
Electrical Characteristics . .
Timing Speclfications Veo=VRrer(+) =6V, VRer(-)=GND, ty=t=20 ns and Tpo= 25°C unless otherwise noted.
Symbol Parameter Conditions Min Typ Max Units
tws Minimum Start Pulse Width (Figure 5) 100 200 ns
tWALE Minimum ALE Pulse Width (Figure 5) 100 200 ns
tg Minimum Address Set-Up Time (Figure 5) 25 50 ns
1y Minimum Address Hold Time (Figure 5) |i 25 50 ns
™ Analog MUX Delay Time Rs =00 (Figure 5) . i 25 S
From ALE :
tu1, tHo OE Control to Q Logic State Cp=50 pF, R = 10k (Figure 8) . 125 250 ns
1 tom OE Contro! to Hi-Z CL=10 pF, R = 10k (Figure §) "~ 125 250 ns
te Conversion Time f. = 640 kHz, (Figure 5) (Note 7) 90 | 100 116 uS
fe Clock Frequency . - 10 640 1280 kHz
teoc EOC Delay Time (Figure 5 0 8+2uS | Clock
Periods
Cin Input Capacitance At Control Inputs 10 15 pF
Cout TRI-STATE Output At TRI-STATE OQutputs, (Note 12) 10 15 pF
Capacitance

Note 1: Absolule Maximum Ratings indicale limits beyond which damage to the device may occur. DC and AC sloclrical specifications do not apply when operating
the device bayond its specifiod oporating conditions.

Note 2= Alt voltagos are measured with respoct to GND, unloss othewlso spocifted.
Note 3: A zener diode exists, Intarnally, from Vg to GND and has a typical breakdown voltage of 7 Vpc.

Note 4: Two on-chip dlodes are tiod to each analog input which wifl forward conduct for analog Input voltages one diode drop below ground or one diode drop
greater than the Vocn supply. The spec allows 100 mV forward bias of elther diode. This means that as long as the analog Vy does not exceed the supply voltage
by more than 100 mV, the output code will be correct. To achieve an absolute OVpg to 5Vpg input voltage range will therefore require a minimum supply voltage of
4.900 Vpg over temperature variations, initial tolerance and foading.

Note §: Total unadjusted error includes offset, full-scale, linearity, and multiplexer orrors. See Figure 3. None of these A/Ds requires a zero or {ull-scale adjust.
However, if an afl zero code Is deslred for an analog Input other than 0.0V, or if a narrow full-scale span exista (for example: 0.5V 1o 4.5V full-acale) the reference
voltages can be adjusted to achieve this. See Figurs 13.

Note 6; Comparator Input current is a blas current into or out of the chopper stablilized comparator. The blas current varles directy with clock frequency and has
iittle temperature dependence (Figure G). See paragraph 4.0,

Note 7: The outputs of the data register are updated one clock cycle before the rising edge of EOC.
Note 8: Human body model, 100 pF discharged through a 1.5 kN resistor.
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ADC0808/ADC0809

Functional Descrlptlon

Muﬂlplexer The device contains an 8-channel stngle-end-
ed analog. -signal muitiplexer. A particular inptt channel is
selected by using the address decoder. Table | shows the
input states for the address lines to select any channel. The
address is latched into the decoder on the low-to-high tran-
sition of the address latch enable signal.

TABLEI .. ;
SELECTED ADDRESS LINE

» | ANALOGCHANNEL | .C B
INO L L L
IN{ L L H
. IN2 L H L
; IN3-: - L H H
N - 'H L L
INS H L H
TCOTINe Tt H }'H | L
e IN7 H H'| H

: N 1
CONVERTER CHARA'CTERISTICS o

The Converter *

The heart of thfs single chip data acquisition system is its 8-
bit analog-to-digital converter. The converter is designed

«

e

CONTROLS FROM S.A.R.
1

" wide range of temperatures. The converter is parit

1o give fast, acdurate, and repeatable conversions ovu

into 3 major sections: the 256R ladder network, the SUCCN
.sive approximation register, and the comparator. The em»
verter's digital outputs are positive true. ;_‘ :

The 256R ladder network approach (Figure f) was
over the conventional R/2R ladder because of its inhersd
monotonicity, which guarantees ng missing digital cotu
Monotonicity is particulariy lmportent in ‘closed loop’ ¢
back control systems, A non-monotonic relatlonship ca
cause oscillations that will be catastrophic for the sys!em
Additionally, the 256R network does not cause load vede!
tlons on the reference voltage. B &

The bottom resistor and the top resistor of the ladder na-
~work in Figure 1 are not the same, value as the remaindero!
the network. The difference in these res:stors causes e
output characteristic to be symmetncal with-the zero ani
full scale points of the transfer curve. The first output tras’
sition occurs when the analog signal has reached + AL
and succeeding’ "output transmons occur-every 1 LSB latl
upto full-scale, , Cy e
The successive approxlmatlon register (SAR) performs 8 i-
erations to approximate the input voltage. For ény SAR typs
converter, n-iterations are required for an n-bit converter,
Figurs 2 shows a typical example of a 3:bit converter. In the
ADC0808, ADC080S, the approximation technlque is ex
‘tended to 8 bits using the 2568 network, e om

t REF(H) Oy /
. 'y

i )
14R
. R N——
- ! ' .
) i i B -5
o 3 oL
-
i 256R . .
R * .
ot : 4 1 . o
1 ! R . .
L]
.
%R N—
—

T0
. - COMPARATOR
INPUT

C REF(—] O

TL/H/S672-2

FIGURE 1. Resistor Ladder and Switch Tree

S

2-54




F

Functional Description coenes

The A/D conversr's SucCesSive approximabion repisier
{SAR) is reset on the positive edge of the start conversisn
(SC) pulse. The conversion is begun on the falling edge of
the start conversion pulse. A converslon in process will be
interrupted by receipt of a new start conversion pulse, Con-
fnuous conversion may bg acgomplished by tying the end-
of-conversion (EOC) output to the SC input. If used in this
modse, an external start conversion pulse should be applied

after power up. End-of-conversion will go low between 0
and 8 clock pulses after the rising edge of start conversion.
The most imipoftant section of the A/D converter is the
comparator. 1t is this section which is responsible for the
ulimate accuracy of the entire converter. It Is also the

[y

A/D QUTPUT CODE

R
R |

: ViN
R E R N R

ViN AS FRACTION OF FULL-SCALE

FIGURE 2. 3-Bit A/D Transfer Curve *

.

ERROR <t

INPUT OV -
VOLTAGE

QUANTIZING {

FIGURE 4. Typical Error Curve

comparamy: orifi which has the groaest mfwence on e
repeatability of the device. A chopper-sabilized comparator
provides the most etfective method of satistying all the con-
verter requirements. ’

The chopper-stabilized comparator converts the DC input A

signal into an AC signal. This signal is then fed throught a
high gain AC ampiifier and has the DC level restored. This
technique fimits the drift component of the amplifier since
the drift is a DC component which Is not passed by the AC
amplifier. This makes the entire A/D converter extremely
insensitive to temperature, long term drift and input offset

errors. : .
U ;
Figure 4.shows a typical error curve for the ADC0808 as

measured using the procedures outlined In AN-179.

:

INfiNlTl ACROLUTION

m R PERFECT CORVERTER
we | 0 oevLse 10EAL 3-31T CONVERTER
w Tora_, A Y :
S 1w uuAuJumn’L - H
- ERROR ¢
5 1w - =1Ls8
3 i . j— ABSOLUTE
.8 m ACCURACY
S} - CapseTe NETIR
= QUANTIZATION
80t . . ERROR e
000 Vin
WML NN AN
VIN AS FRACTION OF FULLSCALE e
o I A
FIGURE 3. 3-Bit A/D Absolute Accuracy Curve
!
REFERENCE LINE

FULL
SCALE

TL/H/5672-3

608000y /808090Y
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ADC0808/ADC0809

Connection Diagrams o SRR
T - Dual-In-Line Package : Molded Chip Carrler Pdckage
o o <wo .
L 1 - §8.89LLT
e 2 27 -1 ) I T O w Lt
v s b 26b=1N0 " .25 24 23 22-.21 20119 "
i 25}-a00 A e L nk
5 " 24}—A0D 8 L b N 1] S i T
6 23f-ao0 ¢ W22 .. . 16— Vaer (=)
; 22}—aLe IN3 41 15}=2"%
. 8 21}—2""uss INd2 14f=277
OUTRUT ERABLE—]9 20272 NS—3 13— GND
a0 19273 o4 12} Veer ()
o e o, N
- Veer (F)—112 17}—2751s8 e EQe 4 8
! ) . TS 8Wa 8 s
cNp—{13 Lo 16Yeer (5) = 23
7714+ ue asheas o -
N =
L £ .
: : TL/H/5672-11 RN A . *
Order Number ADC0808CCN, ADCO809CCN, .- - t ¢t TUH/SET2-12
" ADC0808CCJ or ADC0808CJ . Order Number ADC0808CCV or ADC0809CCV
See NS Package J28A or N28A | See NS Package V28A* -
Timing Diagram’ . '

v

o

ALE —

STARLE ADDRESS

— tantm e - - ——

$in .

COMPARATOR
neut
UNTEANAL NGOE)
aureyt ‘ \

ENABLE

€oc .
__j( "
e £ 0 Fo—
|
TRISTATE
QUTPUYS = ot v e ot com e e e e e et e o e e e e e e ot e o e o e —

TL/H/5672-4

FIGURE 5

T Dt T KA TTUNE. ol
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Typical Performance Characteristics

e -7
15 e I -
. | et2mone S .
. .
1
.. S s,b

s

TYPICAL Roy (ka)

A
74

-1~ {c= 1200 kHx

W . ,,l I B

TYPICAL Iy W)
=

L0 J’ug,' RETIE (Y
Vi (v .
. : RS
FIGURE 6. Comparator Iin v8 Vi
" (Vec=VYRer=5V)

. ; ;
£
f S o
¥ . o ——T——
Ta=05°C O BT B 5,
] S o
1

e

L] 1.26 28 16 §
Vg lvy el 2
slend Lot TL/H/5872-5
FIGURE 7. Multiplexer Roy Ve ViN' = -
(Vec=VRer=5V)

[N N SN . v
' i 0 Thet .. v .
Ry . i 3 * Y N ’ 1 ot
<! ‘ ! b o o s VG
. . K I . ot . v l ]
- - L3 Jal . . 4 “w{.
TRI-STATE Test Circuits and . Timing Diagrams Jrt et
A e . . ", s
" i " t 1
t1H tH1 ty1, CL=50 pF’
Vee Y
. 0%
ouTPUT
T ENABLE Su%
£ ox
oUTPUT
£nAsLE © o
L 10k .- )
: l ouTPUT
H
.1 .
tos tHo ’ toy, CL=10 pF tHo, CL =50 pF
Vee Veo —y t|—
Vee
. OUTPUT 90% 3%
10K ENABLE 50% . 50%
GND 10% £iiox
oUTPUT | o
ENABLE ¢ R tHo
1
I— ouTPUT / so0%
—_—
= = Vol ; o
TL/H/5872-8
FIGURE 8
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ADC0808/ADC0809

Applications Information
OPERATION

1.0 RATIOMETRIC CONVERSION

The ADC0808, ADCO0809 is designed as a complete Data
Acquisition System (DAS) for ratiometric conversion, sys-
tems. In ratiometric' systems, the physical variable being
measured is expressed as.a percentage of full-scale which
is not necessarily related to an absolute standard. The volt-
age input to the ADC0808 is expressed by the equation

Vi _ Dx
Vis—Vz Dmax—Omin .
Vin=Input voltage into the ADC0808
V(g = Fuli-scale voltage .
Vz=1Zero voltage
Dy = Data point being.measured
Dmax = Maximum data limit
Dpiny = Minimum data limit

A good example of a ratiometric transducer is a potentiome-
ter used as a position sensor. The position of the wiper is
directly proportional to the output voltage which is a ratio of
the full-scale voltage across it. Since the data is represent-
ed as a proportion of full-scale, reference requirements are
greatly reduced, eliminating a large source of error and cost
for many applications. A major advantage of the ADC0808,
ADCO0809 is that the input voltage range is equal to the sup-
ply range so the transducers can be connected directly
across the supply and their outputs connected directly into
the multiplexer inputs, (Figure 9).

m

Ratiometric transducers such as potentiometers, strad¥]
gauges, thermistor bridges, pressure transducers, otc., afl
suitable for measuring proportional relationships; howeveg
many types of meastirements must be referred to an absj
lute standard such, as voltage or current, This means a sys?
tem reference must be used which relates the full-scade
voltage .to the standard wolt. :For example, I
Vee=VRer=5.12V, then the full-scale range is divided it
256 standard steps. The smallest standard step is 1 LSY
which is then 20 mV, . N : 4

2.0 RESISTOR LADDER LlMITATIONS

The voltages from the resistor laddar are compared to the
selected into 8 times in a conversion. These voltages an
coupled to the comparator via &n analog switch tree whic
is referenced to the supply. The voltages at the top, cenly
and bottom of the ladder must be controlled to maintai
proper operation, - ‘¢

The top of the ladder, Ref(+), should not be more positiv
than the supply. and the bottom. of .the. ladder, Ref(-}
should not be more negatxve than ground The center of the
ladder voltage must also be near thé center of the suppy
because the analog switch tree changes from N-channd
switches to P-channel switches. These limitations are aute
matically satisfied in ratiomelric systems and can be eask
met in ground referenced systems.

Figure 10 shows a ground referenced system with a sepz

. rate supply and reference. In.this system, the supply musl

be trimméd to match the retérence voltage For instance, I
a 5,12V is used, the supply should be adjusted to the same
voltage within 0.1V,

MSB
DIGITAL
oUTPUT
Bout PROPORTIONAL
TO ANALOG
INPUT
VIN Vi
Lsg L
Cour = YRer  Vcc
4.75V < Yeo= VREF 525V

) T Vi:c
- l L—- REF(+)
:_ la7
L]
- -
L d
.
L] hd L)
l—- REF(-}
L _I_ GND

* Ratlometric traneducers

ADCoBO2

TL/H/56872-7

FIGURE 9. Ratlometric Converslon System
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!Applications Information (continued)

The ADC0808 needs less than a milliamp of supply current
5o developing the supply from the reference is readily ac-
complished. In Figure 11 a ground referenced system is
shown which generates the supply from the reference. The
buffer shown can be an op amp of sufficient drive to supply

the milliamp of supply current and the desired bus drive, or if
a capacitive bus is driven by the outputs a large capacitor .

will supply the transient supply current as seen in Figure 12.
The LM301 is overcompensated to insure stabmty when
loaded by the 10 uF output capacitor. - -

—AAN— |

< LI i
The top and bottom ladder voltages cannot exceed Vg
and ground, respectively, but they can be symmetrically less
than V¢e and greater than ground. The center of the ladder
voltage should always be near the center of the supply. The
sensitivity of the converter can be increased, (i.e., size of
the LSB steps decreased) by using a symmetrical reference
system. In Figure 13, a 2.5V reference is symmetrically cen-
tered about Vee/2 since the same current flows in identical
resistors. This system with a 2.5V reference allows the LSB
bit to be half the size of a 5V reference system.

Vee
suppLy X Vee
£ Mst
Vaer | REF(+) DIGITAL
a QUYPUT
our REFERENCED
O—1 a7 10
) vwdo— ¢ GROUND
s L)
. O—11n0
jun REF(-) 158 v
®—— GND Qoyr = il
VRerF

4.76V 5 Vec = VRer < 5.25V

.

ADCOBOS |

.

FIGURE 10, Ground Referenced

Converslon System Using Trimmed Supply ’ '

N -1 Vce
(3
‘? MSB
. " DIGITAL OUTPUT
VRer e REF() Qout REFERENCED TO
) © VREF( o—{ I GROUND .
Vm‘ O—1 :
O °Y] Vin
1——- REF(-} Lss Qour = Vrer
-—1 GND 475V € Voo = VRgr S 525V

ADCO0808 :
,-TUH/5672-8

FIGURE 11: Ground Referenced Conversion System with
v Reference Generating Ve Supply
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ADC0808/ADC0809

Applications Information (continued)

LM3288

&

LM301A

10-15Vpe
O

1000 pF

[+ W0 uf

' FIGURE 12. Typical Reference and Supply Clreuit

’ L 4

e

— $OLID [ i
TANTACUM P
&—@—p GHD' ' ;
RER(-)

s
e mnd

o sy
Ra :
~— Vce .
. 375V HfF(f) us‘n
ln “
L]
* : ' ¢ DIGITAL QUTPUT
P Oyt PROPORTIONAL TO
. ARALOG INPUT
° 128V S VINS 376V
* In0
1256V
REF(-)
.8V N .
REFERENCE Rg : 158
GND Ra=Rg
- *Ratlometric transducers

FIGURE 13. Symmetricaliy Gentered Reference

3.0 CONVERTER EQUATIONS
The transition between ad;acent codes N and N+ 1 is given

Vin= {(VREF(+)"VF|EF( ))[256 512]

The center of an output code N is given by:

V|N{(VREFH)‘VREF(-))[zse] inuE} +VREF( -) *{3)
The output code N for an arbitrary input are the integers
within the range:

Ving = -
_'N_.V“iL_L_x 256 £ Absolute Accuracy “
Vrer( 1)~ VREF(~)

where: V= Voltage at comparator input
VRegr(+)= Voltage at Ref(+)
VRer(—)=Voliage at Ref(—)
V1ye = Total unadjusted error voltage (typically
VRER(+) +512)

iVTUE} +VRgr(-) (2 -

W

4.0 ANALOG COMPARATOR INPUTS

The dynamic comparator input current is caused by tt
odic switching of on-chip stray capacitances. The
connected alternately to the output of the resistor |
switch tree network and to the comparator input as
the operation of the chopper stabilized comparator.

The average value of the comparafor input current
directly with clock frequency and with Vi as shown
ure 6.

it no filter capacitors are used at the analog inputs 8
signal source impedances are low, the comparato
current should not introduce converter errors, as th

-sient created by the capacitance discharge will die ¢

fore the comparator output is strobed.

If input filter capacitors are desired for noise reductic
signal conditioning they will tend to average out the dy
comparator input current. it will then take on the cha
istics of a DC bias current whose effect can be pre
conventionally.
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- 4 Pl
500 kHz —{ CLK
ADORESS 5.000V—] VRee(s) INTERRUPT _
DECTOOE
{AD&-ADIS)* 0.000V —Vpe (-} . .
: 2-1——> 087 Ms8 e,
START 2-2 908§
i ALE 2=} =P D85
. wn 14— 08
i ADD—{ A -5 fmep 083 ;
‘ sot—8  Locony 278 f—— 082 '
AD? =4 C 2=7 fm—pp- 08¢
2-8}——posp  L$8 '
11 sumv(i .
' : ' — Vec la [ Vin 3
i GND .
Yy ) 0-5v . ..
iy GROUND =< o . ANALDG N
. INPUT RANGE
o b=vin1 Pl L,
" " UmHrserz-t0
“Address latches needed for 8085 and SC/MP Interfacing the ADCOB08 1o a microprocessor
i ; T '
{MICROPROCESSOR INTERFACE TABLE
PROCESSOR . READ WRITE INTERRUPT (COMMENT)" e
8080 MEM MEMW INTR (Thru RST Circuit) b
' | 8085 . RD ) WR INTR (Thru RST Circuit) .
1. Z:80, .| RD WR INT (Thru RST Clrcuit, Mode 0) -
SC/MP - | NRDS NWDS SA (Thru Sense A)
6800 VMAe$2eR/W | VMA*$*R/W | TRAA or IRQOB (Thru P1A)
Ordering Information
TEMPERATURE RANGE —40'C to +85°C —=55°Cto +125°C
Enor 14 LSB Unadjusted ADC0808CCN ADCOQ808CCV ADC0808CCJ ADCO0808CJ
+ 1 LSB Unadjusted ADCO0809CCN ADCO0809CCY
Package Outline N28A Molded DIP | V28A Moided Chip Carrier | J28A Ceramic DIP J28A Ceramic DIP
K

Typical Application
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5404 /7404

Hex inverter

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package ., Package Package . Package | X Package N
Device Type Device Type Device Type: Device Type T Device Type
YPe ICTPIMICE YPereTpimice YPe ! T TM CF c[PIMEF ClPIME
3N54508 J W1 Siesands IR S it | w2 SNsaL04 J LINL[T2
Tl 71504 J1iING 514744404 Jih i gNT4L 508 . ". §7a5e Kl N‘} SN74L04 TR EYN e
AIRCHILD Fea5a504 F49504[0+ FMSAR0L T RA9MG2 D7 ' F ool resasn: fwysoe 2y [Facens Fagnos DY F2 T.
FAIRCHI 14504 FC9sca D | Al FCl2HDe TCOHO4 JO 1P ! oIS FO5M ry[Faoace Foance (O P L ';_"
OLA %iC3108 L [N 4 C5804 () F2
MOTOR 14 C 3008 Lije 1] anyaLs0e {7408 Li1[P ¢
s DM S4H04 SNy DMS4L S04 Dtica0s JaNy w2{ DMSALOA TN - M
NS.C 474504 N Om741ICs 1IN DM72LS0E LM 1204 JANY DM 14L04 el F N
PHILIPS Niisot 7 Nitnos o) 4L 508 T Fonzal 140 \ Pt
SIGNETICS 554504 F LA wid 55aH04 CERT] w2 ' R EE Filat Wi |
c N14504 F AL w i N7aHoe Falal N74L S04 T N7£3¢ Fjad St
T
SIEMENS T i FLAZI J
— sl
FUITSU TeL S04 - 'R AT
R
HITACHI HD4S04 2Pl HOT4L S04 P+ HDT404,/HD2522 WPT H
1 P
MITSUBISHI M55004 ) MT4L S04 Pt M 53204 PD [
NEC TS0 C-t: 14L 504 i #PB23% oD
TOSHIBA i Ty O
Electrical Characteristics SN54L504/SN74LS04 ’ -
absolute maximum ratings over op ¢ free-air temp. rsnge "
Swa0ly vorear. V(C w Oosrating wee-ax l SNSALS -35C 0 INC . -
ot ot ™ wmosatre oo oo s T e 0T Schematics (each gate) ra
Siorage WeOEaIFE “Inge -43C W 180C g
SNSALSO04 SNTAL504 . .
[Tl oM MAX_| WIN oM wax | :
Suooey votagu. VO X s $s | o s 3 v pe
Hgn-avel OADM Cwtent. Ion ~a00 - 400 ot Vo s
Vee
Low-svel sviput curvent, 10| 4 . 1 s . "y »w
Duwstng Wes-ge Wemperale, T4 -8 25 [] n <
- T
efeétrical characteristics over recommended operating A wTPUT ¥
free-air temperature range N'\.""
PARAMETER TEST CONDITIONS { MIN TYP$ Max]{uniT .,
Viy  High-level mout voltage - 2 v n
Vi Low-evel mput voltage 0.8] Vv
v Input clamp voliags VoG=EMIN, = —18mA =15 v
N e WMiN V=V e CCUiT JRIT #2] A [ 84
VoH  Hgh-evel output voltage cc c TILTVILME A a7 e v 0 AW [1aR[ 130 1% P
IoH =MAX “Loa | 4on| 20w]s00] 12
VCC=MIN, Viy=2V, lnput clamp diodes not en *
Vi P p diodes .
OL  Lowdere! output vohage 1g = dma 041 v SNSAL TSHTAL * circuits. S04 CIRCUIT
input current at “ “
1 v = 04. ‘L4 CIRCUITS
' meumum mput_voitage CCmMAX. Vi=1v o.1| mA )
i High-level input current VAC®MAX . Vig=2.1V 0] wA
Ui Low-evel mput Surrent VoCc™MAX, V=04V —0.41 mA
Shart-cwrout | saLs Fanuty_| ~20 — 100 :
1 Voo ™MAX A
oS output cwrrent ¢ cc l LS Famity | —20 =100 "
[} Supply current Tozal, . g
CCH y Voo =MAX ‘otal, outputs igh 1.2 2.4] mA
icgy  Supply current Total, outputs low 3.6 66! mA
Average per gate
fce Supply curreat vee=5v 0.4 A
b ce {50% duty cycte) "
Propagatior delay time, )
. 1
PLH 1ow-10-tugh-ievel dutput vee= 5V, Ta=25C. * L
Propagation delay iime, CL=ISPF, R =2KQ
[!
PHL gh-to-low-level output 10 15) o3
Pin Assignments (Top View)
\Z
® ) HYY ‘, AL
VoC 6A» &Y SA SY 4&A  4Y 1Y €A €Y GND SY SA 4y -t
Jul ol ha ] el [+1.[s A h bt indd
[DJ hl >J L] ’
GND
- ' ¢ .
[D“] Pj I‘D’l HO4 CIRCUMT 1304 CircuiT
12
1A §Y 2A 2Y 3a 3Y GNO 1A 2Y 24 vegg A 3Y 4A
positive logic °
Y=a Resistor values shown are nominal and in o

a4

1For conditions shown ts MIN or MAX, use the aporopriate vllua
AN Typicat values are at VO™ SV, TA=25C.

urger

@NOL more than one oulpul nOuld e Shorlod Bt a time. and for SNSAH'/SNT4H® and SNSAS/ SNIAS™, duration of shori-Crreunt Should not x0eed 1 sowund.




5474,/ T4T4 Dual D-Type Positive-Edge- Triggered Flip-Fiop with Preset and Clear
\; Schottky TTL High-Speed TTL Low-Power Schotthy TTL Standard TTL Low-Power TTL .
== a o
Packags Packege . Package | Package Package
' Devi i 1 ice T Device Type
evice Type Device Type Device Type ~ Device Type evice Typ -
p YPe 1T IMICF YPe TP IMICH YR TP Mich {cTPIMIcH clpImicr
h S SNS4E 7L 41 o] SNSaHTA 34, 1 w2 SNSALSTe i IER BT Tl Wi onoaLTe RIS
1T Nesve T SNTanTe T SntaLSTd L S0 STk TR
h TA54878 TayST4ID F MSAHTS/FMIRTA D 4 o € 2] tusasn besisi LPY ] T1ASATE T e 2 "_5____ i
h FMRCHILD FCTe8% FCISTA L) i 7T CCTAMT4FCINIC D P L F 2] sCrasic, ronsie TIL EL  FIF SN FOSNTS ) H
u
/'ORO( A i . : f— "
MOT! 1 SNTALST4 e ™ 1
- DMSAHT4 SN OMS4L S T4 3 D454 vz  DMsaL 14 i her] g
N,S.C. OM7SH N DM T4 T 1N DMTALS T4 ! D478 i DM TaL T4 SN (s
[ !
PHLIPS NTAS Ty, ) [ NTLS M T [T tan R
554172 S54MTa FT{a i W [T T [ ssene i, 14 14 w2
SIGNETICS e NiaHT4 Farlad NIILS T BTSN T v ilat
[ W | :
SIEMN [ FLE [
i |
FUITSY 4L 574 e MB420 T3 M)
e
HITACH HD74574 ©PE HD4LS 4 P 1 HDILTAHDS IO 3 |P I
e
MITSUBISHI MI4S 24 P ®) MULSTS IF & MS327/MS374 PT *
| e
NEC US4 c® 1LSHU C Dy #PB214 DD{C D)
TOSH‘BA TL3HA P (>
Electrical Characteristics SNS4LS74/SN74LS74
bselut ratings aver free-air range
S mw Voo hid Gewrten vorwe | SNEALS N L Pin Assignments (Top View)
ot w0itage S sv wemesiee s | SNuLS < w wC
- S a0 wasw g o —63C w100 —,
m
opersting \‘J @
| — z
SNS4LST4 SN74LS74 war VoC CLR D XK PR 20 PR 10 10 GND 20 20 PR
NOM_ MAX} N NOM Ak N Jisl [zl o) [io) [ol e}, [l [isl izl ) o] fe] /o
Sty vofuge. VEC (%] 5 s L) t] s v T ‘j I 1 ‘[ T 1
Hgrioesl atind owrremt, (OM —ac0 400 | A fo = o % l‘j
Lowtees et oo, tor, « s =~ b e e 8
e
— . Gch sugh ] o) s IR L PR CLA CLA PR
I ) £ P la o CK o«
Hign-te vel data 251 k31 ° 0 9 4 Py
S e s e Low-levet dats 201 20 S I l 1
vl ndil 51 s1 b iigkigtiptintigll 7 UIBtipIREIREIRLIRRS
Operateg Foewe tompersure, Ty -5 " . » T 1 1D €K PR 1G 0 GND K 10 1 voec ¥ 2 XK
CLR LA CLA .
:hctri'ca( characteristics over recommended operating Functional Table .
ree-air temperature range
74, 'H74, 'LS74, 'S74 (See Note 2
PARAMETER® TEST CONDITIONS 1 MIN TYP} MAX [UNIT 4 ( )
Viy High-evel input voliage 2 v INPUTS OUTPUTS
ViL _ Low-evel nput véitage 0.8 v PRESET CLEAR CLOCK O Q Q
vy input_clamp voitage Voo =MIN, ~ 1| =-18mA -1.5] v L H X X H L
VoC=MIN, Vig=2V, H I X x L H
v High-tovel t .1 N v . . .
OH  Hightiovel output voliage ViL=0.8V. IgH=MAX 1 3 L. L x X | W ow
VoC=MIN, Viy=2V, H H t H H L
7 Low-ievel . . v
0L Lowdevst oumut woltage Vit =08V, 1oL = dmA 0.25 0.4 H . H 1 L L H
0. 4.K. 0.1 H H L x | 0o O
Input current at
i P VGG =MAX. V=TV 9.2 oa
P Proset ce s ! 0.2 |
volage - . .
Ciock o.! Functional Block Diagram
0. 4.K. 20
PG —
High-tevel Clear 30 '
! A =2.1v A 7o —d
b mput currant Preset veg=MAX, Vi=2 40 “ * .
Clock 20
0.4.K, -0.4 weanmng ‘e
1 Lowdewd, . [Clar . lycc=MAY. v|=0.ev 08} A
L o current p reset ce < R ol "
Ciock -0.4 .
- - €10Ca -
los Short-crreurt Serees 54LS Vee =MAX 20 100 ] A *
output current @ {Senes 4L S ~20 - 100
Swoply current .
1 v MAX, See Note 1 ¢ Ly °
cC (Avecage per thp-tiop) cC™ ee Note 8| m
,L clock frequency v s 25 3 MHZ 74§74, WIC 'LS74, L74 DUAL DFLIP FLUP WITH CLEAR ANO PRESET
cC=5V.
‘FL" from cisar, preset or clock ;A":s‘c. T L]
(as sporoprate) 10 0 o O L=i%F, ns
PHL R ~2xQ s «©
K NDTES I 1 with all outputs open, ICC 1S Measured with the G and § outpuls high m 1urn,
At tne trme of mseswement. the clack npul 3 grounded
2 H=mgn tevel (Steady state), L =iow level (steady stato), X=wralevent
M N 1 = ransion trom'ow 10 h:n-n eve! :
00+ 1hs level of O before the indicated mput coaditinng were @stabhished,
« Teus configLralion 15 noNSIabW; Thal 15, s wili NOL JOrSISL when presel
ANC Cladr NDULS retu D 10 Ihewr anactive [high) leset
1For conditons sncwn 83 MIN or MAX, use the approciste valus utider L'

3AN typical vawes are st Vog=SV. TA=25C.
*Not more than ane output snould be shacisd a3t a time.
S 1lp |y Moropagaton delay time. low te-high-leve! output:

LLOTH ga celay time,

oty

‘ The amaw macale the edge Of e Cloch DUSe usad for refence: * 12 The 7isiny edge
H

outdut
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LM741/LM741A/LM741C/LM741E Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.
The amplifiers offer many teatures which make their appli-
cation nearly foolproof: overioad protection on the input and

output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C/LM741E are identical 1o the LM741/LM741A
except that the LM741C/LM741E have their perlormance
guaranteed over a 0°C to +70°C temperature range, in-
stead of —55°C to +125°C.

Schematic and Connection Diagrams (top views)

o 7 VQ
08 09 a12 ot3
4 J/ou
_ 3 2 INVERTING }\ﬂ
How Mmuﬁ o1 Q INPUT RS
39K —AAN~—
R7 015 ]
o 45K
ooy L
s R L o
H 04 7.5K 25K
. p '3
p P }’m 5 oUTPUT
Ri0
50K
Q17
Kl Qs 010
05 ot Q22 Q20
OFFSET NULL 5 OFFSET
NULL |
RI SRS SR R4 S R12 R1Y
1K 50K 21K 5K > 50K 50K
] ] .
Y
TL/H/9341-1
Metal Can Package Dual-In-Line or S.0. Package
NC N
OFFSET NULL —] 1 8 p—NC
ofrseT NuLL (7 v
INVERTING INPUT —{ 2 v
INVERTING INPUT(2) (6) ouTPUT
NON-INVERTING — 3 6 }—outPuT
NON-INVERTING INPUT(3) 9 OFFSET NULL INPUT
v—4 5 |—OFFSET NULL
TLIH/9341-2 TL/H/9341-3

Order Number LM741H, LM741AH,
LM741CH or LM741EH
See NS Package Number H08C

Order Number LM741CJ, LM741CM,
LM741CN or LM741EN
See NS Package Number JOSA, MOSA or NOSE

AYLNV/OLWLNT/VIVINT/LP LN

e atad
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a

LM741/LM741A/LM741C/LM741E

Absolute Maximum Ratings

If Mititary/ Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for

availability and specifications.

(Note §)

Supply Voltage

Power Dissipation (Note 1)

Ditferential input Voltage
Input Voltage (Note 2)

Qutput Short Circuit Duration
Operating Temperature Range
Storage Temperature Range

Junction Temperature
Soldering Information

N-Package (10 seconds)
J- or H-Package (10 seconds)

M-Package

Vapor Phase (60 seconds)

Infrared (15 seconds)

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” (Appendix D) for other methods of soldering

surface mount devices.

LM741A
122V

500 mW
+30V
15V
{indefinite
—55°Cto +125°C
—-65°Cto +150°C
150°C

260°C
300°C

215°C
215°C

Electrical Characteristics (note 3)

LM741E
t22v

500 mwW
+30V
+15V
Indefinite
0°Cto +70°C
—65°Cto + 150°C
100°C

260°C
300°C

215°C
215°C

LM741
122v

500 mW
+30v
+15V
Indefinite
—-55°Cto +125°C
—65°Cto +150°C
150°C

260°C
300°C

215°C
215°C

7

LM741C
t1i8v

500 mW
+30V
15V
Indefinite
0°Cto +70°C
—-65'Cto +150°C
100°C

260°C
300°C

215°C
215°C

Parameter Conditions LM741A/LM741E LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Ta = 25°C
Rg < 10k 1.0 5.0 2.0 6.0 mv
Rg < 500 08 | 3.0 mv
Tamin < Ta < Tamax
Rg < 50 4.0 mv
Rg < 10k 6.0 75 { mv
Average input Offset -
Voltage Drift 15 pVre
lnp'ut Offset Voltage Ta = 25°C,Vg = 20V £10 £15 +15 mv
Adjustment Range .
Input Offset Current Ta = 25°C 3.0 30 20 | 200 20 | 200 nA
TamiN < Ta < Tamax 70 85 | 500 300 nA
Average Input Offset
Current Drift 05 nArC
Input Bias Current Ta = 25°C 30 80 80 500 80 500 nA
TamiN < Ta € Tamax 0.210 1.5 0.8 nhA
Input Resistance Ta = 25°C,Vg = 220V 1.0 | 6.0 03 | 20 03 | 20 MQ
TamiN < Ta < Tamax.
Ve = 20V 05 MQ
Input Voltage Range Ta = 25°C 112 | £13 \
Tamin £ TA < TaMmAX +12 | £13 Vv
Large Signal Voltage Gain | T4 = 25°C, R 2 2kQ
Vg = +20V,Vo = %15V | S0 i vimv
Vg = £15V,Vg = 10V 50 200 20 200 v/mV
Tamin € Ta < Tamax,
RL 2 2kQ,
Vg = 220V, Vg = £15V | 32 V/mV
Vg = £15V,Vg = 110V 25 15 v/mv
Vg = *5V, Vg = 2V 10 V/mV
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Electrical Characteristics (Note 3) (Continued)

i

Note 3: Unless otherwise

Note 4: Calculated value trom:

. these sp

specifications are limited t0 0°C < T < +70°C.

BW (MHz) = 0.35/Rise Time(us).

ions apply for Vg = =15V,

Note 2: For supply voltages less than £ 15V, the absolute maximum input voltage s equal to the supply voltage.

LM LM741 LM741
Parameter Conditions LM741A/LM741€ ¢ Units
Min Typ | Max | Min | Typ | Max | Min | Typ | Max
Output Voltage Swing Vg = 120V
RL 2 10kn £16 v
RL2 2kN £15 A v
Vg = £15V
RL 2 10kN 12 +12{ 214 \
RL22kn +10 +10 | 213 v
Output Short Circuit Ta = 25°C 10 25 35 25 25 mA
Current TamiN S Ta < Tamax 10 40 mA
Common-Mode Tamin S Ta S Tamax
Rejection Ratio Rs < 10k, Vo = 12V 70 90 70 90 dB
Rg < 50k}, Vo = 12V 80 95 dB
Supply Voltage Rejection | Tapin S Ta < TAMAX:
Ratio Vg = £20VioVg = +5V
Rg < 500 86 96 dB
Rg < 10k 77 96 77 96 dB
Transient Response Ta = 25°C, Unity Gain
Rise Time o 0251 08 0.3 0.3 s
Overshoot 6.0 20 5 5 %
Bandwidth (Note 4) Tp = 25°C 0.437 | 1.5 MHz
Slew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5 V/us
Supply Current Tp = 25°C 1.7 2.8 1.7 2.8 mA
Power Consumption Ta = 25°C
Vg = 120V 80 | 150 mw
Vg = 15V 50 85 50 85 mw
LM741A Vg = 120V
Ta = Tamin 165 mw
TA = TAMAX 135 mw
LM741E Vg = 20V
TA = TAMIN 150 mw
Ta = TamAX 150 , mw
LM741 Vg = 115V
TA = TAMIN 60 100 mw
Ta = Tamax 45 | 75 mw
Note 1: For operation at el d these must be based on thermai resistance, and T; max. (listed under “Absolute Maximum
Ratings™). Ty = Ta + (6ja Pp).
Thermal Reslstance Cerdip (J) OIP (N) TO-5 (H) S0-8 (M)
8ja (Junction to Ambient) 100°C/w 100°C/W 150°C/W 195°C/W
8¢ (Junction to Case) N/A N/A 80°C/W N/A

-55°C € Ty« +125°C (LM741/LM741A). For the LM741C/LM741E, these

Note §: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.

VINT/OMP LW/ VEGLNT/ LPLNT

o
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72 EXAR XR-2206

Monolithic Function Generator

GENERAL DESCRIPTION FUNCTIONAL BLOCK DIAGRAM
The XR-2206 is 8 monolithic function generator inte-
arated circuit capahle of producing high quality sine, rEwS \J
square, triangle, ramp, and puise waveforms of high-stability et E 116 _|
and accuracy. The output waveforms can be both amplitude l I SYMMETRY
and frequency modulated by an external voliage. Frequency ~ OR E_@‘_— | F'15 f_oj’
of operation can be selected externally over a range of 0.01 ouTPUT
Hz 10 more than 1 MHz, MUL;r’ldPa.lER :
mutT.out { 3 . SINE H 14
SHAPER V/AVEFORM
The circuit is ideally svited for communications, instru- e [3 — _E :‘j"
mentation, and function generator applications requiring .
sirfusoidal.xf:ne_, AM, FM, or FSK generatior_\. It has a typical C— E’— E GROUND
drift specification of 20 ppm/°C. The oscillator frequency TMNG
can be linearly swept over a 2000:1 {requency range, with CAPACITOR veo
an external control voitage, having a very small affect on E_ E ?)‘U:‘r%u'r
distortion. I— E E pvPASS
estits o = )
CURRENT
E—- SWITCHES E T
FEATURES
Low-Sine Wave Distortion 5%. Typical
E xcellent Temperature Stability 20 ppm/°C, Typical
Wide Sweep Range 2000:1, Typical
Low-Supply Sensitivity 0.01%V, Typical
Linear Amplitude Modutation
TTL Compatible £FSK Controls ORDERING INFORMATION
Wide Supply Range 10V to 26V
Adjustable Duty Cycle 1% 10 99% Part Number Package Operating Temperature
XR-2206M Ceramic 55°C 10 +125°C
XR-2206N Ceramic 0°C10+70°C
XR-2206P Plastic 0°C10+70°C
APPLICATIONS XR-2206CN Ceramic 0°C10+706°C
XR-2206CP Plastic 0°C 10 +70°C
Waveform Generation
Sweep Generation
AM/FM Generation SYSTEM DESCRIPTION
V/F Conversion
FSK Generation The XR-2206 is comprised of four functional blocks: a
.Phase-Lccked Loops (VCO) valizge-contrelled oscillator {VCO), an analog multiplier
and sine-shape; a unity gain bufler amplifier; and a set
of current switches,
ABSOLUTE MAXIMUM RATINGS The VCO actually produces an output frequency porpor-
1onal 10 an input current, which is produced by a resistor
Power Supply 26V {rom the timing terminals 10 ground. The current switches
Power Dissipation 750 mw route’one of the timing pins current 10 the VCO controlied
. Derate Above 25°C 5 mw/°C by an FSK input pin, 10 produce an output frequency. With
Total Timing Current 6 mA 1o timing pins, two discrete output freguencies can be
Storage Temperature -65°C 10 +150°C independently produced for FSK Generation Applications,

NG J
LA EMR Integrated Systems, Inc., 750 Palomar Avenue, Sunnyvale, CA 84086 * (408} 732-7970 * TWX 910-332.9233

M
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XR-2206

ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuitof Figure 1, V¥ = 12V, Ty = 25°, C = 0.01 pF, Ry =100kf2, Ry =10k, R3=25kN
unless otherwise specified. S, open for triangle, closed for sire wave,

XR-2208M XR-2206C
PARAMETER MIN, [ TYP. | MAX. MIN. T TYP, TTMAY. | UNIT CONDITIONS
GENERAL CHARACTERISTCS
Singte Supply Voitage 10 26 10 26 B
Split-Supply Voltage 15 113 5 £13 v
Supply Current 12 1?7 14 20 mA Ry 2 10kN
OSCILLATOR SECTION
Max. Operating Frequency 05 1 0.5 1 MH2 C=1000pF. Ry = 1k
Lowest Practical Frequency 0.01 0.01 Hz C~S0uF, Ry =2MN
Frequency Accuracy 11 14 12 % of 15 fo = 1R C
Temperature Stabitity 210 250 120 pom/*C 0°C< To< 75°C,
A =Ry =20kN
Supply Sensitivity 0.0% 0.1 0.01 ®/V Viow = 10V, ViyigH = 20V,
Ry =Ry=20kN
Sweep Range 1000:1 2000:1 2000:1 =1L Heérm=-1kn
. : 1LeRm=-2Mn
Sweep Linearity
. 10:1 Sweep 2 2 % L= 1 kHz, )3 = 1Q kHz
s 1000:1 Sweep 8 8 % = V00 Hz, t)4 = 100 kHz
4 FM Distortion 0.1 0.1 % 210% Deviation
Recommended Timing
Components
Timing Capacitor: C 0.001 100 0.001 100 uf See Figure 4,
Timing Resistors: Py & Ry 1 2000 1 2000 kQ
Triangle Sine Wave Output See Note 1, Figure 2.
Triangle Amplitude 160 160 mv/k Figure 1, Sy Open
Sine Wave Amplilude 4 60 80 60 mv/k N Figure 1, Sy Closed
Max. Output Swing 6 6 Vpp
Output impadance 600 600 23
Triangle Linearity 1 1 %
Amplitude Stebility 3.3 0.5 a8 For 1000:1 Sweep
Sine Wave Amplitude Stability 2800 4800 pom/*C See Note 2.
Sine Wave Distortion
Without Adjustment 25 25 % Ri=30kn
With Adjusiment 0.4 1.0 0s 16 % See Figures 6.and 7,
Amplitugle Modulation
lhnu.t impedance L. 50 100 50 100 kf
Modulation Range 100 100 %
Carrier Suppression 55 55 as
Linea-ity 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 Vp-p Measured at Pin 11,
Rise Time 250 250 nsec CL = 10pF
Fall Time 50 SO nsec CL* 10pF
Ssturation Voliage 02 0.4 0.2 0.6 v L=2mA
Leakage Current 0.1 20 0.1 100 pA Vi =26V
FSK Kevying Leve! {P.n Q) 08 14 2.4 08 1.4 24 \ See section on circuit controls
Reference Byoass Votiage 28 KR 33 25 3 35 v Measured a1 Pin 10,

Note 1:  Quiput empintude Isdirectly propoartional 10 the resistance, Ry, on Pin 3, See Figure 2
Note 2:  For manimam amplitude siability, A3 shouid be a positive 1emperature coetficient resistor,

w
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XR-2206

Figure 9:  Circuit Connection for Frequency Sweep.

Figure 10: Circuit for Sine Wave Generation without
External Adjustment. (See Figure 2 for
Choice of R3.)

Figure 12: Sinusoida! FSK Generator.

= ;}.,’

8, CLORLO FOR Sammave

Figure 11: Circuit for Sine Wave Generation with

Minimum Harmonic Distortion. (R3
Determines Output Swing — See Figure 2.}

Figure 13: Circuit for Pulse and Ramp Generation.
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XR-2206

Frequency-Shift Keying:

The XR~220§_ ran be operated with two separate timing
resistors, Ry and Ry, connected 1o the timing Pin 7 and B,
respectively, as shown in Figure 12, Depending on the
polarity of the logic signal at Pin 9, either one or 1he other
of these timing resistors is activated. if Pin 9 is open-
circuited or connected 10 # bias voltage >2V, only Ry is
activated. Similarly, if the voltage level a1 Pin 9 is <1V,
only Ry is activated. Thus, the output frequency can be
keyed between two levels, {1 and {5, as:

'1 = 1/R«|Cand '2 - 1/R2C

For split-supply operation, the keying voltage at Pin 9 is
referenced to V™,

Output DC Level Control:

The dc level at the output {Pin 2) is approximately the
same as the dc bias at Pin 3. In Figures 10, 11 and 12, Pin 3
is biased midway between V* and ground, to give an
output de level of =V */2,

APPLICATIONS INFORMATION

Sine Wave Generation

Without External Adjustment:

Figure 10 shows the circuit connection for generating a
sinusoidal output {rom the XR-2206. The potentiometer,
Ry at Pin 7, provides the desired frequency tuning. The
maximum oulpul swing is greater than V*/2, and the
typical distortion (THD) is <2.5%. !{ lower sine wave
distortion is desired, additiona! adjustments can be provided
3s described in the following section,

The circuit of Figure 10 can be converted 10 splitsupply
operation, simply by replacing all ground connections with
V. For split-supply operation, R3 canbe directly connected
12 ground.

With External Adjustment;

The harmonic content of sinusoida. J1put can be reduced
10 =0.5% by additional adjustments ds shown in Figure 11,
The potentiometer, Ry, adjusts the sine-shaping resistor,
and Rg provides the fine acjusiment for the waveform
symmetry. The adjustment procedure is as follows:

1. Set Rg at midpoint, 2d adjust Rq for minimum
distortion. N

2. With Rp set as above, adjust Rg 10 further reduce
distortion.

Triangle Wave Generation

The circuits of Figures 10 and 11 can be converted to
triangle wave generation, by simply open<ircuiting Pin 13
and 14 (i.e., Sy open). Amplitude of the triangle is approxi-
mately twice the sine wave output.

FSK Generation

Figure 12 shows the circuit connection for sinusoidal FSK
signal operation, Mark and space frequencies can be inde.
pendently adjusted, by the choice of timing resistors. R
and Ry the output is phasecontinuous during transitions,
The keying signal is applied to Pin 9. The,circuit can be
convérted 1o split-supply operation by simply replacing
ground with V-~

Pulse and Remp Generation

Figure 13 shows the circuit for pulse and ramp wavelorm
generation. In this mode of operation, the FSK keving ter-
minal (Pin 9) is shorted to the square-wave output (Pin 11),
and the circuit automatically frequency-shift keys itsel!
between two separate frequencies during the positiveguing
and negative-going ouiput wavetorms, The putse v.idth and
duty cycle can be adjusted from 1% 10 99%, by the choize
of Ry and Ry, The values of Ry and Ro should be in the
rangeof 1 k2 1o 2 M2,
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PRINCIPLES OF OPERATION
D;ascriptioh of Controls

Frequency of Operation:

The frequency of oscillation, {,, is determined by the
external timing capacitor, C, across Pin § and 6, and by the
timing resistor, R, connecied 10 either Pin 7 or 8. The fre-
quency is given as. .

and can be adjusted by varying either R or C. The recom-
mended values of R, for a given frequency range, are shown
in Figure 4. Temperature stability is optimum for 4 kQ <
R < 200 k2. Recommended values of C are from 1000 pF
10 100 uF.

Frequency Sweep and Modulation:
Frequency of oscillation is proportional 1o the total timing
current, t1, drawn from Pin 7 or 8:

32017 (mA)
=—Cwm ™"

Timing terminals (Pin 7 or B) are low-impedance points,
and are internally biased at +3V, with respect 10 Pin 12,
Frequency varies linearly with It, over a wide range of
current values, from 1 puA 10 3 mA, The frequency can
be controlled by applylng a control voltage, Vc. 10 the
activated timing pin as shown in Figure 9. The frequency of
oscillation is refated 10 Ve 8s:

R

1 V
fe - |4——(1=~ =L
RC “RC“ 3 ) H

where Ve is in volts. The voltage-to-frequency conversion
gain, K, is given as:

0.32

= af --
K =23{/3V¢ ReC Ha/V
CAUTION: For safe operation of the circuit, it should be
limited 10 <3 mA.

Output Amplitude:

Maximum output amplitude is inversely proportionat 10 the
external resistor, R3, connected to Pin 3 (see Figure 2). For
sine wave outout, amplitude is approximately 60 mV peak
per kS of Ry: for triangle, the peak amplitude is approxi-
mately 160 mV peak per & of R3. Thus, for example,
Rz = 60 & 2 would produce approximately 13V sinusoidal
output ampfitude,

Amplitude Modulation:

Output amplitude can be modulated by applying a dc bias
and a modulating signat 1o Pin 1, The internal impedance at
Pin 1 is approximately 100 k2. Output amplitude varies
linearly with the applied voltage at Pin 1, for values of dc
bias at this pin, within 4 volts of V*/2 as shown in Figure
5. As this bias level approaches V*/2, the phase of the
output signal is reversed, and the amplitude goes through
zero. This property is suitable for phase-shift keying and
suppressed-carrier AM gencration, Total dynamic range of
amplitude modulation is approximately 55 d8.

CAUTION: AM control must be used in conjunction with
3 well-regulated supply, since the output amplitude now
becomes a function of V*

EQUIVALENT
SCHEMATIC

DIAGRAM




Eﬁtei Silicon Gate MOS 8255

PBOGRAMMABLE PERIPHERAL INTERFACE

. 24.Programmable 1/0 Pins u Direct Bit Set/Reset Capability -
m Completely TTL Compatible - Easing Control Application Interface )
® Fully Compatible with MCS™-8and ™ 40 Pin Dual In-Line Package

MCS™-80 Mlcroprocessor Families ~ = Reduces System Package Coum

7 - e

The 8255 is a general purpose programmable 1/0 devuce designed for use with both the 8008 and 8080
mlcroprocessors It has 24 1/0O pins which may be individually programmed in two groups of twelve and
-used in three major modes of operation In the first mode (Mode 0), each group 'of twelve 1/0 pins may be
~programmed in sets of 4 tobe input or outpyt. In Mode 1, the second mode, each group may be programmed
"to have 8 lines of input or output. Of the remalnmg four pins three are used for handshaking.and interrupt
control signals. The third mode of operation (Mode 2) is a Bidirectional Bus mode which uses 8 lines fora
bidirectional bus, and five lines, borrowing one from the other group, for handshaking. -

Other features of the 8255 include bit set and reset capability and the ability to source 1mA of current at
1.5 volts. This allows’ darlington trans:stors to be dlrectly driven for applications such as pnnters and high-
voltage displays, ) -
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8255 BASIC FUNCTIONAL DESCRIPTION

General

The 8255 is a Programmable Peripheral lnterface {PPI1) de-
vice deslgned for use in 8080 Microcomputer Systems. Its
function is that of a general purpose 1/0 component to inter-*
face peripheral "equipmefit to -the 8080 system bus. The
functional configurationof the ‘8255 is programmed by the
system software; 5O that normally -no external loglc is nec”
essary to interface penpherai devnces or structures

Da‘tazBUsBiiffer-;«-.!_r §500e 1 Tl

This' Fstate Si'Jdifeéﬁo:ﬁal; éight bit buffer is used to Tnter- -

face the 8255. to the 8080 system data bus. Data is trans-
mitted ‘or recerved by the _buffer upon execution of INput

or OUTput mstructlons by"the 8980 CPU. Control Words g
and Status rnformatron dre also transferred through the Data

Bus buffer. b

SLaet Ty

Read/Wrrte and Control Logic -~ - e

* The function of this block is to manage .all of the lntemal
and external transfers of both Data and Control or Status
words. It accepts inputs from the 8080 CPU Address and

‘Read: A “low” on this input pin enables the 8256 to send

the 8255. ’ .
WR) ...
Write: A “low’* on this |nput pin enable: the B080 CPU to

* write Data or Control words into the 8255.

" -are normally connected to the least significant bits of the 3

: .Address Bus (Ao and A ) o * 31'3;’5
ERAL

82_55 BASIC OPERATION ° - s

Ay | Ag | RD | WR | CS | INPUT OPERATION (READ) ":

.01 -0 0. 1 0 | .PORT A - DATA BUS -1

o] 1 0 1 0 .| PORT B = DATA BUS 2

1] 0] o 1 |_0 | PORTC— DATABUS b

OUTPUT OPERATION =4

(WRITE)

(RD)

the Data or Status information to the 8080 CPU on the
DataBus. In essence, it allows the 8080 CPU to “read from

(Ag and Aq) , = ) -
Port Select 0 and Port Select1 These input signals; in con-
junction with the RD and WR inputs, control the selection’of *
one of the three ports or the Control Word Register. They

k‘r

B

L
'-‘

>
Control busses and in turn, issues commands to both of the 0 o ] "1 0 0 | DATABUS=PORTA ‘g
Control GI’OUDS . 0 1 1 0 0 DATA BUS ~PORT B8 =
) 1 0 1 0 V] DATA BUS - PORT C
_ T 1 1 0 | 0 | DATABUS= CONTROL
(Cs) DISABLE FUNCTION
Chip Select: ‘A “low” on this input pin enables the com- X} x| X X 1_| DATABUS= 3-STATE
munication between the 8255 and the 8080 CPU. 11 T ] o1 1] OFf ILLEGAL CONDITION
Do ) g LD
- .
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{RESET) .

Reset: A “high’ on this input clears all internal registers in-
cluding the Control Register and all ports (A, 8, C) are set
to the input mode,

Group A and Group B Controls

The functional configuration of each port is programmed .

by the systems software. In eésence the 8080 CPU “out-
puts a control word to the 8255, The control word con-
tains inforration such as “mode”’, “bit set" ““bit reset”

etc. that initializes the functional configuration of the 8255;

Each of ‘the Control blocks {Group A and Group B) accepts
“commands” from the Read/Write Control Logic, receives
“contrcl wards' from the internal data bus and issues the
proper commands to its associated ports,

Contro! Group A — Port A and Port C upper {C7-C4)
Control Group B — Port B and Port C lower (C3-C0)
The Control Word Register can Only be written into. No
Read operanon of the Contro! Word Regxster is allowed.

Ports A, B, and C }

The 8255 contains three B-bit ports (A, B, and C). All can
beconfugured in a wide variety of functional characteristics
by the system software but each has its own special features

“personality” to further enhance the power and flexi-
bility of the 8255. .

Port A: One 8-bit data output latch/buffer and one 8-bit
data input latch, ~

Port B: One 8-bit data |nput/output latch/buffer and one
8-bit data input buffer.

Port C: One 8-bit data output latch/buffer and one 8-blt
data input buffer (no latch for input). This port can be di-
vided into two 4-bit ports under the mode control. Each 4-
bit port contains a 4-bit latch and it can be used for the
control signal outputs and status slgnal inputs in con]unc- )
tion with Ports A and B

-8255 BLOCK DIAGRAM PIN CONFIGURATION
* raz(] ./ [ rad
22 n{)ras
- P rar{ls n[Jras
- * 1 X rao e wijear
et v Ro(]s u[Jwa
) . : & Qe [ meser
- A A v ono uo,
- ——" \4‘——‘:\ 'E" \:——r\)"‘- (™ ar[Js n{Jo,
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. . rerclro nPo,
- I L{1all} 8255 ] o, A
! resu »Po,
U O I e e - readn o,
i [ET NP reaJue »Do,
PR S rc1 s %3 Vee
W OMECTIOVAL nu:r mata 2 C ' sl
"'%Q ,:.".. <r‘:——\) rca(n 2|} res
A o L Te il 23[Jres
Latam <‘___> e K- e h a1 ] 220 rea
L : N R i rer(]n n{Jres
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we & Rietinid -#;-J . ron e
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. . - . Vee +6 VOLTS
GND § VOLTS
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1
) Adégns

8255 DETAILED OPERATIONAL DESCRIPTION -

_CONTROL WORD .
Mode Selection L R -
There are three basnc modes of operation that can be select- 2} Da| D | Do | D3| Dy | Dy Dyt " ‘,LT" :
ed by the system software: . ) i - L 1 !
Mode 0 — Basic Input/Output .
Mode 1 — Strobed Input/Output B
Mode 2 — Bi-Directional Bus .- —
When the RESET iriput goes “high all ports will be set to . . : GROUP B
the Input mode (i.e.,.all 24.lines will be in the high im- _ | A R ron'(c(LowEn) e
! pedance state). After the RESET is removed the 8255 can - R T .', &% .
remain in the Input mode with no additional initialization -~ i . 2 =
required. During the execution of the system program any . I T !
of the other modes’ may be selected usmg a snngle OUTput —~ - . o-outrutT | ol
mstructlon This allows a single 8255 to service a variety of A - WoDE sELECTION = g
pertpheral devices with a simple software mamtenance rou- - . . N — 2-@5: . ’
tine. . . R
The modes for Port A and Port B can be separately defined, ; -

", while Port C is divided into two portions as required by the . 4 —
Port A and Port B definitions. All of the output registers; in- -0 e GROU? A \
cluding - the status flip-flops, will be -reset whenever “the . ) . ‘ PORTCIUPPER) -;-E

“mode is changed. Modes may be combined so that their ) doineur %
functional definition can be “tailored” to almost any 1/0 ; i
structure. For _instance; Group B can_be programmed in . PORT A . ~-%
Mode O to monitor simple switch closings or display compu- - ; 2= ot s
tational results, Group A could be programmed 'in Mode 1
to monitor a keyboard or tape reader on an interrypt-driven - ) N ;o? :ggﬁcnou
basis. . i T MoDE 2

: o e
S ADDRESS BUS 1 .
1f ,
{ f CONTROL BUS ]
- OATA BUS - —/ -
- @ l L " Mode Definition Format . et e
0,0, AgA, —_— - - B ’
e - -8 e T
e TN T Tggeg bod

MOOE 0 8 L A
@o i:iu/o @o @,o R The Mode definitions and possible Mode combinations may

P B, PCIPC,  PCPC,  PAMPA, seem confusing at first but after a cursory review of the
complete device operation a simple, logical 1/O approach
Mok 1 —Lﬂ ’ AT will surface. The design of the 8255 has taken into account
. things such as efficient PC board layout, controf signat defi-
@/o 1 I t t I l I I o nition vs PC layout and complete functional flexibility to
oL contROL kA, support almost any peripheral device with no external logic.
Such design represents the maximum use of the available
— AT pins. ’
I ‘ tl l I l l @IUREC"ONAL
" contror Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset using a
- - single OUTput instruction. This feature reduces software
Basic Mode Definitions and Bus Interface " requirements in Control-based applications.
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GONTROL WORD
0, | Og |05 |Di | Dy { 07| Dy | Oy
]_ | . ‘ | srsermeser
x x X 1=SET .
e 0= RESET
DONT
CARE
. BIT SELECT
- e2[314[5[e[7
- o[1]0{1]o{1]0[1]ed
ojof [1]o]e]1]1]s:
ang
-
BITSETMBETFLAG
0= ACTIVE

When Port C is being used as status/contsol for Port A or B,
these bits can be set or reset by using the Bit Set/Reset op-

-

ration just as if they were data output ports.

lnterrupt Contro! Functlons

When the 8255 is programmed to operate in Mode 1or
Mode 2, control signals are provcded that can be used as
interrupt request inputs to the CPU. The interrupt request
signals, generated from Port C, can be inkibited or enabled

" by setting or resettlng the associated INTE flip-flop, usmg
the Bit set/reset functlon of Port C.

This function allows_ the Prograrnmer to disallow or allow a
specific 1/0 device to interrupt the CPU without effecting

a

ny other devica in the interrupt structure..

INTE flip-flop definition:

Bit Set/Reset Format

{BITSET) — INTE is SET — Interrupt enable
(BIT-RESET) = INTE is RESET — Interrupt disable

Note: Al Mask flip-flops are automatically reset dunng

mode selection and device Reset.

“Operating Modes .

Mode 0 (Basic Input/Output)

This functional configuration provides simple Input and
Output operations for each of the three ports. No-“hand-
shaking” is required, data is simply written toor read from
a specified port. '

Mode 0 Basic Functional Definitions:

® Two 8-bit ports and two 4-bit ports.

‘Any port can be input or output.

Outputs are latched.

Inputs are not latched.

16 different Input/Output configurations are possible
in this Mode.

_ BASIC INPUT . oo i i e o e = PR
TIMING (D7-Dg
FOLLOWS INPUT kaadl X X
NO LATCHING)
e o e e e e o e o s o
D;-Dy
imtebctnks sl ' t DELAY TIME A I T OELAYTIME
. FROM RD FROM INPUT DATA
" Y F N
BASIC QUTPUT —_——— e e e
TIMING (OUTPUTS 0,0, )( ) B
ouTPUT
tDATA - CDATA
sETUP T * ” ™ HoLD
t DELAY TIME t OUTPUT DATA
FROM INVALID
- -
Wode 0 Timing
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3
. A
MODE 0 PORT DEFINITION CHART _.5
. A B. GROUP A GROUP B g
PORT C {1 PORTC -
Ds | D3 | Ds PORT A ‘PORT B - =
4| P3| Do PORTA | \ppey | % | PO (LOWER) . q
o | o | oo | ourrur | outeur | o | outpur | outPuT .3
o [ o | c |1 {ourerur Tourrur | 1 | outpur | inpuT 3
o o]t ] o Jourrur | ourpur | 2 | ineuT OUTPUT . -
0 Jo |1 |1 |ourrur | outrur | 3 | ineuT - | iNPUT g
0 |1 | 0o | o |ourput | INPUT 4 | outPuT | ouTPUT .
0 |1 [ 0 | 1 | OUPUT | INPUT | 5 | OUTPUT- | INPUT w3
..o 11| 1] o [ oureur | ineyr 6|+ INPUT QUTPUT : E'g
) o1 1.1 1] 1] ourpur | inedr 7 | ineuT INPUT
’ 1 {olo] o] weur | ourpur | 8 outrur | outPuT E
1 oo ] v wweur ] ourpur.| 9 | outeur | ineut i
1 o] 1] o [ neur ouTPyT | 10 | InPUT OUTPUT : 3
1 0. | 1 1 | INPUT - | OUTPUT § 11 | INPUT INPUT - fj
- 1 11 ]0 |-0 | INPUT INPUT 12 | OUTPUT | OUTPUT
I ENEREN RN 13 | ouTPUT | INPUT ; ;
111 | 1 | o | INNUF | INFUT |-14 | INPUT -°| OUTPUT .
1 |1 |1 | 1 | INPOT - | INPUT 15 | INPUT INPUT
MODE 0 CONFIGURATIONS
CONTROL WORD £0 CONTROL WORD #2
0, Dg Og O, D, D; D, D, Dg Dg D D, D, D, O,
Lefefefefe] ] ﬂ Lelelefefefef o]
A‘._',i_. PA,PA, N ) A ——-—/—.—— Phy Ay
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_ e rcy 2, ey,
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Llefefele]e]s lI Clefefefe T I"]
At oy N Ay O
=] =
N S S WY A re,
o E—— °‘[ 0,0, e{
o reag, A rey 0,
s e Y L S Y .




SILICON GATE MOS 8255

CONTROL WORO =4
D, O, 04 O, Oy D Oy Dy
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A ——/'——- PA,PA,

8288

0700 = -

l A
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o

CONTROL WORD =8
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af—r2—ra,en, o[t re, 0,
CONTROL WORD #% CONTROL WORD #9
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CONTROL WORD #11
D, 05 O, Dy D, D, D,

[I| [elel ]

A b M,

s
e rey i,

Oy 0 =————— C{‘
PV S

o fe—rtl— oy,

e T



SILICON GATE MOS 8255

mm&g&}fé%&w

* CONTROL WORD #12 CONTROL WORD #14
o, O, Oy Dy D; D; 0O, .0 B Dy O D, O; D, Dy O
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. Mode 1 Basic Functionat Definitions:

Mode 1 (Strobed Input/Output)

This functional configuration provides @ means for trans
ferring 1/0 data to or from a specified port in conjunction
with strobes or “handshaking’ signals. In Mode 1, Port A
and Port B use the lines on Port C to generate or accept
these “handshaking” signals.

® 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 sither input or output.
Both inputs and outputs 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 (Strobe Input) kN
A “low” on thls mput Ioads data into the mput Iatch

IBF (lnput Buffer Full F/F) | o

"hogh" bn thll output mdlcates that the data has been
loaded into the input latch; in essence, an acknowledgement.
IBF is set by tha falling edge of the STB input and is reset
by the mlng odge of the.RD mput

\

INTR (lmerrubt Request)

"hlgh" on thd odtput can be used to interrupt the CPU -

when an mput ice is requesﬂng service. INTR is set by
the rising edge’ bt STB if IBF. is a “one” and INTE is a

“one”. Ttis reset.by the falling edge of RD. This procedure
allows an input device to request service from the CPU by
scmply stroblhg als data into the port. ~ "~

A —— e

INTE A - _
Controlied by bit set/reset of PC ‘...
INTEB®

Controlied by bit set/reset of PCa.

-

CONTROL WORD .

MOQE 1 {PORT A)

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

Lle]veiwapxXIX]

'CIJ

1 = INPUT
Q= OUTPUT

PA, P4,
Ll e

. MODE 1 (RORT &)

m.*ﬂ.(fI]v‘~ "
maonml\o L —
°7°|°s°4 0, 0,' 0, 0, l‘l:t'l"-El — .v'-’..-,
4 R 8 i Tafe T
-—=d Lol .
1 e er,
N S
Mode 1 Input *

{WePUT BUFFER MALL)

o B ]

TTROBE

DATA

W\

NO PROTECTION
FOR THIS OPERATION

NTERMAL
WPUT LAYCH

com |/
_/

INTR

Basic Timing Input .

343




SILICON GATE MOS 8255

Outpit Control Signal Definition

OBF (Output Buffer Full F/F)

The OBF output will go “low” to indicate that the CPU has
written data oiit to the specified port. The OBF F/F will be

set by the rising edge of the WR input and reset by the fall-
ing edge of the ACK input signal.

ACK (Acknowledge Input) . .

A “low” on this input informs the 8255 that the data from
Port A or Port B has been accepted. In essence, a response
from the peripheral device indicating that it has received
the data output by the CPU. '

INTR (Inferrupt Request)

A “high* o this output can be used to interrupt the GPU
when an output device has accepted data transmifted by the
CPU. INTR is set by the rising edge of ACK if OBF is a
“one” and INTE is a “one”. It is reset by the falling edge
of WR. . ’

INTE A

Controlled by bit set/reset of PCg
INTEB

Controlled by bit set/reset of PCo.

MODE 1 {PORT A)

“payea,
CONTROL WORD

Dy Dy Dy Dy Oy D, Dy Dy

0= 0UTHUT

W ——d

PCig

MODE 1 (FORT B) _

re,2u,

CONTROL WORD
Oy Dy Dy Dy Dy D; Dy D,

[ DO X

Mode 1 Output

-\

(OUTPUT BUFFER FULL

~ X Nl

)W (DOUBLE
FORTHISOPERATION Wit ey

NO PROTECTION

— e — — = —

Basic Timing Output ) o

§

L.

fli

E

it
Y

-
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Combination; of Mode 1.

Port’A and Port B can be individually defined as input or
output in Mode 1 'o support a wide variety of strobed 1/0
apphcanons .

-

Mode 2 (S‘trobed Bi-Directional Bus 1/0)

Thiis functional configuration provides a means for com-
municating with a‘peripheral device or structure on a single
8-bit bus for both transmitting and receiving data {bi-direc-
tional bus 1/0). "Handsﬁaking" signals are provided to main-
tain proper bus flow discipline in a similar manner to Mode
1. interrupt generation and enable/disable functions are
also available.

Mode 2 Basic Functional Definitions:

® Used in Group A only.

® One 8-bit, bi-directional bus Port {Port A} and a 5-bit
control Port {Port C).

® Both inputs and outputs are latched.

® The 5-bit control port (Port C) is used for control
and status for the 8-bit, bi-directional bus port {Port
A). .

Bi-Directional Bus 1/O Control Signa!l Definition
INTR (Interrupt Request)

A high on this output can be used to interrupt the CPU for
both input or cutput operations.

-

S s a0
- i)—»d 'C.———FQA " WR——ed e, }—— GOF,
N -..( L f . . 'C.--v——'mr,‘ - . - . ) ’ PCq fo—— AT,
CONTROLWOAD - . e et CONTROL WORD -
D, D, D, O, Oy O, O, O iR, D, Dy Dy D, D3 Oy O, D, |~ "yl inta,
Jrvjef|vfmmla]o 1 2 tioft]owle|1 z
G X T DonuTOnY o
C Py . . PCus
s L B bt T
R ——g L 5, W—d - rel—m,
. ; re, A—C—K‘: -FC, pm— ilF. .
PG |——inTR, PG |—— INTR,
PORT A - (STROBED INPUT) PORT A — (STROBED OUTPUT)
PORT 8 - (ETROBED OUTPUT) PORT B — (STROSED INPUT)
Operating Modes Output Operations

OBEF {Output Buffer Full‘)

The OBF output will go “low’ to indicate that the CPU has
written data out to Port A,

ACK {Acknowledge)

A “low’ on this input enables the tri-state output buffer of

-Port A to send out the data. Otherwise, the output buffer

will be in the high-impedance state.

INTE 1{The INTE Flip-Fiop associated with OBF)
Controlled by bit set/reset of PCgs.

Input Operations

STB (Strobe Input)

A “low" on this input loads data into the input latch,

IBF {input Buffer Fu!l F/F)

A ‘“high” on this output indicates that data has been loaded
into the input latch.

. INTE 2 (The INTE Flip-Flop associated with IBF)

Controlled by bit set/ru‘t of PCg4.
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e

:
/ ’
«
-

18F / —\
£TRODE /
" "
\ A
DATA BUS
(BETWEEN YO CHIP o= ot s ot s v e ——— —— . e ———— —— ——
AND 10 DEVICE) < > < >"
DATA i DATA
! 10 DEVICE - /O CHIP VO CHIP + 1/O DEVICE
- .
BT Ao - L. . , -
- ) - .
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MODE 2 AND MODE 0 {INPUT)

*ORT T

. - . re. "—,l. INTR“ \.
) S G :
. o p— &%, . ' r, &=, -
COHTROL WORD L Py l——ACK, " - CONTROLWORD § . . ’ rc, —Aé—l‘ .
Dy Dg 05 O, 0y B O, D, - . . .07 005D 0,0 0,0 | . 4.;.,_. - =
el anzeans || R A
o T T - e A “PCyq =, e, 18F,
g 1y aneur .- TeiNeUT: | - .
‘0 - ouTPUT Yy o-outrut s
. Kip|[—F— w0 S bepof—"rf— w0
. a—— oo . _ TR ——sed L N
E mea K] I ] T
ﬂ‘—"d - - w—ud — ES
. MQDE 2 AND MODE 1 (OUTPUT) MODE 2 AND MODE 1 (INPUT) N
- 1y INTR, ac] NTR,
S S ]
b &, x, &F,
CONTROL WORD r, =, CONTROL WORD r, =,
""" Dy Dg.Dg O O; O; Oy D5 - Dy Dg Og O Oy, O Oy D, | ~— T ITUITT T
P IXINN e [X] e o 57, ak ak <, .
¢y f—— 18F, <, 18F,
!
LN ER ]
ey ——— 06F, re, e,
[T p——- <, fo——— Ac¥, AD e rc, e,
WR ———eq <, INTRy wR q ’, TR,

- Mode 2 Combinations

7
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MODE DEFINITION SUMMARY TABLE .

“MODE O MODE 1 - : ‘MODE 2
fepcaee T our | . N [ our " | _“eRoup aAoNLY
T -PAg x| N | oouT IN our | T
PAy "IN outr - { N out | '
_ ™ “eAag ol N | out -1 N . ouT |
PA7 | N our N out
PA4 IN" | "ouT ] N ‘out |-
PAS N out | " |aiNn | sour
PAg N our- IN ouT *
“pA7 1 N out CINL ] out
. PBg SING P ToUT T Ny “our | e
et W O By o X T IR B O™ T B i R
-PB L N} oour | - N out [ — e
Pe3 | IN ouT IN _out — MODE 0
.PBs | IN our . IN .| ouT D — - |- OR MODE 1
- e w Jour ). | w |-our RIS “ONLY,
 PBg. IN, out’ Ao Lour _— : :
7 pBy JIN. | our : TINC out T ——
. - ; .
Pco | N ouT | ° |INTRg INTRg 1/0
ecy IN | out - | i8Fp GBFg - Tua )
. PCy IN out STeg ‘ACKg | - 10
- PC3 IN out INTRA INTRA | . INTRp -
PCq N | our §T8aA. 1o . §T8aA o
PC5 N our 1BFp - 1o 1. IBF '
PCg .| IN out o .| ACka | ACRp
PCy "IN | out . 10 OBFp . OBFp -
Special Mode Combination Considerations allows the programmer to test or verify the ““status” of each

There are several combinations of modes when not all of the peripheral device and change the program fiow accordingly.

bits in Port C are used for control or status. The remaining There is no special instruction to read the status informa-
bits can be used as follows: tion from Port C. A normal read operation of Port C is
1f Programmed as‘Inputs — : executed to perform this function.

All input lines can be accessed during a normal Port C

- Coreads T T TTTTTIOTT T o INPUT CONFIGURATION
1f Programmed as Outputs — O % % ©0 © o, o
Bits in C upper (PC7-PC4) must be individually accessed I Wo J o ' 18F,

using the bit set/reset function.

18F, Im‘m.

"‘"AJ mm‘l INTE,
:

- GROUP A GROUP B

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.

OUTPUT CONFIGURATION
5 O O © D, D, D, D0,
OfF, mr(AT o
Source Current Capability on Port B and Port C S ———t——

N R GROUP A chour B
«Any set of eight output buffers, selected randomly from
Ports 8 and C can source TmA at 1.5 volts. This feature Mode 1 Status Word Format
allows the 8255 to directly drive Darlington type drivers

o ].m. """l o, Imq

end high-voltage displays that require such source current.”  ° O O D, Do 0 0, D 0
Reading Port C Status [o58[mere| wes [ore, l"‘"“]><(><l><|
In Mode 0, Port C transfers data to or from the peripheral = GROUP A i Grour s '

device. When the 8265 is programmed to function in Modes
1 or 2, Port C generates or accepts “*hapd-shaking™ signals
with the peripheral device. Reading the contents of Port C Mode 2 Status Word Format

{DEFINED 8Y MOOE 8 OR MODE 1 SELECTION)

L . Tet oL T . 2ug _ RN . .

I ARASL LSO ISR A AL ARA S S L2599 LI B S FHO R K
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APPLICATIONS OF THE 8255

The 8255 is a very powerful tool for interfacing peripheral
equiprhent to the 8080 microcomputer system. It represents
the optimum ure of available pins and is flexible enough to
interface almost any 1/0 device without the need for ad-
, - ditional external fogic.

Each peripheral device in a Microcomputer system usually
has a “service routine” associated with it. The routine man-
ages the software interface between the device and the CPU.
The functiona! definition ‘of the 8255 is programmed by the
170 sefvice routine and becomes’ an-extension of the sys-
tems software. By examining the 1/Q devices interface char-

acteristics for both data transfer and timing, and matching
| this information to the examples and tables in the Detailed
Operational Description, a control word can easily be de-
veloped to initialize the 8255 to exactly “fit” the applica-
tion. Here are a few examples of typical applications of the

8255.

PA,
PA,
PA,
PAy
PA,
Phg
PAg
A,

_ MODE1
ouTPUT) ,

PCg

8255

MODE 1

re,
{ouTPUT)

oCq

DATA READY
ACK

PAPER FEED

FORWAROD/REV

DATA READY

ACK

HIGH-SPEED

PRINTER

HAMMER
* RELAYS

DATA REAQY

ACK
PAPER FEED

FORWARD/REV

RIBBON

INTERRUPT l

REQUEST

CARRIAGE SEN.

CONTROL LOGIC AND DRIVERS

Printer Interface

~
~

INTERARLPT
REOUEST _"
2 pa, R,
8255 Pa, Ry
Pay|e————+1 R, FULLY
: DECODED
Pay % Kkeveoaro
. PA e ——q R,
wooE1 s s
aneur PAe SHIFT
. PA; CONTROL
rc, STROBE .
. Poy acx - T
8, By
B, [% .
. BURROUGHS
e | seuFscan
8, By OISPLAY
8, 8, e
MODE 1 hy iy
oureun P BACKSPACE
8, — CLEAR e e
C, DATA READY
- - PC, = ACK
pCq BL
[T N CANCEL WORD
INTERRUPT |
REQUEST .
Keyboard and Display Interface
INTERRUPT )
REQUEST
3 pa, Ry
'A| R‘
i (I a,
B FULLY
mooe 1 Py R:  pecooep
{INPUT) PA, R‘ KEYBOARD
e e dps = - - I
P SHIFT
8255 %
Pa, CONTROL
rc, STROBE
PC‘ ACKNOWLEDGE
PCg BUSY LT
c, TEST LY
PBo o TEAMINAL
PB, - ADDRESS
8, -
-
moDEO  PBy o
UNPUT) g, " " %
PBS -
ve, —
*8, g T v

Keyboard and Terr_ninal Address Interface

e
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INTERRUPT
* REQUEST
P = . [
[a : e o
", i , , e o .
,"A! - . £ '.! - D: -
. - o, o
MooEQ | PAs * .
ouUTPUN 7| Ay e . . g by
. ra, DA ANALOG QUTPUT MODE2 | P8y O |
CONVERTER a < les, o, .
", DAC) i
i . - [ e, DATA sTB
- a2 S s . - ’e, ACK (1N}
- S B rc, DATA READY
) . e, }-sT8 DATA ) Re M'M’ X
SN ~oe e | oeey OQUTPUTEN""" -  =- u SURIE TN
o . e, —] TRACK =0~ SENSOR .
sev/meseT . . rc, SYNC READY
eyl SAMPLE EN rc, INDEX, 7 -
rey sTa. o : e
[ e, |- Lss carr - ey ENGAGE HEAD -
s, AD . . rA, FORWARD/REV.
N ., CONVERTER |+ ANALOG INPUT pA, READ ENABLE
- MODEO | P8, ADQ mooEo | Pk WRITE ENABLE - -
" (INPUT) re, {ouTruT) | PA, DISC SELECT
g . ray ENASLE CRC s
. E
., PAg TEST N
) re, nse . - PA, BUSY LT
Digital to Anslog, Analog to Digitat Basic Floppy Disc Interface
INTERRUPT INTERRUPT )
REQUEST REQUEST ™ ]
o[ rag R ' % [ra, Ry
L Ry CRT CONTROLLER T A, R,
[ R. BLEVEL
Ay 2 ® CHARACTER GEN, PA, R, PAPER
. A, Ry ® REFRESH BUFFER PA, R,y TAPE
ra, R, * CURSOR CONTROL - A, R, READER
{ra o wooe 1 | T iy :
MODE 1 _| PAg SHIFT 5 Pa, R¢ T omTmTeT
e L CoNTROL (INPOT) -~ iy
i rc, DATA READY C, §78
PCy ACK % ATK
e, BLANKED e, sTor/GO
rc, BLACK/WHITE -
8255 L 8258 MACHINE TOOL
a ) [ee START/STOP
[ AOwsTs m:err? - Pc LIMIT SENSOR (H/V)
rc, COLUMN STB . pC, OUT OF FLUID
o, CURSOR H/V STB —
: [
8, e, CHAMGE TOOL
mo0e 0 _| 78, s, LEFT/RIGHT _
Uty | re, s, UP/DOWN
rs, DD R/ROW/COLUMN mooeo | re, HOR. STEP STROBE
e, HavV toyTPuT) ] re, VERT. STEP STROBE
e, . g SLEW/STEP
s, 8, FLUID ENASLE
- R - s, EMERGENCY STOP
- - -
Basic CRT Controfler Intertace * ’ srend

em -t
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SYSTEM 8US {D, A, AND C)

_..I.III.I..IIII.I.II.. ||||||||| 4_l.|_

_ .

o | z I

AH_HV ey B TR B “W“
_ L
e e =

_ - N _.U._
B K 8| §| ¢ E“
. | *
I A

MASTER CPU

Distributed Intelligence Multi-Processor Interface





