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ABSTRACT

This project is a development of instrument that can be used to simulate the multipath
fading associated with 2-10MHz radio channel. The implementation is simple, flexible,

economical and allows the fading waveforms to be repeated exactly.
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2.4.2 ACTIVE FILTER
NI NTRIRNUDIUAIABINUAA lUFIR 2-19 58091 Kerwin-Huelsman-Newcomb
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VLP(S) = - Vi(s)
SC,R,



Vels) = - SCR V) e, 2.13)
Vae(s) = - V(s)
SC/R,
Vi(s) = -SCR,V,(s)
= SCCRRV,(S) oo 2.14)
Vie(s) = 1+RGV(s) + 1+RGV,,(s) - R,V,,(s)
R,g R,g R,
G =1
R
g = R*R,
R,R,
Vies) = RUARGHR) V(s) + RU(RARY) Vo (s) - RV, (5) ....... (2.15)
R, (R, +R,) R, (R, +R,) R,

wnu (2.13) ez 2.14) lu (2.15)
S'C,CRRV,(8) = RURAR) V(s) - SCRR(RAR) V,(s) - R, V,,(5)

RS (R3+R4) R5 (R3 == Rd) RS
R (RAR)
Vip(s) = CCRRR,(R+R) (2.16)
Vs) s + SR,(R,+R.) + R,
CR,R,(R;+R) C,CR R, R,
Transfer Function #1593 1UYDS Low Pass Filter = K Ct)zH
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RA(RS + R6) R6

Vi(s) = R(R,+R,) C,C,RR,R,
Vv (s) s + R(RHR) R, S + R,
RSRG(R3 + R4) CleRs CxcszRst

nfFsumeuaums 2.17) Mmesumasguee1d

K = R(R,+R)

R(R, +R,)
®, = R,

C,CRR.R,

d = RRAR)
R.R(R,+R,)

Q = RR(R,+R)
R(R,+R)

...............
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2.5 NTNOAYIDAIFIVUIA (AMPLITUDE MODULATION)
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e,=Esin®t (2.22)
e,=E_ sin®_t (2.23)

o

NInTuATs 2. 22) Az . 23) aused oudiurumansaduve sdaanan AM 18Red
€y = (E,+E_sin@®_t) sin(t
= E sin®t+E_ sin@tsin @t
=  E sin@t+E_(cos(® W )t-cos(DAMD)t) ......... (2.24)
2

DAY E, a2 E_ 158071 a3tin1539a (Modulation Index)

m = E_ : 0<m<1
il
B R E, sin @t +mE, cos((, - M)t
2
= mE cos(@F @)t Ll L (2.25)

2

2.5.1 milnasuvesdayanas AM

= E, sin @t + mE_cos((, - M)t -mE cos((, + M )t

2 2
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m = BB e (2. 26)
E_+E_,

%m = E_-E. x100 e 2.27).
E_+E_
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P, = P A BANI d \NN ~ e (2 .28)

PINTUNSH (2 . 28) UsedusesAnnussumanas I R Whuamudimuvesse

k4 v L4
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P- (g ) Sk (B ETretn] 4k o M (2.29)
R 2R
RY RGOS )3 s R 5 /Y (2.30)
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= (mE,)’
' 8R
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P, =  E’+ (mE)+ (mB)

2R *8R 8R

2 2 2 2 2
= E + m -E +m.E

2R 4 2R 4 2R
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FROM 82SS PORT A NC1488

2

4 v Vefle+) L, 2t
P slay 2 b 1n136-§
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mizidimsasumueinnud Winfiszi ififansafousdasnnufuiusveanlnss
t o A or b= 9y Ao oy
winesiszasunenrudvesdygraniugy fuddinesnsenamulin Q geq sxlim
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PPN
16.9k -
A e
R2 2 18k N 4
18k H——AAA—— — ——a
RS c3 c4
R Y R4 R 216 1uF | R6 1uF oUTPUT
3 22.7k - 8 - 216 SIGNAL
AN~ t‘\ 7 10 — - t 13 N (I OR @ )
I3 + AAN + . vz 1
ci 1cz:mB Icz:c = 1c2:a L cs
inF TLOS4 TL8B84 TLB84 < 1c2:D inf
= TLB84 =
Y]
18k

71 3-5 2993ns0AIND

¥
Tuduves e15ie Aemsnes weagian ( RF Quadrature Modulate) 1 18uana’l3
o a Jd : 2
Tugin 3-6 Fazlidnnlseney 2 daude anewmsmes uegian waz leiew wosn wuns
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Al
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ZEZ
slin-8 ¢ R1
R3 R2 Nm 6- 8k
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Mini-Circuits Mini—Cir.cuils
SRA-1 SRA-1
DBM D8M

Memimac
=i 113A

317 3-6 MsADRNITULNUAZI TR

f1. TS (Mixer)
3 } 4 v [3 [}
sedudanm orfien fier Wiy dnwefiududsidify sedudygna erdlei

1
o <4

vz W4 ﬁﬂwa%'ﬁguﬂzﬁ'aaqme V2110 +7 dBr LozBumni IATinTo s meemsvramves
doadiilszana 11 dBm sz egadoseving mines gilanmes(power splitter) Buwnfiu
wivmudasd19lszana 3 dB ¥4 e1510viMe ™ 1oz uenle WosN(LO Port Jawnsoriunld
i erdion Bunnld Fygaumruguesinnldi 43 filila leiew wesn(de-couple IF port)

4. oW wein tinnesA(IF Port Network)

finm finwred wdesms Bufiuaud 5o O Hdnnlaeds 3 wein Arwsdmm 50
Q) axsveynsufiu Fufuszy L oF i &% véenfa (doblocking) edalifigndoves lete
o e gndes anwdumu 590 OQ sedrfansruaiiinlasonussdudayganiugytudu
nszuadmiviinmed medlsaDauasdaufiursey 1ok Avnovwadasns s svanmeu
Foygnn oritow $1nadumizsaugy wudindveuiinnesnezdoaunnnhdyanuaiy
qu 1 Tsdnurise time) YosMiynvoInires 9ziiosnd 200 s

a. adnmese (splitters)

mlanme e idfamunaesi Famiaasimihiiuendoyanu lasfidaaneu
Fyans -3dB FuSoniniu medmlanmed Sndamilehmhidusiswdyan s
3-6 s«hmmmwmz‘?ngapmszwjnmaﬁmm11:ﬁaaﬁfhmmLmﬂﬁhﬁﬁﬂ"lﬁ'ﬁatjﬂ'h 0.1dB

waztiauanaemniosnh 2 sem
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1. Andlari(delay line)
o @ % 3 o ’ J ]
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4.1.1 dgaRFANAMNE 30 MHz 300mVp-p ¥ 1INsueaganuuuLasiseaganiy

deyanaudssvinadyga 200-300 mVp-p ewglunumsaeamgii 4-1

CARRIER

AUDIO
SIGNAL

FADING

OSCILLOSCOPE

319 4-1 block diagram mssetit g
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4.1.2 %0 CH 1 493 Oscilloscope 1371 Input Y93 ye) 10 Carrier 1102 Audio Signal NHIUN1INBA

AUANUR7
! CARRIER
OSCILLOSCOPE
AUDIO T
SIGNAL

;ﬂﬁ 4-2 UAAINSAB CH 11 Oscilloscope

4.1.3 #® CH 2 994 Oscilloscope 1391 Output ypaa3nedraosmsempvesdygin

CARRIER

S | FADING

AUDIO
SIGNAL

OSCILLOSCOPE

319 4-3 ueraamsee fvioscilloscope
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4.1.4 Set Register A1959D4 Register bit 11 19A108 20Hz , 60Hz , 100Hz MUSIA

ON

OFF
1 2 3 4 5 [ 7 8

REGISTER BIT SWITCH

'g‘,‘ﬂﬁ 4-4 Register bit

.

4.1.5 Widfgygna RE Ansueaganiuy AM Taoldanuiiaumy 2-30 MHz feudhiign

. 4 { . x
RF in ¥991A584 lagfinnnuussvosdagtauegiilseuia 200-400 mv

w_.._--.q.-.-q—-u

- =]
e

{ .
N W ORI R TN

-
.
e

|
I
|

317 4-5 uldgyay st RF wun AM fidlouliduinses

v o

o [ 2’ a ¢ 9 o [ a o A
4.1.6 'Vl'lﬂ'ﬁ'].'iUﬂ‘]J’L’f')Vl“mm?Vl"lﬂTJﬂ YYIUAIUAY T uad Qﬂlﬁ]?ﬂﬂﬂi}ﬂ\i'JQﬂ?ﬂiﬂﬂﬂTmﬂ

YA Yy IuAILRY



ST TN AT R .

U 4-6 FygnaumuguLung Q

4.1.7 puaasmsuldenulosesdyann delinnvineioes 20 Hz

Volt = 200-300 mV  Frequency = 2-30 MHz

CH 1 udfaeeye e Input  CH 2 uaasdayay1as Output
717 47 uanadyapaunanuiaethilass 204z

63
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* '
A a

4.1.8 puansmsnfasumlasvesdyg i Wellanudaeiiass 60 Hz

Volt = 200-300 mV - Frequency = 2-30 MHz
CH 1 4araetayg o Input ‘CH 2 L@ sdaya)In Output

3UM 4-8 ueresdgygrafanuiaeli/aes 60 Hz

o @ A~ a
4.1.9 guamsmsnlasunlawesdygna Welnnudaedass 100 Hz

Volt =200-300 mV  Frequency = 2-30 MHz

CH 1 ueraedfeyey o Input  CH 2 @ Qyey a4 Output

71U 4-9 nansdyaunanuaniinlaes 100 Hz
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( Start )

Set Port
Set Stack

O—0

Ix = Sin_BUF

h 4

OUT(P_Sin E),(Ix+0)

.

OUT(P_Cos),(Ix+27)

Input P_DOP

No

Switch Run

Yes

Yes
Check Doppler @




!

Register
Doppler = 25

Random Doppler

&

Get frequency value

Value

(Pi

Delay 3.7 uSec

'

Doppler = Doppler - 1

—

No
Doppler = 0
es

Frequency - 1

No
Frequency =0

Yes
If 1 Cycle

Ix = Sin_BUF




Start

Hz = DOP_BUF

I

(IX) + Switch

AND OFH

E = (HL)

'

(AND OFH) - E

I
y

No

HL = Dop_BUF

/\0
> =0?
Y

E

h 4



ORIGIN:
STACK:

P_SINE:
P _COS:
P_DOP:
INT _P:

4+

SINE:

SINEl:
SINEZ2:

CPU
HOF

EQU
EQU

EQU
EQU
EQU
EQU

ORG

"Z80.TBL"
n INT8 n

GO0OOH
8FFFH

10H
11H
12H
13H

ORIGIN

ekkkkhkhkkkhkhkkkkkdkkk

~s -

; * GENERATOR SINE ~*

ekkhkkhkdhkdhkhkkkkhkkkkkkk

ws W Wy ™

D KEEP FREQ

E KEEP DOP

ILD A,89H

OUT (INT_P),A
LD SP, STACK
LD IX,SINE_BUF
LD .2 ;
LD B,54

LD A, (IX+0)
oUT (P_SINE) ,A
LD A, (IX+27)
ouT (P_COS) ,A
CALL CHK_KEY
INC IX

DINZ SINE2

DEC C

JR  NZ,SINE1
JR SINE

; INITIAL PORT
;Set Stack

for create sine 1 cycle

;CHECK KEY AND DELAY

;delete for open tabel 256 value

shkkkkkkkkxkk*CHECK KEY*kkkkdhkkhdkhhhhdx

CHK_KEY :

CHK_KEY1:

D
E

2 ™t e Ny wmy

’

KEEP FREQ
KEEP DOP

PUSH BC
PUSH HL

IN
BIT
JR

LD
SRL
AND
LD
LD
BIT
JR

A, (P_DOP)
0,A
Z,CHK_KEY1

B,A

A

7FH
D,A
A,B
7,A
NZ,DOP

« k%%
4

;BACKUP DATA

; KEEP FREQUENCY

«kk %k



\

LD E, 25 ;100 % OF FREQ

JR DELAY

DOP: ;
;DEFIND RANDOM

LD A, (HL)

ADD A,D

AND OFH

LD B,A

LD HIL, DOP_BUF

‘LD C,S
DOP1: LD E, (HL)

. INC HL

DEC C

JR NZ,DOP2

LD HL,DOP_BUF
DOP2: DJINZ DOP1

i
;*****************DELAY*********************

;USE I/P REG D = FREQ

; E DOP

;DELAY ABOUNT 3.93 mS IF D=63 ,E=25(100)
DELAY: ;

LD A,64

SUB D

LD D,A

DELAY1: LD B,E
DELAY2: DJNZ DELAY2
DEC D
JR NZ,DELAY1l

POP HL
POP BC
RET

’

ORG 3000H

[
;*****************BUFFER********************

DOP_BUF: DFB 25,2,7,11,15,18,21,23,24

; SINE 0 - PI

SINE_BUF: DFB 134,142,149,156,163,170,177
DFB 184,191,197,203,209,214,219,224,229,233
DFB 237,240,244,246,249,251,252,253,254,254

’

DFB 254,254,253,252,251,249,246,244,240,237
DFB 233,229,224,219,214,209,203,197,191,184
DFB 177,170,163,156,149,142,134

;end half cycle

; SINE PI - 2 PI



DFB 120,112,105,98,91,84,77
DFB 70,64,57,51,45,39,35,30,25,21
DFB 17,14,10,8,5,3,2,1,0,0

4

DFB 0,0,1,2,3,5,8,10,14,17
DFB 21,25,30,35,39,45,51,57,64,70
DFB 77,84,91,98,105,112,120

; END 2 PI .

DFB 134,142,149,156,163,170,177
DFB 184,191,197,203,209,214,219,224,229,233
DFB. 237,240,244,246,249,251,252, 253,254,254

7

END
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- PRECISION CIRCUITS — DATA CONVERSION -

Low-cost building blocks for construction of D-A/ processing where necessary to achieve the required
A-D systems. Involves use of advanced technologies functional capability, operating accuracy and production
_such as ion implantation, laser trimming and CMOS repeatability.

D-A Converters — General Purpose

10-8it _— .
8.8t I Muitiplying D-A converters designed to supply an
- 9
f——6-Bit——qd l output current that is a linear product of an analog input
A1 A2 A3 A4 AS A6 AT ABAS A0 reference voltage and a digital input word. Devices for
AEEERARRR 6-, 8- and 10-bit digital word inputs are available.
— lo
Control . o
O- = Current Switches L—' Pp o
© Vee ~ @Vpet =
I 1T T U1 171 Davice | Eeror| =SV | tgettling 2v
Ledder Terminators Number |% Maxi mW Max| as Typ mA Sutfix Case
and 6-8it
Trimming Networks -
. Mc1s0s [.os0] 120 | 150 [19v02a] o | 2
o r 1T ¢V L F 1 MC1406
8-8it
R-2R Ladder - Mcisosies| o o g L 620
[ Mci408ee |~ ¢
Veet(+} T MC1408L7 |20.39|- 170 300 {1.9vw21} L, P |620, 648
o =N .| mMc1408t6 |=0.78
o Rc..:::::"“ 8iss | ovee : [MC3408_[:0.5 L 620
Veat (-} Amplitler Clecuitry “10-Bit - -
© m - 0
€3510 _— L 69
- . - I T l 3 MC3410 220 250 (38wae2]| . PR
& & / MC3410C | :0.1 L. P | 690, 648
. Vgg Compen. Gnd T =-551t0 125°¢, - ] A
=== Dotted terminsis availsble Devices without astacisk:. T4 = 0 ro 7o°c,_' 3 w e 1.

on 6- and B-bit units only. 5 8 =

D-A Converters — High Speed .

\
rn he] Gaa
f C 7 87 E = E ot
MC10318 — A high speed B-bit D/A converter capable of data conversion - E E ;
rates in excess of 25 MHz. it is intended for applications in high speed out
instrumentation and communication equipment, display processing, storage . &5 E E] NC
oscilloscopes, radar processing, and TV broadcast systems. The inputs are
compatible with MECL 10,000 series logic, while the complementary current . 84 [5: 7 @ Voet*
outputs have 51 mA full scale capability. 8-bit accurate (£ 1/2 LSB) and
mqnotonic over the full temperature range, the outputs typically settle in less 83 E I‘] Comp
than 15 ns. R .
- -- o e2(7] o] Vrer-
Ta =010 70°C
) - wuse 81 8] -+ o] vee
Packages: "
s “ L Suffix — Case 620/630 T 0T -
P 15%1g
Device- . Error o tSettlin o~ 9
t @Vgeg=-52V 9 @ VRet = 1056V
N - % Max vEnEWMax - usTyp Rr:\fATyp
MC10318L . 2039 675 L. 51 -
MC10318L9 £0.10 875 16 51




ORDERING INFORMATION-
Device Temperature Range Package

MC1496G 0°C to +70°C Metal Can Mcl49 6

MC1496L 0°C to +70°C Ceramic DIP
MC1496P 0°C to +70°C Plastic DIP
‘ MC1596G -55°Clo +125'C  Metal Can MC1596
MC1596L —55°C to +125°C Ceramic DIP
BALANCED MODULATOR — DEMODULATOR BALANCED
.. . designed for use where the output voltage is a product of an MODULATOR — DEMODULATOR

input voltage (signal} and a switching function {carrier). Typical
applications include suppressed carrier and amplitude modulation,
synchronous detection, FM detection, phase detection, and chopper
-applications. See Motorola Application Note AN-$31 for additional
design information.
e- Excellent Carrier Suppression — 65 dB typ @ 0.5 MHz

—-50d8 typ @ 10 MHz
& Adjustable Gain and Signal Handling

SILICON MONOLITHIC
INTEGRATED CIRCUIT

*

,
‘).

e Balanced Inputs and Outputs MEYGAS‘LU,,T";AGE
® High Common-Mode Rejection — 85 d8 typ CASE 603

B B bt

FIGURE 1 ~
SUPPRESSED-CARRIER
QUTPUT WAVEFORM L SUFFIX
CERAMIC PACKAGE
CASE 632
TO-1186
P SUFFIX -
PLASTIC PACKAGE
CASE 646
(MC1496 only} '
mu..,: T Wvu.
FIGURE 2 — r = F -

SUPPRESSED-CARRIER Gon bl 3

SPECTRUM Seonet snpue 4

[ ey

0-..-::

~c{H Corrmer snou
T
FIGURE 4 — AMPLITUDE-MODULATION SPECTRUM

FIGURE 3 -

AMPLITUDE MODULATION
QUTPUT WAVEFORM

LINFARSCALE

DR T I




MAXIMUM RATINGS® (Ta = +259C unless otherwise noted)

) Rating Symbal Value: Unit
Applied Voltage av 30 vde
(Vg - V7. Vg~ V1, Vg — V7, Vg — Vg, V7 - Va. V7 - V4,
Vg - Vg, Vg — Vg, Vo'= Vs, V3 — Vsl ..
Differentiat Input Signal V7 —Vg +5.0 Vde
. “Vg~Vq £(5+IgRe)-
Maximum Bias-Current X Is 10 mA
. Power Dissipation (Package Li ) (5
Ceramic Duat In-Line Package ) s "],. mwW
* Derate above To = +25°C coot ’ 385 7 © mwroc
Metal Package ’ . o 680 mw
Derate above Ty, = +25°C . - : 4.6 mwW/oc
Operating Temperature Range TaA °c
MC1496 0to +70
MC1596 - - -55 to +125
Storage Temperature Range Tsig -65 to +150 °c
ELECTRICAL CHARACTERISTICS ® (Vg = +12 Vdc, Vgg = -8.0 Vde, 15 = 1.0 mAde, Ry_= 3.9 KSL Rg = 1.0
‘Ta= +259C unless otherwise noted) (Al input and output characteristics are single-ended unless otherwise noted.)
. ) MC1596 MC1496
Characteristic. Fig| Note Symbol | Min | Typ | Max | Min | Typ | Max Unit
Carrier Feedthrough 5 1 VCFT R uVirms}
V¢ = 60 mV{rms) sine wave and fc = 1.0kHz . - } 40 - - | 40 -
offset adjusted to zero ’ fc = 10MHz - | 140 - - | 140.| -
- Ve =300 mVp-p square wave:’ 1Y N mVirms)
offset adjusted to zero fc= 1.0kHz - |0.04| 02 ~ 004} 04
offset not adjusted fc=1.0kHz -} 20 } 100 - 20 | 200
Carrier Suppression” : S 2 ves dB
tg = 10 kHz, 300 mVirms) : iy . E oo
fe = 500 kHz, 60 mVirms} sine wave ) X 50 | 65| ~ 40 |65 -
fo = 10 MHz, €0 mVirms} sine wave =" 50" LR IR - R k
Transadmi Bandwidth (Magnitude} (Ry_= 50 ohms) 8 8 BWagg f - - | mHz
Carrier Input Port, Vo = 60 mV(rms} sine wave W= 1.300 | »e - |30} - 7 =
fg = 1.0 kHz, 300 mV{rms) sine wave N e AT s L . 4
Signal Input Port; V= 300 mV(rms) sine wave . - {sof -} -]8|-1: '
Vel = 0.5 Vae- - - a
Signal Gain-~ . 10 3 Aysg 25| 35§ - 25 | 35 - viv
Vg = 100 mV(rmsl, t = 1.0 kHz; [Vci= 0.5 Vde :
" i
Single-Ended Input Impedance, Signal Port, f = 5.0 MHz 8 - . .
Paraliel tnput Resistance fip - {2001 ~_ - 20| - k2
" Parallel Input Capacitance g = l20f = -t20] - oF
= Single-Ended Output Impedance, f = 10 MHz 6 - y
. Paraliel Output Resistance fop - 40 - - 40 - k2
“ Parallel Qutput Capacitance Cop - .80 - -‘}so| - pF
i Tnpat Biss Current 7 T : A
iy f7+1g bs -}l 12}2s 2l ]l
% lug = 'y -
] bs= 7 'G” 77 A we | - 2]z - |22} .
Input Oftfset Current. ) 2 { - ’ nA
" ligs * 11 -ladioc = 17-18 . ~- ltios! - |o7].50§ ~-.]| 07} 70}~
Miocl | = |07)50 )~ Jorf26}
& Aversge Temperature Costficient of nput Offset Current | 7 | - | MCuiol | = |20 - | - [.20| - | rarc
&% {Ta = -55°C to +125°C) : ;
= Output Offset Current ¢ 7 % ool } — | 14] 50 § - | 14|80 BA
{ig=Ig) X
Average Tempersture Coefficient of Output Offset Current | 7 - fTClool f - | SO} - - 90 | -~ nAPC
¢ (Tp = -65°C to +125°C)
2 Common-Mode Input Swing, Signal Port, fg = 1.0 kHz 9 4 cMv - | 50— - 50 | — Vp-p
4 Common-Mode Gain, Signal Port, fg = 1.0kHz, - 9| - acm | --|-8sf - - |8 - a8
Ivcl = 05Vde - : .,
s, Common-Mode Quiescent Output Voltage {Pin 6 or Pin 9) 10 - Vo - 80| - - 80§ - Vde
; Differential Qutput Voitage Swing Capabdity wl - Vour | - | BO| - - g0l -~ | ver
"%\ | Power Supply Cument - G ' mAde
lg+tg s T lce - 2030 ] - 20 {40 '
tyg i Iee - 30 | a0 - 30 |50
DC Power Dissipation 7 5 Pp - 33 - - 3] - mW
« Pin numbar rafersnces pertain to this device when packaged in a metal can. To sscertain the corr ing pin s for plastic or

cersmic packsged devices refer to the first page of this specification sheet.
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GENERAL OPERATING INFORMATION.*

Note 1 — Carrier Fesdthrough

Carrier feedthrough is defined as the cutput voltage at camier
frequency with only the carrier applied {signal voltage = 0).

Carrier nul! is achieved by balancing the curreats in the differ-
ential amplifier by means of a bias trim potentiometer (R of
Figure 5).

Nots 2 — Carrier Suppression

Carrier suppression is defined as the catio of each sideband out-
put to carrier output for the carrier and signal voltage levels speci-
fied.

Carrier supp is very dep on carrier input level, as
shown in Figure 22. A low value of the carrier does not fully
switch the upper switching devices, and results in lower signat
gain, hence lower carrier suppression. A higher than optimum car-
rier level results in unnecessary device and circuit carrier feed-
through, which sgain deg the supp figure. The
MC1596 has been characterized with a 60 mVirms) sinewave
carrier input signal. This level provides aptimum carrier suppres-
sion at cacrier fr ies in the ity of 500 kMz, and is
generally ¢ ded for bal; d dul; pplications.

Carrier feedthrough is independent of signal level, Vs.. Thus.
carrier suppression can be maximized by operating with large sig-
nal levels. However, a lmur operating mode must be maintained

in the signal4 t pair--or h ics of the modul
signal will be mnud and -ppou in_the device output 83 spurious
idebands of the supp d. cacrier. This requirement places an

upper limit on inputsignal amplitude (see Note 3 and Figure 20).
Note also thet an optimum camer level is m:ommnded in Fig-
ure 22 for goad carrier supp and i spurious side-
band generation.

At higher frequencies circuit layout is very important in order
to minimize carrier fcedmtouoh. Shnldmg mgy be necessary in
order 10 p 9 the carrier input
feads and tho output ludg

Nota 3 — Signal Gain and Maximum input Level

Signal gain (single-ended} at low lnqutnciu is defined as the
vottage gain, AW

Vo __R 26 mV
Ays --v—s = -y r.whtnr.. l_ms A
%
A de p ial is epplied w the carrier input terminals to
fully switch two of the upper-transistors “on’’ and wo transistors
“oft" (Vg = 0.5 Vdc). This in effect forms a cascode ditferentiat
amplifier.
Linear operation requires that the signat input be below a criti-
cal value determined by Rg and the bias current Ig

Vg < ig Rg(Volts peak)
Note that in the test circuit of Figure 10, Vg cornsponds to s
maximum value of 1 voit pesk.

Nots 4 — Common-Mode Swing

The common-mode swing is the voltage which may be applied
1o both bases of the signal differential amplifier, without saturating
the current or with 53 ting the diff ist amplifier
itmlf by swinging it into the upper switching devices. This swing
is variable depending on the particular circuit and bissing condi-
tions chosen {see Note 6).

Note 5 — Power Dissipation

Power dissipation, Pp, within the inmgrated circuit package
should be cal as the ion of the voltage-current prod-
ucts at each poart, Le. assuming Vg = Vg, 15 = ig = 1g and ignoring

base current, Pg = 2 Ig (Vg — Vig} + 15 (Vg —V10) where sub-
scripts refer to pin numbers.

Note 6 — Design Equations

The following is a partial list of design equations needed to
operate the circuit with other supply voitages and input condi-
tions, See Note 3 for Rq equation.

A. Operating Current
The internat bias curmrents are set by the conditions st pin 5.
Assume:

Ig=lg=lg
ig<<ic foral tansistors

then:

Rg = V-$ 5000 where: Rg is the resistor between pin
's 5 and ground
$=0.75V atTp =+259C

The MC1596 has been characterized for the condition ig = 1.0
mA and is the generally recommended value.

8. Common-Mode Quiescent Output Voltage-
Vg=Vg=V*—igRL

Note 7 — Biasing

The MC1596 requires three dc bias voltage levels which must be
set externatly. Guidetines for satting up these three levels include
maintaining at lesst 2 volts collector-base biss on ail transistors.
whilg not exceeding the voltages given in the absolute meximum
rating table;

20 Vde 2 {(Vg, Vg) — V7, vgll = 2Vde

0 Vde = [(v7, Vgl — (Vy, Vgl] = 2.7 Vde

30 Vde = ((Vq, Vgl - (V)] 2 2.7 Vde
The foregoing conditions are based on the following approxima-
tions:

Vg = Vg,

V7=Vg. Vi=Vg

Bias currents flowing into pins 1, 4, 7, and 8 are transistor base
currents and can normaily be negiected if external bias dividers
are designed to cary 1.0 mA or more.
Nots 8 — Transdmittance Bandwidth

Carrier ‘transadmittance bandwidth is the 308 bandwidth of
the device forward v fined by:

{each sideband)
vaic - -Lv—,ragﬁn—' Vo=0

ls the 3-d8 bandwidth of the
ittance as o d by:

Signat ittance bandy
device forward t d

ig (signal)
, Y218 =y, Taignal

Ve =05 Vde, Vg =0

*Pin number references pertain to this device when packaged-in &
metal can. To ascertsin the corr ding pin s for plas-
tic or ceramic packaged devices refer to the first pege of this
specification sheet,
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Nots 9 — Coupling and Bypass Capacitors Cq and C2 connected directly to each input using short leads. This will reduce
Capacitors Cy and C (Eigure 5) should be selected for 2 re- the Q of the sourge-tuned circuits that cause the ascillation.
actance of less than 5.0 ohms at the carrier frequency. . .
SIGNAL INPUT j}g
Note 10 — Output Signal, V4o (PINS t & &) |
The output signal is taken from pins 6 and 9, either balanced 10pF

or single-ended. Figure 12 shows the output levels of each of the

two output sidebands resulting from variastions in both the car-

rier and modulating signal inputs with a single-ended output . =
connection,

An aiternate method for low-frequency aoplications is to insert

Note 11 — Signal Port Stability 3 1 k-ohm resistor in series with the inputs, pins 1 and 4. In this

Under certain values of driving source impedance, oscillation case input current drift may cause serious degradation of carrier
may occur. In this event, an RC suppression network should be guppmsiog.
: TEST CIRCUITS
FIGURE 5 — CARRIER REJECTION ANO SUPPRESSION’ FIGURE 6 — INPUT-OUTPUT IMPEDANCE
vee
+12V
4 . 127«
+ ¢, l e - Re®1k
St 0.1uF 1% VIL Ry { }
C2 L 12! !’ skgp (339 osv. 1 3
CARRIER 0.1xF o 19 1§ O W
INPUT VG o . Y uosss [© o +Vy v o mowses [T ¢
vs Yoowcuss | ¥ | e——————o—f  MCIS5 oy
MODULATING ot P » Gng—= oY 3 o
SIGNAL s .
INPUT 18Kk S 103 ST s1 10 s [ 5
t
o tipg's g88% 8%
R v
CARRIER NULL
o -8 Vde
- Vee
FIGURE 7 ~ BIAS AND OFFSET CURRENTS FIGURE 8 — TRANSCONDUCTANCE BANOWIDTH
vee
vee
+12Vde 1% . 1% 12 Vde
£
Res 1k - Re “
21k { } 51 | QauF 0.01
2 3 ‘sz . v i lr“ +3 50 $50 'LuF
e T I§ CARRIER - I
. 8 — weuT o, 7 § =
1T Tl Meisse s Ve 3| MC1sse Vo
LS MC1496 -— vs MC1436 ”
He ¢ » MODULATING . l 9 °
NA!
qL- . 20 3 3:me 10k 10k s1 381 10 5 T
o
¢ 8k - - e8k
|
= CARRIER N i
-8 Véc e -8 Vde
VEE VEE

\ Pin number references pertain to this device when packaged in s metal can. To ascertain the corresponding pin
numbers for plastic or ceramic packeged devices refer to the first page of this specification sheet. '
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TEST CIRCUITS (continued) .

M FIGURE 8 — COMMON-MODE GAIN FIGURE 10 — SIGNAL GAIN AND OUTPUT SWING
vee . v
+12Vde .uce‘k
1 -1
" Re=1k 1% . Re= 1k ) |
C % b : Cosv 2{ }: :
sV 4 1953 339% 1k WV g 3kg . 338k 5
AERC] v +- W, .
“{ 7| e Yo i 3 owoisss 5o Ve “
MC1496 1 MC1496 :
vs 4 Vo, vs 4 Vo
| ’ [ ’
10 3 0 ! 10 5 |
50 68% 15= | 358k
Vi Tma
= = s pi A 3
-8 vec, Acuz 20t 3¢ Ve
VEE VEE )

Pin number retarences pertain to this device when packaged in 8 metal can. To ascertain the corresponding pin
numbars for plastic or ceramic packaged devicesrafer to the first page of this specification sheet.
TYPICAL CHARACTERISTICS (continued) -
Typical characteristics were obtained with circuit shown in Figure 5, fc = 500 kHz (sine wave),
Ve = 60 mVirms), fg= 1 kHz, Vg =300 mVirms), To +259C unless otherwise noted.
- FIGURE 12 - SIGNALPORT PARALLEL-EQUIVALENT

FIGURE 13 —~ SIDEBAND OUTPUT versus CARRIER LEVELS INPUT RESISTANCE versus FREQUENCY
=28 M ' =
E & + t
= = 50 t Y
s B o ) .
g 15 & W/ Pl \E -~
& b1 =
& SIGNAL INPUT = 600 mV I w l - .
&2 : & )
3 _ | £ 50 X
5 / 7 Gm'-v = AN
- s oot £ \
E / / :m.-v S ) N =
fur} 200 v =1
g 04 ol ¥ 380 = :
/ / lm'v s < K
5 C4 < -
&
£ | T :
S e S0 . 100 150 200 10 50 10 50 100 A
CARRIER LEVEL (mVirmal) ’ f, FREQUENRCY {MHz} a
4".
FIGURE 13 — SIGNAL-PORT PARALLEL-EQUIVALENT FIGURE 14 — SINGLE-ENDED OUTPUT 3
INPUT CAPACITANCE versus FREQUENCY " IMPEDANCE versus FREQUENCY . E
a Lod :
£ z g %
™ w 3 120 125
o4 = o
= 14 x.
< < <
= Z w0 b X
a - S
2 J 4 5 < 3
0 @ -
3 A g « a3 ’é
- -
o2 -4 b4 >
£ g 60 71 e
g ] 3 L g8
2 2 W Ses ]
FET F: : A <
F «
Té . E u ) 8
& ~ e
[] ' ‘ o [] - 8 < .
10 20 BT 10 20 50 100 [] 10 [0 108

1, FREQUENCY (MHz) 1, FREQUENCY {MH2)
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TYPICAL CHARACTERISTICS (continued)

istics were

Typical ch

with circuit shown in Figure 5, fe = 500 kiHz (sine wave),

Ve = 60 mVirms), fg= 1 kHz, Vg = 300 mVirms), T4 = +25°C uniess otherwise noted.

FIGURE 15 -- SIDEBAND AND SIGNAL PORT
TRANSADMITTANCES versus FREQUENCY

o

0.9 1" SIGNAL r(lmr
S 08 IS,
A
£ 01
8 gl N\
g as SIDEBAND— i S,
E os ! TRANSAGHITTANCE —w—LL |
2 lout {EACH SIOEGAND} .0
< o 1 S SGRAD 't \
z e
s SIGNAL PORT
= 02 TRANSAOMITTANCE
L
= 0.1 m‘%‘ Veut*0 V(1205 Vic

o I" et oty

0.1 10 10 100 1000

ic. CARRIEA FREQUENCY. (MH2)

FIGURE 17 — SIGNALPORT FREQUENCY RESPONSE.

_*n AL =39k |

g . R = 50002

Z.0 8 4

= 7 N

= s

= RL=39% (Standard N \N

2 e Re=ik  Test Ciecuit) T AL =39k w

> Re=2k

2 ]

8 7L N

z -1 T .

2‘ R =500 NG

] Vei=05 vee ReriLE 2iG

G*'N 1 A N
e L

z s

=30 Ly
1) [X] 19. 10 100

1, FREQUENCY (MH2)

FIGURE 18 — CARRIER FEEDTHROUGH versus FREQUENCY
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SUPPRESSION BELOW EACH FUNDAMENTAL
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ves. CARRIER SUPPRESSION (dB)

FIGURE 16 — CARRIER SUPPRESSION

“versus TEMPERATURE
o
10
n #MC1536
1
1 Lo M 1436 =04
{+700C}
40
0 < ——
-
= N &
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FIGURE 18 — CARRIER SUPPRESSION versus FREQUENCY
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FIGURE 20 — SIDEBAND HARMONIC SUPPRESSION
versus INPUT'SIGNAL LEVEL
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TYPICAL CHARACTERISTICS (continued)

FIGURE 21 — SUPPRESSION OF CARRIER HARMONIC
SIDEBANDS versus CARRIER FREQUENCY

FIGURE 22 - CARRIER SUPPRESSION
versus CARRIER INPUT LEVEL

4 0 0
g
w 10 e 1’
g s
£Sn reass g
s &
5 5 ™~ «
g § k) é k! fC = 10 MHz
an ] | « e
A= £ =
ESg g ~ ¢~ 500 kir
ﬁ o | L4 8‘ \ 1/ s B
o |11 > N /‘,
5 Ll AL m——— F 601, —
2]
70
005 01 0s 10 5.0 LI 50 ] 100 200 00 400 500
4¢. CARRIER FREQUENCY (MHz) Ve, CARRIER INPUT LEVEL {mV{rmsl)}
OPERATIONS INFORMATION" - N
The MC1586/MC1496, a. monolithic bat d dut. cir-
cuit, is shown in Figure 23. FIGURE 23 — CIRCUIT SCHEMATIC
This ciccuit consists of an upper quad differential ampfifier Hey .
driven by @ standard differential amplifier with dual current f £ Yo. SR
sources. The output coll s are ied 50 that fullwave me
balanced muitiplication of the two input vottages occurs. That is,
the output signal is 8 constant times the product of the two input canmer o ¢':“ -+ {
signals. Lol ?m =
Mathematical analysis of linear ac signal multiplication indi-
cates that the output spectrum will consist of only the sum and i - t ] ]
difference of the two input frequencies. Thus, the device may be :f.';‘,‘l- v 2
ussd as 2 bal dulator, doubly bat d mixer, product 1 ——————Qoamaawnst |
, y doubler, and other applications requiring 3
these particular output signal characteristics. ws so }/ '/
The lower differential lifier has its emitters to h 4 "
the package pins so that an external emitter resistance may be o8 0 0
used. Also, external load resistors are employed st the device Ve 00— .
output. .
Signal Levels
FIGURE 24 — TYPICAL MODULATOR CIRCUIT
The upper quad differential amplifier may be operated either
in a linear or a saturated mode. The lower differential ampliifier x 1% @ “12Vec
is operated in a linear mode for most applications. 4 ..L
For low-level operation at both input ports, the outout signal l VA~ 08 - ,é ,,.",". }, .l "
will in sum and diff f Y and have st I 18 Jasm
an amplitude which isa'ft of the product of the input signal . = ve LF = ol Lo-ov,
amplitudes. canmien o) o). $
For high-leve! operation at the carrier input port and finesr "t o ot MC1596E
peration at the dulating signal port, the output signs! will v N ]
contain sum and ditference frequency components of the medu- | MoguuaTg | OV,
tating signal fr vy and the fund and odd harmonics of weuT 10k 3
the carrier frequency. The output de will be s - te I $
times the modutating signal amplitude. Any amplitude varistions s
in the carrier signal will not appear in the output. b
CARRIER NULL S Véc =
VEE

Pin number referances pertain to this device when packaged in a metal can. To sscertsin the corresponding pin
numbers for plastic or ceramic packsged devices refer to the first page of this specification sheet.
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OPERATIONS INFORMATION (continued)

The linear signal handling capabilities of a differential amplifier
are well defined. With no emitter. degeneration, the -maximum
input voltage for linear operation is spproximately 26 mV peak.
Since the upper ditferential amplifier has its emitters internally
connected, this voltage applies to the carrier input port for alt
conditions.

Since the lower differential amplifier h:s provisions for an
externat emitter resistance, its linear signal handling range may be
adjusted by the user. The maximum input voitage for linear op-

may be app d from the following expression:

v -(l 5) (Rg)volts‘puk.'

This expression may be used to compute the minimum value of
Rg for a given input voltage amplitude.

The gain from the modulating signal input port to the output is
the MC 1596/MC 1496 gain parameter which is most often of interest
to the dasngner This gain has significance only when the lower
dift plifier is ope d in a linear mode, but this inckides
most applications of the device.

As previously mentioned, the upper quad differential amplifier
may be operated either in a linear or a saturated mode. Approxi-
mate gain expressions have been developed for the MC1596/
MC1496 for a low-level modulating signat input and the following
carrier input conditions:

11 Low-level dc
2) High-tevel dc
3) tow-level ac
4) High-level ac

These gains are summarized in Table 1, along with the fre-
d in the output signal.

Q Y ponents
FIGURE 25 — TABLE 1
VOLTAGE GAIN AND OUTPUT FREQUENCIES NOTES:
1. Low-level Modulating Signal, V .lssumedmlllasn
Carrier Input Approximate Output Signat V‘::w.s Cv:r y M n‘;u "3%"::' M
Signal (V) Voltage Gsin Frequencyls) 2. When the output signal < g,
Ry V the gain expression given is for the outpu( ampmudt of
Low-level dc Lc fra each of the two desired outputs, fc + fy and fc ~ IM.
2(Rg + 2¢e) (H) 3. ANl gain expressions are for a single-ended output. For
9 N a.differential output connection, multiply each expres-
- T sion by two.
igh- ARall £X 4. R = Loxd resistance.
e & o Rg + 2rg M S. Rg = Emmer resistance between pins 2 and 3.
6. rg = T dynamic emitter f at +25°C;
Ry Vcelrmsl
Low-levelse | ——ile fetiy o 28 mv
3 2~ﬁ("q—)‘RE"2'o’ i5 (mAl
. 0637 R fr 2f f 7. K = Boltzmann's Constant, T = temperature in degrees
High-level ac - c £fum. 3fc £, Kelvin, q * the charge on an electron.
Re + 2r¢ Stcafy. - . .
- KT
- - 23 26 mV at room temperature
’ APPLICATIONS INFORMATION

Doubls sidebend suppressed carrier modulation is the basic
spplication of the MC1536/MC1496. The suggested circuit for
this epplication is shown on the front page of this data sheet.

in some applications, it may be necessary to operate the
MC1596/MC1496 with a single dc supply vol\aqe instead of duat
supplies. Figure 26 shows s bal d igned for
operation with a single +12 Vdc supply. Performance of this cir-
cuit is similar to that of the dual supply modulator.

AM Modulstor

The circuit shown in Figure 27 may be uzed as sn amplitude
modulawr with a minor modification.

All thst is. required to shift from suppressed camier to AM
operstion is to adjust the carrier nult potentiometer for the proper
amount of carrier insertion in the output signal.

However, the suppressed carrier null circuitry as shown in
Figure 27 does not have sufficient adjustment range, Therefore,

This product detector has a seasitivity of 3.0 microvolts and a
dynamic range of 90 d8 when operating at an intermediate fre-
quency of 9 MHz,

The detector is broadband for the entire high frequency range.
For operation at very low inlérned_inc freguencies down to SO
kHz the 0.1 UF capacitors on pins 7 and 8 shouk) be increasad to

1.0 uF Also, thc ouzpu( fitter at pin 9 can be tailored to 2
y and sudio smplifier input im-

inter fr
pedanec.

As in all spplicstions of the MC1596/MC1496, the emitter
resistance between pins 2 and 3 may ba increased or decreased to
adjust circuit gain, sensitivity, and dynamic range.

This circuit may aiso be usad 25 an AM detector by introducing
carrier signal gt the cacrier input and an AM signal at the SSB
input.

The carrier signal may be derived from the intermediate fre-
quency signal or generated locally. The carrier signal may be in-

duced with or without modulation, provided its level is

the dul may be ified for AM oper by changing
two resistor vatues in the aull circuit 2s shown in Figure 28.

Product Detector

The MC1696/MC1496 makes an excelient SS8 product detec-
tor [see Figure 29).

6-97

sufficiently high to saturate the upper quad differential amplifietf.
tf the carrier signal is modullted 8 300 mV(rms} input level is
recommended.
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APPLICATIONS INFORMATION (continued}

Doubly Balanced Mixer

The MC1596/MC1496 may be used as 3 doubly balanced
mixer with either broadband of tuned narrow band input and
output networks.

The local oscillator signal is introduced at the carrier input
port with a recommended amplitude of 100 mV{ms).

Figure 30 shows 2 mixer with a brosdoand input and a tuned
output.

Frequency Doubler

The MC_‘I_SQGIMC:I_496 will operate as a frequency doubler by
introducing the same fraquency at both input ports.

“Figures 31 and 32 show a broadband frequency doubler and a
tuned output very high fraquency (VHF) doubler, respectively.

Pin number references pertaln to this device when packaged in a matal can.

peckaged devices refer to the first page of this specification sheet.

Phase Datection and FM Daetection-

The MC1596/MC1496 will f as s phase d . High-
level input signals are introduced at both inputs. When both inputs
are @ the same frequency the MC1596/MC1496 will deliver an
output which is 3 function of the phase difference between the
two input signals.

An FM detector may be constructed by using the phase detec-
tor principle. A tuned circuit is added at one of the inputs to
cause the two input signals to vary in phase as a function of fre-
quency. The MC1596/MC1496 will then provide an output which
is a function of the input signal frequency.

To ascertain the corresponding pin aumbers for plastic or caramic

TYPICAL APPLICATIONS.

FIGURE 26 — BALANCEO MODULATOR
[+12 Vdc SINGLE SUPPLY}

FIGURE 27 — BALANCED MOCDULATOR DEMODULATOR

e

vee vee
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PR " ' ne 3 Y, ) 3ang 3
= = 7 91
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SIGNALINAUT g9, 18 s
TomVimd  goy 20F C sk : -
sy 0 Fry L e 1
0% +—1 - vee
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- FIGURE 29 — PROOUCT DETECTOR
FIGURE 28 — AM MODULATOR CIRCUIT {+12 Vdc SINGLE SUPPLY)
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TYPICAL APPLICATIONS (continued}

FIGURE 30 — DOUBLY BALANCED MIXER

(BROADBAND INPUTS, 9.0 MHz TUNED ouTPUYT) FIGURE 31 — LOW-FREQUENCY DOUSBLER
vee vee
0 1% g sV qrizve
l A ] o ST
. 1 -
= , » acc $ -_':__l_: 5 vec N
omINFR  } = 1004 2 3
oS o Ff" ,,LL ng b o 13 S
SCILLATOR o R a 7
weuT "‘—I(—L_OL i°© ol ol £ |_o
100 m¥irme) 1 2081 »F 100 F =] ’ NC18%6 auTRyT
. ———0— 35K 90 uHe INPUT TT18 Ve "
BF INPUT ‘ v et [——:( g , ciex .
I A s e - —o———
g 2o ocsel —o*
= % | = = s l 10 s
RULL AQSUST 01 e 200 2ee
17 1%
Lt = 64 TURKS AWG M. 26 ENAME LED WIRE, WOURD WA - t ™
ON MCROMETALS TYPE 446 TORDIO CORE. 1
. 1 I ;
1ALANCE 1%, =
Yy . FIGURE 32 — 150 10 300 MHz DOUBLER" SSEe -
vee :
n 1" L R
~ 1003
1 200 MKz
ouTPUT
o008 L 1-10 FL oS8
150 MHe
L ek’ 1-10pF
0832
s L1 > LTURN AWG
~ NO. 18 WIRE, 113210
DEFINITIONS
I i )
g R
= -
s N
< CAC s B
1 P T =
- o ) = - P —
2 2 8 &% 2g g3
' — - =1 * 122 .
[T} (3] o o 4 © Pey (>] o
I FREQUENCY ——————m BALANCED MOOULATOR SPECTAUM
fc  CARRIER FUNDAMENTAL fc £ nis FUNDAMENTAL CARRIER SIOEBAND HARMONICS
fs  MODULATING SIGNAL ol CARRIER HARMONICS
fctfs FUNDAMENTAL CARRIER SIDEBANOS #lc £ afs CARRIER HARMONIC SIGEBANOS
Fin number references pertain to this device when packaged in & metsl can. To ascerwsin the corr ding pin for plastic or '

caramic psckaged devices refer to the first page of this specification shest.
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8255A/8255A-5
PROGRAMMABLE PERIPHERAL INTERFACE

« MCS-85™ Compatible 8255A:5
n 24 Programmable 1/0 Pins

a Direct Bit Set/Reset Capability Easing
Contro! Application Interface

a Reduces System Package Count
] lmproyed.DC Driving Capability

& Avalilable in EXPRESS
—Standard Temperature Range
—Extended Temperature Range

n Completely TTL Compatible

a Fully Compatible with Intel® Micro-
processor Families

" ltﬁpfoved Timing Characteristics

. The ntel®.8255A is a general purpose.pregrammable VO device designed for yse with Intel® microprocessors. It has
24 1/O pins which may be Individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first
mode (MODE 0}, each group of 12 /O pins may be programmed in sets of 4 to be input or output. In MODE 1, the second
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand-
shaking and Interrupt contro! signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8
fines for a bidirectional bus, and § lines, borrowing one from the other group, for handshaking.
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Figure 1. 8255A Block Diagram

Figure 2. Pin Contiguration.
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¥8255A f.:U_NCTlQNAL DESCRIPTION

g;néral

B e ‘8255A is a programmable peripheral interface (PPl)

%“%ce designed for use in intel® microcomputer

o systems. |

ts functign.is that of a general purpose /O

" component to interface peripheral equipment to the

I microcomputer system bus. The functional configura-

rae
i

¥

tion of the 8255A is programmed by the system software
so that normally no external logic is necessary to inter-
face peripheral devices or structures.

. pata Bus Buffer

[
(&

3 This 3-state bidirectional 8-bit buffer is used to interface

the 8255A to the system data bus. Data is transmitted or
received by the buffer upon execution of input or output
{nstructions by the CPU. Control words and status infor-
(mation are also transferred through the data bus bulfer.

(RD) - -
Read. A “low" on this input pin enables the 8255A to
send the data or status information to the CPU on the
data bus. In essence, it allows the CPU to “read from™
the 8255A. ;

(WR)

‘Write. A “low™" on this input pin enables the CPU to write

data or control words into the 8255A.

(Ag and Ay)

Port Saelect 0 and Port Select 1. These input signals, in
conjunction with the RD and WR inputs, control the
selection of one of the three ports or the control word
registers. They are’ normally connected to the least
significant bi}s of the address bus (Ag and A,).

8255A BASIC OPERATION

Ay | Ag | RD{ WR | CS | INPUT OPERATION (READ)
Read/Write and Control Logic o] o [ 1 0 [ PORT A= DATABUS
i : . . 0 1 0 1 0 | PORT 8 — DATA 8US
The function of this block is to manage all of the internal 1 0 ) 1 0 | PORT C— DATA 8US
and extefnal transfers of both Data and Control or Status i OUTPUT OPERATION
words. It accepts inputs from the CPU Address and Con- \ i i (WRITE)
trol busses and in turn, issues commands to both of the 0. 0 L 0 i DATABUS = PORT A
0 1 11 0 0 | DATA BUS ~ PORT 8
ol Groups.
Conte P 1] 0 ] 1.1 0] 0] DATABUS—FPORTC
1 1 1§ 0 0 | DATA BUS~— CONTROL
— 4], DISABLE FUNCTION
(CS) X | X | X { X | 1 | DATABUS~3-STATE
Chip Select. A “low™ on this input pin enables the com- AR 9 1 | O ] tLLEGAL CONDITION
muniction between the 8255A and the CPU. X1 x i ! 0 | DATA BUS ~ 3-STATE
P
Ol B L
W o - o
a0 <: Yo <;—‘>.....‘
=l ot —— 3
1
i
C
— =S (l“—v) "‘5""-
0 Ben LT Gnay GaTa Nl . .,
EXN p—————
aet
) rtree 2 1.
frat S N BARS 1
: i
i
l s
Py L
L R 9." g
- e K— < K=
~ : -
po— l 1 -
a

Figure 3. 8255A Block Diagram Showing Date Bus Buffer and Read/Write Cor;(rol Logic Fupctions



_ (RESET)

Reset. A "high¥ on this iriput clears the control register
and all ports (A, B, C) are set to the input mode.

Group A and Group B Controls

The functional configuration of each port is program-
med by the systems software. In essence, the CPU “out-
puts™ a control word o the 8255A. The controf word con-
tains information such as “mode”, “dit set™, “bit reset”,
etc., that initializes the functional configuration of the
8255A.

8255A/8255A-5

Ports A, B, and C

The 8255A coaqtains three 8-bit ports (A, B, and C). A%
can be configured in a wide variety of functional charge: &
teristics by the system software but each has its own &
special features or “personality” to further enhance the

power and flexibility of the 8255A. 5]

Port A. One 8-bit data output latchibutter and one 8.bit
data input latch. .

Port B. One 8-bit data input/output latchfbutfer and one 7
-bit data input buffer,

Each of the Control blocks (Group A and Group B) acceots 501 & e Bubit data output latchibutfer and one 8-bit ?
“°°m""‘“d‘ f‘:?“‘ the R“_d’w"“’ Control L°9'°.- receives data input butfer (no latch for input). This port can be *
‘control words fror.n the m.:ernal data bus and- issues the divided into two 4-bit ports under the mode control,
proper commands to its associated ports. €ach 4-bit port contains a 4-bit latch and it can be used
Control Group A — Port A and Port C upper (C7-C4)’ for the control signal Qutputs and status signal inputs in -
Control Group 8 — Port B and Port C lower {C3-Co} conjunction with ports A and 8. ’
The Control Word Register can Only be written into. No
Read operation of the Control Word Register is atlowed.
PIN CONFIGURATION
a3} vas
ra(]s {7 ras
earJa MJras
D Istl [ Jear
) ﬁ I {a Y ) wn
ot [ s &g« B
Srmas . "3 o (e e,
1 ' — C:) iwy’ <:>~- a1e B0,
r Cotarn T Ea s (e uijo,
o<1 nr]o,
- e (] 844 w0,
res (G nflo,
S5 =g o,
e T Deiad, o] nige
SR C ey, Pata m X, Wi x.: g -'VC:
e *c2 ] niieer
e ey S CF:...:) o] ~
o = =g
— = k= =g -
9 ‘: vy -:3 ~
)
L —_=
[ Ye—— T povey PIN NAMES
—f i — < C'Jn..:':.. ;
- - - i G0y OATA BUS (81 DIRECTIONALS
. 2 ans L heser AESET INPYUT .
.t — | L - ia CNIP SELECT
L READ InPyT -
ML} WAITE tNPUT - H .
MG PORT AGOREST T ¢
- i [32T0) PORT A (0IT)
87 780 POAT § 18iT)
PCI4CO - POAT C 01T}
Ve 5 VOLIS
CND ¥ VOLTS .,

Figure 4. 8225A Block Dlagram Showing Group A and

Group B Control Functions
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- y55A OPERATIONAL DESCRIPTION

Mode Selection
_There are three basic modes of operation thatcan be select-
ed by the system software: :

“ " Mode 0 - Basic Input/Output

Mode 1 — Stroved {nput/Output
Mode 2 — gi-Directional Bus

when the reset input goes “high™ ail ports will be sel to
the input mode {i.e.. all 24 lines will be in the_high im-
pedance state). After the resetis removed the 8255A can
remain in the input mode with no additional initiatization
required. During the execution of the system program
any of the other modes may be selected using a single
output instruction. This allows a single 8255A to service
4 variety of peripheral devices with a simple software
maintenance routine.

The modes for Port A and Port B can be separately defined,
while Port C is divided into two portions as required by the
port A and Port B definitions. All of the output registers, in-
cluding the status flip-flops, will be reset whenever the
mode is changed. Modes may be combined so that their
functional definition can be “tailored’” to almost any 1o
structure, For instance; Group B can be programmed in
Mode O to monitor simple switch closings or display compu-
Lational results, Group A could be programmed in Mode 1

to monitor a keyboard or tape reader on an interrupt-driven

basis.
{ ADORESS 8US ]
|
i CONTROL BUS — |
1 T
\ OATA BUS —
7 A
pa
. W 0y0¢ Aty
[
825%A
MOOE O —:[ . R .7 J— ” i
o " o _|sfwo

s, Py, PO, v, C, PALPA,

Moou'——Tl ,:_‘_‘:J——‘T—‘- <-J
TS

5,78, CONTROL  CONTROL  PA; 74
oA WO LT

[
MODE 2 —~L_® —— L_T

T -

8,8, ! i, PAy PR,

GROUP 8

PORT C (LOWER}
Ve INPYT
0« QUTPUT

PORTE
1 = ieyT
Q = OUTPUT

MOOE SELECTION
0+ MODE O
1« MOOE 3

GROUP A

PORT C {UPPERT

H I 1= PuT
0 QUTPUT

PORT A

1 = NPyt

0= oUTPUT
v

MOOE SELECTION
00sMODEC
01 = wQDE Y

1X « MODE 2

I

MODE SET FLAG
1o ACTIVE

Figure 5. Basic Mode Definitions
and Bus Interface

Figure 6. Mode Detinition Format

The mode definitions and possibie mode combinzations
may seem confusing at first but after a cursciy review ¢’
the complete device operation a simpie. logicai . O &
proach will surface. The design of the 32554 has 13k~

-

into account things such as efficient PC boars 370t

" control signal definition vs PC tayout ana compleid

functional lexib-i:ty to support atmost any pefighers:
device with no eaternal logic. Such design represenis
the maximum use ol the avazilable pins.

Single Bit Set/Resel Feature

Any of the eight bits of Port C can be Set or Reset using 2
single OUTput instruction. This feature reduces sofrwee
requirements in Control-based applications.
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CONTROL WORD
o, [0 |09 lo lo,lo,10]0
BIT SET/RESET
x x X + - SET
0~ AESET
DONT .
CARE
8IT SELECT
- 0. 172314;5:6i7
T1iojtiolviol 1]8o
)1111:0i0]111]8,
| : mne
BIT SET/RESET FLAG
0= ACTIVE

Figure 7. Bit Set/Reset Format

When Port C is being used as staws/cantrol for Port'’A or é,‘
these bits can be set or reset by using the Bit Set/Reset ops
eration just as if they were data output ports. %

interrupt Control Functions . -
wWhen the 8255A is programmed to opera(e in mode 1 otj,
mode 2, controi signals are provided' that can be used as
interrupt request inputs to the CPU. The interrupt re.
quest signals, generated from port C, can be inhibited or
enabled by setting or resetting the associated INTE flip-
Hop, using the bit setireset function ol port C.

This function allows the Programmer to disallow or allow 2
specific {/0 device to interrupt the CPU Yvi(hout affecting
any other device in the interrupt structure.
INTE flip-flop definition:
(BIT-SET) — INTE is SET — Interrupt enable
(BIT-RESET) — INTE is RESET — lnterrupt disable
Note: All Mask flip-flops are automaticaily reset during
mode selection and device Reset.

Operating Modes

Mode O Basic Fur.ctional Definitions:
+ Two 8-bit ports and two 4-bit ports.

® Any port can be input or output.
MOODE 0 (Basic Input/Output). This functional configura- * Outputs are latched.
tion provides simple input and output operations for ® Inputs are not latched.
each of the three ports. No “handshaking” is required, * 16 different {nput/Output configurations are possible
data is simply written to or read from a specified port. in this Mode.
. ~g taa
o N
N v
i ——ed RS PRI
eyt ; ) ] k
A /
ST oy o
&3 av, a0 i X
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teg o¢
MODE 0 (Basic Input)
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MODE 0 (Easic Outpu()
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8255A/8255A-5
: pMODE 0 Port Definition
A 8- GROUP A GROUP 8

D¢ | D03} Dy | Og | PORTA :3;2:, # . P?RT [} :f:;;,
0 0 0 | o | oureur | outputr | 0 | ourtrur | ouTtPuT

0 0 0 1 | outPuT | OUTPUT | 1 | OUTPUT | INPUT
0 0 1 o | oureur | outpuT | 2 | ineuT OUTPUT

o | o {1 1 | output | outeur | 3 | inpuT INPUT
0 1 | o | o | outeur | INPUT 4 | outPuTr | ouTtruT

0 1,0 1 OUTPUT | INPUT S | OUTPUT | INPUT
0 1 1 0 | OUTPUT | INPUT 6 | INPUT OUTPUT

0 1 1 ‘1 | ouTtpPuT | INPUT 7 | InPUT INPUT
1 [ 0 o | infUT ouTPUT | 8 | OuTPUT | OUTPUT

1 0 [} 1 INPUT output | 9 | ourrur | INPUT
1 0 1 o | inpuT ouTPuUT | 10 | INPUT ouTPUT

1 0 1 1 INPUT OuUTPUT | 11 [ INPUT INPUT
1 1 0 o | iNPUT INPUT 12 | ouTPUT | OuTPUT

1 1 0 1 INPUT INPUT 13 { OUTPUT | INPUT
1 1§ 1 0 INPUT INPUT 14 INPUT QUTPUT

¥ 1 [ 1 1 INPUT INPUT 15 | INPUT INPUT

MODE 0 Configurations
CONTROL WORD #0 CONTROL WORD #2

6, 0, 646 O O, O, D, D, 0, Dg 05 O, O 0, D, D,

I RARPIEEE)

2k i WOREEY

bl

A ——,L!—- PALPA, A _..,L'_. ra,ra,
a2ssa fassa
r A4 pcy0c, e rcync,
0,0, =i c= 0,04 c {
L — o #¢,2C, bt #Cy-PC,
° —ﬁ‘._—"‘:"q ) e L LR
A
CONTROL WORD =1 CONTROL WORD =2

O O O 3 0y D O, O

[TLLTLTT

Af—A e payea,
__~.’L.‘___. 2,

R c«[:
TR

ot sy,

., o 0o C, O, 'O, O, DO,

Llefelefelel ]

82554

{

—-——/'——- oA, P4,
e ", 0,

At re e,
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CONTROL WORD 54
0y O 05 O 0y O; O D

[lelelelefele]e]

92554

0,0 =————— c {

Al raa,

‘_—A— Py,
4

'——+.__' s, 08,

CONTROL WORO #8
0, O, 05 O, Oy 0, O, O

.,

CONTROL WORD =5
o, O, Oy O, 0, O, D, DOg

Lol

LT ]

CONTROL WORD =¥
0, O O D, O, 0, O, 0O

LTl ]

A ——-/'—— PA,PA, A -——1"——— ro, Pay
8255A 8255A
4 4
e #C, #C, r———ﬂ-—— .,
[ —— c { 0,0y —————v ¢ .‘L
4 R
o — ;4 e L
[ SN [ . . o8,
CONTACU WORD =6 CONTAGL WORO =10
0, 0, D, O, 0; O, DO, D, 0, O O O, Oy D, O, O
g T
BERDEONG nOOBBOoD
ot ra, 2, a .2 e, vy
$255A 023SA
4 4
e #C,#C, r——— rT.2C,
0,0y =} cd- 0) 0 w1 c .L
4
_+‘_. [ < ”2, %,
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CONTROL WORD #7 CONTROL WORD =11
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4 Xl
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.8 " .4
L] .———)—-'———- .'i,)éu . s 0 .o, .
EN B . g




"8255A8255A-5

CONTROL WORD =14

CONTRAOL WORD #12 .
0 0. 0 0o, 05 D, O, 0, Op 0 Dy 0, 0, 6, O, O,
Clofelsloiele]e] Lefefedel fel o]
Py YL P Afo—pt a,ea,
255 az53a
Lt e, e rc, 0,
0,0, ! c«[ 0,0 ————+ c{ )
) 1,
of—At e ruy e, o |t v, s,
CONTROL WORD =13 CONTROL WORD #15
o, o, 0, O, D, O, O, O B, O, 05 O, O, 0, O, O,

(TT-L LT

[TLTL L]

Al b e, P} SN
82554 22554
"_’L‘—'—' oy oC, ‘_'ﬂd“' Ao Racht
0,0 ———= c { 0,0, c{
-——7‘-‘— oG ‘-v“—'—- <y,
8t rey e, e

Operating Modes Mode 1 Basic Functional Definitions:

® Two Groups {(Group A and Group B)
® Each group contains one 8-bit data port and cne 4-2°1

MODE 1 (Strobed Input/Output). This functional con-
control/data port.

figur: ion provides a means for transferring 1O data to N . .
or from a specitied port in conjunction with strobes or @ The 8:bit data port can be either input or cuta.z.
“handshaking™ signals. In mode 1, port A and Port B use Both inputs and outputs are latched.

the lines on port C to generate or accept these “hand- ® The 4-bit port is used for control and status of the
shaking™ signals. 8-bit data port.
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Input Control Signal Definition

STB (Strobe Input). A “low™ on this input loads data into
the input latch. )

IBF (Input Buffer Full F/F)

A "high” on this output indicates that the data has been
loaded into the input latch; in essence, an acknowledgement.
1BF is set by STB input being low and is reset by the rising
edge of the RD input. )

INTR {Interrupt Request)

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

INTE A
Controlled by bit set/reset of PC,.
INTEB
Controlled by bit set/reset of PCo.

MODE | POAT.AY
ra o8, T
CONTROL WORD
Oy O 0y O, O; 0; 0, b, it
. INTE ¢
(Tl T DX | LAl ™ .
T T | L o
1 (NPUT
0« OUTPUT
C,y f—— wrn,
0 ——q
2
oy —F—wo
-
MOOE 1 {PORT 8!
re 7t
CONTROL WORD
0y O 05 0, 9, 0, 2, O e s
WAV W v KA Hai m,
(DRI | 42 = .
i e ef,
L——-:[ <y INTR,
D =

2

Figure 8. MODE 1 Input

gy ]

Lty —=]

m 1 4}
tne !
ieF
t
(‘"-..._..{ i“"‘““"ﬂl“—"".
/T \:
INTR ! A A i /
i i i
;
L] \_~/

WPUT FROM __ )
PERPHERAL
— v

Figure 9. MODE 1 (Strobed Input)
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¥ output Control Signal Definition
’ . . : . . _ Tt wooevrorTal .
OBF (Output Buffer Full F/F). The OBF output will go . oa, 20 e
4 = “aow"loindicate that the CPU has written data out to the CONTROLWQRD
i & gpecitied port. The OBF F/F will be set by the rising edge o, 0, 0y b; By-070, 0y | %

of the WR input and reset by ACK input being low.

ACK (Acknowledge Input). A-"low™ on this input informs
the 8255A that the data from port A or port B has been
accepted. In essence, a response.from the peripheral
device indicating that it hds recieved the data output by

the CPU.

{NTR (Interrupt Request). A “high" on this output can be

used 1o interrupt the CPU when an output qevice has MODE 1 (PORT B}
accepted data transmitted by the CPU. INTR is set when
ACK is a “one”. OBF is a"one”. and INTE is 2 “one It is conTre e ety :‘ >
reset by the falling edge of WR.

0y O Og D, D, D, Oy O

[ DDA [ =]

INTR (Interrupt Request). A “high” on this output can be
used 1o interrupt the CPU when an-output device has
accepted data transmitted by the CPU.INTR is set when
ACK is a "one”, OBF is a"one”. and INTE is a "one™. It is
reset by the falling edge of WA.

R ]
INTE.A
Controtled by bit set/reset of PCg.
INTE B
Controlied by bit sevreset of PCo. Figure 10. MODE 1 Output
- \ ;

[ ;‘\-\“ "—_""'_/},‘ ' |

TSR /J——-

) = i * N : V/ |
* ot N

ourtrur
~twe
Figure 11. Mode 1 (Strobed Output).

|

1

% .

4

¢,

g

.

p

T




R e e YR

F

ol R rEEeT

e

8255A/8255A-5

.. Combinatlons of MODE 1

Port A and Port B can be individually defined as input or
output in Mode 1 to support a wide variety of strobed /0

p applications.
erron (T oo T
RO —eql <4} 570, R —q <, | 38F,
oo 8F, #Cq f—m ACK,
CONTAOL WORD CONTROL WOROD
0, O Oy O, O, O; D, O #Cy | INTR, 0, b, Og O, D, 0, D, O, PCy [—— INTA,
N/ 2 4 2
DOODTHOX ol o (L[l X ) 2
'C“, . ml.l
& T M 1= T
o e > N -
WA ——e PC e 5BF, RO ——9 91— 36,
<y |[—ro ,Ei. Py 10F,
#Cy b—— INTR, PGy p—m— INTR,

POAT A — (STROBED (NPUT)
PORT 8 — (STROBED QUTPUT)

PORT A ~ {STROSED OUTPUT)
PORT B ~ (STROMED INPUT)

Figure 12. Combinations of MODE 1

Opearating Modes

#4ODE 2 (Strobed Bidirectional Bus /0). This functional
configuration provides a means for communicating with
a peripheral devicé or structure on a single 8-bit bus for
both transmitting and receiving data (bidirectional bus
110). “Handshaking" signals are provided to maintain
proper bus flow discipline in a similar manner to MODE
1. Interrupt generation and enableldisable functions are
also available.

MODE 2 Basic Functional Definitions:

@ Used in Group A only. A

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

e Both inputs at_\d 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).

Bidirectlonal Bus /O Control Signal Deflnition
INTR (Interrupt Request). A high on this output can be

used to interrupt the CPU tor both input or cutput opera-
tions.

Output Operations

OBF (Output Butfer Full), The OBF output witi go "1ow” 10
indicate that the CPU has written gata out to pont A

ACK (Acknowladge). A “low™ on this input enables the
tri-state output bulfer of port A to send out the data.
Otherwise, the output bufter will be in tne high im-
pedance stale.

INTE 1 (The INTE Flip-Flop Associated with OBF). Con-
trollec by bit set/reset of PCg.
Input Operations

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

18F (Input Butler Full FIF). A “high” on this output in-
dicates that data has been loaded into the input latch.

INTE 2 (The INTE Flip-Flop Associated with (BF). Con-
trotled by bit set/reset of PC,.
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5, 0, 6 0, 0, 0 D 0, e

CONTROL WORD

[T DO [=I]

'CIC

1= iNPUT
0= QUTPUT
. r==1
PORT B INTE
11« INPUT 2 | rc, fo———— 3T,
0= OUTPUT L d
<y 8F,
W Lo
= GROUP 8 MOOE
0= MODED
1= MOOE 1 3
ARG o [ Fo—f—— 10
Figure 13. MODE Control Word Figure 14. MODE 2
OATA FROM
/ CPU TO 82SSA
y: 4
i b - 5
Y | — '
i
\‘ ; / f——ta0s ——i 1
. 1
o8F A ! \1 7! /
b’ T : /
' R L
3 / { H \
INTR \‘ H H K
R
F1e)
.13
PERIPHERAL
aus
' U
. /S
OATA FROM OATA FROM . ¢
PERIPHERAL TO $255A 82SSA TO PERIPHERAL /
. OATA FROM
82554 TO 080

PPN

NDTE:

Figure 15. MODE 2 (Bidirectional)




' intgl . . B255AIB255A5 -

MODE 2 AND MODE 0 (INPUT) ) MODE 2 AND MOQE 0 (OUTPUT)
4 ) 7 [ TR, e ey fmem——e TR,
el PN e
<, — &F, : r, Ger,
CONTROL WORD g j— A%, . CONTROL WORD <, acx,
0, D¢ O O, Oy D, D, Oy 0, Dg 05 O, O, 0, 0, D,
NAANA
[ XXX [ =] ) XX [+ ) )
"o o ———— tof, . m, ey —— 1or,
1=iINPUT Y= WNPUT
0 ° QUTPUT 3 0= ouTPUT 2
7Cie —f— 0 . e |—F— wo
[ 7, I —, AB ————q
N LN
wR R —— ey
MOOE 2 AND MOOE 1 (OUTPUT) MODE 2 AND MODE 1 (INPUT}
b, "~ TR,
KT oKD
<, b—— 537, o &eF, !
CONTROL wORD o, CONTAOL wOARD e = !
0, O Oy O, 8, 0; O, O . Oy Oy O3 O, 0; 0; 0, O, g
N NN TN N/ v
(T IXIKKC 1K) o 2 [ IXKIXC X i
g i8F, ey e 18,
=) e G
"y OfF, <, sta,
TR PC fo— ACK, 6 —d <, e,
e #Cp e TR, [~ PR <y f—— e e,

Figure 16. MODE ¥ Combinations



b

bl o o S LN

et I R LR DA

8255A/8255A-5 X E

_i'Mode Definition Summary . .
= MODE 0 _ MODE1 MOOE 2 .
) N | outr IN ouTt GROUP A ONLY

PAg IN ouT IN ouT - ——

PAY N our IN .out -

PAg N out IN ouT -~

PA3 IN ouT IN ouTt -~

PAy IN out IN out -~

PAg IN ouT IN ouT -—

PAg N out N ouTt -

PA7 IN out IN ouTt -y

P8g N out ™ “out J— ]

P8y N our IN out ——

P8y IN out N out _—

kB3 IN ouT IN ouT — MODE 0

[4-7] IN ouT iIN . out _— I~ OR MODE 1

PBg IN ouT IN ouT e ONLY

PBg N ouT IN ouT _—

PB; IN ouT N ouTt —

PCo IN ouT - INTRg INTRg 1o

PCy IN our 18Fg OBFg "o

PCy N out sTBg ACKg 1o

PCs IN out TRA | INTRA INTRA

PCq IN ouT STRA 10 STBA

PCs IN out 18F A 170 g IBFp

PCg N out 1/0 ACKa | ACRA

PCy IN ouT 1o OBFA 0BFA

Special Mode Combination Considerations

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

If Programmed as Inputs —

All input lines can be accessed during 3 normal Port C

read.

If Programmed as Outputs —

Bits in C upper-{PC5-PC4) must be individually accessed

using the bit set/reset function.

Bits in C lower (PC3-PCq) can be accessed using the bit
set/reset function or accessed as 3 threesome by writing
into Port C.

Source Current Capability on Port B and Port C

Any set of eight output buffers, selected randoml;l from
Ports B and C can source ImA at 1.5 volts. This feature
allows the 8255 to directly drive Darlington type drivers
and high-voltage displays that require such source current.

Reading Port C Status

In Mode 0, Port C transfers data to or from the peripheral
device. When the 8255 is programmed to function.in Modes
1 or 2, Port C generates or accepts ““hand-shaking™ signals
with the peripheral device. Reading the contents of Port C

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

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

INPUT CONFIGURATION
0, O O © 0 0 0, 0

w | wo | we, [wre,fwrn, foce, | e, Joen,|

GROUP A GROUP 8

OUTPUT CONFIGURATION
o © © 0 © o

o, 0 s
t
[WAJ:«'M‘[ w luo [ELN wr:TW,

T Y
GROUP A GROUP 8

INTR

<

Figure 17. MODE 1 Status Word Format

o © ©0 © ©O 0 D

o,
—_— ]
GF, | mre, | me, ME’IM'AW .

GAOW® A GRoOue &

{DEFINED 8Y MOOE 0 OR MOOE T SELECTIONI

Figure 18. MODE 2 Status Word Format
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" Figure 21. Keyboard and Terminal Address

Interface

~ T - . . . .
lnfel . 8255A/8255A-5 - FRR
N . INTERRUPT
APPLICATIONS OF THE 8255A RequesT -

. The 8255A" is a very powerful tool for interfacing - P ey n . .
peripheral equipment to the micrccomputer system. It A, L) 1
represents the optimum use of available pins and is flex- - ray L FULLY
ible enough ta interface almost any 11O device without Phy Ry feveoamo
the need for additional external logic. :‘- i
Each peripheral device in a microcomputer system zﬁf‘;“ - ,:: ::..n
usually has a “service routine” associated with it. The A, CONTROL
routine manages the software interface between the
device and the CPU. The functional. definition of the N STROBE
8255A is programmed by the WO service routine and | S acx
becomes an extension of the system software. By ex-
amining the VO devices interface characteristics for
both data transfer and timing, and maltching this infor- e .
mation to the examples and tables in the detailed opera- m’: °
tional description, a control word can easily be devel- re, . BURROUGHS
oped to initialize the 8255A to exactly “fil” the applica- re, . oy
tion. Figures 19 through 25 present 2 few examples of e, e,
typical applications of the 8255A. e

: e BACKSPACE
8, CLEAR
PC‘ OATA READY
rC, ACK
PCq BLANKING
-t ._1 rc, LeC, CANCEL WORD
PR
LU o ] Reavest
po e 1 e Figure 20. Keyboard and Display Interface
v, |— ] .
PAG "1 e
s LI
4 — ——] | naen
Ml M .55 2 pherd
4 :2 |——] acK " ! —_\ i
-hz —: PAPER FEED 1 x <, oay Py '
G | : *a, -, :
Py b—i f— ra, * ’
ol T woot 1 | #4s % pecaot
8, [ weuT) | pa, «, SEYeOARD 3
e, p—i l——{ pava nesov r. . H
) 4K Lo o~
(o“uogfl}l :: . S— :Q::A:::tv ey ra, CONTROL :
e, ] L] amaon !
| CaARRIAGE SEN. "<, STROSE 1
L;::: : ::Aa(mv (1S ACKNOWLEDGE '
"< BSY LY :
"y <, ——{ TESTLY
mrsnuﬂ'___l SR —, i N D ,':"" T emminat
AgauEsT v, ™ ™ )i ADONESS
rs, =T o——p—
wooea | *% D
. uweuts "} ", 41"\____4. .
" ry B
Figure 19. Printer Interface ", i
= e ~- hans ;
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INTERRUFT .
ngovest ~
s
- < [ta o
[ H lea o,
Ay o,
ray 0, FLOPPY OUIK.
rae b CONTROLLER
naw - . AND ORIVE
04 ray o,
b= ANALOG OUTPUT
mfm"'" MOOE 2~ PAy 0,
tay o,
s "<, DAYA ST
L% acx iy
£T0 0ATA , OATA READY
OUTPUT e Lr< ACK (ouT}
ur [ 7Y
seTmesey] <, TRACK 0™ SENSOR
N re, LAMRLE EN <, SYNC READY
L% T <, [-14
[re, e
sar
o] A0 oy ENCAGE MEAD
e, CONVEATER  |=—— ANALOG INFUT ey 3
mooee | 8, bl " READ ENASLE
Tt | ru, woote | ™ WRITa ENABLE
e NN DesC SELECT
Y e ey CHASLECRE
e, v ey TesT
”, susY LT

Figure 22. Digital to Analog, Analog to Digitai

Flgure 23. Baslic Floppy Disk Interface

wTERAUPT NTLARLPT
nEQUEET ’——] AcovestT ']
< [ea, L% < Toa, ",

ray L] CRT CONTROLLER (TS a,
ray [ ® CHARACTER CEN, e, a, ~SLever
vay " « AEFAESH QUERLAR esy " "“"‘:
ve, - « CUmson CoNTROL ra, a,  MEaDEA
[ b ray s

=00¢ v | ra, Pt MOOE T eag L
,e, contaoy pr - ,ey r,
<, Gata aganv ’, Fiid
", aca ", o=
"y sLanxeo e, ST0HGO

o L & 2
L s MACHINE TOOL
_ ) sTantsTOe
" sowsTy """“ e, LIMIT SENSOR (HAV)
<, COLUMN ST L% OUT OF FLUD
~ CunsOn m.v $T8 .
t

, s, EMaNGE TOO0L

wooe s | " s, LEFTmIGHT
" AN “’
e, ADORESS oot o | re, HOR, STEP STROGE
., Mav V| ve, VEAT, STEP STACSE
ey L SLewsTer
LY LR FLUID ENABLE
e, L sT0e

Flgure 24. Basic CRT Controller interface Figure 25. Machine Tool Controller interface
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . . ...... 0°Ct0 70°C
Storage Temperature . . .. ... ....... —65°C to +150°C
Voltage on Any Pin

With Respect to Ground . . . .. e eee 0.5V 10 +7V
Power Dissipation . ... ..ot vina e 1 Watt

“NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the

device. This Is & stress rating only end functional opers- ;
tion of the device at these or any other conditions above - -8

those indicdted in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (Ta=0°Ct070°C,Vcc = +5V =10%, GND = 0V)

Symbol Parameter Min. | Max. | Unit Test Conditions
Vie Input Low Voltage -0.5 | 0.8 \Y
Vi Input High Voltage 20 { Ve v
Vo (DB} [ Output Low Voltage (Data Bus) 0.45°( V loL = 2.5mA
Vo (PER) Qutput Low Voltage (Peripheral Port) 045°| V loL=1.7mA -
Vou (D8] [Output High Voltage (Data Bus) 24 v ton = -40CuA
Vou {PER)| Output High Volitage {Peripheral Port) | 2.4 Vv lon = ~20CuA
Ipagrill | Darlingtoa Drive Current -10 | -4.0 | mA RexT = 7509; Vexr= 1.5V
lee Power Supply Current 120 | mA 3
i input Load Current 210 | vA Vin = Veg to OV
loFL Output Float Leakage 210 | #A VouT.= Vce to 45V
NOTE: -
1. Aviliable on any 8 pins from Port B and C.
CAPACITANCE (4 = 25°C, Vcc = GNOD = 0V)
Symbol. Parameter Min. Typ. Max. Unit Test Condltions
Cin lnput Capacitance 10 pF fc = 1MH2
Cuo 1/0 Capacitance 20 pF Unmeasured pins returned toGNO

A.C. CHARACTERISTICS (Ta=0°Cto70°C,Vce = +5V =10%. GND = 0V}~

Bus Parametars

READ
8255A 8255A-5
Symbol Parameter Min. Max. Min. Max. Unit
tAR Address Stable Before READ 0 0 ns
tRA Address Stable After READ 0 0 ns
/R READ Puise Width 300 300 ns
tRD Data Valid From READ!L. 250 200 ns
toF Data Float After READ 0 - 150 10 100 ns
@Ry Time Between READs and/or WRITEs 850 850 ns

80
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&A.C.. CHARACTERISTICS (Continued) A -
8255A 8255A-5
Parqrﬁotor c Min Max. Min. Max. Unit RRPep—
Address Stable Before WRITE ] 0 ns
; twa Address Stable After WRITE 20 - ’ 20 ns
‘r'~ E tww WRITE Pulse Width .| a0 300 ns
' tow Data Valid to WRITE (T.E.) 100 . 100 ns
g—;‘ [ wo Data Valid After WRITE 30 30 ns
g " OTHER TIMINGS
i . 8255A 8255A-5
Symbol . Parameter ' Min, Max. Min. Max. Unlt
twe WR = 1 to Outputl 1l 350 350 ne
tR Peripheral Data Before RD Q 0 ns
tHR Pecipheral Data After RD 0 0 as
tax ACK Pulse Width 300 300 ns
tsT ST8 Pulse Width -~ 3 500 500 ns
tes Per. Data Before T.E. of ST8 0 ’ 0 ns
[ Per, Data After T.E. of STB 180 180 ns
tAD ACK = 0 to Output!1l ; 300 300 ns
%D ACK = 1 to Output Float 20 250 20 250 ns
“Wwos WR = 1 t0 OBF = 0l1l 650 650 ns
f taos | ACK=0t00BF =11 350 © 350 ns
: tsis STB = 0 10 IBF = 1111 300 300 ns
f e RD = 1 to 1BF = 0} 300 300 ns
tRIT RD =010 INTR = 0l 400 400 ns
tsiT STB =110 INTR = 11! 300 300 ns
tar ACK = 110 INTR = 1l 350 -] 3%0 ns
Wit WR = 010 INTR = 0f1.3} 450 450 ns
NOTES:

1. Test Conditions: C = 150 pF.

2. Period of Reset pulse must be at least S0us during or after power on. Subscquem Reset pulse can be 500 ns min.

3. INTRT may occur as early as WHY, .
* For Extended Temperature EXPRESS, use MB255A electrical parameters.

A.C. TESTING INPUT, OUTPUT WAVEFORM " A.C.TESTING LOAD CIRCUIT
L7 | wevrouteyt ¢ i . B
2 X ) T ANA/N\— Yar'
7 2.0 TEST L.
C = 150 pF
> TEST POINTS < €, « 150 pF l
0.8 o8 ’ =
045 -
€ TESTING INPUTS ARE CRWVEN AT 24V FOR A LOGC 1 moo:sv‘ou Al
A e WS RS SR kR o v paR A LGB R S R RS e oo ree e




WAVEFORMS -

MODE 0 (BASIC INPUT)

- -

|

)@ X

ane N —%

‘a0

MODE 0 (BASIC OUTPUT)

Swa

& a1, 40 X
\

ouTruT

PRTIN

a7
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WAVEFORMS (Continue.d).

MODE 1 (STROBED INPUT) -

NPUT FROM . — e ——————— e n
PERIPHERAL _<L }

MOODE 1 (STROBED OUTPUT)

W ‘\\___/




'MODE 2 (BIDIRECTIONAL)

DATA FROM

] X .
ste ) \—‘I——/
)

{
. 18F
X A ] . —{tag}— = %o
e . = W VNN [P
o~ sy —— - ,
¥ / —— oy / I._'_t... K
7 7 M)
A8
DAYTA FROM DATA £FAOM .
PERIPHERAL TO 4255 8255 TO PERIPHERAL R -
y - OATA FAOM
| £256 700000 ’
NOTE:  Any sequence where WH occurs befors ACK lnds-ﬁiwu _t:_’ouR_D is permissible. o
{(INTR = (8F - MASK « 5TB - RO + OBF » MASK - ACK - WR} - :
.

R
WRITE TIMING READ TIMING : ‘
=

o~ )i -LE( — apes X X
Pt —f— B e .

3
CATASUS J ) IX v ; W ﬁ

- ) : s

\ )" .'ﬂ —‘:‘-‘wﬂ o g - oftaore =1lopie— -
. i . o = : ; e 4
" : CATA ll.s:;":W//z/E; 7 G hergo4NCe :’% VALIO {mo_n msmct -
. . R — = — ——t )
-3

R , 3

. . - . o
4 -- Tt L
. —
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54138,/74138 . 3-line-to-8-Line Decoder . ..-. .. ° e "5:%
q ——t
Schottky TTL _ High-Speed TTL - -.| Low-Power Schottky TTL Standard TTL B
Package N . Package , Package , Package o b
Device T Device Typs Davica Type Device Type Deavice Type 4
YPe reTPIM[cF cl[P[mM]cA . Plm]cr c[p[mler P CPMcpé
Tl SNS4S138 D W . SNSALS 1M 1 wdf K 4 1313
- SNI4SI38 )OI SNHLSI34 o - B ks
Zresin |90 posasin/nncie | @ 0 13
P RS B
FAIRCHLD e Y B ) 3 e/ | 0] rd () NEELC =
T
OROLA - wlx
MoT SNMULSI3E Po 2 EN
NS.C. DM74LS 138 ol . T35
e DMI4S138 [] oMsaLsid - | O] 4 - i . . P= oy b
PHUPS N745 138 ) NI4LS 138 [0) 1%
GfEﬂk 54513t FR{eq{ wd .
St e NT4S 138 Fo{ed NLS 1] A '
SIEMENS
1
FUJITSU T NG !
HTACH HDTAL S 138 PO
MTSUBISH M145138 PC MILSIH P @
NEC T4L 5138 C Dy i
T \
TOSHBA | : :
1 § 1 i i
Electrical Characteristics SN54LS|38/SN74LS138 Pin Assignment. (Top View)
absolute mazimum ratings over operaling DATAOUTPUTS !
3 10) oA ;
free-air temperature range Vec ve Y1 Yi ) va vs i
Suooly voluge. Voo v Oomatwg fres-av | Snsaes —§5C o 125°C 16{l1s{ {14t 131}124)11{ 101} 9
nput voltage ™ temparature fange RIS 0°Cto 10°C “[ Y
Siorace temseralury qange -§5°Cro 150°C A 1 . 1 l l L '
. = ] 3
recommended operarating conditions o A % l
Iy Y
SNSALS 134 SNTALS 138 ¢ .
WMIN NOM MAX | MiN NQM  MAX o @ € G2A G228 G vr pasitive fogic:
Supply voltage, Voo 15 5 sslas_ s sas| v | l L 1 { 30 hcuon 123
Fgn-ievel auipat current. lon 00 400 | A i
Low-level oulbut curront, lgq 1 NN | 2 1> ’ 4 6| 718
Operating free-ax tlomperature, Ta —$5 125] 0 T4 C £24 G" il o'u'wu!ho
electrical characteristics over recommended operating - SELECT ENABLE
free-ai ] .
ree-air temperature range Function Table
PARAMETER ¢ TEST CONDIMIONS t | Mud TYP$ MAX | UNMT *S138°LS138 .
Vin High-ievel oyt voltage 2 v
Vi Low-level input voltage gl v _____mPuts OUTPUTS
e
Vi Wow clams voltage Veo=MIN, _ 4= = itmA K1 ENASLE || SELES
N vt oot v Voo mMIN.Vpr=2v, LS | 28 14 N Gt GZ1C B A | YO Yi Y2 Y) YqY§YE YT
oM 3 pe Vg0, IV, 10 _€00~a' SHALS | 2.7 .4 . X : : X X {H H H » 4 H H H
L X X|H H M n nuwHH
VeC=MN, Vgq=2V.
VoL  Low-evel cutout voitage Vg =0.8V. gy wime 035 85| Vv " % Lot Lle K = « = = HoH
) npul Current a1 maxsnum 1y v . H Lyt L MM L - = =~ =« HH
wout voltage CemMAX, V=1V 9.1) A H Ll ® LiM m . = - woHH
i Fgniievel wout current Vec=MAX. V=21V 20] A HooLfe m o mlnow - = oMo
W Low-tevel nout current VoC=MAX, V=02 0.4( ma ", D S S .
log __ Shortcweut output current @ | Voo mMAX -20° — i0d_ma " N Lonym = = - - . H
H L - L) % H = = = - “
veo=MAX.  Outputs enadied L
ice Suooty current P4 () 10| maA H L H H M H H H H H B H
oLy i L B D « GI=G2A+G28
1PHL [ loom Benary sclect 2 milm Hengh level, L low level. X mwretevant
PLH fro Any outout veem S VY. J LU 1) . .
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