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BIT ERROR RATE ANALYZER ON MICRO COMPUTER
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ABSTRACT
Advantage by using .Digital Signal in communication is that can

add code together with data for detecting and correcting data from

error. But it has limit in protecting. If system don't fall over
acceptable rate, it can be used for international standard. . This
project 1is error detector and monitoring on IBM pc. Moreover,

modem has been researched and builded for testing error in equivalent

system and this is useful of many students or bnes.
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DIGITAL ERROR RECEIVER TRANSMITTER
DETECTOR
LOCAL REMOTE
b
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Transmitted
Hic?\ﬁddcr Sequence
+ N
7
c b a
el ay Del ay PDelay
N
7
clock
TIME Values at points
E | -3 [~ d_Coutput? -
o 1 1 1 0]
1 [v] 1 1 o 3
? Bit C2~-1>
2 o o 1 1 Psesudo—Random
Sequence
3 1 (o] 2} o
q (=] 1 [s] 1
= 1 o 1 1
3 1 1 o AeS)]
Ks 1 } § 1 O
8 [s] 1 1 [s]
9 o] (o] 1 1
10 1 [a] o [s]
13 [s] 1 o 1
12 1 o 1 1




Received
Sequence 3\‘

14

f Error

\J<:;:\ Iancatlon

7

Del aw b >

>
clock
TIME Values at pgoints Notes
inout @ eo— < d . J Errors f

(s] o [o] o o [8] (s] Time to

oad Shift
1 [»] [a] o o o 0 Register
2 1 o o o 0 1 -
3 o 1 s} o [v] (s]
4 b 8 (2] 1 o 1 (s]

Error
s 1 1 (o] 1 1 n] Detected
6 [s] 1 1 o 1 1
? o] o 1 1 o] (s]
8 o o o] 1 1 1 Error

ultiplication
9 1 (o] o o o 1
10 o 1 o [v] o ja]
11 1 o 1 [u] 1 [=]
12 1 1 [+] 1 1 2]
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N
O . o <: c{;ck
°\f\‘ g
Error i del aw del ay - delay
Indication
TIME Values at points Notes
3 =3 < d < f
T o] (o] o] o (=] o
T+1 [n] 0 o] [s] o] [a
T+2 1 o o o o 1 1
single
T+3 o 1 o s} o [s] Error
Detectad
T+9 1 o 1 0 1 2]
T+5 1 o {s] 1 1 o] ||
T+6 o (n) 0 0 (] o
T+7 o (s] o] [+] [a] (e
T+8 1 o =] o o 1 B
T+3 1 1° [o] s} o 1 Doubl e
Error
T+10 b 8 1 h 8 o 1 0 Detected
T+11 o o P S 1 [»] o
T+12 1 o o] 1 1 [s] -
T+13
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Tn
iTn —1 Tn-—-2 Tn—3
ALY
— B TY NI/ BN
CGENERATOR D
—
En
Rn
Rn—1 -~ Rn—2 RN—3
L7 U L T T T CDETECTOR >
' Yr
Cn
En—-4i En—2 i En—3

CDECODER >

1) 5
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Y190 LKA UTD RN LNEAnu laaanRe 2 -1 MmNy 7 BuLeY  UATA)
v v 9
' o ' a:'ﬂ a M v 4 XY & m
2t 335atnAas lugy 3 2eavuunt duuuudelaslutlosiai s undeifede av
U L]
LR TEAMAION AL (Error Multiplication) 9913 l1A21N0aWaIANUNRT 3T
U
Touans lrauarlumis1e (b lusd (3)  ugteldeR@r w1 Toun 1o 1ag 112 99780 1 AR
B u
¢ - a o o v
1@a3 uanelusl (4)  FenTefunavumeuniInianr@unTouda o lusyl (5) uav
\'] 11
v a {a '4
ldaun1sadnA1anT a9t
U
307l 5 @tunTouand leasaunisas 1l warniTuanluniay L dunnsuanuuy
u
uaqTaaau
NIINIBR G
i = 5 20 AR 7/ i N I~ \\-——- (1)
M9 uTuREAnEn (En) dut 110 Tude sdunnniusieay iy

Re/ Y hRtibbiida\an 1/ AN \[ @/l 9 £ —— (2}

~ (B ao Y, Yo e ﬁ
uasLuaﬁmiﬂmquaaLmai Uﬂwﬂﬂﬂﬂﬁwiﬂl % En 1, En 2 U3y En 3
% = e —

AINRIGUN 1

Rn 2 = Tn.2 + En 2 L o e (3)
uar RnA\\=Tasd + En 8w 2l N S e (4)
N7 93T

fn =R +Rn 2+Rn3  -———= (5)

wnuAt (L, (2), (3) uar (4 1w (5 1a
fn = Tn + En + Tn_2 + En 2 + Tn_3 + En_S' ————— (6)
Cn = Yn + En 2+ En3  mmm—- (7)
uny (6) 1w (7 1@

Cn = Tn + En + Tn_2 + En_z + Tn_B + En_3 + En_2 +

) En 3 e (8)
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3n (1) g

Tn + Tn_z + Tn_3 =0 e (9)
Lavdnn En_z + En_z = 0 ——(10)
En_3 + En_3 =0 ——(11)

an (8) savilludle
v
Cn = En + (Tn + Tn_z + Tn~3) + (En_2 + En 2) +

(En_3 + En_3) —=—(12)

~

197 (91, (100, (10 wnuly €120 azld

Cn = En

quﬂwaﬂﬁﬁaa§a 1 uas 191 leensaherd f1meut TN N1 TuIT3 (Load)
v q

toa -9

. a: e S 6’:.’- v ’
”LTQ@LW@TH“Q” NMUﬂNQLﬂ“NW uasnaoaialﬂmtmavuu DA ILIBVUDINNTUTTY
9
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o o a v e

LAAKINRALTININET Iy DAARYINLT URBNTUNIBNARY (Sequence) wha Falam

o a

v o o
% lﬂﬁﬂﬁ?ﬂiﬁﬂiﬂﬂﬁdﬂﬂﬂﬂ uau9ﬁ1mmm1ﬁ1umnﬂwm ma@@'ﬁ&ﬁﬁ JUTNUDINTITNIINU
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a: o 3 o o o o 16} tr:l v o

ﬂﬂ?ﬂ@lﬂﬂtﬂ@? NILINNIINY q@?&ﬂLﬁu 0 ®ue ustudnndviduy 1ﬂﬂ1ﬂ77ﬂmaaﬂ
u&?ﬂ?ﬁﬂﬂ?ﬁﬂuadquaﬂﬁﬁu C 1@ uuwu LN?WBLM@NNW& ATUAIU tﬁuﬂﬂTDam%%@
o [V v ot ou £ I a & o va na oA J
lﬁﬂnﬂaﬂ1ﬂ1ﬂﬂ N A LRVDUNNAY 1 1AN 9 (NOVUINNUUINNAUINURNLD I ENTIRL DT

9
o v [ o.-l o o,flvﬂn aT \10 3 lo‘-’ -

nasLnmnw7a71oaqqﬁmuﬁumauﬂuwﬁaﬂ NUARLNBINITOR LA L6 FIMNLYETIRIIU LT

v o*

s saTuunfesalunann 14 Toguansnaiisnuiiseenldily 71 6

VRABA LUATT LENI TR L NALLLLAD
1%6)
t. Tosm Tdudrim@en Ao lusvuuse lannnin B lwsier e11a0 e swafiay

UTTQ?Q&L@871QR7UQWRQR uRV1uu ﬂdmﬂulUﬁuﬁaﬂquﬁﬂ7ﬂﬂlﬂo?ﬂ30uTW NIy ﬂ?

'

uvaaawmunaahw Fuae ling sftuenud o uasLiaLﬁmﬂWSLﬂ%ﬁuaﬁmuﬁuuﬁa INAABNLR
Q
v c:- 3 o w o W o o VIR g o~
10 3 AAUIBA YT VA BN AouR2sarauilTautnaunu lag L EN1T LI AN LND 7 2
v vo o 2 w a; c;o’.: \u)oan:u ~p \.qu .:'-
L3298 LAANOUDNAG UL 0 L DO T U VUTIERERUINEANG L nA LAsEa0na L Tudunisn
Y"1 a LI 73 v o ul’:an o w =% ="
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Mod 2
» Error Indication @
Receive ‘ N
Sequence 7
Mo
Del ay c Dwl ay d Delay
O
B (Suynchronize) [/ I/
~N N < c€lock
TIME SHITCH Inpu L% u_ Points Erpor Notes
Position alb [ d | e« -
o B o o] o 0 o o o
Time to
& B o s ] o o o o (o] Load Shift
. Register
2 B i "\ o [s] o o 1
2 B [s] o 1 o o o] [#]
4 A 1 1 o 1 0O b8 o
s A 1 1 1 .0 1 1 o
Error
6 <] o 1 1 1 o 1 1 Detected
ke A o 0 1 3 1 (s] o]
) A ojo o 1 1 o o '
2 A 1 1 (a] o 1 1 o
10 A o (o] 1 0 [a] o o]
1t A 1 1 [s] - [s] 1 o
12 A o 3 1 (8] 1 1 1
13 A 1] 1 1 1 o 1 1 Bit Slip
Causing
149 A 1 o 1 1 i o 1 Lossing
Synchronism
15 A 1 o [a} 1 1 0 1
16 A s ] 1 o (8] 1 b8 1

o)
.
®

<}
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Q N
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v a a o ° v v a v ° a e
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v o o‘i’aa P a vo o Iﬁ °
TmﬁﬂﬁiqﬁllaWLwﬂﬂlaﬂliuﬁﬂ LUTIEATITRING Y q 1ﬁﬂﬂl?ﬂaﬁn11ﬁ1UL uﬁmﬁﬁﬂﬁ
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2. (Hemimnass sifouduuinTuniui i lludraan Tadina laaT s

3. 2saTnnuidTntauararnsoane lenuiiiot Fuldorn 1asuseed
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MMITLINTEUY
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Z =K xy (C. 1)
Fo K (udrvensdngimueeasar Tasfinnned DNENIN X WAY v NAn
LAY

+ w2t
y = Az e (0.2)
o o Yo c:lan
dugnavresnayt tgules o e

JCwil+w23t F (wi-w2)t
Z = K A AZ

Ze (6.3

Tadugmnesnsyilsynaudnduian 158 (W o+ w_ ) uay (w - w_)
IUTLO VLB I UANYRINILRYTHUGT 9N Y A A FIMTURANNNTI997AAN L1 Ly Twand
u 1]

a o & o aa ‘v, 1 X
ﬂ?ﬁuﬁalQDTRERWMWTDL7N5%8?U?ﬂ%1ﬂ10370&ﬂLWDTQULﬂDTuwTﬂOTﬂl.
U

K1 K2
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v [ . o Vo
WIInBIILEY Vid Nﬁuﬁ?ﬂlﬂﬂu1ﬂﬂ8

vid = V -V

BE BEZ <t

[ =i + i
c2

va i ( a { 1 o) C!I (
QWﬂQ&ﬂMUﬂﬂS01UTNRWTﬂ?1uﬁﬁLQOT 51@1 hfe AUANING NTLUANADRLARLADT

o8 3 oo ( aa ‘ '
VAV UTEIMMNTEURADNA L ADT TQHHTEHQONWLWBT Qvlﬂ%ﬂ?s&ﬂﬂ@ﬂ?@ﬂmatﬂﬂ -

v

oo [$ ; o v a { aa 4 g
2UFLHOBT IR TUNTIUEILMDT LWuy NPN aunﬁiﬂaanﬁauaaumLmaiuaﬂ015mﬁu

-

{(VT/VBE) <2

IE = 1 e

ES

Ic

3
1

= LT IO LIVUANTUR S BRI NF O
i

I

ES

L} aon g
NTYLATOHABL U] ~ BURIHDT

v o o aa v ¢ M v
fauuaIngl 1 AwnToluEuaNnT i i, 4992937000 L naTe L deTuwT lone
u ctlt,

A CVBEL/VT)
i =1 e
ct ES

(VBE2/VT2

VL (3)
o2 ES
990 1,2,3 awnTollen i luinownes i, uwas i_ Tuinoamas i_,
fAD
CVD/VT)
1 ol
[l § c2
(~-~VDIVT)
I =1 e (4)
Cc2 (o3 §
LaraIN (4) LTBUANNT 1 __ NeeY
C~-VD/VT) CVD/VT) C5)
[ = i + i e - i + i
EE [ 3 ct o2 c2
o (=-VD/VT)?
%59 i j—rT1 + (6)
ct = E
4 VvVD/VT)}
i I /(1 + e
c2 = EE
AILUHARN JUDINTLUR ©_ WAE ©__ LNy
i =i (7)

I c tanh VD/2VT



23

RC RC

vi

?

v2

51 2
v
AIUUAIUTUURBIINENTEURAIN | (IBUT I6UdUWN V Tusdl 2 awnrg(m
q u
Aot agule lvuae
i & (V =V )/RE tanh v /2V (8)
o i - c2 = 2 BE 1 T

AI%uoN 1% Vo<V uad

ial~ini ((VZ2-VBB)/RE) % VI1/2VT (39}

uz My v & v a v o
mauuﬁwL71&1&1101@Laﬂnwnmaonfsuaquiﬂmaowaqmufuﬂuaugnqunanwuum
q u

<

P ° v ' a ' a é
I UAIIIATDIAIBUDENIY V_ udy V_ VAN V___ U9INTINTRLADT
D’ O ) -3 1 53 v lﬂ' L} v
F9RNIFHIT1IIVTABILONAINAMILUWIN ¥V V. Usiuee’inin |__  wilssumss
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[ 9] w (3 5 (-] » U » ( Cﬂ'
AULTION V_ g atud 9391 1R dnnnareuyau xna L s1nwnt taasuda s Tiunn
i q
ﬁaﬁuuaniﬂmﬂunwaﬂﬁﬁﬁﬁww?nﬁuaiiam tRaun Lt duTuntTdRanuda s
v < -~
(9 'Y d a o
AU ADNNDU LUALOIMUNL 1B 99T ABUULAALLN  (GILBERT MULTIPLIER CELL)
bl 9 u

genandlugd 3 Tassasdsenoumiaiiueniaseisasas T T, uae Tl'Tz' Toad
b

') v U ' v o o
mwmaalaﬂlma7QQRRUﬂua% uazqw Ize ANTIAIN
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IMNAUVNIT
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o -
' > O *
¥z A\Ve $1 N/ 12
[ ]
3
IS\/ Ie \l
Y © uy
—0
r—— A NANNrer——————§
RY
A I8 A 18
P Zcno
Tin 3
Y
ANTYUIAIANNITNTEL T | nAo
1
I =1 +(V /R)
s a8 Y -
I =1 = (V. /R)
[ a Y Y
(7)
I -1 =1 +tanh (V /2V ) = (1 + <V /R >) tanh (V /2V )
1 2 5 k3 ™ [=] Y Y 1 T
I =1 =1 tanh (V 72V ) = (I + <V /R >) tanh (V /2V )
1 2 (=3 L T a Y Y 1 T

al

(2V /R JYtanh (v /2V )
v oy 1 T

(10)

(11}

(12)
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w?ﬁusoﬁunawngn

v = 2RL (V /R ) tanh (V /2V ) (13)
kd ’l" 1 T

[x]

v v v v I'e va
o Vi< VT uan uiﬂ@u&aﬁnwnuamuquzﬂwamm1ﬂma
1 Li]
CL4)
V = RL(V /R I¥(V /V )
o Y Y 8 T
mouuauaiuaqawuwanmaqumnauwnwuontﬁuaqqﬁmnuwmtaﬂ(ﬁaﬂnuﬂ 26mv)
EIWINUTIAUDUNN YV UAININNIT 26mv L3997 i L Synchronous
9
switch ®Fon I InInuart 12 937asune iy d%Tu7 997098 9N 1 TALTEAULT 90
u

nuWQQaﬁu AN TO L NNA AR T YD LUNLT I UT LR 6 SURR 3 L TN 4
b ] u YU

Multiplier

-OVCC

%R; % RL g RL.
o —
P 17 Iz ¥ rJ O +
11 NV 12
13 Ia l
Is é IG\(L
ux l; :I l 1 © uvy
N °
P AN AN
RX RY
@) & A )17 C?Ie A\ 18
] - i
="GND
nTved 1 1, Ligulame
" = ecvo v o (15)
3 s it T
(vD v b]
I =1 e
a g 2 T

I @8 nTsuaTosse PN wevlanlen



AIUY VD= V_ InCl_ / 1)
VD2 =V In(l 7/ 1) (16)
T 4 s
V =VD -VD =V In(l /1) (17)
t 8 2 T 3 4
WREANANT 1, 1, L%ﬂu155nzﬂwioﬁa

I

a

I +(U_ / R
2 x x

I =1_ - (U R.) (18}

3 T X / X

unuaums (18) luaans (17 tlaw v ld lndide

V =2V tan (U 71 B (19)

t T X T x

AILUAINUAY V Tuaunis 13 aela
V = 2RL (U /R ). (U /1 R (20)
a Y Y x 7 X

o 8 o v o 3 ¥ a:a v d; LI V)
ﬂauuaoasmma1ﬁ$uamm1mnuwm1wm A1 K ﬂuﬂﬁﬁqﬂﬂuﬂﬂf 0.1 nuuaunNy
u “T- g u

RL , R, R uasnjeusd 1
¥ x T
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o4 pqyﬁlﬂaganej

c “ Y 4
seyuidaaonml (phase locked loop) tﬁusauuntawLﬂanaoaqumlaﬁn
v

wnlounay  (feed back) LABAINAIAIINDLDIAY 6 IUANI AT IRTIIUD 3T
4 . 9 .U

-

TusUf 1
v
<\ N \
—(S F(s) VCO >
v I
33 . 4EMI AT R T VUL WARONAY
v ]
: I'4
Tan o (s) (3a19IMUNUD 9LV rad
o 9
o £s) 1MaDuIWN®501VR01 D905 E VY rad
r L)
! ¢
¢ (s) LWALDDLIDTUDITEUY rad
o 4
PRI nantnataos

[ a c: ‘o
Veo umimLumm'ummumnﬁmus INU
2

Fis)  79970529A7INDAN 0L
v o v ﬁ S .u ' ° o v
Tasunafouar  PLL  tuseuu ot 91 4 uusansnsnaea180 95 vyt W IH
. » a I'4 ° o 1‘1 t'luﬁ a v ti Glu
INEANNTIT2LATIENLAENINUAL 308 LU L UNITOoNUYL N LJVTEYULTI LAY Lo L%
» + ] {Q o’ [ - ] ’ LY ¢
AYINET I LYATERDT 9 LUAR L RALADI BuWnuat LaRTounauih Vauanat anu lunan
4
a g I'e o~ ¢ & v o lc‘.’ "o '
URE % LA LDMUNED I WARLNALEDS L TULT U (Va)  lasfusgnumiiusi
b} . v
vdavs sualsduwmnze vdaTpundimS o Sau la Yu
-
Vo= K (e ~8 ) ' . (1)

L3 o 13 o
P , ﬁ . o> . _( e é . G‘l an:fl )
{619 }'u {3 uﬂ'}lﬂaﬂlnﬂlﬁﬂﬁ 'L-llull'u‘..’v')ﬂl'l_lu Verad nar tunsmnivgy

I o v - N ' n' '4 o: a’
it dennui 5ot A 171715\16‘;mwmmnuﬂ'nao"; Ve VO Nyt uuasn
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fe—- -y

e 4 o~
AMNEALOAABNINY (BW) Ad
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W= KV R (2)
Ty v_ tﬁuusaﬁu%uqnuaaaoas vVCo
K_ vie veo inuSivune radsv
5a&u1%9umawugﬁtawﬁgnuao VCO Ad

W =W + aW=W + KV —————(3)

o < [~ o L5

o n: nu'n' o'
21 B tﬁuﬂﬁwunﬂsﬁuuo (free running) 199 VCO uasQWﬂﬂ?ﬁ&Dlﬁu

‘ (% 4 o w o o [
ﬂWTOuwuﬁﬁadlﬂﬁlﬂﬂﬂﬂﬂlQaﬂﬂialﬂﬂuTQIﬁu.
]
aW=de =Kxv (4)

dt

- o ( '
ﬂ?ﬂlﬂﬂulﬂalDﬁﬂwﬂﬂaéﬂﬂaﬂquﬁﬂﬂaﬁ
\ v v v

t

e (t) =~[ AW B0 0%t 7 AN I~ = \\ - (5)

o v ° a {w é
N30 lus LY 9 PLL DENINTILATIENMENITANIITINT U T Y
. o VA o ”’j
(lLaplace tranform) ﬂouutﬂalawnyntuuu1ﬂt i

b=(s) 5 f||leW™ \QEBEERIIREEEPD |~ Al & JI----- (6)

o o o

vy

v
T eMuUTryu PLL ﬁﬁ”ﬁ?ﬂ“ﬂﬁﬁﬁﬂ@ﬂ1ﬂﬂﬂ?ﬂ 2
v

+ B8i®
Ve kd VP Frsy | V<

v

Gl

—  |Bo(5)
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o R vem
Ta831n5919181n501 9% tranfer function wodsrivlade
¥ .

e (s) = KdK F(s)/S e —— (7)

—

o (s) 1 +KKF(s)/s
AMTUNTAIIFTATOIAINNDAILIU %otﬁuﬁvmvuaummauﬁﬁTnuﬁﬁnuaagﬂ
L] A "

2933079 9A0D 1 1aY
. )

R2 ni

sy 3.1 ~ : 51 3.2
v v
o S o et 2 SN . -
23330399 8Dm eI uR 1% lual awmsulunivenanld 2 Usviomfe 51U 3.1
v v
o ) /" I P~

.xﬁuaoqsnsaouuuwwamﬂ ¥397995N9091 Judn-uan (lead-lag filter) 59
o dy ¢0
s idadalantu du

AN¥Y ") 5T S\t N~ NS - (8)

2

ST + 1
t

Tan T (R 4+ R )C
1 2

1

T. =R_C
ra

F3

- s o, o oy Lo -
uauzd 3.2 Lﬁuaoaﬁnsaaﬂawunuunuanmﬂ Invrutdasyantuuans lane

Fis; = ST  + 1t , - iG]

Ton T =RC
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2 2 — -

Tow A 1Huinuua92993nT8 0P wRRMuR 1T ER0AN yl
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v v ['4 ‘o [ '
DWUNUANNIT  (8) adluawnig (T) as1ﬂn71ulﬂasﬂonnuuaoLﬂataﬂngnma

(Waduum
b ]
H(s) = ¢ (g) = K K (ST + 1)/T
t o o d 2_ 1
6 (s) = S +S(1 +KKT) + KK —e===(10)
t o o 2 o d
T T

1 1

P . o T v ¢

“30017037ﬂ300uunu0ﬂﬁﬁ wWNuIVNIT (9) Rﬂqﬂaﬂﬂﬁﬁ (7) Q¥1ﬂﬂ51ulﬂ05
24 o

Wantuvay PLL @9

H (s) = K K (ST +1)/T
o d 2. L

2

S* + S(KKT >+ KK  emmeo (11)
o o 2 o d B

R T

t t

¢ ¢S o v o . v .
QWﬂﬂ?W“Lﬂaﬁﬁﬁﬂﬁu (10), (1 1) lﬂﬂuqﬂaﬂquanUﬂaﬁ 78UUﬂauﬂauuUUlﬁa
L

T? (servo)1ﬁlﬁu

H (s) = S(23W —Wz“/KoKd) AN s \\ ——-—- (12)

n

n

2 2
S + ZIWnS + W

1o8 W= JK K /T
3= 1/2 JTIE K 7T 0 +(T + 1/K X )
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BPSK Receiver

4+ SIN wct
(2]
BESK I > BAI_"ONDCE LPF WA 50U
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carrier
recovery

BPSK RECEIVER

d P ¥ - ¥~ ‘ o =19 F
awnfﬂuamauaaﬂ1mavuﬂ7uuaauwLaatﬂﬁﬁﬂt191 ammwmauunavlﬁu + Sin wct %99
v Ny 1
P ¢ a éa a
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v U
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Qutput = (Sin wet)(Sin wct)
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0
prs

ﬁ%a Sin2 wct = 1/2 (1-Cos?2 wect) 1/72 - 1/2 Cos2 wct

Output = + 1/72 vdec = Logic 1
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#include
#include
#include
ffinclude
#include
#include
#define
#define
#tdef ine
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#defin;
#define
#define

#define

86

TisunTan Flusauansuaing L Baudnonwn

{stdio.h>
{dos.h>
{ctype.h>
{dos.h>
<conio.h>
<bios.h>
KB 0x9
CR Oxd
ESC 27
LPT1 O
PRINT 9
LPTSTATUS 2
[OERR 0x08
PIA Ox1b0
P1B Ox1ib!
P1C Ox1ib2
PICW Ox1b3
P3CO Ox1b8
P3C! Ox1bS
P3C2 Oxtlhba
P3CW Ox1ibhb
KB 0x83

MAXAR 10¥%1024 /%10%1024 */
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#define MAXAR! 6%1024 /% 6%1024 */

#define MAXBLK 240 /¥ multiple of interval %/

#define MAXLNT 99

unsigned char incut(void);

vaoid restore_kb()}

static void interrupt far newkb(void);

static void (interrupt far #oldkb)(void)

inkey (void)

static int blank=0;

unsigned char atls

unsigned char hourl,minl,secl}

unsigned char hour2,min2,sec?;

unsigned short a3{MAXAR1I1;

unsigned short sumj

unsigned long cnthits

unsigned short armaxa?j

unsigned short blk;

/¥ this main function %/

main()
£
int i;

unsigned char a3

int chy
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clrscr(});
winber{);
setblk ()}
set_tm();
oldkb=getvect (KB);
setvect (KB,newkhb);
ber()}
/¥a=inkey ()}
a=ak0x003 x/
/¥ exit from measure ¥/
loopbhack:
cursoff();
clrl(23);
doti
ch=getch()
switch(ch){
case 'p's
case 'P'igotoxy(2,8)3printf("printer")iprt(l)ijclrli(8)ihreak;
case '¢g':
case 'G'igotoxy(2,8)printf("graphics");clrl(9)ibreak;
case 's':
case 'S'tdotoxy(2,10)iprintf(”"save data");disks();clrl (10

break;

while(ch '= ESC);
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curson( )

gotoxy(z,za{;

printf("are you sure to exit (Y/NJ ");
if ((yesno())== 'N') goto loopback;
restore_kb();

clrl(23);

gotoxy (2,23}

printf("terminate ")

sethlk()

extern unsigned short blk;
gotoxy(2,23);
printf(“setblk=");

scanf("%u",&blk);

ber ()

extern unsigned short a3l 1
extern unsigned short armaxa2j
extern unsigned short sumj
extern unsigned long cnthit;
extern unsigned short blk;
unsigned char c}

unsigned long errpos=0;



unsigned char all[MAXARI;
unsigned Iogg a2fMAXAR];
unsignad short i,Jj;
unsigned short x=0;

int tempar;

outportb(PICW,Cx8b)
outporth(P3CW,0x301);
oubportb(P3CW,0x70)
outportb(P3CW,0x8013

outportb(P3C0O,0xff)
cutportb(P1A,0x86)
delay(50);
outporth(P1A,0x01)3
outportb(P3C2,MAXLNT);
sum=03}
alt0]J=0;a2001=03x=13
for (i=13i<{=blk; i++)
if (blank==1)

break;

c=inout ()}

90
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if (c>0)

atlixl=cy
a2lxJ=errpos;

x++3

errpos++;
sum=sumtc}
gotoxy(17,4);
printf("%u",sum);
gotoxy(17,5)

printf("%lu”",errpos);

/% break ¥/

outportb(P1A,0x80)

rd_tm();

cntbit=100%errpos;

gotoxy(2,6)3

printf(" bit count=%lu",cntbhit);
for(j=0; j<{=MAXAR; j++){

a2l jI=a20 j+11-a20j1;

A

tempar=a2L il

s



lwhile (tempar >0);
J=§-2;

tempar=j;

for(j=0; j<=tempar; j++){

a2l jl=a2C0j1~-1;

/% find Maxar2 %/
J=0;

armaxal=a2l j1;

dof

if (armaxaz<a2ljl){

armaxaz2=a2ljl;

J++3

while(j<{=tempar);

/¥ J for a2 x,i for a3l

sort ¥/

for(i=13i<{=armaxal;i++){
for (j=03j<=tempar;j++){
if (a20j1==1{)¢(

a3l 11=a8011+1;

y shoud find max valve

in a2 bhefore



/¥end ber ¥/

unsigned char inoutd(vaid)

faid]

asm mov dx,01b2h

wait:

asm

asm

asm

asm

asm

asm

asm

asm

asm

asm

asm

asm

asm

asm

in al,dx

and

cmp

Jjnz

mov

al,0th

al,0th

wait

dx,01blh

in al,dx

mov
deb
mov
out
mov

out

mov

mov

ch,al

dx

al,05h

dx,al

al,01lh

dx,al

dx,01bah

al,063h

93
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asm out dx,al

return(_CH);

disks()

extern unsigned char hourt,mini,secl;
extern unsigned char hour2,min2,sec?;
extern unsigned short a303;

extern unsigned short sum}

extern unsigned long cntbit;

extern unsigned short armaxa2;

FILE *fpj

int c

unsigned short i3

char namel91;

curson();

gobtoxy(2,23):

printf("enter file name to save ")
scanf("%8s",name);

cursoff();

if((fp=fopen(name, "w"))==NULL){
clrl(23);

textattr(0x8f)

gotoxy(2,23);
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printf("file error ")

for(i=03i<8;i++){

delay(200);

textattr(Ox0f);

clrl(23);

return 0;

gotoxy(2,23);
printf(” svae BER (1) save BER/EFI (2) ")
while((c=getch()) t= *'1*' & c = '2'){

putchar('\a');

if{c=='1"'){

fprintf(fp," the bit error rate\n");

fprintf(fp,"” start time =%us%ut%bu\n",hourli,minl,secl);
fprintf(fp," stop time =%u:%u:%u\n",hour2,min2,sec2);
fprintf(fp," bit err =%d\n",sum);

fprintf(fp," bit count =%lu\n",cntbit)}

elsef

fprintf(fp," the bit error rate\n");

fprintf(fp," start time =%ui%u:Bu\n",hourt,mint,secl);
fprintf(fp," stop time =%ui%bu:%u\n",hour2,min2,sec2);
fprintf(fp,"” bit err =%d\n",sum);

fprintf(fp," bit count =%lu\n",cntbit);
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96
fprintf(fp," EFI number of EFI \n")i
for(i=1ji<=armaxa2;i++){

if( a3CLil > 0 )¢

fprintf(fp,"\t%d\t%d\n",1,a30il)}

fclose(fp)

clrl1(23);
"gotoxy(2,23)3

printf(" save ready ")
for(i=0;i<12;i++)¢

delay(200);

clrl(23);

prt()

extern unsigned char hourti,minl,sect}
extern upsigned char hour2,min2,sec2;
extern unsigned short a3f1;

extern unsigned short sum;

extern unsigned long cntbit;

extern unsigned short armaxa?;

unsigned char status}

unsigned short 1i;
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int ci

status=biosprint (LPTSTATUS,0,LPT1);

status=( [QERR&status);

if (status==]0ERR){
textattr{0x8f)}
gotoxy(2,23)

printf(" errcr printer ")j;
for(i{=03i<{8;i++)¢

delay(200);

textattr(0x0f);
clrl(23)

return O3

gotoxy(2,23);
printf(" print BER (1) print BER/EFI (2) ")
while((c=getch()) = '1* && c t= *'2'){

putchar(’'\a')}

if(c==*1")¢{

fprintf(stdprn,"” the bit error rate\n");

fprintf(stdprn,” start time =%ut%ul%uin",hourt,minl,sect);
fprintf(stdprn,"” stop time =%uit%ut:%u\n®,hour2,min2,sec?2)}
fprintf(stdprn,” bit err =%d\n",sum);

fprintf(stdprn,” bit count =%lu\n",cntbit);
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elsef
fprintf(stdprn," the bit error rate\n");
fprintf(stdprn," start time =%u:%ut%u\n",hourt,minl,secl);
fprintf(stdprn,” stop time =%uit%u:ibu\n",hour2,min2,seca)
fprintf(stdprn,” bit err =%d\n",sum);
fprintf(stdprn,” bit count =%1u\n”,cntbit);
fprintfistdprn," EFI number of EFI \n");
for(i=t1ji<=armaxa2i++){

if( a3Lil > 0 )¢

fprintf(stdprn,"\t%d\t%d\n",1i,a30i1);

clrli(23);

clrli(n)

gotoxy(2,n)}

printf(™ ")

set_tm()

extern unsigned char hourl,minl,secl!}
union REGS regs;

char ch,cl,c2;
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regs.h.ah=0x2c}

int86(0x21,%regs,%regds);

hourt=regs.h.ch;

mint=regs.h.cl;

secl=regs.h.dh}

gotoxy(2,2)

printf("currunt time =%d:%d:%d",hourt,mint,secl);
gotoxy(2,3);

printf("you want to set new time (y/n)¥? "i;

if((yesnc()) =='Y"')¢{

settime:

gotoxy(2,4)

prin;f("hh:mm:ss\n");

gotoxy(2,5)

printf{"set time=")}

scanf ("%u%chubchu",&hourt,&ct,&min!,&c2,%sect);
if(ctl 1= "2' (] c2 1= '1'}{ goto settime;l

if( hour!>23 ! mint>58 1| secl1>59){goto settime}l
regs,.h.ah=0x2d;

regs.h.ch=houri!;

reds,.h.cl=minl}

regs.h.dh=secl;

regs.h.d1=0}

int86¢(0x21,&re¢s,&regs);
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cursoff();

gotoxy(2,2)3

printf(" starting time =%d:%d:%d",hour!l,minl,secl);
gotoxy(2,3);

printf(" block = 100 bit ")

gotoxy(2,4)

printf(" total err= ");

gotoxy(2,5);

printf(" blk count= ")

textattr(0xf0);

gotoxy(20,25)

cputs(” press any key form stop measurement ")

textattr(0x0f) ;/¥back to normal mode */

rd_tm()

extern unsigned char hour2,min2,sec?;

union REGS regs;

regs,h.ah=0x2c}

int86(0x21,&regs,&regs);

hour2=regs.h.chj

min2=regs.h.cl;

sec2=regs.h.,dh;

gotoxy(2,7);

printf (" stop time =%d:i%d:%d",hour2,min2,sec2);

textattr(0x70);
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gotoxy(10,25)

cputs("printertp save diski:s graphics:g exitiEsc ")

textattr(0Ox0f);/*%back to normal mode ¥/

yesno()

register int c;
while((c=toupper(getch(})) 1= 'Y* && ¢ t= 'N')
putchar('\a’')}

return c

winber()

clrscr()

box(1,1,79,24)

textattr(Ox70);

gotoxy(20,25)

cputs("start hit error measurement");

textattr(0x0f) 3 /¥%¥back to normal mode ¥/

box(int xul,int yul,int xlr,int ylr)

int 1

char hz=196jchar vt=1793char ul=218ichar ur=1391ichar

char 11=192;

gotoxy(xul,yul)sfor(i=xul;i<=xlr;i++) putch(hz);

1r=217%
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gotoxy(xul,ylr)ifor(i=xul;i<=xlrji++) putch(hz);
for(i=yulji=ylr;i++){

gotoxy(xul, i) iputch(vt)jgotoxy(xlir,i)jputch(vt);

gotoxy(xul,yul)jputch{(ull)y gotoxy(xlr,yul)iputch(ur)s

gotoxy(xlir,ylr)jputch(lir)} sgotoxy(xul,ylr)iputch(ll)}

curson()

_AH=0x013_CH=0x0b;_CL=0x0cjdeninterrupt(0x10)}

cursoff(}

_AH=0x013;_CH=0x0f;_CL=0x0fjgeninterrupt(0x10)}

static void interrupt far newkb()

(%01dkb) ()

blank=1;

void restore_kb()

if (oldkb !=NULL){setvect(KB,oldkh);}



inkey(void)

asm mov ax, 0000

asm int 16h

return(_AL);
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intel
825318253-5
PROGRAMMABLE INTERVAL TIMER

» MCS-85™ Compatible.8253-5 .= Count Binary or BCD

= 3 independent 16-Bit Counters. s Single- + 5V Supply

s DC to 2.6 MHz ’ ® Availabie In EXPRESS
—Standard Temperature Range

s Programmable Counter Modes —Extended Tomperature Range

The Intel® 8253 is a programmable counter/timer device designed for use as an Intel microcomputer peripheral. It uses nMOS
technology with & singie +5V supply and is packaged in a 24-pin plastic DIP

It is organized as 3 independent 18-bit counters, each with a count rate of up 10 2.8 MHz. Ali modes of operation are software
programmable.
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Figure 1. Block Diagram Figure 2. Pin Configuration
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lnter 8253/8253-5
FUNCTIONAL DESCRIPTION A0, AY

General

The 8253 is a programmable interval timer/counter
specifically designed for use with the Intei™ Micro-
computer systems. Its function Is that of a general
purpose, muiti-timing element that can be treated as an
array of 1/0 ports in the system software.

The 8253 solves one of the most common problems in any
microcomputer system, the generation of accurate time
delays under software control. Insteed of setting up timing
loops in systems software, the programmer configures the
8253 to match his requirements, initializes one of the
counters of the 8253 with the desired quantity, then upon
command the 8253 will count out the delay and interrupt~
the CPU when it has completed its tasks. It is aasy to see
that the software overhead is minimal and that muitiple
delays can easily be maintained by assignment of priority
levels.

Other counter/timer functions that are non-delay in
nature but also common to most microcomputers can be
impleméntsd with the 8253.

® Programmable Rate Generator

e Event Counter

e Binary Rate Multiplier

® Real Time Clock

® Digital One-Shot

& Complex Motor Controller

Data Bus Buffer

This 3-state, bi-cirectionsi, 8-bit butfer is used to interface
the 8253 to the system data bus. Data is transmitted or
recsived by the butfer upon execution of INput or OUTput
CPU instructions. The Data Bus Buffer has three basic
functions.

1. Programming the MODES of the 8253.

2. Loading the count registers.

3. Reading the count vaiues.

Read/Write Logic

The Read/Write Logic accepts inputs from the system bus
and in turn generates control signals for overall device
operation. It is enabled or disabled by CS so that no
operation can occur to change the function unless the
device has been selected by the system iogic.

RD (Read)
A “low” on this input informs the 8253 that the CPU is
inputting data in the form of a counters value.

WR (Write)

A “low” on this input informs the 8253 that the CPU is
outputting data in the form of mode information or loading
counters.

Thees inputs are normaily connected to the address|
Thaeir function is to select one of the three counters
operated on and to address the control word regis
mode ssiection. .

C3 (Chip Select)
A “low” on this input enables the 8253. NoO reeding
writing will occur uniess the device is selected. Ther(
input has no effect upon the actual operation of*
counters.

>2 33

@

CONTROL
WORD
AEGISTER

l |
—7/, '

Figure 3. Block Diagram Showing Dste Bus Buffer and:;
Read/Write Logic Functions b

aali

CS |RD | WR | Ay | Ag

0 1 0 0 0 Load Counter No. 0

0 1 0 | 0 { 1 | LoadCounterNo.1 |
0 | + 1 o] 1] o] tosdcounterno.2 |-
0 1 0 T 1 Write Mode Word

0 0 1 0 0 Read Counter No. 0

0 0 1 10 1 | Read Counter No. 1

0 0 1 .1 0 Read Counter No. 2 .
0 0 1 1 1 No-Operation 3-State

1 X X X X Disable 3-State

0 1 1 X X No-Operation 3-State
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Control Word Register

The Controt Word Register is selected when AQ, A1 8re 11.
it then accepts information from the data Bous buffer and
stores it in & register. The informatior stored in this
register controis the operational MODE of each counter,
selection of binary of BCD counting and the loading of
sach count register.

The Control Word Register can only be written into; no
read operation of its contents is svailable.

Counter #0, Counter #1, Counter #2

These three functionai blocks are identical in operation so
only a singte Counter will be described. Each Counter
consists of a single, 16-bit, pre-settable, DOWN counter.
The counter can operate in either binary or BCD and its
input, gate and output are configured by the selection ot
MODES stored in the Control Word Register.

The counters are fully independent and each can have
separate Mode configuration and counting operation,
binary or 8CD. Also, there are special features in the
control word that handie the joading of the count value 30
that software overhead can be minimized for these
functions.

The reading of the contents of each counter isavailable to
INTERNAL BUS /

the programmer with simple READ operations for svent
counting applications and special commands and logic
are included in the 8253 so that the contents of each
counter can be read “on the fly” without having to inhibit

the clock input. Fraure 4. Block Diagram - o
8253 SYSTEM INTERF ACE Register and Countsr Functions

The 8253 is a component of the Intei™ Microcomputer
Systems end interfaces in the same manner as afl other
peripherals of the family. It is treated by the systems
software a9 an array of peripheral /O ports three 2re ‘A. IA. I
counters and the fourth is a control register for MODE ol TR, B0 ]
programming.

N ==
Basically, the select inputs AQ, A1 connect to the AD, A1
address bus signals of the CPU. The C5 can be derived DATA BUS (%) )
directly from the address bus using alinear select method.
Or it can be connected to the output of a decoder, suchas
an intel® 82085 for larger systems.

S

ADOALSS BUS (180 s

s SeOr
o)
COUNTER COUNTER COUNTER
0 1 2
1 1 1
TouT GATE CLn! 'OUT GATE CLK' ' OUT GATE CLK

’ T T

Figure 5. $253 System Intertace
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OPERATIONAL DESCRIPTION M2 MT Mo
Qeneral . 0'| 0.| 0| ModeO
The complete functional definition of the 8253 is 0 [ 0] 1} Mode?
programmed by the systems software. A. set of control X1 1 0 | Mode 2
words must be sent out by the CPU to initislize each
counter of the 8253 with the desired MODE and quantity X |1 1 | Mode 3
information. Prior to fnitialization, the MODE, count, and 1 0| 0| Moded
output of all counters is undefined. These control words
‘program the MODE, Loading sequence and selection of 1] 0] 1 | ModeS
binary or BCD counting.
Once programmed, the 8253 is ready to perform whatever BCD:
timing tasks it is assigned to accomplish.
The actual counting operation of each counter is 0 Binary Counter 16-bits
completely independent and additional logic is provided - - -
on-chip so that the usual problems associated with 1 Binary Coded Decimal {BCD} Counter
efficient monitoring and management of external, {4 D‘“d“’_
asynchronous events or rates to the microcomputer
system have been eliminated.
Counter Loading

Programming the 8253

All of the MODES for each counter are programmed by the
systems software by simple 1/0 operations.

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

Control Word Format
D Dg Ds Dy D3 D Dy Dy
[ sc1|sco|aLr [Rio [m2] mi [ wmo] seo |

Detinition of Control
8C — Select Counter:
sC1 sSCo

0 0 Selsct Counter O
0 1 Select Counter 1
1 0 Salect Counter 2
1 1 I}legatl

RL — Read/Load:

RL1 RLO
0 0 Countar Latching operation (see

. READ/WRITE Procedure Section)
0 Read/Load most significant byte only.
[+] 1 Read/Load least significant byte only.

Read/Load least significant byte first,
then most significant byte.

The count register is not loaded until the count value isg
written (one or two bytes, depending on the modé
selacted by the RL bits), followed by a rising edge and a¥
falling edge of the clock. Any read of the counter prior to¥

that falling clock edge may yield invalid data. g

MODE Definition

MODE 0: Interrupt on Terminsl Count. The output willi
be initially low after the mode set operation. After the
count is loaded Into the selected count register, the out- ;
put will remain low and the counter will count. When lor-
minal count is reached the output will go high and re-
main high until the selected count register is reloadod
with the mode or a new count is loaded. The counter
continues to decrement after terminal count has beon
reached. :

Rewriting a counter register durlng counting results in ,
the following:

(1) Write 1st byte stops the current counting.
{2) Write 2nd byte starts the new count.

MODE 1: Programmable One-Shot. The output will go
low on the count following the rising edge of the gate in-
put.

The output will go high on the terminal count. if a new
count value Is loaded while the output is low it will not

- affect the duration of the one-shot puise until the suc-

ceeding trigger. The current count can be read at any
time without affecting the one-shot pulse.

The one-shot is retriggerable, hence the output will re-
main low for the full count after any rising edge of the
gate input.
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MODE 2 Rate Generator. Divide by N counter. The out-
put will be low for one period of the input clock. The
od from one output pulse to the next equals the
_number of input counts in the. count register. If the
count register is reloaded batween output pulses the
nt period will not be atfected, but the subsequent
period will reflect the new vaiue.

The gate input, when iow, will force the output high.
when the gate input goes high, the counter wili start
from the initial count. Thus, the gate input can be used
to synchronize the counter.

When this mode Is set, the output will remain high until
after the count register Is loaded. The output then can
aiso be synchronized by software,

MODE 3: Square Wave Rate Generator.Similar to MODE
2 except that the output will remain high until one haif
the count has been completed (for even numbers) and
go low for the other half of the count. This Is accom-
plished by decrementing the counter by two on the fail.
ing edge of each clock puise. When the counter reaches
terminal count, the state of the output Is changed and
the counter is reloaded with the full count and the whole
process is repeated.

If the count Is odd and the output is high, the first clock
pulse (atter the count is losded) decremaents the count
by 1. Subsequent clock puises decrement the clock by
2. After timeout, the output goes low and the ful) count
is reloaded. The first clock pulse (following the reioad)
decrements the counter by 3. Subsequent clock puises
decrement the count by 2 until timeout. Then the whole
process is repeated. In this way, if the count Is odd, the
output will be high tor (N+ 1¥2 counts and low (or
(N - 1¥2 counts.

in Modes 2 and 3, it a CLK source other than the system
clock is used, GATE should be pulsed immediatety following
of a new count vailue.

MODE 4: Software Triggered Strobe. After the mods Is

set, the output will be high. When the count Iis loaded, -

the counter wili begin counting. On terminal count, the

output will go low for one input clock period, then will
go high again.

if the count register is reloaded during counting, the new
count will be loaded on the next CLK puise. The count will
be inhibited while the GATE input is low.

MODE &: Hardware Triggered Strobe. The counter will
start counting after the rising edge of the trigger input
and will go low for one clock period when the terminal
count Is reached. The counter Is retriggerable. The out-
put will not go low until the full count after the rising
edge of any trigger.

Signal Low
Status Or Gaing
[ioeo Low fng High
0 Disables - Enebles
counting counting
1 - 1) tmtbatas —_—
- counting
2) Resets output
after neat clock
2 1) Oisadbies
counbng 1) Reloscs Enadles
2) Sets cutput Fopnter counting
immeceatety 2 initiates
nign counting
3 1) Dissnies 1) Relosds
counng counter Enadies
2) Sets output 2) Inviistes countng
mmediately
nigh counting
4 Oisatles — Enadies
counting counting
] —— Inttiates —_—
counting

Figure 8. Gats Pin Operations Summary
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MODE 0: interrupt on Terminal Count

¢ 3 2 1
OUTPUT INTERRUPT) ] .
inea) lo—’—n——-q
! :
[ Pl | I ‘ }
H H
QATE p o
8 & 3 2 v 9
OUTPUT (INTERRUPT) ! ! I
im=8) St [ Apt—]
A L]
AsBeom

MODE 1: Programmable One-Shot

MOOE 2: Rate Generator

cvock _JSUMLANUUUUULInLaUuUnLUnL,
e LY vy -

4 3 2 3 0143 2 b B2 YO0

| L
(3] 3 2 v a»2 ) 02
QUTPUT (n= 3) s —_J T

MODE 3: Square Wave Generator

croes
4 T 6 2 4 2 4
OUTMUT (nw @
35 4 2 8 2 8 a
oUTPUTiaesy [ 1 I

MODE 4: Sotftware Triggered Strobe

cLoCx
W n=4
4 3 2 1
ouTrruT
10a0a T Lpzsf
GATE L J
4 4
ouTruT

MODE 5: Hardware Triggered Strobe

cLocK

GATE l
- 4 3 2 1 0
OUTPUT tn= &) J

GATE l | I

OUTPUT (a = &)

Figure 7. 8253 Timing Diagrams
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§3",'3" Operstions

£The systems software must program each counter of the
73253 with the mode and quantity desired. The program-
f,”‘ must write out to the 8253 a MODE control word and
‘%th' programmed number of count register bytes (1 or 2)
‘pnor to actually using the selected counter.

,' Thi actual order of the programming is quite flexible.
writing out of the MODE control word can be in any
sequence of counter selection, e.g., counter #0 does not
have to be first or counter ¥2 last. Each counter's MODE
control word register has a separate address so that its
loading is completely sequence independent. (SC0, SC1)

The joading of the Count Register with the actual count
value, however, must be done in exactly the sequencs
programmed in the MODE control word (RLO, RL1), This
loading of the counter's count register is still sequence
independent like the MODE control word loading, but
when a selected count register is to be loaded it must be
loaded with the number of bytes programmed in the
MODE controf word (RLO, RL1). The one or two bytes to
be loaded,in the count register do not have to follow the
sssociated MODE controt word. They can be programmed
ot any time foilowing the MODE control word foading as
long as the correct number of bytes is loaded in order.

All counters are down counters. Thus, the vaiue loaded
into the count register will actusily be decremented.
Loading all zeroes into a count register will result in the
maximum count (2'¢ for Binary or 10* for BCD). In MODE 0
the new count will not restart until the load hes been
completed. it will accept one of two bytss depending on
how the MODE control words (RLO, RL1) are program-
med. Then proceed with the restart operation.

MODE Controt Word
Counter n
Count Register byte
Counter n
Count Register byte
Countsr n

LsB

ms8

Note: Format shown is s simple example of loading the 8253 and
does not imply that it is the onty format that can be used.

Figure 8. Programming Format

Al | AO
MODE Control Word
No. 1 Counter 0 1 1
MODE Control Word
Noy® Counter 1 ! !
MODE Control Word
Po. 3 Counter 2 ! !
) Coumv'Rogiﬂcr Byte
No.4 | LSB Counter 1 0 1
Count Register Byte 0 1
No.5 | MSB Counter 1
Count Register Byte
No.8 | LSB Counter 2 1 0
Count Register Byte
No.7 | MSB Counter 2 1 1)
No.8 | LsB Count Register Byte 0 0
Counter O
Count Register Byte
No. 9 | MSB Counter 0 0 0
Note: The exclusive addresses of sech counter's count register maks
tha task of programming the 8283 a very simpie matter, and
maximiam sffective use of the device will result if this festure
is tully utitized. ’

Figure 9. Aternate Programming Formats



Read Operations

In most counter applications it becomes necessary to read
the value of the count in progress and make a
computational decision based on this gquantity. Event
counters are probably the most common application that
uses this-function. The 8253 contains logic that will allow
the programmer to easily read the contents of any of the
three counters without disturbing the actual count in
progress.

There are two methods that the programmer can use t0
read the vaiue of the counters. The first method involves
the use of .simple [/O read operations of the selected
counter. By controlling the A0, At inputs to the 8253 the
programmer can select the counter to be read (remember
that no read operation of the mode register is allowed AO,
A1-11). The only requirement with this method is that in
order 10 assure a stable couat reading the actual operation
of the selected counter must be inhibited either by
controlling the Gate input or by external logic that inhibits
the clock input. The contents of the counter selected will
be available as follows:

first 170 Read contains the least sigmficant byte (LSB).

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

Due to the internat logic of the 8253 it is absolutely
necessary to complete the entire reading procedure. i{ two
bytes are programmed {0 be réad then two bytes must be
read before any loading WR command can be sent to the
same counter.

Read Operation Chart
A1 A0 RD
0 0 0.
0 1
1 0 o Read Counter Nou
1 1 0 thiegai
Reading While Counting

In order for the programmer to read the contents o
counter without effecting or disturbing the coun
operation the 8253 has special internal logic thrat
accessed using simple WR commands to the MO}
register. Basically. when the-programmer wishes to ré
the contents of a selected counter “on the lly” he loads
MODE register with a special code which latches-
present count value into a storage register so ths
contents contain an accurate, stable quantity.

programmer then 1ssues a normai read command to
selected counter and the contents of the latched regis
available.

MODE Register for Latching Count
A0, A1 = 11

D7
SC1

D8 | D5 | D4 | D3 | D2 | DY
SCo 0 0. X X X

SC1.SC0 — specity counter to be latched.
DS5.04 — 00 designates counter latching operation.
X — don't care. :

The same limitation applies to this mode of reading t

counter as the previous method. That is, it Is mandato
to complets the entire read operation as program
This command has no effect on the counter's mode.

3MH2
CLK -2

® 1.5MHz

CLK

8085

11 an 8083 clock output Is to drive an 8233-5 clock input, it must be reduced 10 2 MKz or less.

8253-5 [1
4

P

Figure 10. IQS—OS"‘ Clock Interface”



ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias: ........ 0°Cto70°C
Storage Temperature .............. -85°Cto +150°C
Voitage On Any Pin
with Respect to Ground -0.5Vio+7V
........................... 1watt

power Dissipation

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the.
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above.
those indicated In the operational sections of this
specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliabiiity.

D.C. CHARACTERISTICS (TA = 0°C to 70°C, Vg = 5V £10%) *

™ symbol Parameter Min. Max. Unit Test Conditions
ViL Input Low Voitage 0.5 0.8 v
ViH Input High Voitage 2.2 Vec+.5V \4
VoL Qutput Low Voitage 0.45 \ Note 1
Vou Output High Voltage 24 \' Note 2
he Input Load Current t10 BA VIN = Ve to OV
loFL Output Float Leakage +10 “pA Vout = Vg to 45V
lee Vee Supply Current 140 mA
CAPACITANCE (T4 = 25°C. Vg = GND = 0V)
Symbol Parameter Min, Typ. Max, Unit Tesnt Conditions
Cin input Capacitancs 10 pF fc= 1 MMz
Cio 1/0 Capacitance 20 pF Unmeasured pins returned to Vg

A.C. CHARACTERISTICS (Tx = 0°C to 70°C. Vce = 5.0V = 10%, GND = 0V) *

Bus Parameters (Note 3)

READ CYCLE
8253 82535
Symbol Parametsr Min. Max. Min, Max. Unit

tAR Address Stable Before READ 50 30 ns
tRA Address Hoid Time for READ 5 5 ns
tRR READ Pulse Wicth [ 400 300 ns
t’RD Data Dslay From READ4) 300 200 ns
toF READ to Data Floating 25 125 25 100 ns
tay Recovery Time Between READ

and Any Other Contro! Signal 1 1 ’ He




A.C. CHARACTERISTICS (Continued)

WRITE CYCLE
) 8283 82538
Symbol Parameter Min. Max. Min. Max.
taw Address Stable Befors WRITE 50 30
twa Address Hold Time for WRITE 30 in
tww WRITE Pulse Width 400 300
tow Data Set Up Time for WRITE 300 250
two Data Hold Time for WRITE 40 0
Ay Recovery Time Between WRITE 1 1
and Any Other Controi Signal
‘CLOCK AND GATE TIMING
8283 8263-5
Symbol Parameter Min, Max. © Min. Max.
teLk Clock Period 380 de¢ 380 de
' thwH High Pulse Width 230 230
towL Low Pulse Width 150 150
tow Gate Width High 150 150
tGL Gate Width Low 100 100
tGs Gate Set Up Time to CLK? 100 100
tGH Gate Hold Time After CLK? 50 50
00 Output Delay From CLK{(s) 400 400
DG Output Delay From Gatel 14} 300 300
NOTES:
1. loL = 22 mA.
2, o = —400 pA.
3. AC timings measured at Voy 2.2, Vor, = 0.8.
4. Cy = 150pF.
* For Extended Temperature EXPRESS, use M8253 electrical parameters.
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
24
23 22v oevict
UNDER
i ¢ # |
oes a '0 o I
AC. TES"Nh: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1" AND 0.45V FOR A B
LOGIC "0 TIMING MEASUREMENTS ARE MADE AT 2.2V FOR A LOGIC ™1™ AND -
WY FOR ALOQICO. ‘ Gy INCLUDES G CAPACITANCE




- WAVEFORMS

WRITE TIMING READ TIMING
. 1
Ap-1. €3 x i A1 C3
g sy Reeh tan: —J' lo—1gs
oATABUS ) K " m -
Y W Xy ~—={taof> ~ftort—
] F ﬂ’ DATA us%unn IMPECANCE VALIO [HIGH IMPEDANCE

CLOCK AND GATE TIMING

[ trun, ——> tein tyg —ot

2 PP RGNy =)
et/

] — v
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8255A/8255A-5
PROGRAMMABLE PERIPHERAL INTERFACE

s MCS-85™ Compatibie 8255A-5
e 24 Programmable |/O Pins
s Completely TTL Compatible

= Fully Compatibie with intel® Micro-

processor Families.
w improved Timing Characteristics

The.intei® 8255A is a general purpose programmable VO device designed for use with intel® microprocessors. It hag
24 VO pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the ficid
mode (MODE 0), each group of 12 VO 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 4

= Direct Bit Set/Reset Capability Easing
Control Application Interface E

= Reduces System Package Count

a Improved DC Driving Capabliity

= Avalliable in EXPRESS
~—Standard Temperature-Range
—Extended Temperature Range

shaking and interrupt control signaia. The third mode of operation (MODE 2) is a bidirectional bus mode which uses K

lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking.

—_——

[~
—_——

b ) rine
i
i
= e
“semm—— -
- = >
it e P =Y
]
L — |
L 1 _J L ed L
| 1 wa A o K™ ve
— L TiT
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Figure 1. 8255A Block Diagram
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Figure 2. Pin COrit'lguraﬂon
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8255A FUNCTIONAL DESCRIPTION

General

The 8255A Is a programmable peripheral interface (PP1)
device designed for use in Intel® microcomputer
systems. Its function is that of a general purpose /O
component to interface peripherat equipment to the
microcomputer system bus. The functional configura-
tion of the 8255A is programmed by the system software
so that normally no external logic is necessary to inter-
tace peripheral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit bufter is used to interface
the 8255A to the system data bus. Datg is transmitted or
received by the butfer upon execution of input or output
instructions by the CPU. Control words and status infor-
mation are also transterred through the data bus bulfer.

(RD)

Read. A "low” on this input pin snables 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.

{Ap and Ay)

Port Select 0 and Port Select 1. These intput 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 bits of the-address bus (Ap and A,).

8255A BASIC OPERATION

Ayl ag | RD | WA | C3 | INPUT OPERATION {READ)
Read/Write and Control Logic 0 0 0 1 | 0 | PORT A=DATABUS
) b - q 0 ¢ 1 0 1 0 | PORTB = DATA BUS
The function of this block is to manage all of the internal 1 0 0 1 0 | PORT C =~ DATA BUS
and external transfers of both Data and Control or Status OUTPUT OPERATION
words. It accepts inputs from the CPU Address and Con- (WRITE)
trol busses and in turn, issues commands to both of the 0., 0 1 0 0 | DATA BUS = PORT A
Control Groups. 0 i 1 1 0 0 | DATA BUS - PORT B
1 ' 0 1 [}) 0 ! DATA BUS = PORT C
1]t 1 0 0 | OATA BUS = CONTROL
| ] DISABLE FUNCTION
(CS) X1 X | X X | 1 | DATA BUS= 3-STATE
Chip Select. A “low" on this input pin enables the com- X Aillo 1 | 0 | ILLEGAL CONDITION
muniction between the 8255A and the CPU. X i X ! ! 0 | DATA BUS = 3-STATE
Ry % o] Tod>. £
| e K—— = f— el
Comomoy -
L
el
K—— =i R <"
@ OAICT ORI Date S ™
———————
...'V -~
NTEMeAy L
CaAtaRS) | 4 A " A A o
su—, [}, 33 $mmmmnn) PR
- g
I L]
cnowe A
s
- oo (] o= Kt
-
L4 ' —

Figure 3. 8255A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Fuactions
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(RESET) Ports A,B,and C
Reset: A "high” on this input clears the control register The 8255A contains three 8-bit ports (A, 8,
. and alt ports (A, B, C) are set to the input mode. can be configured in a wide variety of functional ¢

A special features or “personality” to further en
Group A and Group B Controls power and flexibility of the 8255A.

The functional contiguration of each port is program-

med by the systems software. In essence, the CPU “out-. .
puts™ a control word to the 8255A. The control word con- Port A. One 8-bit data output latchvbutter and one 8 t
tains information such as "‘mode™, "bit set”, "bit reset™, data input fatch.
etc., that Initializes the functional configuration of the Port B. One 8-bit data input/output latch/bufter and.o
-8255A. 8-bit data input butfer.

Each of ""_f:"""d blocks (Group-A and Group B) accepts Port C. One 8-bit data output latch/bufter and one

“commands” from the Resd/Write Control Logic, receives data input butter (no latch for input). This port can

“control words™ from the internal data bus and issues the divided into two 4-bit ports under the mode contro

proper commands to its associated ports. Each 4-bit port contains a 4-bit Iatch and it can be useq
Control Group A — Port A and Port C upper {C7-C4) tor the control signal outputs and status signal inputsits
Control Group B — Port 8 and Port C lower (C3-CO) §Poiyiition with ports A afi Ry &

The Control Word Register can Only be written into. No

Read operstion of the Control Word Register is allowed.

PIN CONFIGURATION
ra3(]e -\ @[ ras
ra3(]e =] ran
[ nt] »[]rme
saa (e »[)rar
[ - I [ {=(Y n)wa
o 3]s Flal
— g - 4 oy »Oe
womas 11l o m ’2‘ CD"‘* uEl ng.
S ] niloy
7, wcrJre »e,
L l o8 (e L T o T
e (Jo2 nd
- b sea (o3 n:::
m '::'_‘ c:ox::n oo e nCo,
Somcrom. s 0~ bl ) 5oy ser (I o e
- A sc2l]re e g
e (0 20 K .-v)1 sl . :5,-
g 7 ree e n(Ire
] =) e KT el niJee
‘i p— 2] nJres
j
» .
I, - ,_;_z::::: - —
— - J 2 e e~ By-0y DATA BUS I51-DIRECTIONAL)
] RESST RESET WPUT
P p—— [ f T NP SELECT é
L3 AEAD PUT
L) wAITE INPUT i
A0 A1 PORY ADONESS
.. o i PATPAS | FORT A (1) E
PCIFCO | PORT CImTT k
Vee 5 VOL1S
[ TVOLTS ]
[
Figure 4. 8225A Block Diagram Showing Group A and 1
q

Group B Control Functions
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8255A OPERATIONAL DESCRIPTION

Mode Selection
There are three basic modes of operation that can be select.
ed by the system software: .

* Mode O — Basic input/Output
Mode | — Strobed Input/Qutput
Mode 2 — Bi-Directional Bus

When the reset input goes "high" all ports will be set to
the input mode (i.e., all 24 lines will be in the high im-
pedance state). After the reset is removed the 8255A can
remain 1n the input mode with no additionat initialization
required. During the execution of the system program
any of the other modes may be selected using a single
.output instruction, This aliows a single 8255A to service
a variety of penpheral 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 8 defimtions, 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 detinition can be “tailored” to almost any (/O
structure. For instance; Group B can be programmed in
-‘Mode 0 to monitor simple switch closings or display compu-

* tational results, Group A could be programmed in Mode 1
to monitor a keyboard or tape reader on an interrupt-driven
basis.

[ AOORESS BUS )
1
CONTROL 8US
3 [ L1
DATA BUS ]

l RO, WR Dy 0o Ag Ay I
MODE 0 ——] s

8255A : .l

- 1 5

8,18, GG P, P, PAPA
MODEY —=] 8 ,.._._-.__c_.— AT
e {1 1] 3%
78,78, CONTAOL  CONTROL  Paytag
[
mope 2 —-{_8 —————— A T

BI-DIRECTIONAL

SIS,

CONTROL

Figure 5. Basic Mode Definitions
and Bus Interface

GAOUP 8

POAT C (LOWER)
3 o INPUT
0= QUTPUT

, PORT B
1 INPUT
. 0« oUTRUT

MODE SELECTION
0= MODE 0
[ S 1+ MODE ¥

o

GROUP A

4 PORT C (UPPER) -
- 1= INPUT
’ . . 0 OUTPUT

PFORT A
VewsuT
0= 0UTIUT

MODE SELECTION
00 « MODE O
Q1 = MODE 1
1X » MODYL 2

MOOE SET FLAG
1 = ACTIVE

Figure 6. Mode Definition Format

The mode definitions and possible mode combinations
may seem confusing at first but after a cursory review o!
the complete devite operation a simple, logical /10 ap-
proach will surface. The design of the 8255A has taken
into account things such as efficient PC board layout,
control signal definition vs PC layout and complete
functional texibility to support aimost any peripheral
device with no external logic. Such design represents
the maximum use of the available pins.

Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset using a
single OUTput instruction. This feature reduces software
requiremnents in Controi-based applications.
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- conmwoao )
o[ 0|0 00 |00y [0y [0y
LT T L
X X X -
_— 0« AESET
CARE-
WY sELECT
11::5@25
3]0{1[0f 1]}
‘ ofo311[00( 2] 1[0y
tejofeje{sftiriviny)
ST SETMESET FLAG
0« ACTIVE

Figure 7. Bit Set/Reset Format

When Port C is being used as status/control for Port A
these bits can be-set or reset by using the Bit Set/R
sration just as if they were data output ports.

Interrupt Control Functions

When the 8255A is programmed to operate in mod

mode 2, control signaig.are provided that can be us
interrupt request inputs to the CPU. The interrupth
quest signals, generated from port C, can be inhibite
enabled by setting or resetting the associated INTEf{
flop, using the bit set/reset function of port C,

This function allows the Programmer to disallow or all
specitic /0 device to interrupt the CPU without affe
any other device in the interrupt structure.

INTE flip-tiop definition:

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

mode selection and device Reset.

Operating Modes

MODE 0 (Basic Input/Output). This functional.configura-
tion provides simpie input and output operations for
each of the three ports. No “handshaking” is required,
data is simply written to or read from a specitied port.

Mode O Basic Functional Definitions:
® Two 8-bit ports and two 4-bit ports.
® Any port can be input-or ouIput.

® Qutputs are latched.

Inputs are not latched. -
16 differént Input/Output configurations are possible:
in this Mode. g

an L
75 j_‘( 7L
oy ——1 ht— Loy ——ev}
fo—— tan——— tna ':
& ar 0 )4 ( . 3
i
N — D S
no tor {
; MODE 0 (Basic Input €
- N T oo
o trp—]
v & X X
- tw + wa -~
& A1, 40 X - x
ourrut X
e

MODE 0 (Basic Output)
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.
MODE 0 Port Definition
A 8 GROUP A GROUP 8
PORTC PORTC

D4 | O3 | D1 | Do | PORTA | \pppy | * | PO"T® | (Lowen)
o | o] o] o ourrur | ouTPUT | 0 | OUTPUT | OUTPUT
0 | 0 | 0| 1 |oureur | outrur | 1 | OUTPUT | INPUT
0o [ o 1 | o |outur | OUTPUT | 2 | INPUT OuUTPUT
o [ o | 1 |1 | outrur | OUTPUT | 3 | INPUT INPUT
0 | 1 | 0 | 0 | OouUTPUT | INPUT 4 | outeur | ouTPUT
6 | 1 | 0o [+ | outeur | INPUT 5 [ OUTPUT | INPUT
0 {1 t | o | oureur | ineuT 8 | INPUT OUTPUT
0o | 1+ | % | 1 | ourpur | INPUT 7 | iNPUT INPUT
v ] 0 | 0o | o |iIneur OUTPUT | 8 [ OUTPUT | OUTPUT
1 10 | 0 j 1 | NeuT OUTPUT | 9 | OUTPUT | INPUT
v o | 1 [ o | neut OUTPUT | 10 | INPUT OUTPUT
1 {0 |V | 1 | INPUT OUTPUT | 11 | INPUT INPUT
1 v | 0 | 0 | INPUT INPUT 12 | OUTPUT | OUTPUT
1 1 ] 0 | 1 | INPUT INPUT 13 | OUTPUT | INPUT
1 1 1 o INPUT INPUT 14 INPUT ouUTPUT
1 1 1 | 1 | INPUT INPUT 15 | INPUT INPUT

MODE 0 Contigurations

CONTAOL WORD 50 CONTROL WORD 52
O Dy O D, 0y D B Dy o.n.o.o.o,o,o'

Ll

Pelefelelel]

(LI TT

At ra e Al e aa,
POon (173
SR LS e re, 0c,
Dy-0y C-[ 0y Dy e c { N

e ey ey,

st t—ru e, s fo—rpt— rm,rn,
CONTROL WORD #1 CONTROL WORD #3
Dy Dg Oy Dy Dy 2, Dy O, Oy Oy Oy Dy Dy 0Oy D

Donoponn

)

N ST SN
{ H—“—’ rc,#C,
c

+’°:'%

0705
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CONTROL WORD s4
O Oy O 0O 0 0, O

Dopononog

CONTROL WORO +8
O, Op Oy O, O, O, O, O,

CLLLLLLT]

e

A —/.—-OPMA. Aje—pt— PAy-PA,
S258A . 2258A
| N LI Y — ) ‘
0,0, c{ . 0504 ¢ { .1
A e, —— A rc e, i
St e, Y EET BRSSP
CONTROL WORD #8 CONTROL WORD o9

B O 0 0, Dy D, D

CLLILLIT]

% Oy Dy D, By D, 0, O,

Llelofrleee]:]

A ’,l ra,a, “.__/_'—_. PA,PA,
2s8A a258A
, 4 e, v, .—#‘—.'c,.rc.
L ——— c{ 0,0, c { .

| ST Sy ot — e, 00,

ot re, st e,

/
CONTROL WORD #¢ CONTAQL WORD =10

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

[LLLTLLT

A —.ﬁ—'—-—. APy A + A, rA,
2568 azssa ‘
e ey, e
0,0 c{ 0,0 +—————esd c «[
et pey e, At rcy e,
] L o[t
CONTROL WORD #7 CONTROL WORD #11

O, 0; Dy Dy Dy

BoBonong

A +.. 'A.,-’~

82584
{.—+‘—pc'n.
[

yL)
7

0,0,

ey re,

Bl e,

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

[LLTLILT]

8235A

0y-0p

A ~——/'__ PA,PA,

{+mn.
[

Bl ru,m,
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CONTROL WORD #12
0, Dy O O, Oy .D; O,

[LLLLLLT

Aot — PA,PA,

CONTROL WORD #14
S O O 0O D, 0, b,

noonoonn

A -——-—-/'— PA,PA,

02884 82884 .
e . e——rt— nc, 2,
0,0 'C{ 2,0, C{
e . e ey,
) e s WY ] e
CONTROL WORD #13 CONTROL WORD 518 \
D, Oy Oy O Oy D' Oy Oy O D, Oy O, D

CLLLTTLT

) S pa,Pa,

= )
e »C, C
0y-0p

'
1-—/'—‘ re, e,

.8

CLLTL LT

UYLy

»

ot soyre,

5,0,

pai
' 1-—&——‘ 7, ey

8ol ra 00,

Operating Modes

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

figuration provides a means for transterring 1/O 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 “hand-
shaking’ signals.

Mode 1 Basic Functional Definitions:

® Two Groups (Group A and Group B}
® Each group contains one 8-bit data port and one 4-bit
control/data port.

- ® The 8-bit data port can be either 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). A “low" on this input loads data into
the input tatch.

IBF (Input Butfer Full FIF)

A “high” an this output indicates that the dats has been
loaded into the input fatch; in essence, an acknowledgement,
IBF is set by STB input being low and is resst by the rising
edge of the RD input,

INTR (interrupt Request)

A "high" on this output can be used :0 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 resat 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,.
INTESB

Controtied by bit sat/reset of PC,.

MODE 1 (POAT A}
28K 3
Oy Oy Oy Dy Dy Dy D, Dy Tt -
of1] 1] LAl .
) Py k[ o—
1= INPUT
6= OUTPUT
. x’——.
D —ec
?
Sy for 10
MOOE 1 (PFORT B
CONTROL WORD
0y O O5 0y B, O, D, D, ity
[ DD T+ SIS S
n'_—.
",
D —ec)

Figure 8. MODE 1 input

&

INPUT FROM __, _ __ -
PERERAL -

Figure 9. MODE 1 (Strobed Input)
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Output Control Signal Definition

OBF (Output Buffer Full F/F). The OBF output will go
“low" {0 indicate that the CPU has written data out to the
specified port. The OBF F/F will be set by the rising edge
of the WR input and reset by ACK input being low.

ACK (Acknowiedge 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 penpherat
device indicating that it has recieved the data output by
the CPU.

INTR (Interrupt Request). A “high” on this output can be
used 10 interrupt the CPU when an output device has

accepted data transmitted by the CPU. INTR s set when .

ACK isa “one” OBF isa“one™ and INTE isa “one” Itis
reset by the latiing edge of WR

INTR (Interrupt Request). A “high” on this output can be
used to interrupt the CPU when an output device has
accepted data transmutied by the CPU. INTR 1s set when
ACKisa"one”. OBF isa“one”, andINTE isa "one” Its
reset by the fating edge of WR.

INTE A
Controiled by bit set/reset of PCq

INTEB
Controlled by oit set/reset of PC,

mmﬁ
Oy Oy Dy 0, Dy Oy Oy O,

l-]o[v[o[mbm

Cus
Lo vomour
0= OUTIUT
[ pu——
2
Cy s fopime
MO 1 (POAT B}
L 20 Y )
CONTAOL WORD
O, Oy Oy Oy Oy D, D, 0
3] 1] o,
. 2%,
———'"'N

= P

Figure 10. MODE 1 Output

- \

Figure 11. Mode 1 (Strobed Output)
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Combinations 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 1/0
applications.

L, A (:3 PaA,PA, _'_T_>
D ——edf P lo—— T8, Wl —eq) S, fome—en SBE,
oy —— 139, PCy |o—— ATX,
CONTAOL WORD CONTROL WORD :
0y 0y Dy 0, D, D; D, O, 65— mm, Oy Dy Dy 0, Dy D, 0, D #Oy e tNTR,, 4
uo,'jl[mft[.m N 2 4 ['l‘[‘l’l'f'."l‘N ", 2 o
L"u . PCos
12wt o, ﬁ 32 eur it CI]
" —g " red— oo, B~ o fe— s,
#Cy fo—— ATy <y 8%,
A Y e i POy f—— TRy
FORT A — (STROBED INPUT} PORT A - (STROBED OUTPUT)
PORT 8 — (STROSED CUTPUT) PORT 8 ~ ISTROOED IMPUT)
Figure 12. Combinaticns of MODE 1
Operating Modes Output Operations

MODE 2 (Strobed Bldirectional Bus /0). This functional
configuration provides.a means for communicating with
a peripheral device 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 enable/disable functions are
also available.

MODE Basic Functional Definitions:

e 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).

-~

Bidirectionai Bus I/O Control Signal Definition

INTR (interrupt Request). A high on this output can be
used to interrupt the CPU for both input or output opera-

OBF (Output Butfer Full). The OBF output will go"low" 1ig
indicate that the CPU has written data out to port A. B

ACK (Acknowiedge). A “‘low” on this input enables t o
tri-state output buffer of port A to send out the dat#
Otherwise, the output buffer will be in the high i
pedance state. i

INTE 1 (The INTE Flip-Fiop Associated with OBF),
troiled by bit set/reset of PCg.

Input Operations

(3¢} (Strobe Input). A "low"” on this input loads data intg
the input !atch. E

IBF (Input Bufier Full FIF). A “high” on this output
dicates that data has been loaded into the input latch

INTE 2 (The INTE Fiip-Flop Associated with IBF).
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CONTROL WORD
0; Dy Oy Oy Oy Dy Oy Dy
1 wimwiw

e rCy
1= INNUT
0= 0UTPUT,

e roaT e
1 wruT
0= OUTHT

= GROOP 8 MDOE

0= MO0E 0
1= 80D 1 3
AS ————eec "y lo—r—e 110
Figure 13. MODE Control Word L Figure 14. MODE 2
DATA FROM

7 CPUTO 82884

1B Ve ==Y
1 ; ‘

W o) 44 ]
m ) / i
o 'm;"—'i |
[ B / *
i
I' L] —ltap— | txp to—— !
PERIPHERAL . -
P __._........_.__.( ~——- ...._...._....4;......._
L i / B ot
7
) / /
DATA FROM DATA FROM
PERIPHERAL TO 0238A 8235A TO PERIPHERAL
DATA FROM
B2%6A TO scee
\

Figure 15. MODE 2 (Bidirectional)

2 NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible.
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MODE 2 AND MODE O INPUT) - ’ ' MODE 2 AND MODE 0 (OUTPUT)
o] oL, -
S
Py [ CBF,
CONTROL WORD PCy fo——— AR, CONTROL WORD
Oy Dy Dy D, Dy D, Dy Oy Oy Og Oy Dy Dy Dy O, Dy
[T+ XX [ ) b W BoeNanD|
o ] Cre
1= INPUT + = T
0= oUTRITY 3 4= 0uUTIUY
Mo f=—F— w0
K ————ea 1. RS —
- ]
wR . ﬂ—-—:q
*
MODE 2 AND MODE 1 (OUTPUT) MODE 2 AND.MODE 1 (INPUT)

n:,-——.m.

[T 7N @

< |——— &7,

——— ‘ WORD
CONTROL WORD e, X, CONTROL

Oy Oy Oy 0, 0, B, D, O, Dy Op Oy D, Oy 0, O, 0,

oD an) e, (XKL |

N

(-9 P 18P,

mﬂ.:'>

PCy ——-W’,’

—_— S M
——

il’ {i

Py fm———— TR,

|

Figure 18. MODE % Combinations 4
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Mode Definition Summary

MODE 0 MOOt 1 MODE 2
IN ouT IN ouT GROUP A ONLY
PAg IN our N our * —
PAY ] ouT IN our e
PAg IN our N our -—
PA3 N ouT b ouT -
PAy IN our N ourt -
PAg N our IN ouTt T
PAg IN our IN our D
PA7 N ouT N out <
PBg N our IN our —r
P8y IN out N our _
Py IN ouT IN ouTt —_—
PBy IN ouTt N our —_— MODE Q
PBg IN our IN ouT - -~ OR MODE 1
4.3 IN ouTt IN ouT” — ONLY .
PBg IN our IN ouT —_
P8y IN our IN our —_—
PCo IN our INTRg INTRg 1o
PCy IN our 18Fg OBFg /o
PCy IN our §:ri, ACKg "o
PC3 N our INTR, INTRA INTR,:
PCq N ouT §T8, 1o $Tha
PCs IN ouT 18F 5 o 18P 5
PCy IN our 1o ACKa ACKp
£Cy N our 1o ObF, OBF,
Special Mode Combination Considerations allows the programmer to test or verify the “'stastus’ of each

o . f H .
There are several combinations of modes when not ali ot the peripheral device and change the program flow 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 foliows: tion from Port C. A normal read operation of Port C is

If Programmed as inputs — s executed to perform this function.

All input lines can be accessed during a normal Port C

. read. INPUT CONPIOURATION
If Programemed as Outputs — : . A LN
Bits in C upper [PC;-PC4) must be individually accessed o [ "°J 107y |"‘"‘l’""‘ "‘"-l 0% M
using the bit set/reset function.
GROUP A GROUP ®
Bits in C lower {PC3-PCp)} can be accessed using the bit
. OUTPUT CONFIGURATION

fet/reset function or accessed as a threesome by writing o, © O DO, B 0, D0, D,
into Port C.
,m, {mt!I " F/o ]wm,l »m.l TP, lm,]
GROLP A

Source Current Capability on Port B and Port C

Growes
Any set of eight output buffers, selected randomly from

Ports B and C can source 1mA at 1.5 volts. This feature Figure 17. MODE 1 Status Word Format
dllows the 8255 to directly drive Darlington type drivers

and high.voltage displays that require such source current, O 9 O D, 0y, 0, D D
Reading Port C Status IW‘I”‘"‘T e I'""'l"‘"“D<]><l><]

In Mode 0, Port C transfers data to or from the peripheral GrOUP A ___——cnows

device. When the 8255 is programmed to function in Modes (DEFINED BY MODE 0 OR MODE 1 SELECTION)

'.07 2, Port C generates or accepts “hand-shaking” signals’

With the peripheral device. Reading the contents of Port C Figure 18. MODE 2 Status Word Format

77
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APPLICATIONS. OF THE 8255A

The 8255A. i; a very powehul tool for -interfacing

peripheral equipment to the microcomputer system. It

represents the optimum use of available pins and is flex-
ible enough to interface almost any /O device without
the need for additional external logic.

Each peripheral device in a-microcomputer system
usually has a "service routine” associated with it, The
routine manages the software interface between the
device and the CPU. The functional definition of the
8255A is programmed by the I/QO service routine and
becomes an extension of the system software. By ex-
amining the /O devices interface characteristics for
both data transfer and timing, and matching this infor-
mation to the examples and tables in the detailed opera-
tional description, a control word can easily be devel-
oped to initialize the 8255A to exactly “fit" the applica-
tion. Figures 19 through 25 present a few exampies of
typical applications of the 8255A.

INTERAUST
=
o) ray e}
DA, r——— B
il 1 )
79 S ] romrIn
[N E— —
F~ e —
o | —] .
Pay —1 =" HAMMER
b S AfLAYS
#C, [--e{ 0ATA AEADY |l
PCq fonyq alx —
~, PASER FESD  }——f
4 9C, et FORWARDREY [men]
oamea I —
v, ] —
e, —of | ]
ey —
lac pumae ——=1{ DATA AEADY
3, J——ed f—— acx
w00t 1 | ey }—el ] PAPER FEED
Radiadd g —] ——f rORWARD/REY
[ B RISRON
CARRIAGE SEN.
rc, [-——1 DavA R2ADY
2C, |- acx
e,
CONTAGL LOGI: AND DAIVERS
INTERRUPT
REQUEST

L 4

INTERRUPT

R —

Lid

o [ pagle
-

uneun 1 "M

e,
rs,
",
",
s,
ra,
wooe1 1 o0
e,
s,
rc,
e,
rr©,

-
DAYA READY

ACK

INTERRUPT
REQUEST

.

Figure 19. Printer Interface
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Figure 21. Keyboard and Terminal Address
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Interface



8255A/8255A-5
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Figure 22. Digital to Analog, Analog to. Digital

Figure 23. Basic Floppy Disk Intertace
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Figure 24. Basic CRT Controller Interface

Figure 25. Machine Yool Controller Interface
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. .. ... ... 0°C 10 70°C
Storage Temperature . .. .. ......... ~65°C to +150°C
Voltage on Any Pin

With RespecttoGround . . . ......... -0.5V to +7V
Power Dissipation . .. .................... 1 Watt

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

*NOTICE: Stresses above those listed under
Maximum Ratings’ may cause permanent dama,
device..This Is a stress rating only and functional- .
tion of the device at these or any other conditions &
those indicated in the operational sections of this
cation is not implied. Exposure to absolute m
rating conditjons for extended periods may atfect dg
reliability:

Symbol Parameter Min. | Max. | Unit Test Conditions
ViL Input Low Volitage 1-0.5| 08 v
Vin Input High Voitage 20{ Vee v
Voi (DB} | Output Low Voltage (Data Bus) 0.45° v loL = 2.5mA
Vo (PER)| Output Low Voltage (Peripheral Port) 0451 V | o =1.7mA
Von{DB} | Output High Voitage (Data Bus) 24 ) low = -400uA
Vou{PER)| Output High Voltage (Peripheral Port} | 2.4 | Y lon = -200uA
Ipanlll | Darlington Drive Current -1.0 | -40 | mA Rext = 750Q; Vex= 1.5V
lee Power Supply Current 120 | mA
he Input Load Current £10 | wA Vin = Vg to OV
lorL Output Float Leakage $10 | pA VouTt = Vgg to .45V
NOTR:
1. Aviiadie on any 8 pins from Port 8 and C.
CAPACITANCE (v, =~ 26°C, V¢ = GND = 0V)
Symbol . Parameter Min. Typ. Max. Unit Test Conditions
Cin tnput Capacitance 10 pF fc = 1MHz ?
Cio 1/0 Capacitance 20 pF Unmeasured pins returned to GNI)

A.C. CHARACTERISTICS (Ta=0"C1t070°C. Ve = +5V =10%, GND = 0V) *

Bus Parameters

READ
8255A 8255A-5
Symbol Parameter Min. Max. Min. Max. Unht
> tAR Address Stable Before READ [ ¢ ns
tRA Address Stable After READ 0 0 ns
tRR READ Pulse Width 300 300 ns
tRD Data Valid From READI ) 250 200 ns
toF Data Float After READ 10 150 10 100 ns
tRv Time Between READs and/or WRITEs 850 850 ns
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g:
q . CHARACTERISTICS (Continued)
o 8255A 8256A-5
: symbol Parameter Min. | Max. | Min. | Max. | umt
»—'"—:w Address Stable Before WRITE 0 0 ns
T wa Address Stable After WRITE. 20 20 ns
T aw WRITE Pulse Width 400 300 ns
I ow Data Valid to WRITE (T.E.) 100 100 ns
% two Data Valid After WRITE 30 30 ns
OTHER TIMINGS
[ 8255A 8255A-5
Symbol Parameter Min. Max, Min. Max. Unit
twe WR = 1 to Output!!! 350 350 ns
1T Peripheral Data Before RD 0 0 ns
tHR Peripharal Data After RD 0 o ns
TAK ACK Pulse Width 300 300 ns
tsT STB Puise Width 500 500 ns
tes Per. Data Before T.E. of ST8B 1) 0 ns
tpH Per. Data After T.E. of STB 180 180 ns
tAD ACK = 0 to Outputi!! 300 300 ns
kD ACK = 1 to Output Fioat 20 250 20 250 ns
‘twos WR =1 to OBF = 0l1) 650 650 ns
‘ ta08 ACK = 0 to OBF = 11!l 350 350 ns
ts1B STB8 =010 IBF = 111} 300 300 ns
tais RD =,1to IBF =0} 300 300 ns
T RD = Gto INTR = 0! 400 400 ns
tsit STB = 1to INTR = 11¥} 300 300 ns
taiT ACK = 1 10 INTR = 11!l 350 350 ns
Wit WR = 0 to INTR = 013! 480 450 ns
NOTES:
1. Test Conditions: Cy = 150 pF
2. Period of Reset puise must be at least S0us dunng or after power on. Subsequent Aeset puiss can be 500 ns min.
3. INTR? may occur as earty as WR|.
* For Extended Temperature EXPRESS, use M8255A electrical paramaeters.
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
m:outm
ce AN O Veur*

28 20
> TEST POINTS < ¢, 130pF
[ ¥ ] 0.8

AND 0 8v FOR A LOGIC

AC TESTING WNPUTS ARE DRIVEN AT 2 4V FOR ALOGIC 1 AND 0 45V FOR
ALOGIC 3 TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC 1

s#2

OEVHH
UNDER
TEST

Il

o =158

v15 SET AT VARIOUS VOL TAGES DURING TESTING TO GUARANTEE THE
CIFICATION C; INCLUDES JIG CAPACITANCE.




lﬂtef ’ | 8255A/8255A-5: -

‘WAVEFORMS:
MODE 0 (BASIC INPUT) .. i
N thn
RD (‘ 7L
e =]
e W X
r-_— fag———ef e 1 g ]

tnp ~— 1 ‘or
MODE 0 (BASIC OUTPll;I')
. / -
tow wo—={
0,0 X : K
1 ~ 4 wa

X At 80 x )
ouTruT : ) X




8255A/8255A-56

; iy tmir :

k l /
- [ A
vl . " —4 % VIR ————— Y, (RN N S
MODE1 (STROBED OUTPUT)

L N
A== .
- h
- \\ s
.
= N
] tarr———
T X
s -t

i




intal 8255A/8255A-5 o

- !

WAVEFORMS (Continued) i
MODE 2 (BIDIRECTIONAL) \
DATA FROM i

9089 TO 8758 o

/4t 2\ ) E

by e s

\ = —’// \

: ' | =T

L Sn

or

1, —

|

/ pe— ;
7
" /
DATA FROM DATA FROM
PERIPHERAL TO 87858 8258 TO PERIPHERAL

NOTE:  Any sequence where WI occurs before ACR and miwng!ouﬂ-ﬁ is permissible.
{INTR = IBF - MASK « 576 + RD + OBF » MASK » ACK « WR ) _

[ Ly ,

A4 CS X Y X Ag_y. CB X . X -
I‘————-'no——-——-h’. —-'ﬂni‘— . e tan ’{ il et T »

oarasr ) ) & " U ;

[ tow e typ el .-i'aol‘ ~lopie -

]

&

WRITE TIMING - READ TIMING ;
. 1

1

i

] -
DATA BUS:, 777, 7" - HIGH IMPEOANCE _ % VALID [HIGH IMPEOANE
! o i 1
k]




54160,/74160

Synchronous Decade Counter with Direct Clear

. Schottky TTL _._High-Speed TTL __ 1 Low-Power Schottky TTL Standard TTL __Ltow-Power TTL
Device Type apgkls‘“; Device Type EP%C%O&' Device Type p::k::.a Device Type p::k;'g‘c—F Device Type Cp::k’ﬂ:;
T1. -1 M. 1 -2 11
FAIRCHLD '1::::::;::::: g ] :g ::::::/vmm N :?’D o) . "
MOTOROLA - SNIALS 160 P SN74160 P
NS.C. R T S Y .
PHUPS NT$1E0 w
SIGNETICS - NILS 160 A ::::: :g-::g = i
SIEMENS . FLIaI [
FUATSU LS 180 T
HTACH HD 4L 8180 By Nm.uso. DPD)
MITSUBISH F : MTAL S 160 P M53360 ] -
T - maee
TOSHBA

Electrical Characteristics SN54LS160/SN74L.S160

absolute maximum ratings ovei operating {ree-air temperature range

Pin Assignment

NG

RIPPLE UTPUTS .
CARRY 3
Vee oyrpur Oa 98 Oc 0D T LOAD

{Top View’

I
RIPPLE 0, O Og GOp ENAME
CARRY T
ouUTPUT
CLEAR LOAD p
FNARLE
Koacse e b _F
1{]2 3[141151(|el]7¢l8
CLEAR CLOCK _A_L_vc_?_,.LNABLE aND
DATA INPUTS PN

positive logic :

NOTES: 1.

Tivs is Ihe voltane betwean two emitters ol & multicie-emiter tranststor. For®

these cHeunts, Ty raling anphes batween tha count enatle mouts P and T,

2. IGGH '8 measured with the foad input hwgn. then agam with e toad nout low,
with all other nputs high and all outputs open.

3. ICCL 18 measured with the clock input hgh, then again with the clock inpait

low, with il other wouts Tow and all outputs open.

Propunation detay for cloaring 18 messured fiom the clear input for the * 160,

-

Supply voltage, Voo TV | Operating tree-ar [snsas] —ssC 10 125°C
Irout voltage TV | temperature range [snras gC w e
Storage temperature range ~65'C to 150°C
recommended operating conditions ;
SN5ALS 160 SN74LS160 T
MIN NOM MAX [ MIN NOM MAX
Suply voltage, Voo 4.5 s S5]475 5 525 v
High-level output curcent, toH —~400 ~ 400 uh
Low-evel output current, 1ot 4 ] mA
Input clock frequency. feiock [ 25 0 25 | MHz
Width of clock pulse, tw(clock ) 25 .25 ns
Width of clear puise, lw(clear} 20 20 ns
Data inputs A.B,C.D 20 0
Erable P or T 20 20
time, 1,
Sewe seno Load 0 ] i
i Cleor 20 20
Hold ima at sny input, thoig o 0 ns
Operating tree-sir temperature. T A - 55 125 [ 10 ‘C
electrical cheracteristics over recommended operating
free-sir temperature range
"PARAMETER * TEST CONDITIONST TMIN TYP 3§ MAX [UNIT
Vi High-level input voltage 2 v
Vi Low-level irpul voitage 0.3 ¥ -
Vi Inpul_clamp voltage ' Ve =MIN, 13 -18mA SIS [V
VeC=MIN, Viy=,
v High-leve! output velt: 4 v
OH  Hichdaval ou nae viL=owv. lon= —ewoea | 273
Voo =MIN, Vig-2v,
v Low-level output volt: 0. . v
oL 't volines Vi =08V, loL~8ma Py é
Input corrent [ gad, clock or emable T
1) et mawmem - Lo A Voo TMAX, Vym IV
moul votings {0ther
Hsgh-lavel Load, clack o7 enable T
1 v MAX, V. LV
_'“ npul current [Other inputs, ce™ x 1r2
Low-levet Load, clock or enabdle T
] v MAX  Vy 0.4V
L gt current 10Vker inputls ce™ !
10s Shortcircut oulput current ¢ | Voo =MAX
. Voo ~MAX, SNS4LS
Ll h L all }
CCH  Supply curront, all outputs high oo Note 2 WG
R VoG = MAX, SN54LS
t S current, slf oulputs 1
OCL  Sueely cubront, i outouts tow | g 'y e 5 UGS
fmax Maximum clock fraguency
PLH | trom Clock to output Vi1 SV
tppt, | Ripple carry Ty 25C,
ipLY | from Clock (cad irput high, ¢ .
-
P | to output Any O "L 159F.
B
VL1 | from Clock Ulcad trout Tow) - N”“
1P | D output Any Q o Note
P K | from Enable T
1PHL | to output Ripple carry
12K | from Clear to output Any O 20 28| ns
T For gondifions shown as MIN ‘or MAX use the approprinte vaie wndar 4 aperating

LAl ypical values sre at Voo =5V, TA

=25'C

®Not more than one owiput should be shorted at » tima
*ipLy ™ PMOpagation deley time: jow B-high lovel outpute:
1pHL ™ Dropagation deley time, high to low level nutput

CONTIMID O NEAT PAGE
DS




54160,/ 74160(CONTINULD)

Functional Block Diagram

"
Loa0 —2—4> .
. ;o o
,
4 ox
i
DATA A D X
tia

e T
oata 8 2 - D -"Dx
a2

Qata
crocx Lo

.‘i ’, o (1¢4] og

s
oata ¢ =%

3 o [11}} o

cK

DATA O :D x O}
cuean e dSo -

ENABLE ”

P -
T 10 .
(15} RPPLE
1 CARRY

ouTPUT

“180 SYNCHIIONGUS DECADE COUNTER

typical clear, preset, count, and inhibit sequences

Illustrated befow is the following sequence:
1. Clear outputs to zero.
2. Preset to BCD seven,
3. Count to eight, nine, zero, one, two, and three.
4.

tnhibit
R LJ [Ty
t
)
- ]
¥
T

ST AU U UL LU
1ivamg » il l _‘_———_—‘_L—_-J'——
o I

b
:
v
:
w_ T LI v
+ ‘ :
O —’} | '
- h H
~T T =
. )
— m—— — ) P t
w_ Lt [ H
) : :
Rt Ao Cannr ' ' r——l
O gyyomyr ! }
Trte . . L)
l ¥ ot e

raren sarseriv

enapte (10} ' (g MPPLE
T CARRY
P OUTPUT
P
oo
LOAD
DATA A
= lbe o,
[
ar
L]
DATA e-—:} » -
0g
LD ’
.
. 1 .
DATA © ‘—’-:3 »
C3 [£14) o
= L] c
% T
%)
DATA D — 8
o)
%

cLean s

‘LS 160 SYNCHRONOUS DECADE COUNTER
(See PISD for "180)




54161./74161

Synchronous 4-Bit Binary Counter with Direct Clear

Schottky TTL, 1. __High_-Spged TTL _Eow‘Powo_!_S_ch:ﬁlly TTL Standard TTL Low-Power TTL
[;evice Type cP::k'angF Davice Type —Eegk:ﬂgz v Device Type CPT:k:Ag::F Device Type CPaF::k;Ig::F Device Type PPT:";'SZ‘

SHULSI6! i Wi | swsater T W

Tl T | snnlsier T Jig e SN et

FAIRCHILD - 'v::::::;:::ll:ll :; i _% ::r’:::l‘./rmm :;} ) 1]

MOTOROLA SNIMLS16) P MCTa161 : pn

v T L

PHILIPS NTALS 181 : 0% NT&T61 -+

SIGNETICS , s £ D i

SIEMENS | P FLII 1

FUNTSU LS I8t M

HTACH _ HDTAL 5161 P HD 74161 [

MITSUBISHI | — B i S Al b sl I 10T pa M53361 L)

NEC - T i I I W BT Hi PDgIeL = 0

wo [t T _

Electrical Charactar\nstics

SN54LS161/SN74LS 161

absolute maximum ratings over operating free-air tsmperture range

Pin Assignments (Top View)
®

ENAmLT
1 t0aD

PIPPLE My
CARRY

ouTryT .
qrisan 10an

Op ¢ Q"KNA:\Q

ENABL (]
[\] L

CIFARCLOCK A [3 C O ,INARLE GND

’
DATA INPUTS

Thig 13 the voitage betwoen two emitters of 3 multinle-emiiter tronsistor. For these
cwcuns, this 1ating applies between the count Snads inpuls P snd T:

IGCH Is measwed with the load irput high, then again with ihe load input tow. with
alt other inpuls high and alt oulputs open,

IgoL s measured with the clook input high, then again with the ook input low,
wiih all other inpuls Jow and ak oulputs open,

.+ Propagation delay lor clearing b measured from the olaar input for the 161,

Supply voltage, Voo V[ Operatng free-aw [ SHSHST -55C 1o 125°C
Input voltage 5.5V temparatwe rome | SNTALS 0°C tn NC
! Storagn tomporature rangs -65C to 150C
recommended operating conditions
Y} SN74LS161
[ fom MR | T
Supoly voltags, Vog 5 S55[475 5 5.85| v
High-level cutout cwrrent, Igy 400 400 | A
-':MI—"P\’!' cutpul current. gy 4 8 —m—;_;
tlock fraquenty. foipeq 0 5 0 25 | MMz
th o1 Glock puise. by (ciook) 25 25 ns
Widih of clear puise, ty(clagr ) 20 "0 ns
Data wouts A.B.C,0 20 20
Setw time, 1yeryp Enable P or T 20 20 o8
L oad 20 20
Clear 20 =T WA
Hatd hme at any meul. theig [ [
Operatmg tree-air temperature, T 4 -85 125 [ 3K
electrical characteristics over recommended operatling
free-sir temperature range
PARAMETER o TEST CONDITIONS | [MIN TvP2 Max [ uNIT
Wi High-lovel moul voitage 3 (- v
VI Low-tevel mpat voilags o v
V)" tnew clamp vaoliage VGG =MIN, 11~ 18mA v
Von  High-teval outout voltage :ﬁ-c;“"c :’0'::: zjw" 5 2.1 3.4 v
Vou Low-level output voitape :ch:oM:c ::;'L‘ : ::A 0.3% 0.5] v
by we— frotdeb e T b MAx v, W e 22
wup other browt e [ S
HH e vt :::'::""' Voo MAX, V; 2.V e — ;—:- o
MU et :—:—-:'“—"——'M" Veg MAX. v, 04V b e -:-j- m |
o5 Swri-cicel g cavem @ | VGG SMAX =20 100 | mA
Suroly current, TV e e MAX, SHS4LS [T} 31
WOH mA
alt outputs hgh See Note 2 surats 1} | hil
Supoly eorrem, Vgo =MAX, SHILS TN
IcoL mA
all outputs jow Ses Note 3 SHT4LS 19 32
Imax  Maximum clock frequency 25 k4 ns
1PLI | from Ciuck 10 autput 35 ‘:,—1
ey, | Rwpole carry 18 k13 NOTES I 1.
“ipLn | from Clogk(lond mout high) vee ¥ 3 2
; Any O Te =25C " 71 t.
PHL | to output Any ki
TPLH | from Clock{load Irout fow) CL =1%F. 13 3
1 AL = 260 s 77 ns .
PHL | to cutput Any O i
LK | from Enable T See fote 4 s 4
1PHL | to output Ripple carry ] wl ™
teHL | from Clear 1o output Any Q 20 81 ns
170 conditions shown as MIN or MAX, use the appreoriots value under

1 AN 1ypicat values are at Voo = SV. T =25C,

@riot more than one outpul should be shorted at a time,

® 1p| H ¢ Propagation delay time, low-to-high-love! output
IpHyy + Propagation detay time, high-to-tow-leve! output

CONTINUED ON MEXT PAGE




54161,/74161(CONTINUED)

Functional Block Diagram

161 SYNCHRONNUS BIMARY COUNTER

typical clear, preset, count, and inhibit sequences

d below is the | i
1. Clear outputs 10 zero
2. Preset to binary twelve 4
3. Count to thir'een, fourteen fifteen, zero, one, and b

Functional Block Diagram

tmapeg 18 e
. 19
€
LOAC(_”_O - ; (1¢) 0a m‘;:::u
~ <X
DATA(3) ] \D§t :D“ .
A . ,__D 1 L}AB O (1)
/ i ]
g 0
. R o=
—(O—] . o
DATAH) { oara o—H O~
(1)
B X .
cu:cx”’—% _% ey
oy B
—
s} ) o)
OAO'A ; oAta ¢~ D—W O .
0%ap _5
o -
DATA(6) K HLD-
4] —4 CLEAR wop
crearfl >0
ENABLE
P;‘-’-’—-D_J AIPPLE
T ;'i’)_T (15) canAy
1 oUTPUT

'LS16) SYNCHRONOUS BINARY COUNTER

161, ‘L8167

" ENABLE P l

4. Inhibit v
CLEAR ASYNCHRONOUS)
5 *161, "LS161) ILJ' . h
]
LOAD : ] l
] .|_ J A T Nl 2y . S\ -2
A 1 ) 4
] .
] — — — —_— - — - —— - — - . —
g __l_.___; "
DATA " e TR T T R N o T
INPUTS i —_—— e e e e e e e aeme s e
c_] : N - ey ~ g Wi o N
I — — - - —_— - — —— — — — —
]
o_] 1 £ VI e L .
cLocx

_g_
é

ENABLE T

|

w«ZIZL L LT
- QUTPUTS : : _'l J

Suupe B Ea—

I T

1
RIPPLE CARAY ) l l

~

ouTPUT T

iNHIBIT .

COUNT

CLEAR PRESET




54164 /74164

8-Parallel- Out Serial

Shift Register

Schottky TTL High-Speed TTL Low-Powsr Schottky TTL Standard TTL Low-Power TTL
Package Package . Packago , Package , Package
i vice Device Type Device T Device Type ]
Dovice Type f=r Device Type [oroTaTes yPe TR IMICH P [cTP[micF cip M
SNSeL S 164 I Wy SNS4164 31D w ] SNsaL 164 ) RNDITR
Tl SHIALS 164 iIN{T0) SNTA184 J0[ND SNTAL 164 1@ [ fror
I/ Ten s | oD 0| FMS4164/F M93164|OX0
)
FAIRCHILD oS rnie 1D |r| | 1D FCI4164/F C31184 |DDIPD
MOTOROLA SNTL5I6h P MCI4I6 PO
DML S 164 D DMSAL 164 3 OND
NS.C. , OMSLS 164 [ DM74164 NoY OMML 164 JOND)
PHILIPS NTALS 164 e NYAI64 D
GNETI SS4164 FOIMD] W1
5! cS NTILS 184 JAD] N74164 FA,
SIEMENS FLial [
B
FUJITSU s b
HTACH HDT4L S 164 P Ot HO?4164 PO
MITSUBISHI MI6LS 168 P MS3ed P@
NEC AMILS CD) wPB2Is o®
TOSHBA - To3503% 0
|
AMD AmIALS 154 {
Electrical Characteristics SN541.5164/SN74L.S164 Function Table
sbsolute maximum ralings over operating free-air temperature range *164,'1.5164,L164 (see Note 2)
Supply voltage, Voo v QOperating free-aw [SNM' -~55C 10 125°C INPUTS QUTPUTS
Input_voltape v tnmparature range | SNI4* [ CLEASJcLock[ A B | oA aB - QW
N Storage temperative range | —&'C 1o 150°C L X X X L L L
recommended opersting conditions H L X X 10a0 %Bo OHo
SNBALS 164 SN74LS164 | o M T | HH|H O Og
: MIN_NOM_MAX [MIN _NOM MAX H 1 L X L Oan Qon | .
Swoly voltass, Voo 45 5 550475 5 55| V g i L ;L % %r
High-evel output current, loH ~ 400 —~400 | pA X =
Low-level output_current, 1ot 4 3| ma Functional Block Diagram
Clook frequency, folook 0 25 0 28| MHz
Widih of olock or clear input pulse, ty 20 20 nm
Data selup Ume, leonm 15 15 ns
Dsta hold time, thotg . 5 $ ns
Operating free-ew lamparature, T ~55 125 ¢ 0| C
electrical characteristics over recommended operating
free-air temperature range
; PARAMETER TEST CONDITIONS { MIN _ TYP § MAX! UNIT ot et surevt et euteur  outdn  outeut  owIewr
Vi Wohlersl Input voltage £ . AL LIN  BBT n:m:n m’:tusn; | - -
Vi Lowlevel imput vohsge 0.8) v etk
v input_clamp voltage, Voo =MIN. 1) = —13mA —1.5] ¥
v i oot voit voe=MIN, V=12V, - s typical cloar, shift, and clesr sequences ;
vl A . . .
on  Highiavel age Vi =00V, _lop= = 400uA 5 Ty . Yam
Voo =MIN, V=2V, by H
VoL  Lowdevel cutput voltage Vi =0.0v, lop =dnA 035 05| V A { N 1 f LM
e
Inout current maximum f
] = MA, —
) inout voltage vee Y, Vj=1v 0.1{ mA .
i High-level bput owront VogTMAX, V=2 WV 20] pa ':"“ EpSpipugipipipEpipupNglipupu iy
[ITR Low-levl input current Voo =MAX, V;=0.4V 0.4] mA ..:::—____J_——[_[_'[
i) - | SHs4LS ] — 26 100 —
los Short-crouit output ouwrent @ | Voo =MAX shias | =20 pron ma Pl | | o W
Vo= MAX |
) s 1 cc . A o S e N O S,
cC vrply curren Soe Note 1 apm - {
= J I U T,
Tmax  Maximum olock frequency - C = 15F 25 % MH2 MM'{ ~“
. Prw‘wﬂ delay time, 555105# TA=28C ) ns ™ —} l_—_l_r_____.._
PHL. o ob O outputs from ol input n‘smz. O =150F 3% .
[~ Proségaiion domy trva. Tow 0TG- L e »_1 J 1
PLHiovet 0 sutputs trom olock vt L iE i L B . ) N
[ Progagation delay time, high-1o.Jow -
PHL g 6 cutputs om olook wout CL=15oF n x:{m L N | .
Pin Assignment (Top View) ,_.;1»""_’_\ ane J.-
vee 70n Os o CLEARCLOCK
10 oinlpoinit '
I I [ 1 NOTES 1, Icg is measured with outputs open, serial inpuls grounded, and 8 momentary
6 & dgctian ground, then £.5V, epplied to cloar,
2 M =thigh jevel (steady state), L= Lowlevel (ainady stnte)
€ 4 . X micrelevant (any input, including transitions)
o 04 & O { =transition from low to high level.
l Oag, 080, OO =1he lovel of Qo Og, or Qy rosneciively, belore the
b‘}J‘L%ﬂﬁ ; N mdcated steady-stats input conditions were esiabhshed,
Qan, Qgn =the leval of Qa o 0Q patore the i
positive logic: 500 funchion table L tsan 8 o 0 the vlock: Indicetes & one-bit shift, ® the mostrecant 3 ransition of
HMaL mryts LU LY

tFoe conitions shown st MINor MAX, use the apprists velue ap

$An typical vates are st Vo= 3V, Ta=25C.
®Not more than two cutpuls should be sharind st & time.

undor

for the device type.




54390,/74390

Dual ti-Bit Decade Counter

¥
1 The arrow mdicatna the (alling edge of the clock puiss 13 usad for reference ,

W Imax #maxmmum count frequency

§The O outputs af the 390 sre tested a1 Iy = 16 MA phus the hmil va
1 For conditions shown as MN o MAX, uss the appropriats vakus 3De

tPHL 8 prepagalion daly uma, mqh-mvlou—!ev.cl vt

tpL 14 ¥ propagation delay tmme, tow-to-high-lavel output

under

$ AR typcicel valuen ars 8t VoG =5V, Ta=25C.
#Hnt mors than one outpul should be shorted sl 8 time

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package Package
Device T - Device T b Oevice T ———1 Device T -—] Device T
YP® TR TMICF YPe IE TR IM[EF yPe [E [P MEEF YPe IETPIMICF YPe IE TR [MEF
T SN54I%0 3 O Wl
the SNTLS3N J DN SN143%0 ) HINDY
v
FAIRCHLD
MOTOROLA
NS.C
PHUPS - -
SIGNESTICS .
SIEMENS |
FUXTSU
HTACH . R
i
MITUBISH TLS3% e
NEC
TOSHBA
Electrical Characteristics SN54LS390/SN74L.5390 | Pin. Assignment (Top View] Function Table
lbsctlu!o‘ maximum ratings over operating free-air temperature range (D o sxouTRct FRpU———
Supply vcitage, Ve v Operating Iroe-sir [ snses | —55C w 125T 2 vt - (Bes Mot &) - (e Hew #)
tnput_voltage [ tomperatire rengs [ swrs 0T to 0C wm_l_ R ~ 109 toot o VL
- 16][15]_ 4] [i3] fr2lDtjdwf fe G5 ¢ O . |G on Sc.on.
Storsge lompersture rangs §5C 10 125C : CE Pt S
recommended operating conditions L B LI B
? LL N 2 L L n
2 LLoMN 3 L LHH
. SNSALS390 | SN74LS390 | It AL W N
TN NOM MAX [MIN_ NOM MAX B . 4 Rw s Imtw
Suspty veitage, V s S 55(as 8 S5 Vv ¢ L “ oL s L
" on
e S o M NO R RHERE
Low-level output current, lo; ° 4 8] mA 2 9 fw v L w s {wmes
A input 0 25 [] 25 1 2 3 L] H) 6 7 8 Hotgh Bvel, L=tow Buat
Coum toount MHz |
.| B went o 0 o 20 e T % Ty, e
A loput bigh or low 20 20 ourrury
Puise wiath, 1, B input hegh or low 25 25 4 positive legle: High woul T olear rasels ait four
Y Clear high 20 20 outpulS low
Ciear_indolive-siate sstup 1ime., taghp sl 231 ns
[ hoe-sw tomperaiwe, T ~55 12s) o ol ¢ g .
e e A n Functional Block Diagram
electrical cs over v ded operating
free-air temperature range o, [ oureur
PARAMETER & TEST CONOTTIONS | |MIN TYP§ MAX [UNIT (. 15 A———oa"
Vg1 Highievel wput vollsge 2 v NPUT A g
Vp  Low-levsl input voltage 0.8 v .
Y| nput_olamp voitage Vog=MIN, 4= -18mA -1.5] v o
Voo=MN.  Vig=2V, J
VOH , High-level auput voltage 2.1 24 v
R Vg =08V, lgn= ~4004A . o (8. 1) qurPuT
. Voo =M. ViV, (« 2 ] o
Voo ‘Lm" tovs! output voltage Vp =08y, oL = bnA 035 0.5{ ma wEUT 8 - B
\nput cwrant ot | Steer VCC=MAX. VI WV 0 Bp
U] mammum 1nput 1npit A 0.2} wA 1L .
voltage oot B Voo rMAX, V) 55V -—-————"n T
Cloar 20 —
W4 High-level input current | A Vog=MAX, Vim2.4V, 100] maA .
L 0, 10) oUTPUT
Clear 04 o¢ H—— o¢"
‘W, Low-tevel ingut ourrent | A Voo =MAX, V=2.7V - 16| mA b ¥
8 -2 4 B
SNSS —20 100 | - am
Shor t-pirous =-MA I A
os it output ouwrant & veo X m", 0 08 m J
log Supply ourrent Voo ™MAX, See Note | 15 26 mA (,
fom A to output Op 5 5 0 3) OUTPUT
P o}
PAX “trom B 1o output Op EE] uh %
T
WPLHT o, 12 20 ‘J G-
om At t O
LT o o 7 vee=sv. 13 o] ™ m:-u i
L TA=25T. 3 % (2. v
pp | T 40 A C=I5F. ) wa :)‘{>= :
LK fom B 1o outpul Op L= i) 2 ns
Py " 2l NOTES: 1,igg /5 massured with 3l ouipuls open, both clear inpuls grounded loflowing momentary
LY kom B 1o cutput OC u 3 ns connoction 1o 4.5V, and alx othar inguls grounded
:?"L [43 1 A. Quiput Op 19 connectad 1o mput B tor BCD coml.
ﬁKL from B o putput Op :: :: o 8. Output Op 3 connacted to Input A for brquinary count.
tpyL | tom Clear 10 Any oulpt ) 33| s ]

e for Yy for the B npul. This permits driving the B wiput while ma ataming full fan-oul capabity.




. LF347
MOTOROLA LF351
LF353

FAMILY OF BIFET

JFET INPUT OPERATIONAL AMPLIFIERS OPERATIONAL AMPLIFIERS
SILICON MONOLITHIC

. . " INTEGRATED CIRCUITS
These low cost JFET input operational amplifiers combine two

state-of-the-art linear technologies on a single monolithic inte-

grated circuit. Each internally compensated operational amplifier
has well matched high voltage JFET input devices for low input N SUFFIX
offset voltage. The BIFET technology provides wide bandwidths PLASTIC PACKAGE
and fast slew rates with low input bias currents, input offset cur- CASE 626-05

{LF351, LF353 Only)
rents, and supply currents.

These devices are available in single, dual and quad operational '
ampliﬁers which are pin-compatible with the industry standard b SUFFIX
MC1741, MC1458, and the MC3403/LM324 bipolar devices. PLASTIC PACKAGE
CASE 751-02 3 e
so-8 e

{LF351, LF353 Only}

* Input Offset Voltage of 5.0 mV Max (LF3478)

e Low Input Bias Current — 50 pA LF351

{Top View)

® Low Input Noise Voltage — 16 nV/VHz

e Wide Gain Bandwidth ~ 4.0 MHz * JOuwiput1 B | F353

}lnpun s (Top View)

® High Slew Rate - 13 V/us.

e Low Supply Current - 1.8 mA per Amplifier
s N SUFFIX
PLASTIC PACKAGE
CASE 646-06
Ld {LF347 Only)
o High Common-Mode and Supply Voltage Rajection 1

Ratios - 100 dB
D SUFFIX
PLASTIC PACKAGE «
CASE751A-02 1 @R

® High Inpnt Impedance - 1012 0

S0-14 !
MAXIMUM RATINGS
Rating Symbol Value Unit e
NERO g Owt 4
Supply Voltage Vee +18
! v Th sl
VEE -18 a
T . Inputs T4 Inpants 4
Differential Input Voltage Vip +30 v & ATl
input Voltage Range (Note 1) VDR *15 v vee [ , 17 vee
+
Qutput Short Circuit Duration (Note 2) g Continuous Inpute 2 & B L' Inputs 3
Power Dissipation at Tp = + 25°C Pp 900 mwW " s B
Derate above Tp = +25°C YA 10 mWrc ouzy 2j om3
Operating Ambient Temperature Range TA 0to +70 °C (Top View)
Operating Junction Temperature Range Ty 115 °C
Storage Temperature Range Tsm ~6510 +150| °C ORDERING INFORMATION
n F {f Device Package
NOTES: Single LF3510 SO-8
1. Unless otharwise spécified, the rhsoh i gative input voltage is S'i;‘m'e ;{g:_"‘g P'ﬂ;gcan"'
. {11:} ] a
fimited to the regative power supply. Dual LF353N Plastic DIP
* 2. Any amplifiar output can be shorted to ground indefinitely. Howaver, il more Quad LF3470 50_“4
" than one amplifier output is shorted simul ty, maxi i ion temparature Ouag LF3478N Ptns',c o
ratings may be exceeded. Qua LF347N Pastic DIP

MOTOROLA LINEAR/INTERFACE DEVICES



MOTOROLA

LM111
LM211
LM311

HIGHLY FLEXIBLE VOLTAGE COMPARATORS

The ability to operate from a single power supply of 5.0 to 30 volts
or +15 volt split supplies. as commonly used with operational ampli-
fiers, makes the LM111/LM211/LM311 a truly versatile compara-
tor. Moreover, the inputs of the device can be isolated from system
ground whi'~ the output can drive loads referenced either to ground,
the Ve or the VEE supply. This flexibility makes it possible to drive
DTL, RTL, TTL, or MOS logic. The output can also switch voltages to
50 valts at currents t0 50 mA. Thus the LM111/LM211/LM311 can
he used to drive relays, lamps or solenoids.

TYPJCAL COMPARATOR DESIGN CONFIGURATIONS

Split Powar-Supply with Single Supply
Oftsnt Balance

30k Vee
LRL
>
A §  Output
Qutput
—o

Load Referred to
Negative Supply

Vee

Quiput

Output
218 AL
VEE VEE
Input polarity 1s reversed whan Input polarity is reversed when
Gnd pin is used as an output Gnd pin is usad as an output.
Load Referred to Strobe Capability

Positive Supply

HIGH PERFORMANCE
VOLTAGE COMPARATORS

SILICON MONOLITHIC

INTEGRATED CIRCLy
.

H SUFFIX
METAL PACKAGE
CASE 601-04

Vee

VEE
(Top View}
N SUFFIX
PLASTIC PACKAGE
. CASE 626-05
; {LM311 Only}
J-8 SUFFIX ‘ﬂl
CERAMIC PACKAGE r )
CASE 693-02 e )
1

D SUFFIX |,
@ PLASTIC PACKAGE
8 CASE 751-02°

i $0-8
{LM211LM311 Only}

Gnd 1 8 Vee
) 2 7 Quiput
nputs 5 & Balance/Strobe
Vgg 4 5 Balance
{Top View)

ORDERING INFORMATION

Device Tempersture Range Packsge
tMI11H " Metal Can
wings | TISCR BT | cpumic o
M211D SO0-8
LM211H -25°C to +85°C Metal Can
LtM211J-8 Ceramic DIP
LM311D 508
LM311)-8 0°Cto +70°C Ceramic DIP
M3TIN Plastic DIP

MOTOROLA LINEAR/INTERFACE DEVICES




MOTOROLA

MC1488

QUAD LINE DRIVER

The MC1488 is a monolithic quad line driver designed to inter-

face data terminal equipment with data com

ment in conformance with the specifications of EIA Standard No.

EIA-232C.
Features:

® Current Limited Qutput
$10 mA typ

Power Off Sonren impedance
300 Otirns min

Flexible Operating Supply Range

Simple Stow Rate Control with External Capacitor

Compatible with All Motaroly MOTL and MTTL Logic Famities

munications equip-

TYPICAL APPLICATION

LINE DRIVER INTEREDINELNING
MC14as Ladie
S0
“B_B- 7/

IR RLONHEL NG

1INE RECEIVER
ML 489

MoV aYAYS
-+ _ .7

MOTL A DGICINPYT famd

ML LOGIE DUIPYT

QUAD MDTL LINE DRIVER
EIA-232C
SILICON MONOLITHIC
INTEGRATED CIRCUIT

]
Y \
14 .
1

P SUFFIX
PLASTIC PACKAGE

L SUFFIX
CERAMIC PACKAGE
CASE 632-08

CASE 646-06_
D SUFFIX
PLASTIC PACKAGE
CASE 751A-07 14

50-14 5!

1
PIN CONNECTIONS

NS
E"cc

E tnput DY

VEEE
taput A E
Output AE E Input D2
Input B2E

E Inpur C1

Output B6

Gnd rj

E]unmn c2

Eomom c

nput B E@ @E Output O
0 g

CIRCUIT SCHEMATIC
{174 OF CIRCUIT SHOWN)
Ve 15 O
LI 62%
PN A% 12DR 2
INFUT 'y
NPT L
PNSS 011 >
4 - o
~—O Outeur
Y PINS G A 11GR 3
X 3
16 L
L
GND 7 0—1 = K
10%
rr n <
Vit O

MOTOROILA LINEAR/INTERFACE DEVICES




ORDERING INFORMATION

Device Temperature Range Package
MC1495L 0°C to +70°C Ceramic DIP
MC1595L. -55°C to +125°C Ceramic DIP

MC1495L
MC1595L

Specifications and Applications
Information

WIDEBAND MONOLITHIC
FOUR-QUADRANT MULTIPLIER

designed for uses where the output is a linear product of two

input voltages. Maximum versatitity is assured by allowing the user

to ;.eh!ct the level shift method. Typical applications include: multi-

ply, divide”, square root”, mean square”, phase detector, frequency

doubler, balanced modulator/demodulator, electronic gain control.
"When userd with an operational amplifier,

o Wide Bandwidth

® Excellent Linearity -- 1% max Error on X-input, 2% max Error on’
Y-lnput — MC1595L

Excellent Linearity — 2% max Error on X-Input, 4% max Error on
Y-tnput - MC1495L

o Adjustahle Scale Factor, K

e Excellent Temperature Stability

® Wide Input Voltage Range — + 10 Volis
e + 15 Volt Operation

LINEAR FOUR-QUADRANT
MULTIPLIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L2

L SUFFIX
CERAMIC PACKAGE
CASE 632-08

FIGURE 1 — FOUR-QUADRANT
MULTIPLIER TRANSFER CHARACTERISTIC

FIGURE 2 — TRANSCONDUCTANCE BANDWIDTH

10 20—
|
agf 1T & Gl LS ]l
_ x - “.
2 ¥ X_}_,"V . e p-= -
g § W
N A I
% o0 ™~ .| il P31} ] & 4 AT
“ = 3 N
5 - —Tev | z N \ H
R ] Z N-LE
d — 3
R Q“‘L\,l” 3 om \, \.. )
3 a0 M% . - o \vk—— vy
3 > v
A -6 X
_C_'.;./ J QU S Dy, ‘ﬁ 20} fm 4
-8}~ GO0 NN YUY DU JNRRY SN SN 0 7),, S > Y Yo I ¥
-m - -30
-0 -840 RO 40 28 20 40 50 DO 10 w 10 100 we -

V. INFUT VO BAGE V0L §5)

1 TATNUENCY (NHs

FIGURE 3 —~ CIRCUIT SCHEMATIC

' [———T—-——mo} Qutout
"o{ExyYy
8]
h 4 4 s 05 ar o
rold )
¥ tnput X tnnot
‘OT'T"K" . m n3 o T 12
n 40% a0 sox
s 1 n
5 n
10— It
>H
h 4 b 4
L
3
590 nn 4 sno ml s
v !

MOTOROLA LINEAR/INTERFACE DEVICES
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ORDERING INFORMATION

Davice Temperature Range X Pachage
= = MC1496
© e SR MC1596
MC 15966 Meoral Can
pem g 55 Cho ; 125C *m - .
Specifications and Applications BALANCED
Information MODULATOR/DEMODULATOR

SILICON MONOLITHIC
BALANCED MODULATORI DEMODULATOR INTEGRATED CIRCUIT

. designed for use where the output voltage is a product of an
input voltage (signal) and a switching function (carrier). Typical

applications include suppressed carrier and amplitude modulation, G SUFFIX
synchronous detection, FM detection, phase detection, and chopper \® METAL PACKAGE
applications. See Motorola Application Note AN-531 for additional » 4 CASE 603-04
design information. Vg
® Excellent Carrier Suppression - 65 dB typ @ 0.5 MHz 10, + Signal ~ Output

-~ 50 dB typ @ 10 MHz Input - Carrier
® Adjustable Gain and Signal Handling Gain Adjust ..lp\{t
® Balanced Inputs and Outputs + Carrier
® High Common Mode Rejection -85 dB typ Gain Adjust % Input

- Signal Input + Output

Bias {Top View)

L SUFFIX
i CERAMIC PACKAGE
CASE 632-08
FIGURE 1 — "
SUPPRESSED CARRIER
OUTPUT WAVEFORM D SUFFIX
PLASTIC PACKAGE
CASE 751A-02
SO-14
P SUFFIX
PLASTIC PACKAGE
CASE 646-06
e
'
1 Signal
Input ) VEE
Gain Adjust (3] rm NC
FIGURE 2 — Gain Adjust -Output
SUPPRESSED-CARRIER - Signal
SPECTRUM ,r?pm - FINC
Bias G F9 — Carrier Input
" - l“Af»cCe'miev
Ne Y o hotk (Top View)
FIGURE 4 - AMPLITUDE MODULATION SPECTRUM
g
| I - 500kHe
1 1gt 106Ms
FIGURE 3 -

AMPLITUDE-MODULATION
OUTPUT WAVEFORM

‘e S0O0RMHe

's .‘om';, 439 kH?  500kMs  BOV kM2

MOTOROLA LINEAR/INTERFACE DEVICES



@ MOTOROLA

LF355, LF356,
LF357* LF355B,
LF3568B, LF357B*

Specifications and Applications
Information

MONOLITHIC JFET INPUT
OPERATIONAL AMPLIFIERS

These internally compensated operational amplifiers incorporate

highly matched JFET devices on the same chip with standaid
bipolar transistors. The JFET devices enhance the input charac-

teristics of these operational amplifiers by more than an order

of magnitude over conventional amplifiers.

This series of op amps combines the low current characteristics
typical of FET amplifiers with the low initial offset voltage and

offset voltage stability of bipolar amplifiers. Also, nulling the offset
voltage does not degrade the drift or common mode rejection.

® Low Input Bias Current — 30 pA
® Low Input Offset Current — 3.0 pA
® Low Input Offset Voltage — 1.0 mV

® Temperature Compensation of lnp\}t Offset Voltage —
3.0uv/eC

Low Input Noise Current — 0.01 pAA/Hz
High Input Imnedance — 1012¢)
High Common-Mode Rejection Ratio
High DC Voltage Gain — 106 dB

100 dB

MONOLITHIC JFET
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

H SUFFIX
METAL PACKAGE
CASE 601-04

(Top View)

SERIES FEATURES

LF355/355B — Low Power Supply Current
LF356/356B — Wide Bandwidth
LF357/357B — Wider Bandwidth Decompensated (Aymin = 5)

L

1

J SUFFIX
CERAMIC PACKAGE
CASE 693-02

Offset Noll 11—
Invt Input 2}
Noninvt Input 3}
Veg 4]

£ 8 NC

217 Vee

26 Output
55 Offset Nult

(Top View)

LF355/355B|LF356/356B|LF357/3578B

Fast Settling Time to 0.01%| 4.0 us 1.5 us 1.5 ps
Fast Slew Rate 5.0 V/us 12 Vius 50 V/ps
Wide Gain Bandwidth 25MHz | 5.0 MHz | 20 MHz

Low Input Noise Voltage |20 nV/VHz|12 nV/VHz|12 nV/VHz

APPLICATIONS

The LF series is suggested for all general
purpose FET input amplifier requirements
where precision and frequency response
flexibility are of prime importance.

Specific applications include:

ORDERING INFORMATION ® Sample and Hold Circuits
e High Impedance Buffers
Jompesaturs Rarigs Package ®  Fast D/A and A/D Converters
LF355BH,H 0to +70°C Metal Can ® Precision High Speed Integrators
LF355BJ,J 0to +70°C Ceramic DIP e Wideband, Low Noise, Low Drift Amplifiers
LF356BH,H Oto +70°C Metal Can
LF356BJ.,J Oto 170°C Ceramic DIP
LF3578H.H 0to 170°C Metal Can “ y ;
LF3578J.J Oto +70°C Ceramic DIP LNO;TE..JTLha LF357/3578B are designed for wider

. They are d d

(AVmin = 5).

MOTOROLA LINEAR/INTERFACE DEVICES




SCL4049UB Inverting @
SCL4050B Non-Inverting

| CMOS
HEX BUFFERS /CONVERTERS

FEATURES

4 Direct Drive of 2 TTL/DTL Loads |

4 Operation from Single Supply

4 Pin-for Pin Replacements for SCL40098,
$CL40108

DESCRIPTION

The SCL4049UB and SCLA4050B are Inverting
and Non-Inverting. Hex Buffers, respectively, and
feature logic-level conversion using only one supply
voltage (V). The Input-signal high level (V) ean
exceed the Ve supply voltage when these devices
are used for logic-level conversions. These devices
are intended for use as CMOS-to-DTL/TTL con-
verters and can drive directly two DTL/TTL Loads.

The SCLA049UB and SCL4050B are inter-
.changeable with SCL4009UB and SCL40108B de-
vices, respectively. In these applications the
SCL4049UB and SCLA4050B are pin-cofnpatible
with the SCL4009UB and SCL40108B, respectively,
and can be substituted for these devices in existing
as well as in new designs. Terminal No. 16 is not
connected internally on the SCLA4049UB or
'SCLA0508; therefore, connection to this terminal
is of no consequence to circuit operation.

SCHEMATIC DIAGRAMS

vee

3

>204
e

vss

SCcL4049uUB

vee

s

SCL40508B

CONNECTION DIAGRAM
{all packages)

' NC 6Y 6A NC 5Y- SA 4Y 4A

1 | | I 1 | | 1

16 15 14 13 12 11 106 9
SCL4049UB SCL40508

1 2 3 4 5 6 7 8

IR | ! ! | | l

Vee 1Y 1A 2Y 2A 3Y 3A Vgg

Add suffix for package:

C 16-pin Cerdip

| D  16-pin Ceramic
E 16-pin Epoxy
F  16-pin Flat
H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
Vee - Vss
Operating Temperature Ta

C, D, F, H Device

E Device

DC Supply Voltage 3t015 Vdc

55 to +125 ©OC
40 to +85 ©C

{ 1
Note: These devices tontain input protection net-
works to Vgg only. Therefore, Viy (max)
may exceed Vo without damage (subject
to absolute maximum ratings).

LOGIC DIAGRAMS

A 2>t v
24 >t 2v
3a L{>et 3y 3a L{>-* 3v
an >0 av aa 1> ay
5A "—{>»L' 5Y 5A L{>-2 5y

1Al-{>—'1v
24 2> 2v

6A 2 2 ey 6A L LAN:3%
vee —* vee —

veg —— Vss-'——

X2 veA Xiovea
SCL4049UB 'SCL40508
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SCL4066B

CMOS QUAD ANALOG SWITCH

¥

FEATURES

% Transmission or Multiplexing of Analog or
Digital Signals
80§2 Typical ON-Resistance for 15-Voit oper-
ation*
Switch ON-Resistance Matched to within 52
over 15-Volt Signal-Input Range
ON-Resistance Flat over Full Peak-to-Peak Sig-
nal Range
High Degree of Linearity:
<0.5% Distortion (typ) @ f;¢ = 1kHz,
Vis = 5Vp.p. VDD-Vss 210V, R = 10kS2
¢ Extremely Low OFF switch Leakage Resulting
n very Low Offset Current and High Effective
OFF Resistance:
10pA (typ) ® Vpp-Vgs= 10V, Ta=25°C:
4 Extremely High Control Input Impedance {Con-
trol Circuit Isolated from Signal Circuit):
10! 22 {typ)
4 Low Crosstalk between Switches:
-50dB (typ) @ fis= 0.9MHz, R =1k
¢ Matched Control-Input to Signal-Output Capac-
|tanco Reduces Output Signal Transients
¢ Frequency Response, Switch ON = 40MHz (typ)

* & & &

DESCRIPTION

The SCLA4066B is a Quad Bitateral Switch
intended for the transmission or multiplexing of
analog or digital signals. It is pin-for-pin compatible
with the SCL4016B, but exhibits a much lower
ON-resistance. In addition, the ON-resistance is rel-
atively constant over the full input signal range.
The SCLA066 consists of four independent bilat-
eral switches. A single control signal is required per
switch. Both the P and the N device in a given
switch are biased ON or OFF simultaneously by
the control signal. As shown below, the well of the
N-channe] device on each switch is either tied to
the input when the switch is ON or to Vgg when
the switch is OFF, This configuration minimizes
the variation of the switch-transistor threshold

SCHEMATIC DIAGRAM (one of four switches)

NORMAL OPERATION
CONTROL-LINE_ BIASING:!
SWITEH ON W™ »Vpp
SWITCH OFF. V¢ 0" +Vss

CONYROL 11
Yy

SIGNAL-LEVEL RANGE:
Vgs S Vi3 =Vpo

CONNECTION DIAGRAM
{all packages)

Switch .
A Switch O Switch C

e T e N

Voo C C IN OUT OUT IN

| 1 ] 1 ! | |

14 13 12 11 10 9 8
$CL4066B

1 2 3 4 5 6 17

1 I ! I i | I
IN OUTOQUT IN C C Vss
S N

Switch A Switch B Sw&tch

Add suffix for package:
C  14-pin Cerdip F  14-pin Flat
D  14-pin Ceramic H Chip
E  14-pin Epoxy

RECOMMENDED OPERATING CONDITIONS
For ma‘ximum reliability:
Vpp-Vss 3to1s Vdc

Operating Temperature Ta
C, D, F, H Device
E Device

DC Supply Volitage

55 to+1256 OC
40 to +85 ©C

voltage with input-signal, and thus keeps thé ON-
resistance low over the full operating range.

The advantages over single-channel switches in-
clude peak input-signal voltage swings equal to the
full supply voltage, and more constant ON-imped-
ance over the input-signal range, For sample-and-
hold applications, however, the SCL4016 s
recommended.

LOGIC DIAGRAM
(---*>r*>~§_
i

m:.;—-{)— Ii)._m_. Twntne i

"% ovrrur '

vomrpweis
isermr




N N ~
T\.\
FEATURES
¢ Independent Set and Reset Controls CONNECTION DIAGRAM
4 Static Operation {all packages)
4 Logic Edge-Clocked Design . 3
¢ 16MHz Toggle Rate @ 10Vdc Vpp Q3 Gz CLy Ry D3 Sp
4 Balanced Output Drive Current Specifications l 1 | ! ] L
14 13 12 11 10 9 8
SCL4013B
1 2 3 4 5 6 7
| 1 1 1 1
DESCRIPTION d, @, el By Dy Sl1 Vis
The SCL4013B consists of two identical, inde- :
pendent D-type Flip-Flops. These devices can be K .
used for shift register applications, and, by con- Add suffix f?’ pack:?ge.
necting the Q output to the Data input, for counter c . 14~p!n Cerdlp.
and toggle applications. The logic level present at D ‘14-p!n Ceramic
the D input is transferred to the Q output during E 14'”{" Epoxy
the. positive-going transition of the Clock pulse. F 14'}"“ Flat
Setting or resetting is independent of the Clock and E; H Chip
i¢ accomplished by a high level on the Set or Reset- <
line, respectively. . i
TRUTH TABLE :
RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
‘ctalo|[mls |alad DC Supply Voltage Vpp-Vss 316156 Vde
_~_lo jo oo |1 Operating Temperature  Tp
| vlojo 1 ]0 C, D, F, H Device 55 to +1256 OC
~— x [ 0 0 | @ |NOCHANGE E Device 40 to +85 ©°C
x « |1 e o[ f
n " o 1 1 ]
| = x |1 1 [) [)
A = Level Change
x = Don’t Care BLOCK DIAGRAM
5 Voo
1
sn.i___L
LOGIC DIAGRAM .
014 L 125,
croexy 3 "7 L4t o
soP>e = nu('r_,_:._,__]
a @ "I:) ser; Y
°>—D"® T « « } 02—'!; vz —-—%32
& [ J —— _(b CLOCKy —3—] 42 0,
® A S neser, 2
— & De-oe-o0 2
e
¢l°———D-—{>oT—{>——€l 17
(<3 V’,




SCL4046B . $

SCL4446B ,

CMOS PHASE-LOCKED LOOPS

FEATURES
4 Very low power consumption — 70 pyW (typ)
@ fo = 10kHz, 5Vdc
¢ Operating frequency range (no offset) —
Up to 3MHz (typ) @ 10Vdc (SCL40468B)
Up to 4MHz (typ) @ 10Vdc (SCLA4446B)
Low frequiency drift — 0.04%/°C (typ) @ 10Vdec
Choice of two phase comparators:
1. Exclusive-OR network
2. Edge-controlled memory network with
phase-pulse output for lock indication
VCO Inhibit control for ON-OFF keyirg and
ultra-low standby power consumption
High VCO linearity 1% (typ)
Source-follower output of VCO control input
{Demodulator Output)
Zener Diode to assist Supply Regulation
Balanced Output Drive Current Specifications

L R J

* e o o

APPLICATIONS

FM demodulator and modulator *
Frequency synthesis and multiplication
Frequency discriminator

Data synchronization
Voltage-to-frequency conversion

Tone decoding

FSK-Modems

Signal conditioning

0000.0000

DESCRIPTION

The SCL4046B and SCL.4446B phase-locked
loops contain two phase comparators, a voltage-
controlled oscillator {(VCO), source follower, and
zener diode. The comparators have two common
inputs. The Signal input can be used directly
coupled to large voltage signals, or indirectly
coupley {with a series capacitor} to small voltage
signals. The self-bias circuit adjusts small voltage
signals in the linear region of the amplifier. Phase
comparator I (an exclusive-OR gate) provides a
digital error signal PCIg ., and maintains 90° phase
shift at the center frequency between Signal and
Comparator inputs (both at 50% duty cycle). Phase
comparator I (with leading edge sensing logic) pro-
vides digital error signals PCII,,¢ and Phase Pulses,
and maintains a 0° phase shift between input
signals {duty cycle is immaterial}. The linear VCO
produces an output signal VCOg,,; whose frequency
is determined by the voltage of input VCO;, and
the capacitor and resistors connected to pins Clp,
Clg, R1, and R2. The source follower output,
Demod Out, with an external resistor is used where
the VCOj, signal is needed but no loading can be
tolerated. The inhibit input Inh, when high, disables
the VCO and source follower to minimize standby
power consumption. The zener diode can be used

'to assist-in power supply regulation,

CONNECTION DIAGRAM
{all packages)

ZENER DEMOD OUT
SIG PC vCco
Voo IN OUT gy gy N
| | | I L |

16 15 14 13 12 11 10 9
SCLa0468 SCL4446B

1 2 3 4 5 6 7 8

| 1 1] |
PCI VCO INH €1 C1 Vgg
ouT ouT (A) (8B}
PHASE  COMP
PULSES IN

Add suffix for package:

C . 16-pin Cerdip
D  16-pin Ceramic
E 16-pin Epoxy
£ 16-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
OC Supply Voltage Vpp-Vss 3to15 Vde

Operating Temperature® TA
C, D, F, H Device -55 to +125 ©OC
E Device . 40to +85 ©C

BLOCK DIAGRAM

s:c‘::‘u@ "Do
k‘7 V.

PHASE
COMPARATOR COMPARATOA 1
N
.

PHASE COMP I OUT

——— -
IPHASE COMP IT OUY
PHASE @_J
COMPARATOR ~®
PHASE PULSES L]

veo ™ Low

DEMODULATOR €
oo T

- én Vss
INHIANT f_,f,‘] s
vss Qb @ltuu V:,

Fig. 1
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CMOS 14-STAGE BINARY

SCLAOGOAB
| NG/  COUNTER AND OSCILLATOR
FEATURES - ' :
¢ 14°Fully Static Stages CONNECTION DIAGRAM
¢ 10 Buffered Outputs Available (all packages)
: c:nv;mgn Reset l;‘ino o 10vd .
* ?\ll Azcﬁ::"(()'s':glla:;: Compo:onts on Chip for VOO QIR R

R-C or Crystal Controt

DESCRIPTION

The SCL4060AB consists of an oscillator section
snd 14 ripple-carry binary counter stages. The
oscillator configuration allows design of either R-C
or crystal oscillator circuits. A Reset input is
providéd which resets the counter to the all-O's
state. A high level on the Reset line accomplishes
the reset function. The state of the counter is ad-
vanced one step in binary order on the negative
transition of the Clock input ¢. Al inputs and out-
puts are fully buffered. Outputs are available from
stages 4 through 10 and 12 through 14.

Applications include timers, frequency dividers,

.delay circuits and counter controls,

TRUTH TABLE
CLOCK | RESET | OUTPUT STATE
a 0 No Changs
-~ 0 Advencs 10 next
state
X 1 AN Qutputs sre low

X = Don’t Care

ISR I ) (S N N

16 15 14 -13 12 11 10
SCL4060AB

1 2 3 4 5 6 7 8

T -1 1 1 1 .01
Q12 Q13Q14 Q6 Q5 Q7 Q4 Vgg
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Add suffix for package:

16-pin Cerdip
16-pin Ceramic
16-pin Epoxy
16-pin Flat
Chip

ImMmQooO

. 1

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:

DC Supply Voltage  Vpp - Vss

Operating Temperature Ty
C. D, F, H Device
E Device

3to15 Vdc

5510 +125 ©°C
40 to +85 ©C

LOGIC DIAGRAM
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722 EXAR

Monolithic Functlon Generator

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator inte-
grated clrcuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of high-
stability and accuracy. The output waveforms can be
poth amplitude and l1equency modulated by an exter-
nal voitage. Frequency ol operation can be selected
externally over a range of 0.01 Hz to more than 1 MHz.

The circuit is Ideally suited for communications, instry-

mentation, and function genarator applications requir- -

ing sinusoidal tone, AM, FM, or FSK genaeration. it has a
rypical drift specitication of 20 ppm/°C. The oscillator

oquohq can be linearly swept over a 2000:1 frequen-
cy range, with an external control voltago having a
very amall affect on distortion.
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Tlul[:l
APACITOR

RESISTORS

FEATURES

Low-Sine Wave Distortion 0.5%, Typical
Exceltent Tamperature Stabliity 20 ppmv*C, Typical
wide Sweep Range 2000:1, Typical

Low-Supply Sensitivily

Linear Amplitude Modulation
TTL Compatiblé FSK Controls
Wide Supply Range
Adjustable Duty Cycle

APPLICATIONS

Wavsform Generatlon
Sweep Generation

AM/FM Generation

VIF Conversion

FSK Generation
Phase-Locked Loops (VCO)

ABSOLUTE MAXIMUM RATINGS

Power Supply

Power Dissipation
Derate Above 25°C

Tota: Timing Current

Storage Temperature

0.01%V, Typicat '

10V to 26V
1% to 9%

286V
750 mw
5 mW/*C

8 mA.

-65°C to +150°C

FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

Part Number Packags Opsrating Tempoeraturs
XR-2206M Ceramic ~55°C 1o +125°C
XR-2206N Ceramic 0°Cto +70°C
XR-2206P Plastic 0°C o +70°C
XR-2206CN Ceramic 0°C to +70°C
XR-2206CP Plastic 0°Cto +70°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled osciltator (VCO), an analog multiptier
and sine-shaper; a unity gain butfer amplifier; and a set
of current switches.

The VCO actually produces an output frequency pro-“

portional to an input current, which is produced by a re-
sistor trom the timing terminals to ground. The cutrent
switches route one of the limlno pins cutrent 1o the
VCO controlled by an FSK input pin, to produce an out-
put frequency. With two timing pins, two discrete output
frequencies can be lndependenuy produced for FSK
Generation Applications.

i
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XR-2206

Figurs 8. Clrcult Connection for Frequency Sweep.

Figurs 10. Cireslt for Siee Wave Generation withest Exterat
Adjustment. (Ses Figurs 2 for Choics of R3).
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Figurs 11. Circult for Sine Wave Generation with Minimum Figurs 13. Circult for Pulse and Rsmp Generstien.

Harmonic Distortien. (R3 Ostermines Output
Swing—Sse Figure 2.)
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Fraquency-Shift Keying:

The XR-2206 can be operated with two separate timing
resistors, Ry and R2, connected to thé timing Pin 7 and
8, respectively, as shown in Figure 12, Depending on
the polarity of the logic signal at Pin 8, either one or the
other of these timing resistofs Is activated. Hf Pin 9 is
open-circuited of connectad 10 8 bias voltage =2V, only
R, Is activated. Simiiarly, it the voitage leval at Pin 0 is
£ 1V, only R Is activated. Thus, the output frequency
can be between two levels, {1 and 12, as:

fy = 1/R{C and 12 = 1/RZC

For spilt-supply operation, the keying voitage at Pin § Is
" referenced to V=,

Output DC Lovel Control:

The dc leve! al the output (Pin 2) is approximately the

same as ihe dc bias at Pin 3. In Figures 10, 11 and 12,

Pin 3 is blased midway between V+ and ground, 1o

give an output dc level of =V + /2,
[

APPlJcATldNS INFORMATION

Sine Wavo Beneration

Withew! Externs! Adjustment:

Figure 10 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
Ry at Pin 7, provides the desired frequency tuning. The
maximum output swing is greatef than V+/2, and the
typicai distortion (THD) is <2.5%. If lower sine wave
aisiortion is deaired, additional adjustments can be pro-
vided as described In the foliowing section.

The clrcuit of Figure 10 can be converted to spili-supply

operation, simply by replacing all grouna connections
with V= For split-supply operation, R3 can be diractly
connected to ground.

With External Adjustment:

The harmonic content of sinusoidal output can be fre-
duced to «0.5% by additiona! adjustments as shown
In Figure 11. The potentiometer, Ra, adjusts the sine-
shaping resistor, and Rg provides the fine adjustment

for the wavelorm symmeltry. The adjustment procedure -

s as foflows: .

1. Set Rg at midpoint, and adjust Rp for minimum
. distortion. .

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

Wiangie Wave Generation-

The circuits of Figures 10 and 11 can be converted to
riangie wave generation, by simply open-clrcuiting Pin
13 and 14 (l.e., S open). Amplitude of the triangle Is ap-
pioximately twice the sine wave output.

FSK Generation X R'2 20 6

Figure 12 shows the circuit connection for ginusoidal
FSK signal operation. Mark and space frequencies can
be independently adjusted, by the choice ol timing re-
sistors, R and R2; the output is phase-continuous dur-
ing transitions. The keying signal is appiled to Pin 9. The
circult can be converted to splil-supply operation by
simply replacing ground with V=, .

Puise and Ramp Gensration

Figure 13 shows the clrcuit for pulse and ramp wave-
form generation. In this mode of operation, the FSK key-
ing terminat (Pin 6) Is shorted 10 the square-wave output
(Pin 11), and the clrcuit automatically frequency-shift
keys iisell between two separate {requencies during
the positive-going and negative-going output wave-
forms. The pulse width and duty cycle can be adjusted -
from 1% 10 99%, by the choica of Ry and R2. The val-
ues of Ry and R2 should be in the range of 1 k@1 to 2
M. !

PRINCIPLES OF OPERATION
Description of Contrels
Frequency of Operation:

The frequency of osciilation, fy, is determined by the ex-
ternal timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8.
The frequency is given as:

1
fo = =& Hz
° " R6

and can be adjusted by varying either R or C. The rec-
ommended values of R, for a given ftequency range, as
shown in Figure 4. Temperature stability is optimum for
4 k) < R < 200 kQ. Recommended values of C are
from 1000 pF to 100 uF.

Frequency Sweap and Modulstien:

Frequency of osciltation is proportional to the total tim-
ing current, I1. drawn {rom Pin 7 or 8:

320 ty (mA)
Cwh

Timing terminals (Pin 7 or 8) are low-impedance points,

and ate imernally biased at + 3V, with respect 10 Pin 12.
ency val range

current values, from 1 A 10 3 mA. The it

be controlled by applying a control voltage, VG, to the

activated timing pin as shown in Figure 9. The {requer:-

cy of oscillation is related to VG as:

R R
RC

{ = Hz



XR-2206

where Vg is in voits. The voltage-to-frequency conver-
sion gain, K, is given as: -

- - - 032
K = M3VC Ao MV

CAUTION: For salety operation of the circult, Iy
shouid be limited 10 <3 mA.

Output Ampituds:

Maxmum output ampiitude is inversety proportional 1o
the externa! resistor, Rz, connected to Pin 3 (see Figure
2). For sine wave output, empiitude Is approximatety 60
mV pesk per kQ of R3; for triangle, the peak ampiilude
Is approximately 160 mV peak per k@ of R3. Thus, for
example, R3 = 50 k0 would produce approximately
+ 3V sinusoldal output ampiltuds.

AmpHtude Medulation:
Output ampiitude can be modulated by applying a dc bl

as and.a modutating signal 1o Pin 1. The intermal imped-,

ance at Pin 1 is approximatety 100 k0. Output amph-
tude varles linearly with the applied voltage at Pin 1, for
values of dc bias at this pin, within £ 4 voltsof V+/2 as

shown in Figure 5. As this blas level approaches V+72, .

the phase of the output signal is reversed, and the am-
plitude goes through zero. This property Is suitable for
phase-shilt keying and suppressed-carries AM genera-
tion. Total dynamic range of ampiitude moduiation is ap-
proximatety 55 dB.

CAUTION: AM control must be used In conjunction
with & wefl-regulated supply, since the output amplitude
now becomes a function of v+,

To—{ a0 ?'

EQUIVALENT SCHEMATIC DIAGRAM
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