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signal transmitting,. It's used speed to 64 kbps .Before transmitted in the line must be the encode signal

called "Digital Baseband" . This method of the signal data is not modulate with orther carriers. It's

DIGITAL BASEBAND TRANSMISSION LAB DESIGN
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Mr. Sujin yoonongard No. 38013387
Mr. Ophat Hasatsri No. 38013392

Mr. Dolchai  Sukchareonphol
Mr. Kitdakhon Komkan
1997

This digital baseband signal Lab is simulated the general communication system of the digital

decreased the difficult of the high-frequency circuit .

passed the encode to general baseband signal. It's transmitted in the channel can be adjust the
bandwidth of channel. It's passed in the decode signal part. After converted to the analog signal. The

digital approximation to the analog signal can be made very precise if we wish, we will learn how to

This project show how to encode analog waveforms convert to the digital signal. The signal

procress the digital baseband signals so that their bandwidth is minimized

-
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ndvdaa aduiiuay¥duusadunuan mikzluuvvesdayaeuiudnvas@vduty
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' s Afumsifinesylszneuvesussduliage aitosningmulaafiusiia RZ uda) Telidana
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4 d o a . > ' [
foasndszmaniaffeannsovimaudlunnufanmia (emor correction) I8 d18d1018u
+ I s o J o A o =y ° 9 4
winlusznitnnisdudadygasunuivusdinandedygia v i deyadumudavas
a P ﬂ d 1 a 4 [ a P ' a4
w 0 gnaunauvuldouiudeyaiunudiaein 1 niesiursinsanfmnmeissvesdoya
P | a ] ] @ 1 & a d 1a o ] o 4
fufluaein 1 wuitluseniumaiudsdoya Famuasin 1 nogannuIsgnunumAunaddail
gauunsuassfiuaaennm mgniuniudisdygnesuniuszndansfudiendaaly
@ P v o ] 4 o 4 o ° s 3 Y @ d
HamgmiaivalnngWaduandeiieaty n3pafurhmIndudussduvesnadgniignsy
nau'ld
' -1 @ Y P ' ' ' 4 o
ot lsfinmsddyapaugunalunsdidesia amr dafingudeyart o derfesiuonng
<y a A o 4 a A a 4 ' ) 4
A lidludandionin wesnnwinadlymhuissvesmsdlns udszningudeyauazinies
g g o 1 & 4 3 d
fudawm dwfvmadisiousy aMr goeenuuy I lfauidsudumsdeasienaunia

a 1 a d '
1.544 unnzinasluiiiuag A3152 2.048 mnnsinde3uin

2.5.5 Differential Coding (Duobinary Precoding)
sﬁaﬁfgtymﬁagadamm?aaf?mtymmazohmnwin 1 a1029%3 w1 waveform o4
Fygrauldvu gy ﬂty"n1ﬁyﬂ:zﬁﬂ1141§aaﬁzyﬁy1mﬁﬁﬁ'niuﬂumaﬁmﬁuwimﬁm;mia
dievhmudhsdauudaa o Ina§ (ﬂiymﬁyw'lsizﬁﬂ'luﬁiyiywmuw'luiw7:1'1’:') flymienunse
U5udge AT IR 0¥ Differential Coding #3317 2.1 lufionl¥fuannTumsudilym o
Hoyafruasesiiey nnawms
e,=d,Pe, -1 (2.19)

=Y

11U Encoded Sequence IvinmsifSunfivuinszndng input Snisudusuinisnumun
100 Encoded fimvznmaidiu <17 dledniiFoudfivudrstunazidiu <or dednmitouiig 1dun
A1519UTT91U892395 Exclusive OR nionengla 2 dauanalumaadl 2.1 dlodin input iSudy
Huingreda iy <17 finfesiudygadihaiasgrosasialamalSouifivuanisves
finfidady dimdrsian I suluilytulannsfuduindsialuein output UBIAINOA
imzdu «o” TwimeaRvaduluns 1 wgnosasdasennnnaniizassdniusuansly
@1319 ifwaagﬂﬂﬁuﬁrﬁ']sﬁmmmmneiNrTuawﬂznﬁufn‘lmﬂullﬁﬁwmia%yaﬁaaﬂsﬁa i
Hude WTvy dlogindudesgndarilyinssnais q 1013 Tussvudemsuazmanianiy
fynnewand ouput vemiwly wierenfeznldonl e indo o Suuntlas wuns

aaussniamaauvesdeyanary q ma
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Data in modulo 2 adder
dn TN\ Line encoder
'\ ‘/ circuit
e
n1 D.?.Ey
Channel

Line decoder
circuit

Differential decoder

LA modulo 2 adder . dn
Al
Data out
e
Delay n-1
Th
P
U 211

d === ¢
Tavh ® Aowueagla 2 %3e Excusive OR foyamsdusunrhunisoenssieudadiulyemy

aums
d,=e,De,~1 (2.20)
Encoding
Input sequence dn 1 | 0 1 i
Encoded sequence en 0 1 i 0 1
Reference digit
Decoding
Received sequence en 0 1 1 0 0 0 1
(correct polarity)
Decoded sequence dn 1 1 0 1 0 0 1
Decoding (with inverted channel polarity)
Received sequence  en 1 0 0 1 1 1 0

(inverted polarity)
Decoded sequence  dn

|
MMINN 2.1
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+A : ; 5 : :
NRZL) | :

*A ; P

n-1

+A

A\ 4

Time

31 2.12

dieshdeyaninananfoy wavetorm Fumassfudoyafidisia TnvldnnSoudion
“1" Joyaitldnnmaidhsiemiuy Duobinary Aflodgygme NRZM (Mak)  vanudedeyany
nJﬁuuamuznnﬂgazﬁaﬁtytymﬁaymi‘lu “1” (Mark) vh Wdygaideyadias bifiu <17 dafw
o1 « v nsddageandndidmsudhe i @un widiee hitddoyadin «0” (space) Anu
112 9 #eal¥msidhswa Ducbinary Msluuuy NRZ-S (Space) viufledtygadeyassnlfon
anmueynnfade foyaillu «0” (Space) 1118 Tnu1%2495 Mod 2 fiuiivy Exclusive NOR Gate {0

@ R t ) 1Y) o Q‘: o
AvBam 3141390 Duobinary Bnedinilsfis aunsaflessumandudivesdaygold

2.5.6 Muttilevel Signaling
/o o 4 aa dii] < = a : sa o v
Lmumﬂwvsagﬂﬂaumﬂaam ull‘umsamnzummnﬁ'wmmnumumummmuausn'lﬁ'

ad A, ' fa o ' ° v & da d >
Tunssilssfisiowd senusnanuuuddad Ideels mowdundisife ninfsudoyg s
' . . & $ . g 4 a >
14/g Multitevel Signal dalugil 2-13asie 7 vit DAC gnlfifeilavudygsluinidusan

foya Rbivsec il L=2'  szduvesdyg afiaeauuunaiussdy
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A ] ¢ k) @ le 3 e 4
fetvauudd 1 DAC 31n AniuL=2"=2" =g s2iy g1l 2.13 uanaginden input Ly

[ A v do o [V 4 d
Ruatuuazgil ¢ uaasgind output uuy 8 seAURFURUEN input e Ts Aenan 1y

’ 4 4 . 4
dyine 1 multilevel o 19 IR gUnauil If1dsvauamalumsian 2.2

L level waveform out

Binary waveform in
WI(t) Ww2(t)
| bit
digitat-to-analog >
converter
. D sysbols/sec =R/l
R bits/sec and R bits/sec
(a) | bit Digital-to-analog Converter
Votts

v

PN JieTh A : :
le— T A : : i Time

(a) input Binary Waveform Wi(t)

{(c)L=8 =23 Level Waveform Out

71 2.13
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.

Digital Word Output Level (an)i
000 +7
001 +5
010 +3
011 +1
100 -1
101 -3
110 -5
111 -7
mmﬁ 2.2

VIngUNu31 D=1/Ts = 13Tb = R3 wiegiluuurialifie
D=R// (2.21)

PSD veagindu Multilevel istaalug 2.13 ¢ m1smid1 R Tunsdiitsedy an St

=1
uermalum13199 2.2 15192 18nsdives k= 0

8
R(0) =D (a,)} P =21 (2.22)
f=1
4 . "o o d o p
e Pi= /8 vosrmiavun 8 sudiulyl® dndy k # 0, R&) = o fariuein

PSD ¥84 W2(t) Aip

IP(F)
T,

P;n(f) = 21+ 0) (2.23)

A o 1 o a t
wienMuNA1eNad Ts=3Tb Ui vesNaduuY isaunafaa fueeniiuniie 3To wnmui
sin3~/Th

s )2 (2.24)

P (f) = 63T8(
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MumgAInadyg el Multilevel uuulan Boull = 13Tb = RA  uuudlanvenauily 173
v aeeye st luid input
detithdygedunfuuyluTnarfisasideya R = 9600 bivsec Uy RS-232C w0
AeuwaAed first null BW vesdygyotlumdeeidiu 0.6 kitz uddoyayas Multilevel figndes aas
veiluundIniifivs 3.2 kHz dunad1 Multilevel 51 Baud rate D=3200 doydnualsec uazi bit rate
~9600 bit'sec 1121z Baud rate A Bit rate yoadydnuat lumnTidiu 9600 ity

Taona ldmiumsdadygamuy Multilevel first null BW fie
Brull = R// (2.25)

Y 4 4 o aa
Tavagy nsstadoyey ety Multilevel iie L>2 wgnlfiteanuuuddavivesdyganiaea
4 o = & W ava  a . A
wenfvufvuivuuuddaiidesnsdmiudygaluwd Tuna 7 dyoier Mutievel 9
A o 1 t A ¥
gnniessegnifieneumine  dmiumadedoyadtnealluutesmsdoms  Fafuagy

7 ana da I o
A UAIEdANVLULUAIANLUAL

2.6 Spectral Efficiency
a ¥ aa ° a « a 4
W1 Spectral efficiency vBIdRyRBATABAUAA IasTIuTindaTAvssdeyafianse

vousv A Tnuuday hertz YDILUAIAH

n=R/B (bit/sec)/Hz (2.26)
R 18 Data rate

£ da o
B A9 LUUAIAN

Tunnmdaimslfunudiainsisitalfiduldamden lvludmnssunsdeasdesld
madaiyh Wdyguianaeouiigauas W18 Spectral efficiency 1nfiga deadidewluiay
FumsivaziBuaih 1 bit eor Tri1ouluszdy Spectral efficiency Aigni1iAll Channel noise
welinn  Snnufanaiadiides Maximum Spectral efficiency %1490  Shannon s

channelcapacity formula

77 (max) = ¢/B
=log, (1+S/N) 2.27
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nqufves uvaueuhilfvenidin vhedialseeyil¥ Spectral efficiency gaga wiluma
a vad . a . -3 a a a v
Ujiidnvi vine Spectral efficiency Aftemsidsvaud lvinAanarauazmadsiadayasuuy

NAWILAY
Spectral efficiency YBIdgygIURAWITALLLY NRZ 1Rvin 2.25 14hlu 2.26

n=1 (bit/secyHz (2.28)

a4 o o ' d ' A a a Y
e Lifhwiuauini 1§y Dac ednelsid  hismnsaiudlss@nsnmuy it lWinaegn

. & 4
$11ARY Signal-to-niise ratio MAFUNITA 4.10

Code Type Fi rst-Nul(l}_lE;?ndwidth ni;;ge/tg{gigf;;g;}%

Unipolar NRZ R 1
Polar NRZ R 1

Unipolar RZ 2R 112
Bipolar RZ R 1

Manchester NRZ 2R 1/2
Multilevel NRZ 8 R/ I

a131efl 2.3

Spectral efficiency eIt M aMuAMISISARIZM 111N PSD Y0auAnzILY Saaa
Tuas13 2-3 gilTnaad NRZ, Tnerd NRZ wazluTnahd RZ sedlifse@ndnmdla 2 vhwesuuuy
111na15 158 Manchester NRZ

madhsialuwiimuaes n< madhsvadygauuunawssAuT sy Speotral
efficiency 1WAy udasasAoudiauns destu Mulslevel Signaling 30170191 T16 Fufluaoins

AuNAInoa



- opm @

32

2.7 BER vesdgjananuauuud
2.7.1 Unipolar Signaling
Tugd 2146 gUuvvesdyauuauuudisass o
S(t) =+A  0<t < T (a8in 1)
S(t) =0 o<t £ T (283N 0)
de A>0 dygreigil Inai saududyeaisuniu ( white Gaussian noise ) LA
fuRNYBININTY
?’%ﬂﬁqmﬁmswﬁﬁﬁyiymmqmﬂs"u*ns%’f LPF H( /) wuminy 1 Iagld
UUWAIYiYes LPE B > 2/T Houme fvziinngl HavesdynagiInafuagyinly noise
amas darty Sulto) ® A Ay S, (t,) & 0 fMd1w8a noise MioWymussilames

. 4 a
(. =(N./2)(2B). e B dAunwudiafvesfame? optimum threshold e 135
o o p Q

S, —S,,)? '
v, = ¥ A denldauns P=Q %—zﬂ-)— , BER ldun
UO
( A \
72 :QL 4NOBJ ( Low-pass filter ) ( 229a)

P @ a VS
wenmasuly LPF uvudledt wihty B

o ( E, ) A 2
mslnsiumdflameimnsutidualnoldaums P, = QL #2]\; J wlenmInisuwlas
[~

L4 & d 1 2 b4 : 1
to = T Wasnuvesdygnunuangy (E,)= AT Aufu BER ldun

(T2r) [ '
P,:QL ATJ:QL E"J ( Matched filter )  ( 2.29b)

a o d ¢« a o =
wewavuRduAelin - b= ==  dmiy yoainddinanuasamdfames
4
Wursvsduiinm ey Optimum threshold 18
Su+Sy, 17 AT
oSS Lo AT
T 2 2(0 ) 2
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e e o et it g

B -..

g

qn= (1) + n(0)

L )
)= or + n(r)
5,(1)
L

o
where & (/) = -

(2) Receiver

(b) Unipolar Signaling

(©) Polar Signaling

Low pass filter

ro(ty}

o, o | s

matched filter hold
H)

s()

4

Threshold
. device

] l
Vr re>

s(r)

{—>
r(t) -
s A nm f
AW A o~
{ ——>

X v v
5N 2.14 dgygnsuvauuuanidiuniniy

""m. PR &7
Vi ;
%l L«\J »-J\/v\/d'_>
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Digital
output i

' s d ' 4 4 o 4
vsvasdesmsuans  BER IWeglugiluvuves E,/N, Fpuanwasaunivee

iinfdesnsdavesfoyadendeniuues nose BER lugtuvy E,/N, dumnainnis

< 3 t:l § [ 4 “
Insvdyapuiuanaisi ifaslaomaSoudouldg luaums (229)  uazuaaslvigly

31 215
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102 5 10 15
: T T 1 T i { T L} T 1 1 T i 1 T 'j
05|~ .
10-t Matched filter
reception of -1
unipolar bascband, toherent
OOK, or coherent FSK
10°2- QWETR,) -
5 -
H
I Matched filter |
s reception of
ol i polar baseband,
E BPSK, or QPSK
~
S 1074 -
g K Q(VEIN,))
[
Q,"
10°5 -~
10-¢ - i
-
10°7 1 1 1 1 | i i 1

(EyIN,) tamy

o ! @
JUN 215 Wisuihvum P, vesdRgauuRIYUALLY Polar Lo Unipolar

2.7.2 Polar Signaling

uaaalugy 2.14c grlunpvesdgyanminais  ldun

S, (t)=+4 O<t<T (@ain 1)
S,(t)=-A4 0<t<T (aeln 0)
dyaneInadidudyaafinseduty S,(t) = -S,(t) Insed LPF mann
) , ( [Su=5a)" | P
Suvesszuy Tavlfaums P;QL —"‘—4;02—"2— sarfuuuddeaniees LPF B 2 2/1

¥
umﬂfuﬁnﬁtgrgmtmﬁww Su(ty) ® A waz S,(ty) ®-A nmwawdas t = ¢,

189 noise (07) = N_B, Optimum threshold (V;) = 0 #a%i1 BER voadoygyiasIna1ife

( A2 \
P = q\ NOB’J ( low - pass fitter ) ( 2.30a)




P

—

o mws we

i

" -
i B funuudiavives LPF

- . (TE. ) |
Inswitlavlfinmdlameimeniniy Wauns P,=QLJ2 J\; J e t, =
o

(uwundame’ Waesdulinsnuasiud dmiudggalnarflugl 214¢ )

L @« d 1
WAINUUBIAY Y IUNUANAY

NTINLEAS

9/ il v W a t
dygadwarianidyagiInaiisg

(4

(E,)= (2A)'T

BER 1&un

T
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¥
v W

AIUU

p_d AT {ELJ »
= N, = N ( matched filter ) ( 2.30b )

A g A 1 a 2 o &
WONAIURAIABUN (E, )= AT, seAUSyRIsgIqn (V,) =0

BER  weadggyiaugiInarfuay Indriuanslugy

il E,/N, fnhwesyidlwarieg 3 dB

2.7.3 Bipolar Signaling

dygnaluInaid NRzZ aein 1

2.15

Usngn

3 dB wnudadgamgiInaridesms E, /N,

t 1 1 A I & d ' v ¥
wmnnidggmdnaifeg 3 @B v Pe fiviiiu  wneiely BER  Avhidudymniadv

wiansdgeauivvanduavadulhn  uas

o a & a > A
dygrumein 0 suansdgaaiiuszdugul wd

S5.(t)=+A4
S,(t)=0

O0<t<T
O<t<T

@830 1)

(@930 0)

A ' v @ ' e v o o '
we A>0 lulnarieendrududgygneyilnaf ndusedudygpaiuandisves

aoin willu +v, uaz

a a [ . d . . !
' mﬂmswmwmﬂﬁmsnmyiymmﬁ Gaussian noise , BER &un

1931 2.16b

P = P(error|+Asent)P(+Asent) + P(error|——Asent)P(—Asent)

+ P(errorlstent)P(S2 sent)

- vy wamslugyl 216 uazgl 2166 wamamImzuvesms
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rllg) = 1

540
or Threshold device Digital
nn = (s,(r)) + 7O Lowpasshilter | 0@ | Sample \ = output 7
> or > and > :
where B(f) = N2 Lmazchcd filter hold :_L_E e
—_— - r rp—
(a) Receiver
s
Srgl = A sent) S(rolsy sent) Sl + A sent)

iy -V \ : \ v +A o
Plerror| —A sent) = Q(V;/0g) P(error| + A sent) = Q(V,/qp)
(b) Conditional PDFs
317 2.16 dgyayint Bipolar mad vy
aneunsee 18

3 V,)
Fe= 2400
I Optimum threshold (V;)= %5 A

Y 4 o 4 v Y ‘
dimsunsesiunle LPF uaslidygeluIndiined du loiuesd i, o= N B,

BER fi®
3 ([ )
P, =5% 4N‘,BJ ( low-pass filter ) ( 2.31la)

o a
die PSD wpsusud Wlu  uuudiedivesfame’ fle B Hz  uarlfiamdila

'3 o @ S @ 4’
wed wlflewiynuesdiyges (ﬁ) A9¥

S 4 2E,
(_]_V_)our‘_‘o.—az: Na

o L3 1 oo @ A i 2
dmudggalylnai? NRZ wisnmvesdgygpaiuandis (E, )= AT = 2E,

4 o 4 Y
die £, dundsnumivdein mamasulfuundiamed , BER fie

( ’ \
P, =§q %J ( matched filter ) ( 2.31b)

dmsvdygnaluinerd RZ, B, = A'T/4 = 2, dunaihidqes BER wmileu
I ° @ ' 3 t o a .
fuaums (231b) uasyil¥ BER wesdygailuTnand fu 5 mivesdygagi Inats

4 ™
diauuiuann1s (2.29b)
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3.1 Data Generator
3.1.1 PSEUDO RANDOM BINARY SEQUENCE (PRBS)

msfiuiadgygiss PSEUDO RANDOM BINARY SEQUENCE wz¥iiniulaumisid
SHIFT REGISTER #iimsdefleunduuuinasuinuuy MODULO 2 lasfi  SHIFT
REGISTER Ao  FLIP -FLOP sniawunilwimsdediuuyy SERIES fwuuaz SHIFT
REGISTER  udnsdnziimsdeidiiudayananndim dle  SHIFT REGISTER 4%y
Fymreundmdeyaluwifeglu FLIP - FLOP fusgnfulyds FLIP -FLOP dadaliuasie
fimstmuayadedlounay iAo MUARMU1IYBIPESEUDO  RANDOM  BINARY
SEQUENCE lavl¥aun1s RIMITIVE POLYNOMAIL nf1dy m 1ilusiarinuas119u SHIFT
REGISTER  vianuafdld sarannsafmvungaaetioundulddivaunms  PRIMITIVE
 POLYNOMALL #iifrdedans 1 89 40 Favzuamsldfemnedt 3.1

mmnIRMHNmeanMLﬁﬂﬁmmm:mmmo&mmmaBmmw
SEQUENCE fiimamunn =21 siisenines lilfifeanmafidly o  newflaendulyiag
' amazoﬁvm"uﬁagmﬁmmmamiugﬂﬁ 3.1 9l#dyenu PSEUDU RANDOM BINARY
SEQUENCE fifinamunigegady 2°-1=10" ynAeiidusheNnTs  PRIMITIVE
POLYNOMAIL h(x) = x +x+ 1 m‘w"v1stm%:Lﬁu'hﬁﬁaqaqmamnms (m)= 4 39
| rmad SEQUENCE fedoeld SHIFT REGISTER $uauiiavin 4 fauaziasionisae

ydounduiddegdl 3.1 Mo sluerdymoueiynves SHIFT REGISTER af 4 uae

" gait 1n18lumsuanuyy  MODULO 2 (Tayhicun1s PRIMITIVE POLYNOMAIL 1%
. unudanaieamnouan) tufiiemsld EXCLUSIVE OR GATE wingut 3.1 dusmundld
anzmssudumsiiauees SHIFT REGISTER fwasin 1111 iefimsiddayma
widnud'lyl deyaidniu  SHIFT REGISTER fsrgnidenlimadiode 1 dumisfedeya
@uly  FLIP-FLOP wgniolifu' 3l FLIP - FLOP fadaly lavifeyafiegin FLIP -

o d 4 v o o @
FLOP daft 1 2 3 wzgnideulifulu FLIP-FLOP @aft 2 3 4 mmddy



-

degm h(x) degm h(x)
21 2
1 x+1 21 X +x +1
2 2
2 X +x+1 22 X +x+l
3 2 s
3 X +x+1 23 X X +1
4 24 4 3
4 X +x+1 24 X X +X +x+1
s 2 235 3
5 X +x +1 25 X +x +1
6 % 8 7
6 X +x+1 26 X X +x +x+1
7 27 8 7
7 X +x+1 27 X X X +x+1
8 6 5 28 3
8 X X +X +x+1 28 X +x +1
i 9 4 29 2
9 X +x +1 29 X +x +1
10 3 30 16 15
10 X +x +1 30 X X +x +x+1
N2 31 3
11 X +X +1 31 X +x +1
12 7 4 3 32 8 2
12 X +X +X +X +1 32 X X HX +x+]
13 4 3 313
13 X X +X +x+1 33 X +x +1
4 12 1 M 15 14
14 X X X +x+1 34 X X X 4Ax+]
15 35 2
15 X +x+1 35 X +X +1
6 s 3 2 % 11
16 X +X X +x +1 36 X +x +1
17 3 37 12 10 2
17 X +x +1 37 X X X X+
18 7 38 6 5
18 X +Xx +!1 38 X X +X +x+]
9 6 5 39 4
19 X X +X +x+1 39 X +x +1
20 3 0 21 19 2
20 X +X+1 40 X X +x +x +1

A s L 1
AT N 3.1 !lﬁﬂﬂﬂ?TNﬂﬂwu§§$ﬁ31ﬂﬁﬂﬂ15

PRIMITIVE POLYNOMALL 11 DEGREE

7N 3.1 uAmantsde SHIFT REGISTER

clock

38
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udniueuewiymiduues FLIP - FLOP  ludafl 1 uawian 4 neuflesfidygn
wiitnudhmimsuanduuuy MobuLo 2 udatleunduluifluBuynlnii¥iy FLIP - FLOP
Fusnazwiuideyafiegly SHIFT REGISTER wildvuudaslideuq suasy 15 anny
fis 1111 0111 1011 0101 1010 1101 0110 0011 1001 0100 0010 0001 1000 1100
1110 1111 @8 Wiynuedasss  SEQUENCE ﬁvvzgnﬁmmmmﬁumm SHIFT
REGISTER daqaitiudieeyi@deyailu  111101011001000 Taedoyassdeiiostu 15 in
(urnadamsnedl 3.2) uashi¥ifams RANDOM  Faunasesit  PSEUDO RANDOM
BINARY SEQUENCE

Length of Shift Register Feedback Taps Penod of Sequence
3 % 1,3 7
4 1,4 15
5 2,5 31
6 1,6 63
7 1,7 127
8 1,6,7,8 255
9 4,9 511 -
10 3,10 1023
11 2,11 2047
12 2,10,11,12 4095
13 1,11,12,13 8191
14 2,12,13,14 16383
15 14,15 32767
16 11,13,14,16 65536
17 14,17 131071
18 11,18 262143
19 14,17,18,19 524287
20 17,20 1048575

Ai o @ 1 d ¥
#1910 3.2 uﬁmmmauwu%szmNnmmun'u PERIOD %89 SEQUENCE
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ATMUY1IU8Y  PSEUDO RANDOM BINARY SEQUENCE fhmualdeinnaten
193 SHIFT REGISTER #ilunsyadetlounduill@vinaums PRIVITIVE POLYNOMAIL
uazamInFudunhauYes SHIFT REGISTER dunalduingldl 32 ddmasmualy
aanzfuduves  FLIP-FLOP dlw 0 samua feyaiter hifiman/ounasases
annsoiiiages SEQUENCE vhawld daiunses SEQUENCE 12 hiveul¥ifinaning
wiyniideyaifiu o daummengegaveadeyates SEQUENCE fiadniummuaidie
1% SHIFT REGISTER $1w2u m STAGE szwiify 2"-1 detimnmungged iWainms
fleundufinamuaves SHIFT REGISTER 1A  uems Idda Ui 3.2

Digits added in first stage
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Low - pass Butterworth Filter Second Order nlflunimaans
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4-LEVEL | Rb2 | -9¢f Clock tinfiqe 2 1 o3 | Kfij
25




109

veiruauuzlunsaiawesaslsny

2393 ] dyBnn

i1 C2 AN Loop Filter Tunenfammemsnfutild daseudlulavsaliue 2
unu Faesilfsedhinassitieglugieves 1c 4046

fieannav3fil§ar 14 Phase Comparator I ﬁaﬂfﬁaﬁm"lﬁnaﬁnﬂjnﬁe‘lﬁ PLL Jam1
AERdeINS t
2313 SWITCH

oynys AMI uay 4-LEVEL %1 Relay (5% Switch unu ima1s 2 ﬁ"tytmmifﬁﬁmnpmw
n3say IC 4066 92 Wiannsavhanld
29%3 SELECT

siflufanaunuM 1911989295 Switeh Bnfl Favz 142923 Counter 4017 1 O/P o4

counter 11 9:AB4FY Buffer fioy MelfaeAuvBLIIIAENIZUNN ORI IH IC 4066
(Switch) Yha1u'ld

Tudauves AMI #U 4-LEVEL 921§ Relay (1 Switch #3 1C 4066 7i1§A2ug3 Relay 2
fannmdeutuvaisiien duhidelinaslfaudererudunannumn mavaihld 1c
4066 Junin 1@
293 DECODE

O/P 1892333 Decode 1192395 1%U RZ ,AMI i8¢ 4-LEVEL vA89312995 Precode #1980
i Baszvaoi ¥ op leeningndes

29%3818i8 CLOCK finnds

& o P2 o) " a '
MNIMINsT RN B s IAY ip 8191 1R Clock AtwesnuifimAanain naswellaunas
wdnajudalialfauldamlng



w A Y A
HUIA991I03

C.C.BISSELL AND D.A.CHAPMAN,Digital Signal Transmission, CAMBRIDGE UNIVERSITY
PRESS,1992.

DAN H.WOLAVER,Phase-Locked Loop Circuit Design, PRENTICE HALL,Engle Wood

Cliffs,New Jersey ,1991.

DAVID R. SMITH , Digital Transmission Systems , vannostrand reinhold company, New York.

L.W.COUCH,Digital and Analog Communication Systemn , 4th ed.,Macmillan,New York,1993.

LEON W. COUCH II, Modem Communication Systems Principles and Applications, PRENTICE

HALL, Engle Wood Cliffs, New Jersey , 1995.

RAMAKANTA.GAYAKWAD,Op-amps and Linear Integrated Circuits , 2nd ed.,Prentice-hall Engle

Wood Cliffs,New jersey,1988.



& d‘ Y o 1Y v - = Y ! v o v ¢y v
enansiiiluenansianulidmsunslidanunenisfinyvingy ldeygraliilulddssleviaunism

Linsdilag viadu dnviavnuiilvdnulasiienuasfesansddinivetenalsynasaniinisunluly



o

EEECT

PRBS Program

129 SERIAL OUT

ve
4030

3

5 27

fexnezrex mmx

Ut

B
2 311
g

n

\g

PARALLEL LOAD
UdA

%

B

/s

T



17

23

p U138
11
3
2 1198
4
[
U12A Ui —ure 3fisc
1 4 [} [}
!i > 3 [ 3 ]
2 '——)l‘, AID—I 10 10 m %‘
2488 7885 205 1408
= ® o |v
L] L Lo ol O ”» La) ) L L] -
] Boalz
g 4 -< ¢ 3 < |64 ¢ ] < [1464 =
T
53338558 538838858 53538858
=1| . EL :‘k 1L )
-
“| o &l o o = 'S =) o U16A
2 (o 3
74 7404 3 lax
lo—$__
o o o o o “ e o -
p— - *
Ui
Z raou
a) =] - ol = fat = o
0
430 7430 7430
- * una SW
: 12 $
13 f
nun

PRBS

a

12

——®

4C
104

U3

PRBS OUT



PRBS
PRBS

Prog

AD

@ CONTROL
® /P

®

SWITCH
ENCODE

NRZ

NRZ
O/P

CONTROL
ENCODE

O/P ENCODE
RZ BIPHASE

AM|

4L

QOO




PRBS

Encode
Circuit

NRZ

PRBS
Program

RZ

Y

BIPHASE

AMI

AD

4-LEVEL

N

AMPLIFIER

Clock

A

1

Baseband

Encode

SWITCH ENCODE



INPUT

- » 18D +—— »
A
NRZ
TO | CR
RZ
RZ
—
Mpoecope [
z
» CR
A& BIPHASE -
> * DECODE >
A
» CR
_ | ami R
y B ”| DECODE e
A
»{ SQUARING | CR
4-LEVEL
e >
* DECODE
. 1
NRZ
${ SQUARING |—Pri TO CR
RZ

BLOCKDIAGRAM DECODE

NRZ

NRZ

NRZ

NRZ

NRZ



@O

I/P

rOX0 4200

NRZ

NRZ

RZ BIPHASE AMI 4| NRZ RZ BIPHASE AMI 41
I/P DECODE O/P DECODE
I/P
sQu
L—or
—— P

SWITCH DECODE \wZroRZ

o/P

O/P RECOVARY O/P RECOVARY
RZ BIPHASE AMI 4L NRZ RZ BIPHASE AM} 4L




I/P

TORZ
DECODE

NRZ TO RZ

TONRZ
DECODE

A 4

PLL

PLL

PLL

\ %

TO BIPHASE
DECODE

\ 4

PLL

SWITCH DECODE

\ 4

PLL

CLOCK
AMI

CLOCK
4-LEVEL

CLOCK
NRZ

CLOCK
Rz

CLOCK
BIPHASE



DATA TYPE TLC549

ACQUISITION LiaCMOS™* 8-BIT ANALOG-TO-DIGITAL
CIRCUITS PERIPHERAL WITH SERIAL CONTROL
02816, NOVEMBER 1983
LinCMOSTM Technology - P DUALN-LINE PACKAGE
(ToP VIEW)

8-8it Resolution A/D Converter

. ' rer+ (v U edvee
Differential Re(er.tncc input Voftages ANALOG 1N (]2 2 [)INPUTIOUTPUT CLOCK
Conversion Time . . . 19 xs Max fer-[3  e[JDATA OUT

Total Access and Conversion GND (e s[]CS
Cycles . . . 29,144 cps

On-Chip Software-Controlable
Sample-and-Hold

Total Unadjusted Error . . . £0.5 LSB Max
4-MH2z tnternal System Clock

Single 5-V Supply Operation
Low Power Consumption . . . 6 mW Typ
Dual-In-Line 8-pin Package

description

The TLCS549 is a LInCMOSTM A/D Peripheral integrated circuit built around an 8-bit switched-capacitor
successive-approximation A/D converter. It is designed for serial interface with a microprocessor or
peripheral through & 3-state data output and an analog input. The TLC549 uses only the Input/Output Clock
(/0 Clock) input aIQng with the Chip Select (T3) input for data control. The 110 Clock input frequency
of the TLC549 is @uaranteed up to 525 kilohertz.

Operation of the TLC549 is very similar to that of the more complex TLC540 and TLC541 devices; however,
unlike the TLCS40 and TLCS541, the TLC549 provides an on-chip system clock that operates typically
at 4 megahertz and requires no external components. The on-chip system clock allows internal device
operation to proceed independently of serial input/output data timing, permitting manipulation of the TLC549
as desired for a wide range of software and hardware requirements. The /0 Clock together with the internal
system clock allow high-speed data transfer and sample rates of up to 29,144 cycles per second.

Additional TLC549 features include versatile control logic, an on-chip sample-and-hold circuit that can
operate automatically or under processor contro!, and a high-speed converter with differentia high-
impedance reference voltage inputs that ease ratiometric conversion, scaling, and analog circuit isolation
from logic and supply noises. Design of the totally switched-capacitor successive-approximation converter
circuit alows guaranteed low-error conversion of £0.5 least-significant bit (LSBI in less than
19 microseconds.

The TLC548M is characterized for operation over the full military temperature range of ~55°Cto 125°C.
The TLC549! is characterized for operation from —40°C to 85 °C.



functional block diagram

{1
ReR ; saiT
REF~ ANALOG-TO- s
DIGITAL /£
anacoc @1 | SAMTLE converRTER | ° s
INPUT ° (SWITCHED- ouUTPUT T 8-TO-1 DATA
HOLD CAPACITORS) DATA 2} SELECTOR | (6) paATA
REGISTER 7 AND ouTPUT
DRIVER
Py &
INTERNAL .
SYSTEM
cLock CONTROL
) LOGIC
=8 AND
7 OUTPUT
1/0 cLOCK counTes
operating sequence
[r12]3]e[s]e]7]e fal2]slalsis]|7]s
c-.uo‘::x-—-ﬁ ||||’|’|||||||||| Don"r,’,’uae 1,
4 I SAMFLE ' ACCESS
- " :,,°§f§‘."’2 ©  CYCLES Note A “evcie c"’I “ vetEe—*
1 ﬁ—__—,_“"":;l_, i
DAYA HI-z STATE stare
— QQQQQQQ@O D0 00000
€—PREVIOUS CONVERSION DATA A—’ € CONVERSION DATAS —— %
“sg LS8 Ms8 “sa Lsa wmse
NOTE A: The cycle, which requires 40 system clock periods, Is initlated with the Bth /0 clock ¢ after TS § for the channel whose address exists
in memory st that time. 2
absolute maximum ratings over recommended operating free-air temperature range
{unless otherwise noted}
Supply voltage, VoG (see Note 1) .. ...ttt ittt iieneteinaeeancnnnss 6.5V
lnput voltage range at any input. ....... gy WP ... -0.3VtoVces 0.3V
Output voltage fnge . . . .. .. ..o vitiiteieienroneronesenannnnns -03VtoVec+ 0.3V
Continuous total dissipation at (or below) 26 'C free-air temperature {see Note 2)... .. ee. 725 mW
Storage temperature fANQGE ... .. v eueerossonnnnnsesonnannnanannnn -65°C to 160°C
Operating free-air temperature range TLCSAOM . ... .. i ~565°C to 125°C
TLCS49L . ... i -40°C to 85°C
Lead temperature 1,6 mm (1/16 inch) from case for60 seconds. .. ................... 260°C
NOTES: 1. ARvoltage vaiues sre with respect 1o the network ground termine! with the REF ~ and GNO inel ping d her, uniess otherwise noted.

2. For operation sbove 25°C, refer to the Dissipstion Dersting Tebles, Section 2.



recommended operating conditions

MiN NOM MAX | unIT
Supply vohage. Voo 3 13 [ v
Positive reference vohage, VREF + (see Note 3) - 1.25 Vee Ve +0 v
°| Negat f itage, VRer — (see Note 3) -0.1 0 vee-1.25 v
Differential reference voltage, VREF + — VAEE - (see Note 3) 1 Vee Ve 0.2 v
Analog input voltage (see Note 3) 0 Vee \
High-level control input voltage, ViH 2 v
Low-evel conteol lnput voltage, Ve 0.8 v
Peak input cusrent, § 4 ‘ . . 10 | mA
Input/Output clock frequency, fCLK /oy 0 5§25 | kMz
input/Output clock high, twhH{i/0) 808 ns
Input/Output clock low, Twl(i/0) 808 ns
Input/Output clock transition time, 4(1/0) (see Note 4} i 100 | nz
Ouration of €5 input high state during conversion, twHICS) 2 19 )

. | TLCS49m -55 125
Operatinglfegfsic yao - TA [Ticsani —40 8] ©
NOTES: 3. Analog input voitages grester than that applled to REF + convert a3 ol ones (11111111}, white input voltages less than thet applied 10 REF -
. convert to all zeros (000000Q0I. For proper the positive ref. voltage VREE 4. Must be ot least 1-volt greater than the negative

reference voltage VRer — . In additon, unad; esrors may i ssthe f voltage VRer 4 = Vpgp —. falls below 4.75 vohts,

4. Thisis the time required for the input/output clock Input signat to fall from Vyyy min to Vi max of to rise from Vi max to Vi min,

electrical characteristics over recommended operating free-air temperature range,
Vee = VREF+ = 475V to 5.5 V, foLK(1/0) = 525 kHz (unle§s otherwise noted)

PARAMETER TEST CONOITIONS MIN TYp! MAX | uNIT
VoH High-level output valtage Vee = 4.75 Y, loH = —360 pA 2.4 v
VoL Low-leval outpu. valtage Vee = 4.75 V, log = 3.2 mA 0.4 \4
Otf-state (high<mpedance Vo = Veo, — CSetVee o,
oz statel output current Vo = O, CS st Voo - 10
High-tevel
Vi = Vee+03V 0.005 2.5 A
LTY] input ke Control inputs | cC »
W Lowevel Conuolinputs | v, = 0 -0.005 -2.5| xA
input current
. Anslog channel on-state input Anslog input st Voo 04 1 A
Word  Cierent, during samgle cycle Analog input a1 O V : —04 a
icc Operating supply current CSetOV 1.2 2] mA
| tcc +lRer Supply and reference cument VRess = Vo i 1.3 3| mA
Ansiog inputs ? 55 ¢
G Inout Control inputs S ] °

fAX typiests sre ot T4 = 25°C.




operating characteristics over re;:ommended operating free-air temperature range,
vee = VREF+ = 4.75 V to 5.5 V, {CLK(I/0) = 525 kHz (unless otherwise noted)

PARAMETER ) TEST CONDITIONS MIN  TYP MAX | unmT
Linearity error See Note § +£0.6 | LS8
Zero error See Note 6 +0.6 | LS8
Full-scale error See Note 6 +£0.5 | LsB
Total unadjusted error See Note 7 0.5 | LS8
teonv Conversion time 19 ™
vo
tacq Channel scquisition time : . 4 | Clock
Cycles

Time output data remains o

' 10
d valid sfter /O clock$ e
Delsy time, intemal system
4
s clock to data output valid 00 ] ns
Output sccess time (Delay to
tace vefid output sfter CSH) E| ™
ton Output enable time i 150 | ns
tdis Output disable time 150 | ns
teibus)  Data bus rise time g 300 | ns
ibus)  Data bus fall time 300 [ ns

NOTES: 6. Linearity error is the deviation from the best straight line through the A/D transfer charscteristics.
6. Zero ecrror is the difference between the output bf an ides! and an sctust A/D converter for 2ero input voltage; full-scele error is that same difference
for futl-scale input voltage. L
7. Totsl unadjusted error is the sum of linearity, zero, and full-scale errors.
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DACO0808, DACOBO? DACO806 8-Bit D/A Converters

General Description

The DAC0808 sares is an 8-bit monolithic digital-to-anatog
converier (DAC) featuring a full scale output current settling
timé of 150 ns white dissipating only 33 mW with 1.5V sup-
plies. No reference current (Ipge) trimming is required for
most applications since the full scale output current is typi-
caily £1LSB of 255 lger/ 256. Relative accuracies of bet-
tor than 10.19% assure 8-bit monotonicity and linearity
white zero lavel outpist current of less than 4 pA provides
8-bit zero accuracy for Iner2 2 mA. The power supply cur-
ronts of the DACOB08 serieg ace indepandent of bit codes,
and pxhibits essentially constant device characterigtics over
the entire supply voltage rangs.

The DAC0808 will interfaca directly with popular TTL, DTL
o CMOS logic levels, and Is & direct replacement for the

MC1508/MC1408. For higher speed epplications, see
DACO0800 data sheet.

Features

m Relative accuracy: £0.19% orror maximom (DAC0808)

® Full scalo curent maich: £t LSB typ

® 7 and 6-bit accuracy available (DAC0807, DACOB06)

u Fast setliing timd: 150 ns typ

= Noninverling digila! Inputs are TTL and CMOS compali-
ble .

u High sgeed muitiplying input slew rate: 8 mA/us

u Power supply vollage range: 14.5V to £ 18V

® Low power consumption: 33 mW @ £ 5V

Block and Connection Diagrams

Duat-in-Line Package

s 18
Al A AF M M 7 M
? T ? ? Y ‘f i Y acomargn - U 1 courcusarion
] " -
u::::: CunmaT PirCuts - YN Order Humber (L] -:« :"m-'
TTITII] 1 DAC0808, DAC0807,  “u—] [ Vnert)
[ )
naatasoin me'cmm}-—oun or DAC0806 e [
T Y See NS Package ;.8  fewes 2 s
Vatsin O] i Number J16A, “_!‘_ T
e Gonatat [0 vee M16A or N16A , 4 dir
SBURCE PAIR a3 — ’y_“
YO . 4
:::‘.::';“'w . —0 corta Pyl LI
vie TL/H/5687 -1 100 viw TL/H/5667-2
Smali-Outline Package .
] 18448 |38
Vur{*)—2 1A
Yooy (=) 13 16428
coupersaton -4 13148
w{s 12}—as
on—1s nf-as
Yo7 10442
0-18 AL uS8
TL/H/S68T-13
Top View
.Ordering Information
ACCURACY OPERATING TEMPERATURE ORDER NUMBERS ]
RANGE J PACKAGE (J16A)° N PACKAGE (N16A)* |SO PACKAGE (M16A)
8-bit * ~85'CSTo< +125°C DACO0808L) |MC1508L8
8-bit 0'C<STAL +75°C DACO0808LCY| MC1408L8 | DACOB0BLCN | MC1408P8 DAC0808L.CM
7-bit 0°'C<TpoS +75°C DACO0807LCJ|MC1408. 7| DAC0B07LCN} MC1408P7 DACO0807LCM
6-bit 0'C<Tp< +75°C DAC0806LCJ| MC1408L6] DACOBO6LCN| MC1408P6 DACO0806L.CM

*Nole. Devices may be ordeced by using either arder number,



Absolute Maximum Ratings ot 1)

it Miltary/Aerospace specified devices are required,
contact the National Semlconductor Sales Office/
Distributors for availabliity and specifications.

Storage Temperature Range

Lead Temp. (Soldering, 10 seconds)
Dual-in-Une Package (Plastic)

—65'Cto +150°C

260C
300°C

215°C
220°C

Power Supply Voltage . Dual-In-Line Package (Ceramic)
Vee +18Vpc Surface Mount Package
Vee ~18Vpc Vapor Phase (60 seconds)
Digitsl Inptt Voltage, V5-V12 ~10Vpg lo +18 Vpc trifrared (15 seconds)
Applied Output Voltage, Vo -11Vpgto +18Vpc p .
Relerence Current, i1 SmA Operating Ratings
Reference Ampfifier lnputs, V14, V15 Ve Vee T ooy 0°
Power Dissipation (Note 3) 1000 mW DACO08B08LC Serles
ESD Susceptibiiity (Note 4) 18D

Electrical Characteristics
(Vo = 5V, Vee = —15 Vo, VRgr/R14 = 2mA, DACNB08: Tp = —55°C to + 125°C, DAC0B0BC, DACO807C, DACOB06C, T

= 0°C to +75°C, and all digital inputs at high logic level unless otherwise noted.)

TN S.TA < Tumax
—55°C £ Tp < +125C
0 <Tp < +75C

Symbol Parameter Conditions Min Typ Max Units
E, Relative Accuracy (Error Relative (Figure 4) %
to Full Scale Ig)
DAC0808L (LM1508-8), . +0.18 %
DAC0808LC (LM1408-8)
DAC0807LC (LM1408-7), (Note 5) +0.39 %
DAC0806LC (LM1408-6), (Note 5) +0.78 %
Settling Time to Within 4 LSB Ta=25°C (Note 6), 150 ns ¢
(Includes lp ) (Figure 5)
tpin. tput | Propagation Delay Time Ta = 25°C, (Figure 5) 30 100 i}
TClo Output Full Scale Current Driit 120 ppm/*C
MSB. Digital tnput Logic Levels (Figure 3) }
Vi High Level, Logic “1" 2 Voc
Vi Low Leval, Logic “0" 0.8 Voc
Ms8 Digital Input Current (Figure 3) '
High Level Viy = 5V 0 0.040 mA
Low Level Vi, = 0.8V -0.003 -0.8 mA
lis Reference Input Bias Current {Figure 3) -1 -8 pA
Output Current Range (Figure 3)
Vee = =SV 0 20 2.1 mA
Veg = —15V,TA=25C | © 2.0 42 mA
lo Output Current VRer = 2.000V,
R14 = 10000,
~ (Figure 3) 1.9 1.99 2.1 mA
Output Current, Al Bits Low  * {Figure 3) 0 4 pA
Output Voltage Compliance (Note 2) | E, < 0.18%, Ta = 25°C .
Veg= —-5V,lpgr=1mA —-0.55, +0.4 Voc
Vgg Below — 10V ~50,+04" | Voc




| Electrical Characteristics (Continueq)
‘ Voc = 5V, Vee = —15Voc, VRee/R14 = 2mA, DAC0B08: Ta = —55°C to + 125°C, DAC0808C, DACOB07C, DACOSOGC, Ta

“w 0°C 1o +75°C, and a digital inputs 8t high logic level unless otherwise noted.)

|
| , Symbol Parameter Conditions Min Typ Max Units
SRlgee Reference Current Slew Rate (Figure 6) 4 8 A/ us
Output Current Power Supply -8V £ Vgg S ~16.5V 0.05 27 pAIV
Sensitivity
Power Supply Current (All Bils (Figure 3)
Low)
e 23 22 mA
e ~4.3 ~13 mA
g Power Supply Voltage Range Ta = 25°C, (Figwre 3)
Veo 45 5.0 5.5 Voc
Vee ~4£5 ~15 -16.5 Voc
Power Disslpation ~ 3
Al Bits Low . Voo = 5V, Vegg = -6V 33 170 mw
: Vee = 5V, Vgg = —15V 106 305 mw
All Bits High Vgc = 15V, Vgg = =5V 80 oW
, Vee = 15V, Vgg = — 15V 160 mw
Nate 1; Absokse Mad Ratings mmmmmwmwmym.mwwwmmmmnpplywhonopualhq
he device beyond its specified operating condiions.
Rete 2: Range conkrol Is not sequired.
f HNote 3: The masdmum power dissipation must be derated et d temp and is d by T eax. #a. a0d the ambi Ta- The
Sowshie power dissipation &t any temp: s Pp = (Tauax = TA)/ 814 of the number given in the Absol Mal Ratngs, whk is lower. For this

device, T yuax = 125°C, 8nd the typical j o

e N peckage, this number | 10 175°C/W and lor the small outiine M package this number Is 100°C/W.
Nete 4: Human body model, 100 pF dischargad through & 1.5 k0 resistor.
Nete §: All current switches are tested 1o guaraniea at least 50% ol rated current.

Kote 8: All bita switched.

Note 7: Pin-out numbers for the DALOBOX represent the dual-in-fine packaga, The small outtine package pinout dilfars lrom the dual-in-ine package.

Typical Application
Vee s WV
13
'y “ e
LTt . e O AAA——-—O 10 0007 * ¥yy§
uo o ok
b, o e AR
mruts no.;
“ol
e ol

Al

A2 A8
v, |0V(—Q—’...-—)
o 256

2«

TL/H/8867 -3

FIGURE 1. + 10V Output Digital to Analog Converter (Note 7)

i of the dualdn-line J package when the board mounted is 100°C/W. For the dualn-



Typical Performance Characteristics
Voo = 5V, Veg = 15V, Ty = 25°C, unless otherwise noled

Iy, = LOGIC INPUT CURRENT LA}

POWER SUPPLY CURRENRT {mA}

Ig - OUTPYT CURRENT {mA}
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Input Voltage

~12-10-8-8.4-202 4 § JU0C2 4610

b2 ]

[ 1)

V| - LOGIC INPUT YQLTAGE (V)

Output Current vs Output
Voltage (Output Voltage
Comptiance)

ALL 9178 00~ l
|

1 I
Vgg o -1V |Vgg o -0V
[ LITRR L)

=

{ I i

t
“1E -0 -6 -7 2 ¢ N U

Vg - QUTPUT VOLTAGE (V)

Typlical Power Supply
Current vs Vgg
Y MatCons men on Law I
1 LR | -
teg WITH 1yg = 1 mA
. 1
s leg MTHGge tma
. t——t—1—3
1Tt
3 |l Jteemmmrge0teaa] | |
1
! iee
' 11
. LT
(Y QR QI ST N IR TP ]

Vgg - RECATIVE POWER SUPPLY (V)

QUTPUT YOLTAGE (V) 19 = OUTPUT CURRENT {mA)

POWER SUPPLY CURRENT (mA)

(13

- o w =

Bit Trans{er Characteristics

S H A
JIRETRISaaE i
I A
frinan|[BagiaLls
4N e

2-10-8-6-4-20 Q4 & 6901214 9818
Vi - LOGIC InPUT YOLTAGE (VI

Output Voltage Compliance
vs Temperature

Nk
AN

DAY
SHADED AREA
€ oVTIVT

YOLTAGE RANGE FOR
VEg e ~15V, g imA

.\\a‘\\\\'
AN

AVAN AV QNN

B

3

-8 * 0 1% 150
TEMPERATURE (C}

Typlical Power Supply
Current vs V¢

ALLBITS HIGK OA LOW
L 1jq> 2 mA i

L] B
¢ 48 VRN

Veg - POSITIVE POWER SUPPLY (Vi

Loglc Threshold Voltage vs
Temperature

H

"

" -
-4 1

e
u |- &
' - R
) R
e f-4—f-- ‘
0“
[T}

i/

Viw = LOGIC THALIHOLS VELTALE (Vo)

[]
-85 -37-19 -1 17 35 $3 11 0% 107125
g - TEMPERATUAL (C

Typlcal Power Supply
Current vs Temperature

82 FACoTs eR on Law
18 FlieclsA

—

" Teg
17 )
“
BT}
i1 tec

POWER SUPPLY CURRERT (mA)

14
]

-5 ] 5 " 10 "W
TEMPERATURE ('T)

Reference Input
Frequency Response ~

~4-H

RELATIVE QUTPNT 4D

(A [ 5] 1 3 "
1- FREQUENCY Dasis)
TUH/S6aT-§

Unless otherwise specified: R14 =
R15 = {1 kN, C = 1§ pF, pin 16 Yo
Vee: R = 504, pin 4 to ground.
Curve A: Large Signal Bandwidth
Mathod of Figure 7, Vpeg = 2 Vp-p
offset 1 V sbove ground.

Curve B: Small Signal Bandwidth
Method of Figure 7, R = 2501, VRer
= §0 mVp-p offset 200 mV above
ground.

Curve C: Large and Small Signal
Bandwidlh Method of Figure 9 (no op
amp, R = 5001), Rg = 500, Vger =
2V, Vg = 100 mVp-p centered at OV.



(2 910N) 39135 80800V A U3 40 3NBUID Jualeainb -z 3UNOI

r=1895/K/L

O 02

| ]
:0: -

O 1%
n




Test Cirtuits

V; and {; apply to inputs A1-A8.
The resistor lied to pin 15 is lo lemperature compensate the
bias current and may not be nacessary for all applications.
‘O_K(ﬁ+£+ﬁ+_ﬂ_5+é§+£+ﬂ)
2 4 16 32 64 128 266
VRer

here K e ——
where K e =17
and Ay = “1"{if Ay is at high level

An = 0" if Ay ls at low tevel

TL/H/5687-6
FIGURE 3. Notation Definitions Test Circult (Note 7)
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Test Circuits (Continued)

. TLAYS8ST- 11
FIGURE 8. Negative Vper (Note 7)

Application Hints

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides a vollage at pin 14 for con-
verling the reference voltage to a current, and a turn-around
clecuit of cucrent mirror tor feeding the ladder. The reference
amplifier input currrent, fy4, must always fiow into pin 14,
regardiess of the set-up method or reference voltage polarity.
Conneclions for a positive vollage are shown in Figure 7.
The reference voltage source supplies the full current 14
For bipolar reterence signals, as in the multiplying modo,
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FIGURE 9. Programmable Gain Amplifler or
Digltal Attenuator Circuit (Note 7)

R15 can be tied lo a negative voltage corresponding 1o the
minimum input leve!. It is possible to eliminate R15 with only
a small sacrifice in accuracy and temperature drift.

The compensation capacitor value must be increased with
incroases in R14 to maintain proper phase margin; for R14
values of 1, 2.5 and 5 kf}, minimum capacitor values are 15,
37 and 75 pF. Tha capacitor inay be tied 10 either Vgg or
ground, but using Vg increases negative supply rejection.



Application Hints (continveq)

A negative reference vollaga may be used if R14 is ground-
ed and the reference voltage is applied to R15 as shown in
Figure 8. A high Input impedance Is the main advantage of
this method. Compensation involves a capacitor 1o Vgg on
pin 16, using the values of the previsus paragtaph. The neg-
ative reference voltage must be at least 4V above the Vee
supply. Bipolar Input signals may be handied by connecting
R14 to & positive reference voltage equal to the peak posi
tive input level at pin 15, ¢

When a DC reference vollage is used, capacilive bypass lo
ground is recommended. The 5V logic supply Is not recom-
mended as a reference voltage. If a well reguiated 5V sup-
ply which drives logic Is to be used as the reference, R14
should be decoupled by connecting it to 5V through another
resislor and bypassing the junction of the 2 resistors with
0.1 uF to ground. For reference vollages greater than 5V, a
clamp diode is recommended between pin 14 end ground.
If pin 14 Is driven by a high impedance such as a transistor
current source, none of the above compensation methods
apply and the amplifier must be heavily compensated, de-
creasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 Is restricted to & range of —0.55 (o
0.4V when Vgg = ~5V dua lo the current switching meth-
ods employed In the DAC0808.

The negative output voltage compliance of the DAC0808 is
extended lo —5V where the negative supply voltage is more
negative than — 10V. Using a full-scale current of 1.992 mA
and load resistor of 2.5 k2 betwaen pin 4 and ground will
yield & vollage output of 256 levels between 0 and
—~4.980V. Floating pin 1 does not affect the converter
speed or power dissipation, However, the value of the load
resistor determines the swilching time due to Increased volt-
age swing. Values of Ry up to 5000 do not significantly
affect performance, but a 2.5 kN load increases worst-case
settling time 10 1.2 us (when all bits are switched ON). Refer
lo the subsequent text section on Seltling Time for more
details on output loading.

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may be used
only for negative supply voltages more negative than - 8V,
due 1o the increased voltage drop across the resistors in the
relerence current amplifier.

ACCURACY

Absolute accuracy is the measure of each output current
tevel with respect to its intended value, and is dependent
upon relative accuracy and full-scale current drift. Relative
accuracy Is the measure of each output current level as &
fraction of the full-scale current. The relative accuracy of the
DACO0808 is essentially constant with temperature due to

the exceflent temperature tracking of the monolithic resistor
ladder. The refaerence current may drift with temperature,
causing a change in the absolute accurdcy of outpul cur-
rent. However, the DAC0808 has a vory low full-scale cur-
rent drift with temperature.

The DAC0808 series Is guarantoed accurats lo within + VA
LSB at a full-scate output current of 1.992 mA. This corre-
sponds to & reference amplifier output current drive to the
ladder network of 2 mA, with the loss of 1 LSB (8 1A) which
Is the ladder remainder shunted to ground. The Input Gurrent
to pin 14 has a guaranteed value of between 1.9 dnd 2.1
mA, allowing some mismatch in the NPN current source
pair. The accuracy test cicuil is shown in Figure 4. The 12-
bit converter i3 cakibrated for a full-scale output current of
1.892 mA. This Is an optional step since the DAC0808 accu-
racy Is essentially the same between 1.5 and 2.5 mA. Then
the DACO808 circults’ full-scale current Is timmed to the
same value with R14 so that'a zero value eppears et the
error amplifier output. The counter Is activated end the error
band may be displayed on an oscilloscope, detected by
comparalors, or stored in a peak detector.

Two 8-bit D-10-A converiers may not be sed to coristruct &
16-bit accuracy D-to-A converter. 16-bit accuracy implies a
total error of +Y; of one part In 65,536 of +0.00076%,
which Is much more accurate than the $+0.010% spacifica-
tion provided by the DAC0808.

MULTIPLYING ACCURACY

The DAC0808 may be used in the multiplying mode with
8-bit accuracy when the reference current is varied over a
range of 256:1. If the reference current In the multiplying
mode ranges from’16 uA 1o 4 mA, the additional error con-
tributions are less than 1.6 pA. This is well within 8-bit accu-
racy when referred to full-scale. -

A monotonic converter Is one which supplies an increase in
current for each increment in the binary word. Typically, the
DAC0808 is monotonic for all values of reference current
above 0.5 mA. The recommended range for operation with
a DC reference current is 0.5 1o 4 mA.

SETTLING TIME

The worst-case swilching condition occurs when all bits are
switched ON, which corresponds o a low-to-high transition
16¢ all bits. This time is typicaily 150 ns for setlling to within
1 '/ LSB, for 8-bit accuracy, and 100 ns to Y LSB for 7 and
6-bit accuracy. The turn OFF s typically under 100 ns.
These times apply when R < 50001 and Cg < 25 pF.
Extra care must be taken in board layout since this is usually
the dominant faclor in satislactory lest results when mea-
suring setliing time. Shorl leads, 100 uF supply bypassing
for low frequencies, and minimum scope lead tength are all
mandatory.
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TECHNICAL DATA

WIDEBAND MONOLITHIC
FOUR-QUADRANT MULTIPLIER-

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

input voltages. Maximum versatility is assured by allowing the user

to select the level shift method. Typical applications include: multi-

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

doubler, batanced modulator/demodutator, efectronic gain control.
*When used with an operstional smplifier,

¢ Wide Bandwidth

Excellent Linearity —‘1% max Error on X-Input, 2% max Error on
Y-lnput -~ MC15951L

Excellent Linearity — 2% max Error on X-tnput, 4% max Error on
Y-lnput — MC1495(

Adjustable Scale Factor, X

[
® Excellent Temperature Stability
.
.

Wide [nput Voltage Range — + 10 Volts
+ 15 Volt Operation E

MC1495L
MC1595L

LINEAR FOUR-QUADRANT
MULTIPLIER

SILICON MONOUTHIC
INTEGRATED CIRCUIT

D SUFFIX
PLASTIC PACKAGE
1 & CASE 751A
1 {S0:14)

L SUFFIX
CERAMIC PACKAGE
CASE 632 14
1

FIGURE 1 — FOUR-QUADRANT
MULTIPLIER TRANSFER CHARACTERISTIC

FIGURE 2 — TRANSCONDUCTANCE BANDWIDOTH

V. INPUT VOLTAGE (VOLTS)

FIGURE 3 ~ CIRCUIT SCHEMATIC
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MC1495L, MC1595L

ELECTRICAL CHARACTER!STICS (V¥ = 432V,V= = —15V,Tpo = +25%C, I3 = }13 = 1.0 mA, Rx Ry = 15k,
Ry = 11 k) unless otherwise no(od)

~ ¢ Characteristic Figure | Symbol | Min Typ | Max Unit
Linesrity: : [ : “%
Output Error in Percent of Full Scale:
Ta = +25°C .
~10<VX < +10{Vy = =10V) MC1495 Epx —_ +1.0 *2.0
' MC1595 _ =05 =10
-0 <Vy < +10(Vx = =10V} MC1495 Epy. .} — =20 =4.0
MC1595 . = *1.0 +20
Ta = 0to +70°C MC1435 v
~10 <V < +10(Vy = =10V} ERx — =15 -—
~10<Vy < +10(V = +10V) ERy - =30 -
Ta = —-55°Cto +125°C MC1535
~10<Vx < +10(Vy = =10V) “ ERX — £0.75 -
-10<Vy < +10(Vx = =10 V) | €Ry - =15 -
Squarin_q”Modc Error: 5 €sq %
Accuracy in Percent of Full Scale After
Offset and Scale Factor Adjustment
TA = +25°C MC1495 -_— *0.75 -
MC1595 - =05 -
Ta = 0t0 +70°C MC14385 / - =10 —
TA = =55°Cto +125°C MC1595 - +0.75 — N
Scale Factor (Adjustable) < K — 0.1 —_
- 2Ry -
* 13 R RY’
Input Resistance MC1495 ? Rinx - 30 - MQ
{f = 20 Hz) MC1595 — as » B
MC1495 RINY —_ 20 o
- | MC1595 - 35 —
Differential Output Resistance {f = 20 Hz) 8 Ro - 300 — kQ
Input Bias Current 6 uA
2 {9 + ko) ¥ {lg_+ 1g} MC1495 lbx — 2.0 12
ST Y 2 MC1585 = 2.0 8.0
MC1435 oy - 20 12
MC1835 — 2.0 8.0
Input Offset Current ' 6 uA
g - t42| MC1495 Hioxd - 0.4 20
MC1595 4 0.2 1.0
Itg — gl MC1495 Hioyl - 0.4 20
MC1595 —_ 0.2 1.0
Average Temperature Coefficiant of 6 ITChio| nArC
Input Offset Current
(Ta = 0to +70°C) MC1495 p - 25 -
{TA = ~55'Cto +125°C) MC1595 —_ 25 —
Output Offset Current MC1495 6 ool 20 100 HA
Mg =13 MC1595 — 10 50
Average Tempaerature Coefficient of 6 {TClool nASC
Output Offset Current
(TA = 0to +70°C) MC1495 - 20 —_
(TA = ~55°C to +125°C) MC1585 — 20 —
Frequency Response 9,10
3.0 dB Bandwidth, R = 11 k1 BWs4s —_ 3.0 —_ MHz
3.0 d8 Bandwidth, R, = 50 X (Trar d ce Bandwidth) Taw3s de — 80 —_ MHz
3° Relativa Phase Shift Between Vy and Vy i - 750 — kHz
1% Absolute Error Due to Input-Output Phase Shift fe - 30 - kHz
Common Mode Input Swing MC1495 1 cMmv =105 +12 - vde
{Either Input) MC1585 =115 =13 -
Common Mode Gain MC1495 Hu ACM - 40 -50 —_ d8
(Either Input) MC1595 -50 -60 —
Common Mode Quigscent 12 Vo1 — 21 — Vde
Output Voltage Vo2 = 21 -
Differential Output Voltage Swing Capability 9 Vo -— +14 — Vpeak
Power Supply Sensitivity 12 S+ —_ 5.0 —_ mvNv
§- - 10 -
Power Supply Current 12 Iy — 6.0 7.0 mA
OC Power Dissipation 12 Pp —_ 135 170 mwW
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MC1495L, MC1595L

MAXIMUM RATINGS (T = +25°C unless otherwise noted)

Rating Symbol Value Unit
Applied Voltage av 30 Vde
(V2-Vy. Vi4—Vy, Vi=Vg, Vi=V12, V-V,
Vy=Vg, V12=-V3, Vg~V3, Vg=V3, V4-V7)
Differential Input Signal Vya-Vg | 26+1y13Ry) Vdc
V4—Vg 2(6+13 Ry) Vde
Maximum Biss Current | 13 10 mA
13 10
Power Dissipation {Package Limitation) fp
Ceramic Package 750 mW
Derate above T4 = ¢25°C 5.0 mW/°C
Operating Temperature Range Ta %c
MC1495 O +70 °c
MC1595 55 4o +128
Storage Temperature Range Tatg -65 to +150 ®c
TEST CIRCUITS
FIGURE 4 — LINEARITY (USING NULL TECHNIQUE)
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MC1495L, MC1595L

TEST CIRCUITS (continued)

FIGURE € ~ INPUT AND OUTPUY CURRENT
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FIGURE 12 — POWER SUPPLY SENSITIVITY

MC1495L, MC1595L

TEST CIRCUITS (continued)

FIGURE 13 ~ OFFSET ADJUST CIRCUIT
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ERx, Epy. LINEARITY (%)

ERRON, PERCENT OF FULL SCALE (%)

VXL OR VYL, MAX (Vpoeh!

MC1495L, MC1595L

TYPICAL CHARACTERISTICS

FIGURE 15 — LINEARITY versus TEMPERATURE

FIGURE 16 — SCALE FACTOR versus TEMPERATURE
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MC1495L, MC1595L

OPERATION AND APPLICATIONS INFORMATION

THEORY OF OPERATION

The MC1595 (MC1495) k & monolithic, fourquadrant multi-
plier which operates on the principle of variable transconductance.
The .detsited theory of ion I8 covered in Application Note
AN 489, Analysis and Basic Operation of the MC1595. The result
of this analysis is that the differential output ¢urrent of the multi-
plier is given by

2VxVy
ta-lg=ats WJ
where I5 and Ig are the currents into pins 14 and 2, respectively,
#and Vy snd Vy are the X snd ¥ input voltages st the multiplier
input terminals,

DESIGN CONSIDERATIONS
General
TM MC1595 (MCMQS) permits the designer to tailor the
iplier to & 1 by proper sel: of ex-
tecnal External may be sel d to
optimize a given parsmeter (e.g. bcndwldthl which may in turn
restrict her p. leg. ! output voltags swing).

Each important parameter is discussed in detail in the folk

3 d8 Bandwidth and Phase Shift

Bandwidth is primarity determined by the load resistors and
the stray multiplier output capaci and/or the operational
smplifier used to level shift the output. 1f wideband operation
i desiced, fow velue $0ad resistors end/or & wideband operationsi
amplifier shoutd be used. Steay output capacitance witl depend
to & large extent on circuit layout.

Phase shift in the muwltiplier circuit results from two sources:
phase shift common to both X and Y channets (due to the load
resistor-output i pole C sbove} and retative
phase shift between X and Y channels (due to differences in
transadmittance in the X snd Y channels). If the input 10 output
phase shift is only 0.6, the output product of two sine waves
will axhibit s vector error of 1%. A 3° relative phase shift be-
tween Vi and Vy resufts in a vector error of 5%.

Maximum input Voltage
Vximax}. VY{max} maximum input voltages must be such
t: )
Vxtmax) <113 Ry
Vyimax) <!3Ry.

€ ding this value will drive one side of the input amplifier to

paragraphs.

Linearity, Output Error, ERx or ERy

Linearity error is defined as the maximum deviation of out-
put voltage from a straight line transfer function. It is expressed
as error in percent of full scate {see figure below).

Vo __L

+10V 4
4 }
VE mex

10V
Vx of Vy

For example, if the maximum deviation, VE(mex). is
£100 mV and the full seple output is 10 volts, then the
percentage efror is

v -3
€n - Elmex] 109 10051053 o cro%.
Votmax) 10

Linesrity error may be measured by either of the following
methods:

1. Usingan X — ¥ plotter with the circuit shown in Figure 5,

obteain plots for X snd Y similar to the one shown sbove.

2. Use the circuit of Figure 4. This method nulis the tevel

shifted output of the multiplier with the original input.
The pesk output of the null operational amplifier will be
equal to the error voltage, VE (max)-

One source of linearity error can arise from large signal non-
linearity in the X and Y-input differential amplifiers. To avoid
introducing error from this source, the emitter degeneration
resistors Ry and Ry must be chosen large enough 30 that non-
linear base-emitter voltage variation can be ignored. Figures 17
and 18 show the error axpected from this source as 8 function
of thevalues of R x and Ry with an operating current of 1.0 mA
in each side of the differential amplifiers {i.e.. 13 = ty3 = 1.0 mA).

“cutoff” and cause non-linear operation.

Currcnuigmdt';.uchmn n a convenient value (observ-
ing power di 0.5 mA and 2.0 mA,
approximately 1.0mA. Then Ry and Ry can be determined by
considering the input signal handling requirements.

For Vyimax) = V¥(max} = 10 volts;

A= Ay > lOV

=10 k{1,

2VxVy

The equation 14 -1g =
RxRyly

2VxVy

(Rx’zfl(ﬂyo ~2—Er-)l3
al13 al3

1s derived from 14 - 1g =

» T

2&T
with the assumption Ry » — and Ry
aly3 ql3

AtTA = +25%Cand g3 =i3= 1mA,

2L 2T 620,

a3 a3

Therefore, with Ry = Ry = 10 k{2 the above assumption is valid.
Reference 1o Figure 19 will indicate limitations of Vy(max) OF
Vy{max} due 10 Vi and V3. Exceeding these limits will caute
saturation or “cutoff” of the input transistors. See Step 4 of
Section 3 (General Design Procedurel for further details.

Maximum Output Voltage Swing

The maximum output voltage swing is dependent upon the
factors mentioned beiow and upon the particular circuit being
considered.

For Fawn 20 the maximum output swing is dependent
upon V* for positive swing and upon the voltage at pin 1 for
negative swing. The potentiat at pin 1 determines the quies-
cent level for transistors Qg. Qg. Q7. and Qg. This potentiat



-

MC1495L, MC1595L

OPERATION AND APPLICATIONS INFORMATION {(continued)

should be related 30 thet negstive swing st pins 2 or 14 does If an operstions! amplifier is used for level shift, a3 shown
not those istors. See Section 3 for further inform- in Figura 21, the output swing (of the multiplier) is greatly
stion regarding ion of thete p: ial reduced. See Section 3 for further details.

GENERAL DESIGN PROCEDURE
Sil'tclion of component values is best demonsteated by the

FIGURE 20 — BASIC MULTIPLIER ¢ ] sasuma resistive dividers sre used at the X and
Y inputs 10 limit the marimum multiplier input 1o £5.0 volts (Vy =
oy V¥ [max fora £.10vok input (V" = Vy"{max]]. (See Figure 21),
1f an overall scale factor of 1/10 is desired, then
" 2y L L8
cvor (2V
- VX' Vy' YR YY) 0 vyvy.
HO n s s Q1 : °* T 10 10
L
o—]. 2 N Therefore, K = 4/10 for the muitiptier lexcluding the divider
v;{ 1 M } network).
IV
00— - " " s i P
MCISI5L R tep 1. The first step is 10 select current 13 and current 143,
LAl ewsL) 2N There ace no restrictions on the setection of éither of these currents
v" .: Voo KVRVY except the power dissipation of the davice. 13 end |13 wilt normatly
| o————o0—- n be ane or two millamperes. Further, I3 does not have to be equat
L oy i 10 113, and there is normally no need to make them different. For
this example, et
3 '” i} ’
¢ lg=lqg= 1mA,
L} ns
To set currents 13 and 113 to the desired value, it is only
Y to a resistor b pin 13 and ground, and be-
= 3 tween pin 3 and ground. From the schematic shown in Figure 3,
= = v
FIGURE 21 —~ MULTIPLIER WITH OP-AMPL. LEVEL SHIFT
its -5V
ax Ay ~ S %o
104 13 Y > 3¢
0o 1 s (3] 1
0 4 1
vy . .
vy
"
MC155SL
wC1a8sL)
e [} "
v . -}l—o
vx
w 10t 004 9 $u
= . Kl . :E Hy "
2] 13 9
s 2 LY P
SCALE 4] ofeseT
FACTOR 1 aanst
ADJUST = = =
MVEVE<eIY
SUVEVY <oV hivite b
we
" g
RITT S W@ 15V
"
[T ¢ p AN
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OPERATION AND APPLICATIONS INFORMATION (continued)

it can be seen that the resistor vaiues necessary are given by:
Ivi-0.7 v
113
ivi-07v
'3

Ri3+500 =

R3+ 600 f2 =

Let Vims-i5V

143V
Then Rqq+500 = orRy3= 138k
13 TrA 13=13.8k0

Let Rgz=12%kD
Simitarty, Ry = 13.8kR
Let R3=15kQ

However, for applications which require an sccurate scale factor,
the adjustment of R3 snd consequently, 13, offers a convenient
method of making a final trim of the scale factor. For this resson,
#s shown in Figure 21, resistor Ry is shown & 8 fixed resistor in
series with 8 potentiometer.
For applicntom not requiring en exact scale factor (batanced
dul Y bler, AGC amplifier, etc.), pins 3 and 13
canbe eonmcud together and a single resistor irom pin 3 to ground
can be used. In this case, the single resistor would have a value of
half the above ceicutated value for Ry3.

Step 2. The naxt step is to select Ry and Ry, To insure
that the input transistors will slways be active, the following condi-
tions shoufd be'met:

v Vy
—x-<l‘3 — <i3.
Ry Ry
A good rule of thumb is to make (3Ry 2 1.5 Vy(max} and

113 RX 2 1.5 VX(max)-

The targer the 3Ry and |33Rx product in relation to Vy
and Vx respectively, the more accurate the muitiplier wilt be (see
Figures 17 and 18).

LetRy = Ry = 10kf1
Then 1Ry =10V
143Rx = 10V
since Vi (max) * V¥{max) " 5.0voltsthevatueof Ry = Ry = 10k2

is sufficient.

Step 3. Now that Ry, Ry and 13 have been chosen, Ry can
be determined:

R 4

" AxRyly 10

or (21 (Re) 4

1ok (10K} (1 mA) 10

Thus R =20 k{1,

Step 4. To determine what power-supply voltage is necesssry
for this spplication, attention must be given to the circuit schematic
shown in Figure 3. From the circuit schematic it can be seen that
in order to maintsin transistors Qy, Q2, Q3 and Qg in an active

cegion when the ¥ input voltages sre lied (V' = Vy' =
10Vor Vx = 5.0V, Vy = 5.0 V], their respactive collector voltage
should be st least a few tenths of a voit higher than the maximum
input voltage. 1t should 8130 be noticed that the cotlector voltage
of transistors Q3 end Qg4 sre ot & potentisl which is two diode-drops
below the voltage st pin 1. Thus, the voitage at pin 1 shoutd be sbout
two volts higher then the maximum input voltage. Thersfore, to
handte +5.0 voits at the inputs, the voltage at pin 1 must be st least
+7.0 voles. Let Vi = 9.0 Vdc.

Since the current following into pin 1 is slways equal to
213, the voltage st pin 1 can be sat by placing o resistor, R4 from
pin 1 to the positive supply:

vtavy
23

Ry =

Let VvY=+15V

15V9V
Then Ry Y3V
? M ma

Ry =3k0.

Note that the voltage et the base of transistors Qg, Qg. Q7 snd Qg
is one diode-drop below the voitage at pin 1. Thus, in order that
thesa transistors stay sctive, the voltage st pins 2 and 14 should be
spproximately halfway between the voltage at pin 1 and the positive-
supply voltage. For this example, the voltage at pins 2 and 14 shoutd
be approximately 11 volts.

Step 5. For dc spplications, such as the multiply, divide and

t f i it is usually desirable to convert the differential

ovtpul 10 a single-ended output voltage referenced to ground. The cir-

cuit shown in Figure 22 performs this function. it can be shown that
the output voltage of this circuit is given by:

Vo li2 1141 RL

> 2'!‘Y 2VxVy
And since 1 -tg = l2-114 = 13 'la—Rx—R-;

2R Vx'Vy’©

4RyRyxl3 where Vx'Vy'is the voltage at the
input to the voltige dividers.

Then Vg =

FIGURE 22 — LEVEL SHIFT CIRCUIT
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OPERATION AND APPLICATIONS INFORMATION (continued)

The choice of sn ! lifier for this ficati

shoutd have low biss currents, low offset current, snd a high

de input voitage range as well 25 & high common-mode
rejection ratio. The MCISSE, and MC1741 operationat amplifiers
maeet thess requirements,

Refercing to Fiqure 21, the tevel shift components will be de:
termined. When Vy = Vy =0, the currents 2 and | 14 witl be equat
tol13. inStep 3, R was found 10 be 20 kN2 and in Step 4, V3 and
V14 were found to be approximately 11 volts. From this informa-
tion, Ry can be found sasity from the following equation (neglect-
ing the operational amplifiers bias current):

Va2 vt.v,
— tlgqe ¢
R 13

L Rq

And for this example, 11V ‘,mA_lSV-"V
20 k02 Ro

Solving for Ry, Rq = 2.6 kil

Thut, setect Rg * 3.0kN

For Rg = 3.0 ki, the voltage at pins 2 and 14 is calculated 10 be
V2 = Vyg* 10.4 vouts,

The linearity of thiscircuit (Figure 21) is likely t0 be as good
or better than the circuit of Figure 5. Further improvements are

o5 shown in Figure 23 where Ry has been increased sub-
stantially 10 improve the Y tihearity, and R X decreased somewhat
$0 a3 nOt o materially affect the X linearity, this avoids increasing
R significantty in order 10 maintain a K of 0.1.

The versatifity of the MC1595 (MC1495) aliows the user to
to optimize its performance for various input and output signal
levels.

OFFSET AND SCALE FACTOR ADJUSTMENT
Offset Voltages .

Within the monolithic multiplier (Figure 3 transistor base-
emitter junctions are typically matched within 1mV and resistors
are typicatiy matched within 2%. Even with this careful match-
ing, an output error can occur. This output error is comprised
of X.input offset voltage, Y-input offset voltage, snd output-
offset voitage. These errors can be adijusted 10 zero with the tech.
niques shown in Figure 21. Offset terms can be shown ana-
Iyticatly by the transfer function:

Vo = KIVX £ VIOx£Vx oft) (VY £ VIOYEVy off) £ Voo (1!

Where K * scale factor

VX = X input voltage

VY =¥ input voltage

ViOX * X input offset voltage
VIOY = Y input offset volage

VX off= X input offset adjust voltage
Vy off = Y fnput offset adjust vottage
Voo = output offset voltage,

FIGURE 23 — MULTIPLIER WITH IMPROVED LINEARITY
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OPERATION ANO APPLICATIONS INFORMATION (continued)

X, Y and Output OffsexVoltages

Vo Output Vo Vo\nmn
Oﬂ:ﬂ Offsat
V“ T
X Offset Y Offset e

For most dc spplications, all three offset sdjust potentiome-
ters (P1. P2, P4) will be necessary. One or more offset adjust
s can be eliminated for ac appl (See Figures
28, 29, 20, 31).
1f well reguiated supply voltages are svailsble, the offset ad-
just circuit of Figure 13 is recommended. Otherwise, the circuit
of Figure 14 will grestly reduce the sensitivity 10 power supply
changes.

Scale Factor

The scale factor, K, is set by P3{Figure 21). P3 varies I3 which
inversely controls the scale factor K. 1t should be noted that
current 13 is one-he!f the current through Ry. Ry sats the biss
fevel for Qg, Og. Q7. and Qg (See Figure 3). Therefore, to be
sure that these devices remain active under afl conditions of input
and output swing, cere should be exercised in adjusting P3 over
wide voltage ranges (see Section 3, Generst Design Procedure).

Adjustment Procedures

"The following adjustment procedure should be used to null
the offsets and set the scale factor for the multiply mode of
operation. {See Figure 21)

1. X Input Offset

{al Connectoscillator (1 kHz, 5 Vpp sinewavel to the
“Y* input {pin 4)

{b) Connect X" input {pin 9} to ground

(c) Adjust X offset potentiometer, P, for an ac aull
at the output
2. Y Input Offset

{2) Connect oscillator (1 kHz, 5 Vpp sinewave) to the
“X* input (pin 9)

bl Connect “*Y** input (pin 4} 0 ground

{c} Adjust “Y" offset potentiometer, Py, for an ac null
st the output
3. Output Offset

{a} Connect both X" and “Y" inputs to ground

{b) Adjust output offset potentiomaeter, Pgq, until the
output voitage V,, is zero volts dc
4. Scale Factor

{(a} Apply +10 Vdc to both the “X* and Y inputs

(b} Adjust P3 to achieve + 10.00 V at the output.
S. Repeat steps 1 through 4 as necessary.

The abitity to sccurately adjust the MC1595 (MC1495)
upon the ch istics of p L s Py
through Pq. Mutti-tura, infini tuth ¥
ers with low-temperature cosfficients are recommended.
DC APPLICATIONS
Muttiply
The circuit shown in Figure 21 may be used to multiply
signals from dc to 100 kHz. Input levels to the actual multi-
plier are 5.0 V {max}. With resistive voltage dividers the maxi-
mum could be very large — however, for this application two-
to-one dividers have been used 3o that the maximum input
tevelis 10 V. The maximum output leve! has also been disigned
for 10 V {max).

Squaring Circuit

I the two inputs are tied . the resut function is
squaring; that i Vo = KV2 where K is the scale factor. Note
that oll ercoc terms can be eliminated with onty three adjustment

3, thus eliminating one of the input offset adjust-
mmu. Procedures for mlm\. with adjustments sre given as
fotiows:

1. AC Procedure:

(a} Connect oscillator {1 kHz, 15 Vpp! to input

b} Monitor output at 2 kHz with tuned voltmeter
and adjust P3 for desired gain (be sure to peak response
of the.voltmeter)

{c) Tune voitmeter to 1 kHz and adjust P ¢ for & min-
imum output voitage

(d) Ground input and acjust Pq (output offset} for
zero volts dc output

{e) Repeat stepe a through d as necessary.
2. DC Procedure:

{al Set Vx = Vy = 0 V and adjust P4 (output offset
potentiometer} such that Vg = 0.0 Vde

(b) Set V¢ = Vy = 1.0 V and adjust Py (Y -input
offset potentiometer) such that the output voltage is
+0.100 volts

{cl Set Vi = Vy = 10 Vdc and adijust P3 such that the
output voltage is + 10.00 volts

(d} Set Vy = Vy = - 10 Vdc. Repeat steps 3 through
d 83 necessary.

FIGURE 24 — BASIC DIVIDE CIRCUIT

Xvx Vy

T o

VI O AAA———d
L]

Divide Circuit

Consider the circuit shown in Figure 24 in which the multi-
plier is placed in the feedback path of an operational amplifier.
For this configuration, the operational amplifier will maintain
a “virtual ground” at the inverting (-] input. Assuming that the
bias current of the operstionst amplifier is negligible, then t4 =
12 and

KVxVy -Vz
-

a1 R7 m
-R1 Vl 2
Solving for Vy, Vy = A2K VX
1t  R1=R2
-vz
Mt it
i R1=:KR2
-v
vy 2. 4
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OPERATION AND APPLICATIONS INFORMATION (continued)

Hence, the output voltage is the ratio of V2 to Vx and provides
adivide function. This anatysis i, of course, the ideal condition.
If the muttiptier error is taken into account, the output voltage
is found 1o be

Rt vz «E
Vymelee| So— | (s
R2K[Vyx Kvy

where o€ is the error voitage at the output of the multiplier.
From this equation, it is seen that divide accuracy is strongly
dependent upon the sccuracy at which the multiplier can be
set, particularly st small values of Vy. For exampie, assume
that R1 « R2, and K = 1/10. For these conditions the output
of the divide circuit is given by:

-10Vz  104€
. A

Vy = —
A Vx

(6

From equation 6, it is seen that only when Vyx = 10 V is the
ocror voltage of the divide circuit as fow as the error of the
Multiply circuit. For exampte, when Vy is small, (0.1 volt)
the error voltage of the divide circuit can be expected to be a
hundred times the error of the basic muttiplier circuit.

in terms of percentage error,

error
percentage error = x 100%
~y actual

or from equation (5),

AE
KVx [r2]a€
PEp = RT vy 'la—i
2K) Vx

‘E 1 n

From ion 7, the p 9% error is inversely related 1o
woltage V7 (i.e., for incressing vatues of V2. the percentage
error decreases).
A circuit that performs the divide function is shown in
Figure 25,
Two things should be emphasized concerning Figure 25,
1. The input voltage {V’x} must be greater than zero and
must be positive. This insures that the current out of
Ppin 2 of the multiptier will siways be in & direction com-
patible with the polarity of vz,

g

Pins 2 and 14 of the multiplier have been interchanged
in respect 1o the operational smptifiers input terminals.
tn this instance, Figure 25 differs from the circuit connec-
tion shown in Figure 21; necessitated 1o insure negative
fesdback around the loop.

A Suggested Adjustment Procedure for the Divide Circuit

1. Set Vz = 0 volts and adjust the output offset potentio-
mater (P4) until the output voltage (Vg remains at some
{not necessarily zerol constant value as V' is veried
between +1.0 voit and +10 volts.

2. Keep V7 at 0 volts, set V' at +10 volts and adjust the
Y input offset potentiomaeter Py} until Vg = 0 volts.

3. Let Vx' = V7 and adjust the X input offset potentio-
meter (P2} until the output voitage remains at some (not
necessarily - 10 volts) constant value as Vz = Vx'is
varied between +1.0 and +10 volts,

4. KeepVyx'=Vzand adjust the scale factor potentiometer
{P3} untit the average value of Vo is =10 volts as V7 =
V' is varied between ¢1.0 volt and +10 volts.

5. Repeat steps 1 through 4 as necessary to achieve opti-
mum performance.

Square Root

A special case of the divide circuit in which the two inputs 10
the multiplier are connected together is the square root function

FIGURE 25 — DIVIDE CIRCUIT
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OPERATION AND APPLICATIONS INFORMATION (continued)

FIGURE 26 — BASIC SQUARE ROOT CIRCUIT

wve | wensese |

vi

SRR

as indicated in Figure 26. This circuit may suffer from
tatch-up problems similar to those of the divide circuit. Note

AC APPLICATIONS

The spplications that follow demonstrate the versatility of the

monolithic muttiplier. [f 8 potted multiptier is used for these
cases, the results genersily wouild not be ss good becauss lho potud
units have circuits that, slthough they optimize de

operation, can hinder ac -pphunom

Frequency doubling often is donc with s diode whou the

fundamenta! plus s series of har are
extensive filtering is required to obtein th dasired humomc,
and the second harmonic under this techniqus ususlly
is amall in magnitude and requires amplification.

When » multiplier is used to doubles frequency the second
harmonic is obtained directly, except for & dc term, which can
be removed with ac coupling.

e * KE2cos2 it

2
€. = '5_52_ (3 + cos 2wil,

A potted multiptier can be used to obtain the double fre-

ihat only ane polerity of input is allowed and diode 9
(see Figure 27} protects against accidental latch-up.
This circuit also may be adjusted in the closed-loop mode as

i q v but freg y would be limited by its
internal level-shift amplifier. in the tithic units, the ampti-
fier is omitted.

in a typical circuit, | £ 15-volt bi

follows:
1. Set V2 to -0.01 volts and adjust P4 (output offsat) for
Vo = +0.316 volts, being careful to approach the output
{from the positive side to preciude the effect of the out-
put diode clamping.
2. Set V2 to -0.9 volts and adjust P2 (X adjust] for Vg =
+3.0 volts.

3. Set V2 to - 10 volts and adjust P3 (scale factor adjust)
for Vg = ¢10 volts.

4. Steps t through 3 may be repeated as necessary to achieve
desired sccuracy.

are used. An input dynsmic range of 5.0 volts peak-to-peak is
allowed. The circuit generates wave-forms that are double fre-
quency; less than 1% distortion is encountered without filtering.
The configuration has been successfully used in excess of 200
kHz: reducing the scate factor by decreasing the ioad resistors
can further expand the bandwidth.

A slightly modified version of the MC1595 (MC1495) -
the MC 1596 {MC1496) — has been s fully used as 8 doubl:
to obtain 400 MH2. (See Figure 28.}

T’Flgun 29 reortunu an for the
iplier a5 a bal dul . Here, the audio input signal
i5 1.6 kHz and the carrier is 40 kHz.

FIGURE 27 — SQUARE ROOT CIRCUIT
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OPERATION AND APPLICATIONS INFORMATION (continued)

FIGURE 28 — FREQUENCY DOQUBLER
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FIGURE 29 - BALANCED MODULATOR
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The defining ion for bat 4 dulation is

3 - KIEq 001 wmt) (E¢ cos wet) =

KEEm

[cos (e ¢ wmlt ¢ 03 (we ~ wyit]

where we is the carrier frequency, wpy Is the modulator fre-
quency and K is the multiplier gain constant.

AC coupling st the output eliminates the need for level trans-
tation or an operationst amplifier; 8 higher operating frequency
results.

A probl to is w0 extract the
intelligence from single-sideband received signal. The ssb signal
is of the form

Cgety = A 008 [we ¢ wylt
and if multiplied by the appropriste cartier waveform, cos wet,

>l | % 08 (2w + welt * cos (witl,

{1 the frequency of the band-limited carrier signal, wc, is ascer-
tained in advance the designer Can insert 8 low-pass filter and
obtain the (AK/2) {cos wet) term with ease. He also can use an

P ional smplifier for a i tove! shif ive filter,
as an external component. But in potted multipliers, even if
the frequency range can be covered, the operational amplifier
is inside and not accessible, so the user must accept the level
shifting provided, and still add a low-pass filter.

Amplitude Modulation

The multiplier performs amplitude modulation, similar to
balanced modulation, when a dc term is added to the modutating
signal with the Y offset adjust potentiometer. (See Figure 30.}

Here, the identity is

Emli1 + m cos wmth E¢ cos wet = KEmEcos wet +

KEmE
Ld—“ {coslwe ¢ wmit ¢ cos twe ~ wmit]

where m indicatés the degree of modulastion. Since m is adjust-
able, vis potentiometer P4, 100% modutation is possible. With-
out extensive king, 96% modulation may be i where
we 3nd wiy, are the same as in the d-modul

Linear Gain Control

To obtain linesr gain control, the designer can feed to one
of the two MC1595 {MC1495) inputs a signal that will vary the
unit’s gain. The fol 9 the feasibility
of this application. Suppose s 200 kHz sine wave, 1.0 volt
peak-to-peak, is the signal to which a gain control will be added.
The dynamic range of the control voftage V¢ is 0 10 +1.0 voit.
These must be sscertained and the proper values of Ry and Ry
can be selected for optimum performance. For the 200-kHz
operating frequency, load resistors of 100 ohms were chosen to
broaden the operating bandwidth of the multiplier, but gain was
sacrificed. 1t may be made up with an amplifier operating at the
sppropriate frequency. (See Figure 31.}
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OPERATION AND'KPPL(CA"NONS INFORMATION (continued) . .
FIGURE 30 — AMPLITUDE MODULATION The signal is applied to the unit's Y input. Since the wtsl
A input range is limited to 1.0 volt p-p, 8 2.0-volt swing, s current
ay ™ source of 20 mA and sn Ry velue of 1.0 kilohm is chosen.
(V1Y [ 313 oo ois Y This tskes best advantage of the dynamic range and insures
" linear-operstion in the Y -channel,
$ ¢ w ' Sinca the X input varies between 0 and ¢1.0 volit, the current
A 136 source selected was 1.0 mA and the Ry value chosen was 2.0
*y €@t ug! o—O0—] —o—vwA—¢ kilohns. This slso insures linear operation over the X input
. $ Ry dynamic range.
oot @——0— uciasL e * Choosing Ry = 100 sssures wide-bandwidth dperation. Hence,
suoouanion . ¥ 3 grEnesy . the scale factor for this configuration is :
Abnst “ M
2
OFFSET ADNT S—mmeO—] —o— Re
L} J K " RxRvi3
ey <8V ] 13 H R
ex oy <SVop { secect N 100 -
g ey & (2K1(1 kN2 x 10*%
= S5V -, v-1,
40
The 2 in \‘ce 3 of the ion 15 missing in this scale-
factor expression because the output is single-ended and ac
coupled.




§A’alional Semiconduc

Novermoer 1995

ctor

CD4046BM/CD4046BC Micropower Phase-Locked Loop

General Description

The CD404688 mcronnwer phasa-dockad loop (PLL) con-
sists of a low power, Enear, voitage-controlled osalator
(VCOL, a source folower. & zener ciode. ana two phase
comparators. The two phase comparators have a common
signal incut and & common comearatdr inout. The s:gnal
now can te drestly cowsled.ior a large voltage sgral, oc
casactively coupled 1o the sall-tiasing ampkiier at the sig-
nal input for a small voltage signal

Fhase comparator |; an excluswve OR gate, provices a digtal
arror signal (phasa comp. | Out) and mantains 90° phase
ghifis at the VCO cemer frequency. Between signal input
and comoarator input (both at 50% cuty cycle), it may lock

The INHIBIT inout, when hoh, disaotes tha VCO and sxwne
tolfower to mMmwne siarcsy cower consumction, The zener
cioas is provded for cower supcly regulation, ! necessary.

Features
8 Wias suocly voliage ‘arge 3.0V io 16V
& Low dynamic 70 uW (typ.) at

cower consumchon
a VCO frequency
8 Low frequency drtt
with temcerature

i = 10kEZ, Voo - BV
1.2 MH2 (Yyp.) at Voo — 1OV
LH%/C at Voo — 10V

g & ; o
sato the s:gnal ingut frequances that are ctoss harmon- ® High VvCO 1% (rve)
ics of the VCO center traquency.
Phase comparator It is an egge-controlled digital mamory .Agup"caﬂo ns y ) 4
network. 1t provides a digrtal error signal (shase comp. I gemocutator anc Fodulator
Oul) and lock-in signal (chase pulses) 10 incicate & lockea @ Frequency Syniness ard mutlicicauon
condition and mantains a 0° phase shit between signat in. & Frequency discnimiraton
put and comparator nput, & Data syncivomzaton ard conaiomng
The Enear vohage-conroliea osalanr (VCO) proauces an  ® Voliage-io-treguency rversion
austput sgnal (VCO Out) whose frogusnay 1§ datermened by ® Tone cecocing
1ha volage at the VCOpy naut, and the capscilor and resis- @ FSK modulation
{ors connected to gin Cl,, Clg, RY and R2. u Motor speed control
The source foliower output of the VCOwy (demodulator Out
is used with an external resistor of 10 kfl or more.
Block & Connection Diagrams
T ogema
- Yoe
Tu ?n
#a Duatin-Line Package
-\J' cowranaTent
conennsvan | ¢
R s T e,
1 L meact e ont -} C AP
- Comrsnaten cowanarenn 4 LT
1 v * L ” veo oot — L) st comr 1 0T
of 3 12
hadand L -1}
[ L4 "
o o — b— ot
1} ’ Ty : 2“'&!‘1!.'&
T odd b : ]
l Vg = — vcon
]
Ya —AAA—ot
- v '“m‘m. TUF/es-2
V53 ¢—AAA—O—t— Yop View
RN | l I Oruer Number CD40466

vyt imés

FIGURE 1

TUF/29¢8-1



Absolute Maximum Ratings otest22

Recommended Operating

H Wiltary/Aerospace specified devices are requiced, Conditions mow 2
pleage contact the National Semiconductior Sales
Dtiice/Distributors for availability and spectiications. zc s“:‘:’ v°":°° Voo 31015Vpc
0C Suoply Voltage (Voo! -0.510 T18Vec O‘”‘ l" ‘:::‘:’ I 0 to Voo Vog
perating rature Ranga
ingut Vokage (Vi) —05 1o Vop F05Voc CDA0468M -55"Cto F125°C
Siorage Temperature Range (Ts) ~85"Ctlo +150°C CD4046BC —~40°C 1ty =85C
Fower Dissoation (Fp)
DuakinLine 70 mW |
Smafl Outline 500 m\W
Lead Temperature (TQ °
{Soldering, 10 seconds) 260°C
DC Electrical Characteristics cowscam ivote 2)
- 1
Symbol Parameter Conditiens_ %5 + 3% *125C L units
Min | Max| Min Typ | Max | Min | Max
oD Quescent Device Curenm |Pin§ — Vop, Pin 14 ~ Voo, 1
Fin3.9 — Vsg s
Vo — SV s 0005 | 5 159 | pA
Von — 10V 10 C.01 10 ko JE P
Voo — 15V - 20 0015 | 20 833 | A
fin5 — Vpp, Pin 14 — Ogen,
Pin3,2 — Vss -
Voo — 5V 45 5 35 165 | pA
vop — 10V 450 20 | 3%0 3! ouA
Vnp — 15V 1200 50 | 900 15201 pA
VoL | LowLevel Output Volage | Vop — SV 0.05 o |oos So8| v
Vop ~ 10V 0.05 0 0.05 0.58 v
Vrpn - 18V 0.05 0 0.08 038 v
Vo High Levet Output Voltage { Voo - sV 4.95 4.85 5 4.85 v
Vpp - 10V 9.85 9.95 10 9.95 v
Vpo - 18V 14.95 14.95 18 14.95 v
Vi Low Level input Vottage | Vpp - 5V, Vo — D.5Vor 4.5V 15 225 | 1.5 15 v
Comparator and Signalla |Vpp — 10V. Vo — 1Vor§V 3.0 45 30 310 v
Vpp - 15V.Vg - 1.5Vor 13.5V 4.0 6.25 40 40 \'
Vi High Level input Voitage | Vpp — SV, Vo = 0.5V or 4.5V, 35 35 | 275 3.5 v
Commparator and Signaltn | Vpp - 10V, Vo - (Vor 9V 7.0 7.0 55 70 v
Vpp - 15V, Vg - 1.5Vor 13.5V|- 110 t1.0 8.25 {10 v
oL Low Level Outout Current |Vop - 5V. Vo - 04V 0.64 0.51 | 0.8 0.35 mA
(Note 4) Vgp - 10V. Vg - 0.5V 1.6 1.3 | 2.25 c.9 mA
Vog - 15V.Vg -~ 18v 4.2 3.4 8.8 2.4 mA
ton High Level Output Current | Vpp — §V. Vo — 4.6V -0.84] -0.51| ~0.88 -0.36 mA
(Note 4) Vpp ~ 10V.Vp ~ 0.5V -5 ~13 1| -225 -0.9 mA
Voo - 15V, Vg = 13.5V -42 -34 | -a8 -24 | ma
(' input Current Al Inputs Exceot Signal input
Vpo — 14V, Vin — OV ~0.1 -10-5{ -0.1 —-10]| aA
N Vpo — 15V, Vpy — 18V 0.1 10-5 | 0.1 12| pA
Cw ‘| mput Capacitance Any Input (Note 3) 7.5 | pF
Pr Total Power Dissipation |1 - 10kHz, A1 — 1MQ
R2 - e, VCOW ~ Ypo/2
Voo — SV 2.07 mw .
Vpp - 10V 0.6 mwW
Voo — 18V H 24 ! H b mw




DC Electrical Characteristics coso4sscnote 2)

Symbol Parameter Conditions -“Tc Fise FEC | ymits
Min |Maz | Mia Typ | Max{ Min {Max
o |Quescent Devics Curent {Pin§ '~ Vpp, Fin 14 ~ Voo, I
Find, 9 ~ Vss !
Voo — 5V 20 0005 | 20 150 | A
Voo — 1CV 40 001 | 300 | gA
Vop - 15V () 00t5 | 890 600 | g4
Pa S — Vop, Pin 14 — Ogen, i
Fn3. 8 — Vs :
Vop. - 5V 70 s | 55 205 | pA
Vop = 1OV | €30 20 | 410 710 | 24
Vop — 15V j 1500 50 | 1200 1800} aA
VoL |lowLevel Outout Votage {Voo - SV | 08 o |oos 00s| v
Voo - 10V 12905 0o |oos ocs| v
ivpp = 15V it 0 005 005| v .
VoW | High Level Outcut Vottags iVpp — 5V ass i 485 | 5 495 v
Vpp — tOV 9.95 ; 9.85 10 9.95 v
Vap - 15V 1485 1 14.95| 1§ 14.95 v
Vi |LowLeveilnoui Vottage [Vpp - S5V.Vg - B5Vor 4.5V is 225 | 15 Viasov
Comparator and Signalin {Vpp - 10V, Vo — 1V or 9V 129 45 | 30 30 | v
Vpp — 15V.Vp = 1.5V or 13.5V i 4o 6.25 | 40 0] v
Vi |High Leval logut Vottage  {Vpp ~ SV.Vp — 0.5Vord.SV | 315 3s | 215 as v
Comgarator and Signalin [VDD - 10V,Vg - 1Vorgv 7.9 ! 7.0 6.5 7.0 v
1Vop = 15V, Vg — 1.5Vor13.6V| 110 | 1.0 | 8.25 11.0 v
oL Low Level Output Current iVpp =~ SV. Vg — 0.4V 0.£2 } 0,44 | D.88 0.36 TA
(Note 4) {VpD — 10V, Vg — 0.5V 13 | 1.1 | 225 03 A
Yoo — 15V, Vg — 1.5V 36 | 20 | 88 2.4 A
(o High Level Duwicut Curer {Vnp — SV. Vg = 4.6V ~052¢ —0.44] o088 ~0.38 A
{Note 4) Vpp — 10V, Vg — 9.5V -13 =11 | —2.25 -0.9 wA
Voo — 15V, Vg — 13.5V ~36 | -30 | —88 —2.4 mA
N Input Current Alt iInputs Except Signal input
Vpp ~ 15V, Vin — OV -0.3 —-10-5| -0.3 =10 @A
Voo - 15V.Vyy — 1SV 23 10-5 | 03 10 | pA
G |input Cassctance Any Input (Note 3) ! .5 oF
[ Total Power Dissoaton |1, — 10kHZ. RT1 — 1M,
R2 — e, VCOypy — Vpp/2
Vpo - §V 0.07 mW
Voo — 10V 0.6 mW
Voo — 15V 24 W

Note 1: ~Adsoiuts MDemum Ratings” e C1088 values DEYOnd wveh Tia sarery of the dowice CAMGL B0 QUA/ArCesd Thay are Not MEAN to mmoly that the davices

snould b8 cperated X 1ees Wnvts. The tadis of *H

eparaten .
Note = Vgg — OV wvess otharwsas specded.

Nete X Capactancs w guarartesd by pencdce tastng.
Hote & loyrand iy are tested ons CUpUL at 3 BMe

Operatng Conds

* and “CH

n

pr

for actual devics



AC Electrical Characteristics® co4cassm/coo4s8C 7, - 25C. G ~ 50pF

. Symbol ] Parameter Canditions | Min 1 Typ l Max l Units
VCO SECTION i '
iop Ogerating Current b ~ 1OKHZ Rt ~ 1 M0,
R2 — « VCOnN — Vpo/2
Vpp — SV 20 pA
Vop — 1OV 90 A
Vop - 15V 200 mA
fvAx Maxmum Ocerating Frequency Ct - 80pF.R1 ~ 10KAL
’ R2 - «,VCOW - Vpop
Vpp = SV 0.4 .8 Mz
Voo — 10V 0.6 1.2 Mz
Vpo — 15V 1.0 1.6 Mtz
Unearity VCOW — 2.5V £0.3V,
A1 > 10k Vop - SV 1 %
VCOpy — 5V £2.5V.
A1 > 400 kL. Vpp - 1OV 1 %
VCOpy — 7.5V 5V,
R1> 1 M. Vng - 15V 1 %
Temoerature-Freguency Stability %/ Cx /. VoD
No Freauency Otfset, fiy = O R2 -
. Vop - SV 0.12-0.24 " %iC
Vpp ~ OV 0.04-0.08 %/°C
Voo - 18V 0.015-0.03 %/°C
Frequency Offset. tymy # 0 Vop - 5V 0.06-0.12 %/
Vpp ~ OV 0.05-0.1 %/°C
Voo - 15V 0.03-0.05 %/°C
VCOw Inout Resistance Voo - 5V 108 MR
Vpp — OV 106 . MQ
Vpo - 15V 108 MO
vco Outcut Duty Cycle Vpp ~ &V 50 “
. ) Vop — 1OV £0 %
Vpp — 15V 50 %
T VCO Output Transdion Time - Vpp - SV 90 200 ns
e Vpo - 10V 50 100 rs
Voo - 15V 45 80 s

*AG Parameters are guararesed by OC comelated testing.



> ow o o e

AC Electrical Characteristics® co40468mM/CD40488C T, ~ 25°C, Gy — SO pF (Cotinuea)

symbot | * Pacameter | Condltione | sia | vyp | max | uans
PHASE COMPARATORS SECTION
[3FY] Input Resistancs
Signal lnput Voo - 5V 1 3 uMn
Voo ~ 10V 02 | o7 ua
Voo - 15V 0.1 0.3 Mo
Comparator Input Vpo = &V 108 Mn
Voo - 10V . 108 MQ
Voo - 15V . 106 Mo
AC-Coucted Signal Input Voitage Cgenes — 1000 ¢F .
Sensitvmity t = S0kHz
Vpp — 5V 200 400 mv
Vpp — 10V 400 00 mv
Vop —~ 15V 700 1400 mv
DEMODULATOR OUTPUT
VCON— | OfisetVottage RS > 10k Vpp — 5V 1.50 22 | .V
Voen RS S 10k, Vpp — 1OV 1.50 22 v
RS S 50k, Vpp — 18V 1.50 22 v
Lineanty RS % S50k2
: VCOpy — 25V £03V, Vop — 5V 0.1 %
VCO — 5V 2.5V, Vep — 10V 0.3 %
VCOm — 7.5V +5V, Vop — 15V 0.8 %
2ENER DIODE
vz Zener Diode Voltage 1z ~ SO pA 63 | 7.0 7 | v
Rz Zener Dyramwc Resistance tz = 1mA 100 ‘l

:AG f

S &1 e tyOC teedng.
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Phase Comparator State Diagrams

PHASE COMPARATER |

SUCRAL
L]

PHASE COMP{ QUT

WPUT STATE

COMPARATOR
[

TEUAL
L]
PHASE COMP U OUT
PHASE MLSES ¢ 1 (]
TU/F/DH6-3
1 FIGURE 2
Typical Waveforms y
- PHASE COMPARATOR | PHASE COMPARATYOR 1t

SenALin YOO —l | | |

Vsg

\(1
COMPARATOR MY S | ] ]

L

¥, ———
musecowrowr 1 M) (][]
Vo
vCOm VQK—WW\

(LOW PASS FILTER QUTPET) Vg —

TUF/5am -4

FIGURE 3. Typical Waveform Emplaying Phase
Comparator | In Locked Conditlan

| R
U
HASE £ONY 1 OUT v"“j———b_
VoL

e e N

COMPARATOR i

PHASE PULSES

You
'ub—'l
Vou
ve O L

{LOW PASS FILTER OUTPUT) Vg —

T/Frem-s
FIGURE 4. Typical Waveform Employing Phase
Comparator # in Locked Conditon



Typical Performance Characteristics

Typical Center Frequency va C1
107 10(!“—10&&.100&08\6"‘0
: T Hh FHiF IIITA Z?CE
2 t-EI Voo Vg 2
S— T : i st L1 :'
E 105 2 '.: ‘_Vugf‘lSV i i
§ 104 jﬁv.nn.;..!qv: i ]
= i S Vgg * 5V
S I A Ty LT
us T I AN
— 1 K7 1 i
= 5 :
G 102 R A1 = 10K
i i N it
SR [i L SN <D R1 = 100K
, i} R1 = TMH
10-5 144 103 10-210-1 1 10

- VCO TIMING CAPACITOR (:F)

FIGURE Sa
Typical Frequency ve C1
137 for R2 — 10k, 100 kM) and T MO
] T TA =257C3
108 ey ] VeOyy = Vs'sg
S s LI m
S R LYoo = 10V
E 104 Tllllllulr )
5 A vng = V=
by < 101 [XITIN []
= 103 SN A A
& T v I )| 111 H
{ e s 1K1
z 102 BRI }rz = mk_‘
= i RN RZ = 100K
101 | o
Y i - f s -
R I f = 1M+
1 il i ! lll! Rk
105 w4 10-3 102 10~ 1 10

C1 - VCO TIMING CAPACITOR («F)

FIGURE 5b

102

102

TP IS5

TVrrse-

uotr‘l'ooounwaroummmlmd-oamdﬂqmmrmqnaiutﬁusth«vmn Pp (Tatal) - 25 %) ¢ Pg () + Pp (Rgr Prasa

Compar atoe 11, Py (Tatal) — Py M)



Typical Performance Characteristics (cortinvea

g TP fuax/iw ve RU/R1

: T = 25°C ]
fMAX WHEN VCOin = Vpo
3 faary WHEN VCOyp = Vss
W = =t
2 2 ; 1
=
S 102
y s Vpp = 10V, 15V 74
10 ! d
; g po =5V
1
1 e e
0.01 0.1 1 10 102
R2/R1
TU/FISBE8-14
FIGURE 5C
Typicat VCO Power Dissipation
108 at Center Frequency vs R1
z E TA=25°C
= 107 | VCOyy = Vppf2. R2 =00 I
z E INHIBIT = Vss
£ 106 B2 I
L-4 1
e i
% 108 £.C1=60pF
o S g 1 = 14
s ot ST T SuPPLYLL
2 Se==2s= FVOLTAGE
~ = v = ‘ -
g ]03 >N AT 2 0a S
> Tt mgi_
R 2 T ,
o 1 = I
] L
10 L I
10 102 103 104
/1 (k)
N/F/B®m-15

FIGURE 6a

Note: To OBLIN 200X CMALE tOLA Sowar B68.0 830N Of PLL sySom for no-$gnal mout Phase Comparatar | P (Tad) — Pp o) ~ Pp fuwd + Ao Rgi; Phase
Comgarai IL Pp (Toaa)  Pp (et



Typlcal Performance Characteristics (contavea)

108 Typical VCO Pawer Dissipation at fyyy vs R2
= i i TA=25CH
g VCOy = Vgs =
5
= mﬁ il _
= T
- SUPPLY |
W 10 VOLTAGE
g = Vpp = 15V[]
a 103 \ 1ov
S YR
t 192 L =437
a =
10 L=
10 102 103 104
RZ (k$2)
FIGURE 6b fh
B
= 1 07 Typical Saurce Follower Power Di.ulpatggn vs Rg
= X T 3 pong-
= it TA= 25°C]
< 106 1 VEOyy =VpD/2, R1 = R2 = e
a
= U
s,
= 104
o T } Ll
ps ~ 1L
w 103 = SUPPLY ==
o g : VOLTAGE O
= 102 =] i N vpp=15v]
o — -
: - 10\'1 - :
g 1 5V
g { |
7] 1 | i
A 102 103 104
Oe
Rg ~ (k) -
‘FIGURESC hntitenal

Mote: To ootan appr emazs sl powsr @seOacn of PLL system for Ao-4Gnal IOt Phase Comoartr { Py (Tawal) — Pp gl « Pp ! = 2 Bt Puse
Comowr s t1. Py (Totall — Py (Tl



Typical Pertormance Characteristics coninves

103 s
1 Ta=%5C]
VoD =10V, VEOyy = 5V 225V, R2= o
2 -—| 1 ¢88 L} e e l_flsgv'| 1 .‘—-‘
_ — % LINEARITY = ko = T(8V) x 100FH
P — () i
> €1 =50 pF .
Z 10 L 100 pF & i
Lo
- 0.001‘1!: N
E 0.01, 0.1 xF NTH RSt
1 ! NI
7 T
- H2.5V) + 615V
43 (2.5V) + E(1.5V) <
0.1 L1111 [N \N
10-1 1 10 102 103
R1 (kQ, TU/F/D68-12
104 e e
R TA= :
Vgg=15V vcom 75V ~5v R2=o]
~ 75V
102 ==y LingariTy - o2 175V
o 3/ o
> C1=50pF
E 10 1] 100pF % {
< 1 0.001 uF
= 7008, 0.4 P RIS NG
1 SNUK N
~.
H25V) + f12.5v) o
] e 2 1
0.1 11 14¢ 2 1 g1 4
10-1 1 10 102 103
R1 (k)
TUFIB®m-13

. FIGURE 7. Typical VCO Linearity vs Rt and C1

Note: rommmmmmmdmmmwmmm«pmtmam Pp V) + Pp (lund + Fp gy Mase
Comoarsmr H Py (Toil Py (hamel.



Deslgn Information

This mformation & a guide for agproximatng the vake of
external components for the CO40468 in a prasedocked-
fooo syster. The celecled extsmal componams mutt be

wihin tha folowing ranges: R1, R2 > 10 kN, Rg > 10 kN0,

In acdition to the given design information, reler to Fgure 5§
for R1, R2 and C1 component seiections. :

Ct > 80 pF.
Using Phase Comparator t Using Phase Comparator it
Ctaracteristics s
veowimaulOficet | vcowmonser | YCOWithoulOffeet | yoq yng Ottaet
VCO Frequency . {
s . L= -
LY " L LAY
- 2 e ; A
|
ol o mt  m
OO AT VLT AR VCS SRR vaLTAcL €% e T vRLIASS
R N/FrDa-7 TUF/maa-3 TW/Finm-10
For No Sigrial Input VCO in PLL sys:sm wif acjust VCO in PLL sysmm wil aojust 1o

{o center frezuersy, &

lowest operating frequency. ‘.ﬂ"

Frequency Lock 2 fi = 1ull VCO frequency range
Range, 2% 21 = fmax = fin
Frequency Cacturs L
R 2 b .PT'.'
S 1 XY
naua lin = —
I feEIN T
TL/F/99%-11
Loog Fiker ol - o =1L
Component
Selection “ For 2 {c, see Rel.
T a
TUF/BR-12
Phase Angle Between 90° at ceqter faquency t*,), aoproxmating Atways 0° in ock
Single and Comperator 0" and 180" at ends of lock range (2 f)
Locks on Harmonics Yes No
of Center Frequency
Signal input Noisa Hgh Low
Rejection -
VCO Component Giver: {o. Given: {q and it Gavert tru- Given: frren 80t {max.
Setaction Use fg with Caicutate e Casculate § from U8R Topiry with
Feipxre 52 1o fom the eouation *he equation Fgure S0 o
determing R 1 determineg R2 and C1.
andC1. =1t —fL. (°...'_'“£_ trax
U8 iy with Figure 50 2 Catcutate ™=,
‘wogermme R2and CL. | Uset, with Figure 5210 . “rn
detorming R1 and C1. mex
1, e
Cak “.'m- Uso"m-dhf-'gureSc
oy
: to determmnae ratto
from the equation R2/R1 % scan R1-
e _fot %
trin fo— 1L
L
Use —— with Figwre 5¢
twin el
10 determing ratio R2/
K10 ottan RI.

References

G.S. Moschytz, “Miniaturized RC Fittarg Using Phase-Locked Loop”, BSTJ, May, 1965.
Fioyd Gardner, “‘Phaseiock Tachniques™, Jobn Wiky & Soes, 1966. ’
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CMOS DECADE

SCL4017AB
NGO COUNTER /DIVIDER
FEATURES . N -
¢ 10 Decoded Decimal Outputs' CONNECTION DIAGRAM
¢ Direct Resst . . (aft packages)
& Toame o it o ke - oo L et cour e
¢

Fulty Static Operation - DC to 6MHz @ 10Vdc

DESCRIPTION

The SCL4017AB consists of a 5-stage Johnson
Decade Counter and an Output Decoder, Inputs
include Clock, Reset; and Clock Enable signals.

The counter has interchangeable Clock and
Clock Enasble lines for incrementing on either a
positive-going or .negative-going transition, respec-
tively. A high Reset signal clears the counter to its
zoro count. 7

. Use of the Johnson decade counter configur-
stion permits high-speed operation, 2-input decode
gating, and spike-free decoded outputs. Antifock
gating is provided, thus essuring proper counting
sequence. The 10 decoded outputs are normally
low and go high only st their respective decoded
time slot. Each decoded output remains high for
one full clock cycle. A Carry-out (CoyT} signal

completes .one cycle every 10 clock input cycles:

snd is used to directly clock the succeeding counter
in multi-stage spplications.

This part can be used in frequency division
circuits as well as decade counter or decimal decode
display applications.

FUNCTIONAL TRUTH TABLE
(Positive Logic)
. Clock Decode

Clock Ensble Reset Output=n

(] X [+] n

X 1 (1] n

X X 1 “0”
— 0 Q n+
~— X 1] "

X — [+] n

1 —~—— 0 n+1

x = Don’t Care
If n<< B Carry = *“1”, Otherwise = ‘0"’

16 15 14 13 12 11 10 9
SCL4017AB

1 2 3 4 5 6 7 8

| D B A A I I B |

“5"' Cl‘ll {lo" "2" lls" 417" "3" VSS

Add suffix for package:
C 16-pin Cerdip
D 16pin Ceramic
E 16-pin Epoxy
F  16-pin Flat
H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:

OC Supply Voltage Vpp-Vss 3to16 Vde
Operating Temperature  TA -
C, D, F, H Device -65 to +126 ©°C
E Device 40to +85 ©C
BLOCK DIAGRAM
Clock 14 O—1 o0
= 1—02
2}—o0 4
Ip—0 7
Clock 4 0 10
Ensdle 13 O——C sH—o1
¢—os
1"—os
spP—o0%90
S —0 1t
Reset 16 O— Cont —0 V2
Vpo = Pin 16
Vss = Ping




ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

2 )
PARAMETER (‘\’,gc", CONDITIONS |__Ttow _5C Tuen® | yoies
Min, | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo] 5 Min"VssorVoo| — | 8| - [00s| 6 [ — | 150 | uAde
CURRENT 10 |All valid input - 10 - |01 10 -] 3001 .
1S fombinations - 20 - | 02 20 - | 600
QUTPUT HIGH (SOURCE)
CURRENT
C, D, F, H device ‘ON .
Decoded Outputs 5§ [Vou=4.6V -0.05 - |-0.04 1-03 - |-0.028 -~ |mAdc
10 Nou= 9.5V -0.124 - |-0.1 |-0.75 - |-0.07 -
15 Vou= 13.5V -0378 - |03 |-28 - |-0.21
V|N .VSS or VW »
Carry Output 6 [Vou=4.6V -0.25 - {-0.2 {-0.76 - }-0.14 - |mAdc
10 Vou= 9.5V 062] - s {14 | - |035] -~
16 Non= 135V -1.9 - {-15 |-3.5 - |-11 -
VIN -V§ or Vw
E device OoH 4 -
Decoded Outputs 5 Vou=™ 4.6V -0.048 - |-0.04 {-03 - |-0.032| - [mAdc
. 10 Nou= 9.5V -0.12| - |01 |07} - |-008| -
15 [Vou®= 13.5V -036| -~ |03 [|-25 - |-0.24 -
V|N-V£ or VDD
Carry Output 5 ‘Nou=4.6V -0.24 -~ {-0.2 |-0.78 - |-0.16 - |mAdc
10 Now=9.5V -0.6 - |05 |-1.1 - |04 -
15 Non= 13.5V -1.8 -~ |-15 |36 - |-1.2 -
Vin=Vss or Voo
OUTPUT LOW (SINK)
CURRENT
C, D, F, H device lov
Decoded Outputs 5 |Vo_=04V 005 - |0.04 | 04 - 10028] - [mAdc].
10 [VoL=0.5V 0124 - |01 |10 | - |oo7| -
15 Vo = 1.6V 0379 - (03 |30 - | 0.21 -
. VIN.VSS or Voo
Carry Output 5 VoL=04V 0.25 - |02 {076 - 10.14 -~ |mAdc
10 Vo =0.5Vv 062| -~ 105 |13 - | 035 -
15 Vo_= 1.5V 19 - |15 |40 - | 11 -
le'Vss or vDD
£ device Jlou
Decoded Outputs 6 [VoL=0.4V 0048 — [ 0.04 [ 04 - 10032] - [mAdec
10 [Vor=0.5V 0.12 - 04 1.0 - |0.08 -
15 Vo =15V 0.36 - 103 3.0 - 1024 -
. [Vin=Vgs ot Voo
Carry Output 5 [Vor=04V 0.24 - 102 0.7% - | 0.16 - | mAdc
’ 10 Vo_=0.5V 0.6 - 105 1.3 - |04 -
15 Nou= 1.5V 18 - |15 |40 - 112 -
in*Vgs of Voo

NOTES: ' Remaining Static Electrical Characteristics are listed under “SCL40008 Séries Family Specifications”.
2 Tiow =-55°C for C, D, F, H device.

= -40°C for E device.

Tuigw = +125°C for C, D, F, H device.

=+ 85°C for E device.
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ELECTRICAL CHARACTERISTICS (Continued)

DYNAMIC CHARACTERISTICS (Cy = Sbg‘)F, Ta =25°C)
' PARAMETER ooo | Min | Tve. [ Mex [ unis
CLOCKED OPERATION
PROPAGATION DELAY.TIME
To Decoded Qutputs teus topgy 5 - 600 ‘1200 ns
. 10 - 240 480
15 - 180 360
To Carry Output et terl 5 - $00 1000 ns
10 - 200 400
15 - 150 300
OUTPUT TRANSITION TIME )
. Decoded Outputs treH. trme 5 - 250 600 ns
10 - 125 250
15 - 90 180
. Can'v Output tren. true 5 — 180 360 . ns
10 - 00 180
15 - 65 130
MINIMUM CLOCK PULSE WIDTH PWeL 13 - 200 - 400 ns
10 - 100 200
15 — 80 160
MAXIMUM CLOCK FREQUENCY feo 5 1.25 25 - MHz
10 25 6.0 -
. 15 3.0 6.0 -
MAXIMUM CLOCK OR ENABLE RISE AND teL. ticL
FALL TIME 5 15 - - us
10 15 - -
15 5 - -
MINIMUM ENABLE SETUP TIME torrup -] - 175 350 ns
10 - 75 150
15 — 55 110
MINIMUM ENABLE REMOVAL TIME trem 5 - 250 500 ns
10 - 100 200
15 - 75 150
RESET OPERATION :
PROPAGATION DELAY TIME
To Decoded Qutputs toLk, teHe 5 - 500 1000 ns
10 - 200 400
15 - 140 280
To Carry Output toLn 5 - 400 800 ns
10 - 150 300
15 - 110 220
MINIMUM RESET PULSE WIDTH PWq 5 - 150 300 . ns
10 - 75 150
15 - 60 120
RESET REMOVAL TIME teem 5 - 250 500 ns
10 - 100 200
15 - 80 160




AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS
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APPLICATIONS INFORMATION

COUNTER EXPANSION

This figure shows a technique for extending the number of decoded output states
for the SCLA017AB. Decoded outputs afe sequential within each stage and from stage

to stage, with no dead time {except propagation de[ay).

cL 2 cL B cL "
&£ SCL4017AB e SCL4AO17AB - SCL4017A8B
G 1e 008 @ 0 ftece 8 9 -E__ 1 ece¢ 8 9
H— b LN
\_'V_J \—V—’ 8 Decoded
9 Decoded 8 Decoded Ouwpum
Ovoputs Outpum
Clock > § —_—————
First Stage Intermediate Stages Last Stege
DIVIDE-BY-N COUNTER

When the Nth decoded output is reached (Nth clock pulse), the S-R flip-flop
(constructed from the SCL40018) generates a reset pulse which clears the SCL4017AB
to its Zero count. At this time, if the Nth decoded output is greater than or equal to 6,
the CoyT line goes high to clock the next counter section. The 0" decoded output
also goes high at this time. Coincidence of the clock “low” and dacoded “O" output

“high’" resets the S-R flip-flop to ensble the SCL4017AB.

If the Nth decoded output is less than 6, the CoyT line will not go high, and,
therefore, cannot be used. In this case, the O’ decoded output meay be used to perform

the clock function for the next counter.
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54164 /74164

8-Parallel-Out Serial

Shift Register

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standsrd TTL Low-Power TTL
\ Packege . Packsge . Package Package Package
ice Type Device Type ————{ Device T —— Device T Device T
" Device Type T 1MICH e [P mice] e ETPimicH e CTPiMcr P [CTPIMcr
| I JSNsaLsti U w i SNSat64 1T [wi] SNSAL 164 JTiINCITD
T.L { 1| sSnuLSiee (k3 SN DOINDE | [ sNmLa JUNEITE] ]
fmsite/Pensie | 9T $Q | Fsa164sF 93164
FAIRCHILD wrasii/Rwsie 10T o] |10 FCTa1earr Co3164 O IPT
”OTOROLA SNTLSIM P q MCI6L PO
DML S 184 (0] OMsEL 164 3 DD
NS.C. DMMLSI64 [ [ n DMIILIEA 1 DIND
PHILIPS NTELS 168 [ NYCred D
SS4164 F OIAD
SIGNETICS NI S 168 Lo NI FOIAD
SIEMENS FLIat [
FUJITSY Iy M
HITACH WOTLS I o HOTaI6d [HED)
MITSUBISHI ML S 164 a MSI34 PO
NEC auias <o) P 650
TOSHIBA TD3503% &
| i1 1
AMD AwlLS 164 i | I
Electrical Characteristics SN54L.S164/SN74LS164 Function Table
absolute maximum ratings over operating free-sir temperature range 164,LS164,L164 (see Note 2)
Supply voltage, Vep v Oparstig free-aw | SNSE° | —$5C_ 1o 125C INPUTS OUTPUTS
lnput voltage v temparatire fange | SNI¢' ¥C to WC CLEAScLock] A 8 [ aa a8 oK
Storage tempersiwre range | —65°C _to 10°C N X X X L L L
recommended opersting conditions H L X X Qas 0o Owo
SNS4LS 164 SN7aLS(E2 | oo 2 T | # ¥ H O Qgn
MIN _NOM_ MAX |MIN _NOM_MAX i 1 L X f L Oa Qgn
Supply voitesg. Voo X3 s sslars S S.25) V R ] X L L Oan Qg
Highdevel output current, loy ~400 ol L r .
Low-level output o ent, 1oL [ NED Functional Block Diagram
Clook_frequency. foiook 0 [:] ¢ 25 | MH2
Width of olook or olesr oWt puise, ty, 20 20 ne
Data setup time, taetip 4] [} ns
Osta hold time. thoys 5 $ ns
Operating free-ic temperature, Ta ~-$5a % 0 0{
electrical characteristics over recommended operating
free-air temperature range
PARAMETER TEST CONOITIONS 1 MIN_ TYP § MAX; UNIT | ~ AT e et et st et et T
Vi High-evel Wrout voltage ® 7 v \ . ~ * p o~ -
Vo Low oot et v 14 LBIH LI OIT BARALLEL-OUT SHFT REUISTER
M tnput clemp vollage, Ve =MIN, i =—iimA ~1.5] ¥
N I ot VCo=MIN., Vig=2V. 2 typical cloar, shift, and clear soquances
OH  Hightaval outout voltage Vi =0.8v. lou=—soouA | 273 awS
v Low-devel voltay Voo=Mil, Vg, = 2V, v o—
0L Lowdevel cutput voltage Vi =08V, oL mtnA 035 o5 &‘.’3:{ ' 1 [ LM
nout surrent maximum 1
Vo =MAY, |
N ot voltage CC=MAY, V=1V 0.1| mA '_
i Highdevel input cursent VOG=MAX, V=21V 20| ~A e T LSLLALAUUUUUULUTUN
fi, Low-level mout current VoG =MAX, Vi=0.4V. 0.4 mA -
- [snsaLst =26 109
10§ Shortcroult output ourrent @ | Voo =MAX IO 100 L -
Voo=MAX, [ e
1cc .Swply M.ﬂl Seo Note 1 "% 2| WA
- “ | m———
tmax '::;:-:::cbcl; ﬁmomy . — C =t%F E % MHz >
' Glay Tims, Sigh 1010 = - ~ e
IPHL et Qoutputs trom clear inout :‘_i':' C( =150F % %] ns
Propegation delay time, w10 Tngh- L L = 15oF n hd
PLH g el O nutputs from clock input L L
[ Prcoagation elay 1w, high-todow | oo
PHL | g 0 outputs from clook inout CL=1%of nooup . L~ 1
Pin Assignment (Top View) /il ok ate
NOTES 11 igC is measured with outputs oDen, serial wouts grounded. and & momentary
ground, then &.SV, apolied 1o Clear.
2. H =high level {steady state}, L= Lowdeve| (steady state)
X =irralovant (sny input, inchuding transitions)
1 =transition from low to Mgh level,
Qao, O, OHO™1he level of Qa Qp o QO resrectively, before the
ngCated $teady-3La10 17OUT CONditions wers estatiished,
) . Qan, OGn =the level of Op o OG bafore the mostvecent | transition of
positive logic: s0c function table the Clock; ndiCates a one-bIt shelt.
Hhs, soyty oIty
tFor conditions shown a1 MIN or MAX, use the sporute velue under ope o] for the sop! device 1ype.

tan typcal valves are a1 Voo =SV, Ta=28°C.
*Not more than two oulputs should be shorted at & tme.




54165./7T4165

Parallel-Load S-Bit Shift Register

Schottky TTL High-Speed TTL Low-Power Scholtky TTL Stendard TTL Low-Power TTL
—
Package . Package . Peckege Package Package
Device Type Device Type Oevice Type Device T Device Type
e eTrIm(cH P [CTPImicH clpImicr e I G clP M
T SNSAL 165 10 SNS4I6S 1) wij
ot SNTILSIES 1D NG SN1416S 1 OIND!
F 1S4 185/F (33165 [OD|
FAIRCHILD FCI5/F C93168 0D |PD
MOTOROLA TSI bo
NS.C. - | omsaLiesA JOIND]  Jrg
d DMI4165 NO) DM T4L 16SA OO Tral
PHILIPS NILIES []
S54168 Oed] jwd]
SIGNETICS e oleD
3
SIEMENS W] )
FUITSU
HITACH
< -
MITSUBISHI - e 5
NEC
TOSHIBA
Electrical Characteristics NSS4LS165/SN74LS165 Pin Assignment (Top View)
absolute meximum ratings over operating free-air temperature range @ .
L d
Supely vohege, Voo IV | Operating Wee-ar [SrsaLs] —$5C 10 125C PARALLEL MPUTS .
Input_voitage ™ | temporature cange [SNraLs| €Tt 0T vor SO T peuron
~ ]
Storage tenpuraiee cange | 60 % JOTC BiEINIEIPIBIGIE
recommended operating conditions
SNSALS 185 SNT74LS 165 T
MIN  NOM MAXIMIN NOM MAX
Supply vollsge. Vo 4.5 5 55435 $ S| VvV
High-level outpul current. lon 400 ~400 | uA
Low-leval oviput current, 1g( 4 8| mA
Ctock trequency, fciock 0 20 ] 20 | MKz
Widtn of ¢lock wput pulse, t,{clock) 5 5 ne
Width of load nput puise. 1y (loac) 15 15 [
Clock-snadle setup lime, tgeryp 30 20 ns
Paraliet_mput setwp 1ma, teeryp n 10 n3
Serst_mout telp ume. oo 0 <] a8 positive loglc:
Shft setwp Ume. leeryp 45 45 ns
Hold ume at any nout, thotg 0 0 ns
Operatng free-ar temperature. Ta -55 125 [] || C Function Table
slectrical characteristics over recommended operating -
free-air temperature range 165 (see Note 3)
PARAMETER * TEST CONDITIONS 1| MIN TYP § max [uneT, INeUTS INTERNAL [ oy
7
Vin High-teve! sput_voltage F3 v SHIFT ! | CLOCK cLOCK | SERIAL PARALLEL | OUTPUTS P
Vi Lowdlevel woul votiage 08| v LOAD ] INHIBIT A..H | Qs Og
vy frpul clamp voltage VEEHMIN, = —(gmA —1.8] Vv (8 x x X a...n . » [
Voo =MIN, Vig=2V, H L L 3 X Qa0 0 Q
v High-tave! outpul volta 73S v A0 Y80 HO
oH  Hign g0 ViL=0.8Y. tou==acauh | ® H L 1 " x H Oan | Oga
VoL  Low-devel outout voltage Vee =MIN. Vig=2v. 0.35 051 V % R ! L x L Qan Qn
Vi 20.8V. (g =#mA H o t X x Qa0 Qa0 Qno
Inpt curcant 81 S feod 109w 6.3
[ Ax, w b— 2 ®A
T S G N D X
Load mput - 0
t High-tevel VEG=MAX, V(=2.1V A
M s, tesg mpet | Other wpura] CC =2 0, *
Low-level Load 1nput —-I.l|
ML it sessimpet  [Dner mputs] TCC TMAX Vim0V .
10§ Shoriscwt current @ Voo =MAX [shsees | -2 i1 Py
iSNuLs |- - 100
ice Supply Currant VeCo *MAX, See Note 2 2 »| mA
tmas  Mammumcloch treauenc/ L2 3 P MHIL O oTES 1. Ths s the voitage between two emutters of & mullpleemdier Lraniater. For
PLH | rom Loag 1o Any output 22 B . tus Cuewl, thus rating 8pphas 10 he shifi/load mput i cONRNCTION with 1he clock
PHL veo=SV. 2. 33 clock or Cloch=nhidnt mputs,
1PLH TA=25C 2 [ 2. With the outputs  open, clock miwdit and shifr/ioed 8t 4.5V, and a clock
o] trom Clock 10 Any outpul A . ™ puise apphed o the clock wwut, 1GC 18 measured first with the parstiel ~puts
L :L' ISPF, T at 4.5V, then with the paraiiel wouts grounded.
1, L= 3 H =ngh level (steady state), L =iowlevel (steady state)
oy from H 10 output Oy 2 30 ™ X mecelevant (sny wput, ncludng transitions)
PLH = (4l 30 7 =tranmton from low 10 hgh level
oL from H 10 outout Qn e e 2 .h =ine lavel of steady-state inOut at wouts A thru H, cespectirely.”
Oap, 0go, CHo =the levet ot Qa, Og, or Qu, respectively, befors the
ndicated stoady-state mpul condiions were established.
Qapn, OGn, *the iovet 0! Qaor QG respectively, defore the most recent
¢ transiton of the clock,
et
fFor conditions shown as AIN or MAX, use Ihe approorate value under operatinyg for the Gevce 1ype.

S Al 1ypical values are Bt Voo A8V, T =25C.
®NulL more 1R8N one OutPut ~hould be siorted ar a e
* IPLH = Noagation delay Time, low-to-tugh-evel ouiput

1P * Prupagaton GClay time, migh-10-low-teve! outpul
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i 54165/74165(CONT1NUED)
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