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ABSTRACT

This project presents a design and realization of 16 QAM Modem. This is a technique
of modulation and demodulation for high speed data transfer. It is modulated 4 bits digital signal
per clock . This method can be increase spectrum efficiency. The experiment of modulation and

demodulation parts are show good result,
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faenfhunnusnsiudedeyagefiqauesamailamsnaudoana uuy PSK

V.27 bis ARWAUINASTIULUY V.27 uei%’udai’fay,aﬁ 4,800 nnoIun n3oannsa
aaun® 2,400 Tasedniild Wdmiumoasuiuy 4 Wire Wity matinnskaudoyanantiy
WUy PSK mmm%”uﬂ'«’faga‘léfﬁa‘luuw Full Duplex 4o Half Duplex
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matnMsHAUTYANAILUY QAM danfianuga 7,200 dadeduid uag 4,800 Tadeui 19
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falamdumeasauy 2 wie 188080 maliansnaudyapanthuuy QAM Fefinuda
9,6900 1oz 4,800 Saredufi msiudedoyanmuiigaimme 2 Wire ves V32 ldinniin
Echo Cancellation unufiszl¥msmisnnudednluluduniudadm

V32 bis dhanesguludidminldtumnsdwinliulzanasgimnen va2
awsodudedeynldfinamds 14400 findedurii &R ukmo Insfwiiazmenss maiin
msnaudgyeoufiiuy Trellis Coding Modulation (TCM) LazaanMidInaeunefy
V.32,v22 bis waz V.22 185Hm31¥ Echo Cancellation lumsdedoyarmmey 2 sy
v.32bis Wudhanasgmlduves CCITT vie ITU-T RS Munnviani

V.32 terbo (Suanasgm Tudtuanudrgedi hildsumsiuseann cCITT nie ITU-T ud
xﬁﬂ111ﬂﬁwﬁﬂimﬁmw’lnqjﬂﬂmmmgmﬁumm TaosimsdSul§aunannasigid V.32 bis
@noy V.32 terbo S lumsiudadeya 19,200 findodund uazf)mﬁuﬁﬁéu q milou
iU V.32 bis NDON whaf‘fw?;mnu‘s"J‘lums%"udq-i’fﬂgmﬁuﬁuwinfu Tawta 1y Tudtuuuy v.32
wiudadoyauuy V.32 terbo 14820 1319uUA V.32bis TuRsnmaniniu

V.34 138 V.fast

Vst Whinasgmlufuanusge 28,800 Tasedund #i3oasuesa luidhuniems
fouszinasgueieonn d v.4 dhnasgwluduanmdageiudigeit carrt wie
MU-T dszmmeenldon Taofimmdanasgw  28,000adeSunit  waslinmudigegadt -
33,600 fadeduii  awsoaannudaandesdesuludunrmdadidnild  Imswe
JYanUUVY Trellis Coding Modulation (TCM) 1F1dfuTnsfwiuazaense Sanih v.34 e
imniianmostendiefinasgu V.32 bis ualassadnasanimssiudefeoyavealud
aaeeriauandtefunn V.34 "lﬁ'w“iuﬂmﬁuﬁﬁﬁsfm'mqmﬂﬁﬂL'\’J’mmmuaduﬁ‘ﬁ'm‘lﬁ'ﬁmm
%”Ufhw’fau”aﬁm'lm%'aqq 28,800 %30 33,600 fiadedun ldetelifanarn Mldlisnumenn
TR V.32 bis woaundsiiiAed

M3199 1.4 Weg Ay V-Series ¥89 CCITT(TU-T)

Series | AMM33 | Chamnel | FDX w3o | maiiams | Mfvme | 1sumeg
Seperation | Half Duplex | €hawar | Tnsfwil | ass(nos)
V2l 300 FD FDX FSK Yes No
V.22 1200 FD FDX PSK Yes PP 2W
V.2 600 FD FDX PSK Yes PP 2W
V22bis | 2400 FD FDX QAM Yes PP 2W
V.22bis | 1200 FD DFX QAM Yes PP 2W
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V.23 ’ 600 NA HDX FMK Yes No
V.23 1200 NA HDX FMK Yes NA
V.26 2400 4-Wire FDX PSK No PP MP4W
V.26bis 2400 NA HDX PSK Yes No
V.26bis 1200 NA GDX PSK Yes No
V.26ter 2400 EC Either PSK Yes PP2W
V.26ter 1200 EC Either PSK Yes PP 2W
v.27 4800 "ND Either PSK No Yes
V.27bis 4800 4-Wire Either PSK No 2W 4W
V.27bis 2400 4-Wire Either PSK No 2W 4W
V.27ter 4800 NA HDX PSK Yes No
V.27ter 2400 NA HDX PSK Yes No
V.29 9600 4-Wire Either QAM No PP 4W
V.29 7200 4-Wire Either PSK No PP 4W
V.29 4800 4-Wire Either PSK No PP 4W
V.32 9600 EC FDX QAM Yes PP 2W
V.32 9600 EC FDX TCM Yes PP 2W
V.32 4800 EC FDX QAM Yes PP 2W
V.32bis 14400 EC FDX TCM Yes PP 2W
V.32terbo | 19200 EC FDX TCM Yes PP 2W
V.34 28800 EC FDX TCM Yes PP 2W

*V.32 terbo 010114 UNOFFICIAL STANDARD
ND =Not Defined (Vlai"lﬁ'ﬁmuﬂ) NA = Not Applicable ('lﬂfﬂ‘l’f') EC = Echo Canceler

FD = Frequency Division FDX = Full Duplex HDX = Half Duplex
PP = Point to Point MP = Multipoint
NNBINe bis IHUMIRZAY MINeTa “aBe” AU ter ARD “@” TWNNIBNATIIY

1] | R |
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NYUAUTNENN1TYRT 16 QAM

QUADRATURE AMPLITUDE MODULATION

Quadrature Amplitude Modulation L’i‘lumwagmwﬁt’gmmﬁﬁma‘éﬂzﬂtmnnf}ﬁq'ﬁaqa
" ’

asaeaszgnussyluiaenlfyaunsavesdygnamme:  uazlulassaiiszdenldiuuis
oaM Fufumaiiansithdeyauuy Meary e M=16 Soyadunngauiiniunduaas 4
2'=16)

uienlaezunsuveuniesds 16 QAM waalugalii 2.1 doyadunauuaugUTBIgD
ufloudyesnneg 4 ¥eefie 1,17, Q uaz @ dasnluudazgesiim 1/4 vesiaisndunn (F,/4)
Bunn 4 fingndeuuveynsudhassuoniia udrgndsesnniengfuiiuuuuiu deveal, v
,Quaz Q' Fagezgnilewdhgaessinas 2 asdn i 4 szdu dnfursesinla 2 nednishu 4
szau Seadedyans PAM 14 4 dyapufel 2 #1 wog 2 vuedisiuly 18R aveeees
ulas 2 aodn §lu 4 szRuIdazees Beauilu +0.22v uas +0.821V Fayra PAM wzidh lilueg
NS uTaNUNING Inphase HALTYYIUNIME Quadrature Phase f’\":mmsqmﬁ'ufuwaﬁ"lﬁwﬁ 4
wnadmiUNeIguIAazees 299sgel T iAuilu +0.821Sinew,t , +0.22Sinewt , -0.228inw,t
1o -0.821Sinew,t AIUNVIQU Q HAuilu + 0.821Coswt , +0.22Cosw;t , -0.22Cosw,t LT -
0.821Cosw,t Laztiioriwai 14 s wfufinesudyepenuFadu winlildenyaie 16

Jiuy dmsu 16 QAM

1
"] 2104 Level Balanced
r Converter Modulator
fora b sinwet v 160AM
Binary input ok 6Q
- de || e |
EE“I oscillator Y Summing
%90 ;
/4 . coswct
"] 2to4Level Balanced
Q Modulator
- converter

g1 2.1 ydenlavsunsu 16 QAM Modulator

Ad ¥

[] P=Y - .{3 ° o oA i Y 4
dmlumsissanvuiavestuuaiamiy dduiasnnmileudy uouanudidesh

ARDINITIFUINITUBGIAN 16 QAM fif1 1/4 ¥83299s1BQIaN BPSK §ifin 1/2 B QPSK Uag
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' i @ - V| aa o Y o
Jounsn 25 % 1iield sPSK dmiumaiinmIveganiasdl SATINBAITNIZNANAIAILDAT

dnfmiouaiu
I r Output Q Q Output
0 0 -0.220V 0 0 -0.220V
0 1 -0.821V 0 1 -0.821V
1 0 +0.220V 1 0 +0.220V
1 1. +0.821V 1 1 +0.821V

v ] ¥ 1 4
a11ef: 2.1 AINANUITIves T iay Q MulAvuuas1é 4 sz

Binary Input 16QAM

1 ' QQ Output

00 00 0311V -135°
0 J oF~o= 0.850V -165°
00 10 0311V -45°
00 11 0.850V -15°
01 00 0.850V -105°
01 01 1.161V -135°
01 10 0.850v  -75°
N £ 1.161v -45°
10 00 0311V 135°
10 01 0.850V  165°
10 10 0311V 45°
10 11 0.850v  15°
11 00 0.850V  105°
11 01 1161V 135°
11 10 0.850v  75°
11 11 1.161V  45°

(a)
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1.161

1 - T 1 —" Cosoct
o ® -0 @
0001 0000 | o010 0011
o ® -0 ®
o101 0100 § 0110 o111
(c)
Sin oct
1001 1000 ﬂ‘ 1011 1010
® ® -0 O
1101 1100 | 1911 1110
o ® - ©®
- } } > Cosoct
o ® -0 O
0001 0000 | 0011 0010
0] ® -0 @®
o101 0100 y 0111 0110

gﬂﬁ 2.2 Phase Diagram LIa¢ Constellation Diagram
Nuume ;ﬂ‘ﬁ 2.2 (c) fiv Constellation Diagram ¥84 Binary Code

3 1/#1 2.2 (d) f1® Constellation Diagram 484 Gray Code

UszanEnnueao1In13d (Bandwidth efficiency)(3)

a a $ . 1 3/
U5z ANENNYBMAVANND (Bandwidth efficiency)(B) (MIDATMUMUNNIUYDIVBYD) QN
o ) & o 4 a do o d Y ' o
WnlSsufisumahauveamainmsuegannilstuuuutug Fandiwghfe dasidauveslin
snlumsfeasiunouniifesfigaidesms dmsumsueguniidesmsnlmazidoe s
o oo Ada = :: o 9 o a d LA o
AnsamvswouadnAaUnfdhusouaimd 18z lduendunudafaunsodeiuglnsel

o Y : 1 a L4
FmiuuouanuduAazissag Wouaunislaiiv
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transmission rate (bps)

BW efficiency

minimum bandwidth (Hz)
bits / second

hertz
bits / second

cycle / second
bits

cycle

msnnlszdninmusaounddmSumsueguaniuyy BPSK,QPSK,8PSK  Lde

1]

P i 4 ' @ o 1 14
16QAM nnamuilumsuaasuaunwdidesiigail 1ddedyaruniidnsiae 10 Mbps #2em3

wogranlugduuua1ee
Modulation Technique | Minimum Bandwidth (MHz)
BPSK 10
QPSK 5
8PSK 3.33
16QAM 2.5

d4 v

M3% 2.2 touanudideungavessluuumsueganae
] ¥
unusasluaunis s2lddulse@nsamuauanuadail

10Mbps  lbps  1bit
BPSK ; BW efficiency = = =
10MHz Hz  cycle

10Mbps 2Dbps 2 bit
QPSK ; BW efficiency = = =

5MHz Hz cycle

10 Mbps 3 bps 3 bit

8PSK ; BW efficiency = = =
3.33MHz Hz cycle

10 Mbps 4bps 4 bit
16QAM ; BW efficiency = = -
2.5MHz Hz  cycle
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A 1 LI o' =S I A -
wait 1duanaliiiudi Brsk fdsz@niameiiqa uos 16QAM fidlszansmwgangauas
HR o = o n‘ [ R v
16QAM Asanstites 14 vesauanudfldlu Brsk ludandasnauganmnu uazayUlde

HANAT9YBS FSK,PSK,QAM 1alumisiah 2.3

Modulatio | Encoding | Bandwidth | Baud Bandwidth efficiency (B)
n (Hz) (bps/Hz)
FSK Single bit >Fb Fb <1
BPSK Single bit Fb Fb 1
QPSK Dibit Fb/2 Fb/2 2
8PSK Tribit Fb/3 Fb/3 3
8QAM Tribit Fb/3 Fb/3 3
16PSK Quadbit Fb/4 Fb/4 4
16QAM Quadbit Fb/4 Fb/4 4

mM319h 2.3 a1 /fisunna19ues FSK,PSK 11a2 QAM
?INDIIVNUDVANNTUBI 16QAM (Analysis of 16 QAM)

msdedeyadtasauuy 16QaM Tiiledoyaiifleuduudniuszgnutsesniiteiion
Whlduvasy 4 2 Sasnluges 1r,Q uay @ Hawidy 1/4 vesdasvudhwesdeyadunauuy
¥ y ¥
@UgIUaDs (Fb/a) 2esuoniia LI,Q ua Q' ilufinhwesmunainduys nadmswnda 1
(4 @ 1 o o [
r,Q uaz Q wihuedymnndeusuuazegluguuiu seesuasszdy 2 Ge 4 szAy wiidhs
ot a (4 [ Y a
msulasunlasdunanaziednmiii 1/4 vesdasudrvesdoyadunn
13U 2.3 uamennuduiutvewnawesiassnhedygudtaen Suyehl LI,Q uaz
4 v ¢
Q uazdoya o PAM 310903 I sziiunanudiugiudigeiige luges LI,Q uas Q A1 1/4 veq
[ aa a A ' Y] ' o Aa Y a o
JoynRTavadunn ( nilssoulug 1r,Q uaz @ nawhmudunariunadun 8 9a ) s
E (4 ] » ¥
uamidiugufigeiqavesdyg i PAM Midesdyanuiinn 1/8 velaisnatneaduys
v ] & n’)’ a
ITMMUTIDAgIINDT 16QAM Timsildvunlasiierdyaniisnis (anTeusulage
a ' o @ A Ao a Y a v o Py -
nioneaeensn ) dmsullelidyanudunadnumng 4 in Asdusziionsusaisn Fo/4 (miou

fufuoundndesiga



Input
data fb

I' - channel

data fb/4

| - channel
data fo/4

I - channel
PAM Out

| - channel

balanced
modulator out

51/ 2.3 M3 UUOUANNDYBY 16 QAM Modulator

M o 2 a A [ a a
mmumzulwummsmamJnNﬂwmﬂuazanﬂmmmwmmemﬂ

anuineziiiuvesmaidoniinRanata (probability of error;P(e)) HALEATIANUAANIN
yoaiin (Bit Error Rate;BER) szfinanmusiiuandeiusgiimies ) femsmanisiialimg
NavesshsImsAiavesiia dau BER Ao mstuiinTaunmsdunamsnsiwesszuuiianainsds
anuisuvesnnuianmad uil s Suvesdasidiusniedygranizung
ﬁfgtymsun'qumtﬂ?"aﬁn %umjﬁ'u M-ray 719Uz Ple) fifoens T lWSasdidend
qavesdygnanmeaedygusunuideamsdmiuszuy  QAM fafeeniriidesmsiu

3¥UU PSK
3493 Balance Modulation

1 4 .
2995  Balance Modulation ¥38i515tnteqin BM fezimiiinaudaygnassnin
[ ol
Foyaat baseband FuFeyans carrier Tnoradng i ldvinmanauszilinmz lsduundvisrsidn
1 s’: - o A '3 o o
winiu lasidygnaniunregaiidaseny
{ v @ ' 3 3 o d

2usilFausui luivaeuuy wu g 1§laTeaseiiiuneesnislFloddusegy
o o LY 4 Y ° o
¥l 1351y 2995 balance modulation 719 1uInssaniiffe 1C dufagiues Motorola 1wes

P 4 : 2
MC1496, MC1596 duffu IC Fannsodszgnaldensiénavete fAeansoldiduiann
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Modulator FAUULTISUA1 AL suppress carrier f 1AnTerz1dithidumilalunin Detector 1480
CaTtaty

IC MC1496 , MC1596 ﬁ”)'ﬁ’wﬁmﬁ‘lﬁlﬂu Balance Modulator / Demodulator ‘%ﬂgﬂﬂﬂﬂ
wuvudmiuldiy Output ﬁxﬁamnmsqm‘um input signal AU Carrier Fouonorniuiuaees
Balance Mod / Demod udademnsaivhhlszgndladnnaiwethagy Amplitude Modulation |,
Synchronous Detection, FM Detection 424 taglunisii IC Frtn13esRarsandrenluacesh
s l§iudimsfmuamgadesnm 1 fsfleguieti e 1c wiiiis 2 iy Ao wuuid
fafalanzdi 10 11 uazuuu@dawanadnd 14 11 Taofivuaderimuayes carrer signal = 60 mV
14as Modulating signal = 300 mV 'N%Sﬁ1‘§€‘0$1‘ﬁﬁﬂﬂﬂl§ﬂ@‘]jﬂlﬁU’Jﬁﬂ +12v ueawnil I
MC1496, MC1596 fafiannse 97 IniEus 2 g (+12 V uae -8V ) unemindesmsii 1 Ffily

o Y d o ° 4 1 Y
Pszgnaldfunuduidesidesmuaiuandeiull TassannsogswazidoalaeinData Sheet

Tumanuin
R1 R2 R10 A2V
1k 820 1.8k T
L] L "
C1 c2 R3 1k R12 SR13S
0.1uF T 2.50F 2 50 3k T3k
I I Cs Ri4 fgﬁ
1 3 0.1uF 1k
c3 s p {
0.AuF y
|cem9 { 10
c7  R15
(sigra>——t 1 WS 0.AuF 1k
c4 4 12 )
10uF C5] 14 5 R17
25uF
M3 R g ¢ Lamn— 10k
T 1WkTRES Spy R11
100 100 = 10k
R8
100k

31]?!2.4 72995 Balance Modulater
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23950389AINDAIY Active ( Active Filter )

v
A o

Active Filter Mnthiinsssanuddygnu a5t sznouRaunIAveNY 15U Transistor
n30 IC 1ay Network Lﬁﬂﬂﬂ’nuﬁ ( Frequency Selective Network ) 37120 Resistor 11 Capacitor
i:s1ﬁ'vi1u'lé'mmzﬁ'tyimm‘lmhaﬂ'nu?;ﬁﬁmuﬂ vaiz@rafussvedy Block) wivnaney
f‘fiytymuaﬂmﬁaiaqmmﬁﬁaﬂﬁn ﬁ'lﬁ'ﬂﬂﬂ;]*?i OutputTagit211ud" Filter tniseenidunangy
ww fail

1. Filter %1in Analog 130 Digital

2. Filter 1/581AM Active 1150 Passive

3. Filter ti’luﬂ’l‘lil?;lﬁ’ 4 ( Audio Frequency ) ﬂ‘s’adm%q ( Radio Frequency )

Analog Filter ppnuuunuiie1¥fudayann Analog 91 Digital Filter 190mfudyaa
Digital Tnoorfumaiianis Analog 11928 drinilsiledudanuesgilnsaidinansetind ( Element
of Device ) finilszneuduiiuaees Filter itiaoenitlu Passive 1az Active Filter Fudnnesh
141U Passive Filter 1AuA Resistor Capacitor 110 Inductor #9U Active Filter U5znaudodIveny
FoyesMIn Transistor 138 IC gy OP-AMP uUag Resistor 4az Capacitor MU UAY
Resistor , Capacitor {10& Inductor ﬁa"lﬁ"iuﬂu?;uﬁ MUSLINN Passive element A3 il:lﬁi)ﬂ‘h’fé’u
dausiialatiy i‘}’uag:ﬁ'mhummﬁﬁ'm,apmﬁw’fmms‘lﬁw‘as Filter 11971 0A@I811%U RC Filter
¥sutmnnudidemieludmaudn Tuvasil LC Filter chhuﬂ11u?i"‘mqn§'nthuﬂ'nuﬁ'
LE

15119 Active Filter amudnyazmsmauseniu s vila
. Low Pass Filter ( LPF)
4. High Pass Filter ( HPF )
1. Band Pass Filter ( BPF)
d. Band Reject %50 Band Stop Filter ( BSF )
9. All Pass Filter
Filter (# 615816!'0 Resistor 11ag Capacitor {1y Passive Element ¥191U3IWAY Acitive
Element §1W2n Op-Amp 8180 IC Ailqmauid High Speed il Slew Rate 4 Un% Unity Gain
Bandwidth ga<1%u LM318 38 ICL8017 ilz‘ﬁ'w‘lﬁ"m'asﬁﬂmﬂuﬁﬁmaﬁ'mmm?;uazﬁﬂﬂms
YO0 Filter 3444
Frequency Response 484 Filter ﬁ,:\i 5 %ﬁﬂuﬁﬂﬂugﬂﬁ 2.5 1&us SUAAI Response ﬁl‘cﬂu

ANARTUNIINGHE d9U Response Courve Tumayfifuaasioduiiy



zﬂﬁ 2.5 (a) udA3 Frequency Response 4849995 Low Pass Filter 19419184 Gain m*?iinn
AWE O Bz ﬁqmmﬁ High Cutoff ( f,, ) 11904 Bandwidth Sawifiu £, i £, v3edumuInNd
High Cutoff uuwﬁmwmumaﬂminﬂigﬂmﬁﬂ‘lmm PassBand 3 dB agfinawidwinni £,
siufief £> £, Sas1venTe Gain vm'Nnsnaﬂm'v;ﬂmmzamaﬁauummummﬂammm Input i
Aty Frevesnmidss W31 0 - £, Hz 1315001 Pass Band dausnfianuiiqanth €, SANES
AN AANBUYBITRY 1009 AYRIE 1313791 Stop Band 97 Response fiugaund Tuidu
Usumaaldivhuh Filter Midlugaunfosl Loss i 0 7aen 924 Pass Band 92 Loss fueriudly

b4
¥ Stop band idianmaNITuT lumelGIAT AT ug iy

Gain ' 1% Ideal response
A Vo
Ideal response
' A
Pass
i, ¢——— /) ———de———pgand ———>
Stop Band Stop Band
: » frequency » frequenc
S 11
(a) (b)
Gain, |V, Gain, |V,
V. Ideal response 7'
AV / AUm
Ideal response

Stop

Q”
— frequency

7 f,, o fe fa

—p- frequenc

(¢) (d)
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Voltage in

1 —

\ 4

(e)
gﬂﬁ 2.5 Frequency Response Y942497 Filter

31z TnsetroseswiaFudu ( Linear Network ) Wiannseadequanifvesninhi
sorfioai IdetelsAnuise19a31e Response Curve  lumsfiiaennduiiuliindifesty
Response,  niihugavaAmmnduileidisudy  Taserdumadinmsesnuuuisesiisidrson
UsznouaeesdssudugUnselisu Resistor tng Capacitor fiimgndsaniudmieiimianata
Yloufiga 1az19 Op-Amp wiia High Speed ( 1uTns9977i14 Op-Amp 183 LF351)

siluiuuvea Filter Hiluaninnlgfunnlumalfiiadald Response Curve tszanailng
Aoemangud] lAuAzUuuY Butterworth Chebyshev a2 Caur usinzgUuvviinuandAdnume
Uszdrduanananiu’ly Butterworth Filter ‘lﬁ'ﬂmﬁﬂymmmﬁq Pass Band a2 Stop Band 1
Snvaiz fouduuiSoy unlenmaieSenin Flat Filter d1M5Y Chebyshev Filter Nfudnyuy
Pass Band 11y Ripple 110g Stop Band 1§41 Flat o34 Caur Filter ‘lﬁ‘f?ﬂ Pass Band 110 Stop Band
Ripple 1«{1@: cfﬁﬁ]umseﬂﬂuunuazmmtjamﬂ*umwﬁiﬁxmﬂGiNﬁ'u"lﬂmuﬁ'ﬂymzmﬂ%'ﬂu

717 2.5 (b ) 1fl Response Curve 484 High Pass Filter iifols £ funnudlan uaz £, fu
Low Cutoff Frequency 1142539 Stop Band 9204finn1us@ 0 < f < £, 1102529484 Pass Band oyt £>
fl.

21]"71 2.5 (¢ ) IR Frequency Response ¥9333995 Band Pass Filter %79 Pass Band 'E)tj
senie 2 anudsmeen 14un High Cutoff Frequency ( £, ) 1182 Low Cutoff Frequency (f ) é?'\nflu
SUMieft Gain 0929 3 dB UAYFIN Stop Band Teetaed 0 < £< £, 1 £> £, Tavfi £, > £, i1
Bandwidth 489 Band Pass Filter tfiy f, - f_ Uag Center Frequency agiinInd fo Usngfi
AU N219529 Pass Band Gain WO#

gll'?l 2.5 (d) uerag Response U949 Band Reject Filter il Curve ﬂﬂlﬁﬂ'ﬂﬂlz%ﬂ‘ff’lﬂﬁﬂ Band

Pass Filter 819718979 Stop Band 9183390g5enenImd £ > £, uaz 0 < f <, ©1950n Band
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Reject Filter 31 Band Stop Filter 138 Band Elimination Filter I 14 fi1 Bandwidth 484 Stop Band i¥11
Y k-4 ] A 1 {
U £, - £, HAZANUININGNTI Stop Band 1T1A21MA Center Frequency 138 fc
3UM 2.5 (e ) AR Phase Shift 3¥M71 Input Voltage (Vin) iU Output Voltage (Vo) 484
All Pass Filter Sigaiaanialums Iddygnamnanudsmuldnigsunanield vo vy vin Tu
4 1 1 o A o 4 & o
NnAd lav1ls1ng Phase Shift YUTENIN Vo AU Vin TUNANNDUAMANNDIGAF Vo A
. [ I Voo 3 UKy va . d' d' Y
Vin fanafivnanhifuiuegfugauminid Unity Gain Bandwidth 499 Op-Amp N1 11D11 Phase

. 1 =\ 3 ) ar . L
Shift MIAATUIENTN Vo N Vin 33UA1GIqR

snunnedamdmuildiadeng

wadongUFuslanaes( Phase look loop synthesizer ) Hurevsdaunsizvanuiisia
Tsunsu'ld  dmhiindadaygnaniudunenemnz  uazldiinnudamfisdmualaons
dseyndldamveanadongl Fufuszuufloundufiiman/founutuazmavearesvessed
Faamosandyautuyeiidoudun  vienleezunsuiieiuveariadonguduslmwed
Useneudodiudiney 4 dau it
1. daunfSuuneumle (Phase Detector : PD )
2. qﬂﬂama%’ (Loop Filter : LF)
3. NesRRATAIRIADS mnqm’nu?ﬁ’f’mm 3AU (Voltage control Oscillation VCO)

4. 23933 NNNT 150 15105014 (Programmable Divider)

Phase
> Detector > F(s) 4 vCoO

A

11/ 2.6 urmsndon laszunsuvesnesFunsizinnidildinadeongy
ansesmemshen o 188 st dyarenduiussoy usedunay
A4 (control voltage) V' (t) szivfiugud vCO s Taedanud 137 £ FaSonh AW SY
14 (free running frequency) Siidganaudhlluszuy afmamesszyimsuSouioumauay
advesdyaaduna £, fuarwives vCo 6’uﬁﬂm1mmn¢hwmf‘f”wufgmﬁ'mwﬁmmn
mid hinssfusziPaussdunammndeuseni v (1) usaﬁuﬂamﬂﬁ'euﬁﬂzgnnﬁmvhmmqﬂ

o y @ LY $ 9/
Hames veroudadlewldiu veo Tumsilussdumugu v @ 'luiuanudives veo 4
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[ K]
2 ?

nlaou T lufemenasniudfiuanasznhenimd £ fuaawd £, Snud £, IndiReeiy

o @ A o d' o [ 4 4 (4
anud £ winmstleunduveanadengudsdaapanioundulifigiflamesszifluanudiend
WAYB VCO Wignmislas N szvild veo wedalasludniefen (lock) Mudygnadunanteu

{ o o &' { 't e 4 ar a
i vazMinsaemiunaudves Vo seivuanudvesdya udunaned

Tuanzdenanudezldh
fr = fd 2.1
4d
UazANUAN 14910995115
fd = fo / N (2.2)
¥ K]
Auluanwdieayass 1A

fo = Nfr (2.3)

l 4 s Q’I‘ o/ 1 o IA [-d A

ualuannzienniwd  avesdyanmivassszfinsansuegasinnusuiludens
wanusuamandou v (0 nezlinssdiuanud veo mnmanuansSudaltimduanud
b o Q’l’ o o @ =1 v P P v o 14 ° 9
Wun  aniumadengilezdensipmanmmsdensy mshszuamisefezdiudaldoaild

od o =1 [ P 3 o Y A

mardeagllansnfamunIaoniuITLUFINTIUBYINULSIAUAIIAINDDY

] {2 =] o o ] a o o a 1 ]

FrvssnnudFuiafenglannsaiimsaenstuisssudyagnudunasonn ¥

(4 Ag (XY o o o o c’:
unL1997 (capture ranger) SzAUBGHLUVBLLLUAVOITINBSIATEAT IV UTAvRITEULIaNNA

[~ $ { a aaa o
adengiiitiniswasnnudridaldsunsuldnelugliduitimuzdmiums

[ K]
Add 0

ar 's 4 o -
TUATIENANY ‘mJﬂnnﬂmnmmﬁé’waaﬂammﬁm

' v
1 4 o 2

auauliaidesmsvesrnesdunsizinnudssdesnindyanunnuivianemnzias
$ $ ° t 4 o 's { o w i ' 1 '
Miindawisidmua - $aeanudlfauvensssdunszianutssiiasg lugssiiniveu
’ { A $ 2 P ' @
uduams lFnunasanuazidoavesnnudin/fsunasidfiazsu FuSonh 5 lwgHu

(resolution)

szuuadengl

Vi) Phase vd() Loop Filter Vo(t)
> Detector 0o0p Filie -
Output
Voltage
Vo(t)
< vCco [¢

4 o o
zil?l 2.7 llﬁﬂ\ivﬁﬂﬂ"lﬂﬂxllﬂ51]‘ll’é)\1?\1%ilﬂﬂﬁﬂﬂgﬂ
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uARZAIUHABAUAUTALASMIRNIUYOITS LY wihiwewdazd ez IdeSuedeil

1. ladmamed  wladmamemihiSoufvunlavesdunadeseiaomaveantad
mefuondt  oloeofised  mlmeedsedieslimeriiqadiugud  unzesfirmnnfigad
madmaneazimsnlasumessisedi WnawiiussauTaaiiandaemnouneidunu - K

1 4 ’
(voltradian)@nyaizmsnfFouifoumavesduyaisassvounadmmneiez 1Auaasdegi 2.8n .

=
AMHANIRTU FR

4
AYIND Output |
(o]

L TEN
IIEAE
NI
53503
R
o) |
KIEA}
=
g
—

HARUANFNNWYHING H

3UN 2.8 n. wasmadalamavindu

e (][] [
Fe = Detector [ > o [ T O T T T O I
Jue T A
NemiBaml ! I
o I
Fe Pl 0o B
e HEHEEREEEE
| | ! | |
Error Voltage : I_I . -l : -‘

5107 2.8 v. dislavesduna liviiu
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= Jd o ¥ 4 2y 4 a4 o ¢ A
2. gufilamed Ymihwnsesdganuanudganesnnnnaamanes 1HowN
7 ¢ o i ¢ ' o idy v a
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uesiadaanalndeniny ( Pilot Tone Generator )

a 1Y y 4 . <
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5y 1 1 o Y ) o 2 o ¥ 1
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Hindyans Inaon Inu (Pilot Tone)
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.Y a o s 9 o/
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dv y = &2 9 ° o o a L) 9/ a d'
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1903058IANNDNIUANIZENU(Band Pass Filter)

aevsnsoennuai szifhnsesfiveninmddimilein g Sufhunamdtugg
Low Frequency cut-off i1 High frequency cut-off amduenmilonniss Wannseru 14
ol 1dnudadeims Suilufestmuam Q Wgs ol Band width uay vhildhia
Fygnasun 8 lussiunils o3 mndans 192495035090 AULY Positive feedback Fav
1 Q figann dhlvsesiinnudetieldweaunis Sdumounsoenuuudail
1. denamudduduviniy 500 kHz uazAanuddniguyiniy 800 kiz
2. denfwuitudsyyldan 10 pF inufidoemsniiiu 10 Q=20

3. unyaraslugas

0 A8 = 4897k

5 - 20_12 - = 619.88C2
27(650*10° *10*1072)(2* (20%) - 10)
= = 230 ——=979.415k{2
2nfc*C  27(650*10° *10*1077)
OUTPUT
INPUT

1l13.6 299snsBanNudUIRMZEY
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2esaswmHadaananIng 90 8381 ( Quadrature Phase Shift Circuit )

ninesimnmsuendyanafineassnilu 2 daufie Inphase 1oz Quadrature phase (51
Saliheesnaudueaquamed 2 295 uazilidyananwing 2 mtﬁaﬁﬂzlﬂuﬁawmzﬁﬁ'fyigm
Avnoanen luRaugudiu ‘luTﬂsquuffwxﬁm‘l%’ﬁmnpmwmzﬁﬁmmﬁ'mqﬁumiﬁmmﬁidw
iy 90 8FN ( Sine wave 11 Cosine wave ) TﬂU‘l‘l’f’ﬁ’ﬂluﬂlu‘lﬂm’mz sine wave 711492985 117A
dgygranmslavase Tuveagandudygiu 4 sy #1987 Inphase wazlddamnaunme
cosine wave 1 180 In20ssAB U ardoygam e 00 arn luluengiandudaane: 4 szduiiogma
fu Quadrature phase

FautuBatmseenuuy 2995 iEoua Tnsedenann1u892493 All-Pass Filter 31 Vp

¥
b 4 o . @ @ ¥
A1M389 Vin aslisiwaziduadans 1il

10k ok

L., 2>
l

3UM 3.7 nesidoumadayanunwive 90 eem

vingilez 1d
Vo 7 Virl = 1+ 2n/RyC, / 1+ 20/R,C, = 1

6 = =2 tan”' (2n/R,C, )
1319 Vo/Vin = Gain ¥892993

© = Phase Shift 7212 Vo a2 Vin



61

y
o/

VYUADUNITODNLIVINNG

113901 6 = 90 BIF

s A v o -
2. [nnudihiudygauasizes fe 1.024 MHz
3.910gA5 C,= 10/ =10/ 1.024mhz = 9.76F

uslunismaans 14 ¢, = 10pF mszanudgendsly C Awig
4, 9NYAS R, =tan (- T0/2) / QL C,)
= tan(-(90)/2) / (2* T+ 1.024*10° *10*10™")
=15.45 K2

lumsnaassld vr 20 KQQ
2MesNEUTUBGIaMe3  (Balance Modulator Circuit)

o { [ g
2951AUFURIAIADS  (Balance Modulator ) vszdhmihiinaudyaauuauuudung
ar as P o 4 oLt a o [4 .
ANy daganiormavssessuaduegameinszifaiiy Teduuud (Side Band)
n’: = o 4 3
e 2 4u Taghildyanamine Taoialihasiauduegames fvatwuuy  eswnany
° 4 a o ] ] «~Q
zAIneziuen IC wes MC 1596 1ilu IC ideansBunadineglugae 300 mv 09 500 mv
9Ineesaagal ssmuniianudwnmudiuala 50 KO $aediuany
1 M ( H ° ,’
aupa veInsueglan IR Ivzalsingfin 6 uaz 11 12 e1ayail lavsiir ldhieesvnena

! 4 as é’ ' s
#19 (Difference Amplifier) tVovtnodeyana Iiussunsudnesudyam

820 1.2k
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0L
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g 8
4nL'o
)
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%
<
a ™
=
(3
pY
o
&
[
4ug's

< o ¢
gﬂ‘n 3.8 2TV IULNBHLAINDT
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9955 WHVANY  (Summimng Circuit)

4 1 or ¥ ' o o 2L o 1% °
fionnszdesdedaygranan q dyana e lfmeduoriu Seduiludoni
» ¥ v
Fugnamaniuansafudeuwimsdeeenly  ulassnudiehasswdyanuiiveganuds

@ o -4 4 [ 3 * ]
& 1 uaz s Q Audaansindeninu Weldifludyanagaden Jeudnsesunonouds

t 4
ponld aunsamusiuedyald snaumsdslalil

o=- — +

RV, &V_)
R, R,

Tumsesnuuuistvsionld RE= 10k wazR1,R2, IR =1 K2

+15V
L ] 210 7
120k
KDSB) S \
22K
.
LF351
[ QmsB) > [~ 2
4.7k M
4 1 5
Tisv
=— A5
120k

H] 120k

310 3.9 29953 FRyenn



un 4

N1308NLULNMASY

2303NIBINNNDHIUINWILEHIYU (Band Pass Filter)

: 1] H 4 d' 1] A L]
1995050 ueesnseennud fveuliaiudlugrenilaamnsorn’ly
2 PRy ' . Y . A Ad v
18 dudunnudluga Low frequency cutoff NV high frequency cutoff IHBIIINANUANIVIN

namasussimssumuvesdyasunuitudindssnsownudde 9z3van
Q4 o &
dyanasuniuldlussaunile

L4 .
TUABUNIIDBALULNITNTBINNNDAIY
1. @enanuddud iy 500 kiz uazanuBAUGIIAY 800 kHz
-] 1 $ 1w
2. @enmdunuisey 1991 10 pF inuiidesmsmiu 10 Q=20

3. unumaslugassmumnideans

= Q = = = 48.97K)
2fe*C*Af  2z(650*10° *10*107'2 *10)
= 20 = 20 = 619.88Q2
2afe*C(sQ — Af) 27(650*10° *10*1072)(2* (20%) - 10)
0 20

= = . ——=979.415 k()
2nfe*C 27 (650%10° *10*107%)

[ 4 v
dmfulnsenutisz19995n50eANudA MUY VCVS (Voltage Control  Voltage

Source) lunisnaasnseInnd dwasnmsmsnaasuliuuuy Wide Band iiag 3a Cutoff
awsndSudould

100k

- 4 OUTPUT

»—[

100k

TLO84

4.7k

31 4.1 29snTBIANUBHIUIRWIZ I
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[ 4 d
N3 AyaNuAAUWI (Carrier Recovery)

luszuufidesmsdalnsud  Sufluszdesiidyanameniniutasmnds fining
aufi iileanmiuninsaegian uuy Balance Modulate wadwi i Idee lifidanamme sz
fifiveside Band RiAAIY nfi”uﬁq11°ni‘luﬁ’aqﬁ1m'sﬁ%'wﬁiyw”mwmz*ifum“lmjﬁn1ﬂ%’u Tay
odyarusedinnmemndsiodayane lnden Tnu (Pilot Tone)

ninhmsnsesnmddyanandeaTnt osesihdanutloudt PLL tievh
MIAILRNMSHAANINEYES VCO out ves leFuladengyl (PLL) daanaifinsessemnld
aefianud 512 kHz Furiiudyain Clock wed 1 lumsaad 4 i 9z1dnnud 128
kHz Woilould PLL ilondnnaud 640 kiiz Tudauweeasesns 5 ssfimsmisamudiom
VCOout 31115 5 Lﬁ"aﬁ1"11Jxﬁuuﬁ'uﬁignpmmﬁmﬁ§uvm w14 Buffer Aesaiionnuae
Nuvesgldyana nmfuseoudhamvearessnsosn@ri (Band Pass Filter) fozld
Fygnammsiinnnd 640 kiz iedmnses@eunta 90 esm Avzhmsideulelydn 90
oern Tasfifin iy

FoynoInden Tnuaanid 512 kz ssgmilalns 2 o daananninnad 256

kHz ot lufhudiuvesnessiudiamenisde s ludvseniadsuaznasy

405
k4 LU BT v PCP -1
3 _lam pcl |2 6
10uF )l % N pea [ 13 &
E] 100k 2
INIE
| 6 cA 0-3—
I_JN 1 4 S 4 14
I n |8 veouty o b |14
1000k b sF 110 5
R ZEN IS 0 7490
2% 4046 4
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'Nirsnﬁamﬂm’favmvl1mwmz 90 89111 ( Quadrature Phase Shift Circuit )

xfi’mmnﬁiyiy*umua@mﬂﬁ%”uuﬂﬁﬁgu szilsznoulmsdypuadaea ﬁqﬂuuﬂaaﬂ
dluaesdu uazdoyapadeya 2 ia ﬁgmwﬂaaﬂmmfu womoitludyann 4 szRu udauey
enndudygamme Tasnesimuduegimes uaginnsniussnin
Foygoiuequann1diu Inphase Addayaa Sine Wave Wudgyanunne uazdogroveg
(@NM9A Quardrature Phase 7i19dayana Cosine Wave 718119102995 fdaygnammziite
i lussuaudaegiainesnedm Inphase wazoz19dama Cosine Wave #1181
nnesfdaananmzidrnuaesdouns 90 sl luasesnandaega
(n9F M3 Quardrature Phase

dnsureesidey madyan 90 pary fazldheesnsesriumnnanud ( Al Pass
Filter ) ¥1a Vo 8183 Vin milousunnisemsiunstuninds Fafiedunsiliaen

adeaiumediunindaiuies dasesiuans3lugl

4 13
~T~\10pF TLO84

317 4.3 2eesidoumadyaia 90 8em
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2995AuBQIIABS  (Demodulater Circuit)

luduveanesavegames  Andwdunesuegiaei  sxiigunssiundumndi
fu qunselimanildie eSues MC 1596 uaz MC 1496 il 14 91 uaz 12 11 AMERY
Tulnssamiiifived MC 1596 Tnefiowmaiin 6 uaz 12 Feeeienaiinduniadiueg
e dRannmguvesdyana fignuegmnfudygunwing  owyaiildezgn

Y- - '
mn.lmﬂmmnqquazw‘l’mmww

820 1.2k

d
Al =

3 o
114.4 2995AUBAIAINDS
L'}

29951389ANUDA (Low Pass Filter)

1
o [

Fuanuiiesnnnmstuegminesizszasudioniudinnouadesmsidludu

a Y a 2 o ['4
Yo MWA cutoff iRy 32 kHz Fuiluvesdwapauvauuud lumsesnuuuleesnses
‘::(; - Y] :.:’ Y o “ o [] 9
AR AND Cutoff 32 kHz numnsuil vz lsudnmamilousuninde Tasldresnses

[N » i d
AMUDAT LVVSecond order Butterworth T 14 1ulnsaamil twes LF 351 N
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INPUT

-

-
828K 828K

300pF

FAl
o—

Sk

A -0
3‘117\4.5 NITNINANUNA

295ulasdyann 4 32 11he 2 5ia (4 Levels to 2 bit Converter)

a Y [} oo 9 s 4 °
ninnfidyanarumsnsessnamaduds wldiflugdvesdygnanuauuun wh
L4
wana ldimsiassdudagn TasemsodSuinumsuneld ndsnminezdoudily
! 4 o ' o o'
219932995 Comparator Wsazll pulse Tudmiily op-amp Tauflouluinuaznsald
1 Op-amp YTty + v funsnd Manudumundassduneutlowds Ex-
OR Gate Foyanait Idvziuduyanuiiaea
d”u Ao =t 9 =t o =< 9 ° Vet
Tulasssnididgapaiihimsavegan ldeslivnadn  Tedevhmsvesiniiving
ngidunou Taslddnnudmmmuiusadunn 12 v 1814 6 v ferdnfiv Non-Inverting
4 o d' ar 3 4 1 o
483 Op-Amp 91nNesHIFesildnedyagnonszduidgetu  Tuanesldvr ooy
v ¥
InUMIVIEYee1995aae lednlfiues TL 084 N ¥890p-Amp fidagarhem1idn q fude 4
V, 6Viaz8V amdwy 1:1dnafildnin op-Amp szflowdhdadumuuiussdu fissnuuy

4 g 3 v a 4 o v 2
Wilieanannnsoulifiu 5 v iWetlearuliln Ex-OR gate ifone
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q1ii4.6 299suasdryges 4 sz i 2 da

29955 UTUIUAINBA (Parallel to Serial circuit )

Nﬂs“lufhuffﬁn%ﬁiumsnuﬁmmmﬁﬁmaaﬁaﬁmummzﬁmdwﬁvhunszmums
#a31 Pulse 17 Fidanvummenaslifudyanaasasauuyoynsy AIZUMMII
wuafifszgnmLANSMaTMITaIUIIN Clock At lddelfdansdalas ud

Tudm992993115 4 92MIURUTINITNITINIUYEL D Waasy A 1dszgn
Houdhdmihwhidendeyaiidunuuunnildiiudeyauuveynsy Tudawiifszgn

A2URY TABIIIINIT 4 1102 Clock IFUNY

SER

P1

P3
P4
P5

4

3] 7

CLK1
CLK2
PL

EF b

IC#74165

51/114.7 29955 dyauATADA (Parallel to Serial circuit )



uni 5

HANTINAADY
TTnEL LeCroy
ﬂuto LS140
CH CHI 12 Jan,03:45:00
2V UOContor -64mV
Sus te@Center 25 .0us
T m l L 1 _\L "'\L"W
IR | R N1 By Ny HREs [
SHartozrgg:n:gtggx TRIGGER on CH1
_ 4 B.40V AC T
CH1 NMEASUREMENTS
pkpk 3.01¥ freqt 203, 7kHz
Max 3.01v cycl 9.5
min 0.0y rise < 225ns
gﬂ‘n 5.1 (Uuwuaasgldyain NRZ 714 Random
(gﬂma)tmmﬁq;npmmﬁmmmn 256 kHz
Recalibration Suggested (SYSTEN CONFIG Menu) hmaal LeCroy
Auto LS140

2
5

B
B

CHl 12 Jan,09:59: 15
4t R
enter -
Soous SHIELAM™ B L-n fal A MY A nl tecCenter 500us

ANIIEE 11 AU Bl o2 4. Jan 09189116
CH3
oC, BUL:
U@Center 1.8V

DC, BUL:Fu
L am i dem o o UBCENnter 3 SU
teCenter 600us

2

.
H=E
HSE

R ""U"D’"“U J”‘U'H"*LJ?‘U"“l UU teéCenter 500us

te®Center 505us
100us CH4 12 {An,OS.SS.lS

3
=
1=
=

2 Jan.09 69: 16
0C, BUL:Full

CH4 o] P - n

o T U T T
R R IR e o
CH1 MEASUREMENTS
pkpk 4.8V freqmi 17 .62kHz
max 4.2V cycl 1?7.0
min -640mY  rise < 4,3us

31 5.2 cH1 uaasdganaionianediu g
CH2 ugasdanauonidamed I
CH3 uaastgyanauunianisdiu Q

CH4 uansdyanauoninnadu Q’
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Recalibration Suggested (SYSTEH CONFIG Henu) EREcaw LeCroy
Auto LS140
cht Sl aputpgioiossas
ggus - LeCenter 250us
R R r | P PO Y P §¥§ éstFngf;os:a4
Eﬂgk* [] ‘ L L8Center 283ms
60us

P

AL LA AL AR L LA A
AT A AL ST1TIT AT "Wﬁv{

suarh Probe on CHi TRIGGER on CHi

]
ot Connected _r. 4,05\) ac
CHi MEASUREMENTS
pkpk 4,42V freqmn 19.25kHz
max 2.3V cycl 9.0
nin -2.05V rise < 1.5us

11 5.3 (gluu) uermsdyanan 4 sTAY MR T A7 1 ICHTLO84 )

(3U819) uaasdyInl 4 53AY MI9AIM T WM Low Pass Filter

Recallbration Suggested (SYSTEM CONFIG Henu) Bicaa LeCroy

Auto LS140

cit Eige, oo s
2V UeCenter -3 .90V
S0us teCenter 250us

» ot e ol E’E é%L?‘?ﬁén‘:;“:“
(2 L . vecenter 2800

SOnvs

A LA

enap Ay A AL ok
.wwwWW‘{/\Z SV

Sn.rk Probe on cﬂ‘ TRIOGBER on CHi

ot Connecte ¥ 4.0V AC

b

CH1e

CHi MEASURENENTS
pkpk 4,424 freq - =1 -
max 2.18v cycl 8.0
min -2.24V rise --7--

31 5.4 (luy) ueasdyanel 4 s3AY N9AIU Q i 1 ICHTLO84 2

(3UAN) uaasdryanst 4 52AU MIA 1M T Low Pass Filter



71

Recalibratlion Suggested (SYSTEM CONFIG Henu) T i LeCroy
Auto LS140
e ome e CH1 42 sanpposaasss
2V L U@Center 6 .40V
2vus teCenter 10 .00us
B2 g5, 1agy10: 1v:e
» Fu
CHo— ' Vecenver 15130
2us
T HHHHHHHH R LA
°"‘ir\nnn{’ln fa B o B s Wi e
FRIRVAVINIVE IRV AN UAl
[} 0
LU HER AT
SRR A TN AS A
1 ¥
Snar#oPrglos:nggtsuj TRIGGER on CHi
CURSORS on CH$ S 6.40v AC e
-~ ?7.55us HEASUREMENTS betueen cursors
=== 15.45us pkpk 5,25V freqm 625 ,8kHz
At -7.90us max 5,06y cycl 4.5
1748t 126 .6kHz nin -192m¥  risell 260ns

31 5.5 GUuu) uarmadryanar input ¥892993gAUAINA 5 1Y 7 414 ICH#A046

(3Ua19) uarasdayeal output ¥892995UANNE 5 11 A 4114 IC#4046

By LeCroy
Huto LS140
CH1 El::l! 12 Jan.10:26: 11

v@Center -9 .,9V
S A\ B A TN NN g.g';g::.i.iﬂ”:s y
ANV AR VIRVENY R VAN L

lus \v s \vs v a4 ‘o

WANI/\NEVA B ANVANR AW/
T NN NS

Smart Probe on 1 TRIGGER on CHi |
Not ect 5
Conn [ _+_ 5.4\) ac
CHE MEASUREMENTS
pkpk 11.8v freqmn 526 .8kHz
mMax 5.8y cycl 5.5
min -6,1Y riseil 492ns

310 5.6 (31uu) uansdFoyanet Carrier Sine A MA 640 kHz 1 918 ICHTLO84

(giJ'Em) (G (7] uﬂul 1% Carrier Cosine mmn 640 kHz 7111114 ICH#TL084
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uEass LoCroy
futo LS140
. CHl 12 san,10:17:32
gﬂi cHzf i Dedentsri 8 tou
2us teCenter 10.00us
82 g5 szt -
» tFu
Gie- || veseater 88,
2us
) :
PN W N A A Y LY Akt
R - +
MmN N nANATARAA
J UJ L \J J )
i ]
Snnrt Probe on cgs TRIGGER on CHi \ |
Not Connecte
CURSORS on CHi —F 6.40v AC
--= 7.,20vs MEARSUREMENTS betueen cursors
--- 15,10vus pkpk 5,25V freq 512.1kHz
at  -7.90vs max 5.06V cycl 4.0
1/At 126 .BkHz min -192mV  riseil 255ns

31U 5.7 GUluu) uansdgygyiat input mamwsﬂmmmn 4191 i 414 IC#4046

('j‘ﬂﬁ’N) LHaag uﬂlui'g']ﬂl output ﬂJﬂ\i’J\lﬂiﬂﬂlﬂ'ﬂNﬂ 41m “ﬂ 9114 IC#4046

Necaay LeCroy
fluto LS140

CHl i2 Jan,10:21:24

CH1 DC, BWL:Fu

sV V@Center 0 OU

1us t@Center 5 .00us
cH1 A A\ Ay PN /]

Smart Probe on 1 TRIGGER on CHi
Not Connect S
onneeRe _§  B.4VRC %
CHi HEASUREMENTS
pkpk 15,2V freqii 512.1kHz
max 7.2V cycl 4.5
min -8.0V risefill 685ns

317 5.8 ueraadyay o Pilot Tone AYINA 512 kHz i 917 IC#TLO84
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LeCroy
Auto LS140
Cht : tH 12, sag;p00000a0
5V UeCenter 0.0V
10vs teCenter 50 .0us
CH1 0 L N
A A
U
& HH ,, .Il.
Snart Probe on CHi TRIGGER on CH1 L]
Not Connected _+__ 64\} HC
CHi MEASUREMENTS
pkpk 16.5V freq - =7 -
Mmax s, cycl 44.5
min -B8.8Y rise < A= =
a o A '
gﬂ‘n 5.9 gy I Output UDIATOINN 16 QAM
Recalibration Suggested (SYSTEHM CONFIG Henu) Biragad  LeCroy
Auto L.S140
X = CH2 CH1 15 28 19 10:50
CH2 13 san,18:10:68
AC, BUL:Full
VeCenter ~-768nY
teCenter 102 .0us
CH2— - J
2V
20vus
Cht
2V
20us 3
Smart Probe on CHi TRIGGER on CH1i
Not Connected
CURSORS on CH3 -——+_ 1.85¢ AC @
Cursor Trace CHi MEASUREMENTS
is not on. pkpk 8.06Y freq il 28 .45kHz
Max 4,03y cycl 6.0
min -4.03v rise 59.55us

g‘ﬂﬁ 5.10 11e¥A3 Constellation Diagram YDUNTOIA 16 QAM
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Bhagay LeCroy
Auto LS140
%El 12 an.10:30:34
Eﬂl velenter 0.0V
10us teCenter 50 .0us

CHt

Snu-;.‘ Probe on u; TRIGGER on CHi

Connecte _5_ 6.4V AC

2T
I

CHY HMEASUREMENTS

pkpk 16.5V freq e
Max ’.N cycl 44.5
min -8.8y rise P e

3UN 5.11 uaradayg ol Input YOUATBITY 16

Bikga LeCroy
Auto L5140
CH1 12 Jan,10:21:24
CHi BC, BULIFGII
6U YeCenter 0O .0V
1us t@Center § .0Dus

culf\ AN A AN\

Snmr-:i Probe on CHi TRIGGER on CHi

-
ot Conneote ___F— 6.4V AC
CHi MEASUREMENTS
pkpk 15.2¢ freqn 512, 1kHz
max 7.2y cycl 4.5
min -8.0V riset 6585ns

310 5.12 uanadryaa Pilot tone NinsaeldvinaIniun 417 IC#TLO84
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Recal ibration Suggested (SYSTEH CONFIG Henu)

uto  LS140
CHi CHl 12 Jan.10: za 09

S0vus teCenter 260us

CH2 12 yan,10:08:09
Clizer o A‘V i “.'.“f.vf“.hry(f\.f{\w .AW e A "AWAVL egenter o0y

t@Center 253us
S0us

cH2id \S ' AR AVA Av A F VAVA
MCAMATA SR VT AR AN ETAA AT 1T A

Smart Probe on CHi TRIGBER on CH1 \_]
Not C ted
-] onneclLe —r—- 4'05\) RC h
CH1 MEASUREHENTS
pkpk 4 .42V freq - ===
max 2.18V cycl 8.0
min -2.24V rise & -0~

sﬂn 5.13 (3Uuv) uansdonauinuegamiiudynis 4 58U MeA1U T 1 U716 ICKLF3S]

(sUa9) uasdyanaiaveguaniiudyaio 4 s3dU M@ Q 71 U116 ICHLF351

RUN 8 LeCroy

Auto LS140
‘- o o gt
Y = CH2 ;:c:2¢:$ 2.0008
PN B2 13, 1aqpq0:0508
N A UeCenter -160mU
t@Center 2.02us
CHi
SV
B 19> 2= WS W 22t = T WV 2l P
CH2— CH! =3 P22 AR 255N I V2 0% A N
5v
400ns
SHarhoPrgg:n:gtgﬂj TRIGGER on CH1Y
—_§—  -2s0mv AC L

CH1 MEASUREMENTS

pkpk 11,0V freqfil 630, 4kHz
max 5.1¢ cycl 2.0
min -5.9y riselll 579ns

3% 5.14 (1uw) waasmsIamlalaoysy Scope AWML X-Y

(3U879) uamsdaygna Carrier ) 1ain1A5y A17,14 ICHTLOS4
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Recalibration Suggested (SYSTEH CONFIG Henu) S LeCroy
Auto LS140
oh T QUL g3, 42qg0:00:1
sy 1 U@Center -10.1V
Sus T teCenter 25 .0us
o O O A o I O o o M [ B D 932 aoLipniioieeise
gH2e cwiH R T L L Reeenter 3%,
Sus (0
i
T S E::::
1
!
1
i
Snart Probe on 51 TRIGGER on CHi \ ]
Not Connecte
CURSORS on CHi —4 500V AC
--= 30.5us CH{ MEASUREMENTS
--- 14.9us pkpk 4.6Y freq 255,9kHz
at  15.6us Max 2.2y cycl 12.0
18t 64.0kHz min 2.4V rise < 213ns

1l 5.15 (luu) uanadayanas Clock AW 256 kHz IfnInmAsy

(GUan9) uaasd a9 4 Un 1NOAIUAN Shift Register PISO

Recalibration Suggested (SYSTEM CONFIG Henu) Bassay LeCroy
Auto LS140
- . : CHT g g g0
su v | UeCenter -10.1V
Sus T T t@Center 25 .0us
e E A E e e Eﬂg 13 yan,00:52:12
EIJZH cnapd B LT L ?-J I lL'J LT T Resater 3675,
Sus E ;
: i
! T AR Ramae p
: g
v T
1 1 ]
CH2f~—] % ) ¥ a—1 g
. 4 k
' '
Smarg Probo on 1 TRIGGER on CHi
No Connootoﬂ
CURSORS on CHi — 4§ 500mV AC %
== 34.5us CH4 MEASUREMENTS
--- 18 .,bus pkpk 4.6V freq - -1 -
At 15.9ws Max 2.1y cycl 12.0
174t 63.0kHz min -2.6Y rise - =7 -

317 5.16 (31u1) uansdyann Clock A2WA 256 kHz Af1InMasy

(3U019) uaraadaysyios Invert M1I291081 4 10 1NOAUAY Shift Register PISO
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RUN 8 LeCroy

Auto LS140
CH1 13 Jan,00:40:31
it - TR
Bus t@Center 25 .0us
-1 CH2 13 Jan,00:40:31
—i i ARmb
E}JZH L._J L_.-l L.__] teCenter 2':';.31.15
Sus
e Ui L
Smart Probe on CHi TRIGGER on CH1 ]
Not Connected ___+_ SUUHU ac
CHi MEASUREMENTS
pkpk 4,3V freqit 63.84kHz
max 1.1V cycl 3.0
min -3.2Y rise < 213ns

3N 5.17 uamesmsulSsuisusennedyananiiaal uag Invert e 4 in

Recalibration Suggested (SYSTEH CONFIG Menu) R3] LeCroy
LS140

CH1 (2 Jan,09:59:15
CH1 oc, BUL:;:I‘; Y /
By os SHIFAF A M a1 on Lmf—--ﬂ ooyl Yetenter codus
i i e 1y o 1 O
CH2+— CH2 ]H [‘ veenter 35 4v
sY teCenter S05us
100us CH3 12 Jan,09:59:15
Decentar 3.8u
fo R e o UE. — o ¥, o o o o) T 1o W ST W U} enter :
CH3 A RHHF "'m*.‘.?, R t@Center 500U%
Y CH3”J UU L‘] ‘J I LJU il UU CH4 12 san,09:59:15
100us DC, BUL:IFull
T
CH4 e e — - enter (13-
g LR PR DL L L
g LU A AHE 4L
100us
Snar:.’ :rgbe ontct‘u TRIBGER on CHi @
-] onnecLe
I 6.4V AC
CHi
CH{ MEASUREMENTS
pkpk 4.8V freqii 17 .62kHz
max 4.2y cycl 17.0
min -640mV  rise < 4.3us

37 5.18 uamsdryaa LP,Q,Q° Aeuhmssauda 7 4111,12,13,14 IC#74165

(Shift Register PISO)
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Bilgea) LeCroy

Auto LS140

CH1 12 Jan.05:45:00
CHt Bee ooLirull
Sus teCenter 25 .0us

B O O 0 O O 3 AR

= Y || HRu L
Snart Probo on CHi TRIGGER on CH1i
Connected —+_ 540” ac @
CH1i MEASUREMENTS
pkpk 3.01V freqfil 203, ?kHz
Max 3.0ty cycl 9.5
min o.ov rise < 225ns

71141 5.19 uaraadeyanal Output NRZ 7 19 IC#74175 ulSsunfloniv Clock #f14

Bhigual LeCroy
futo LS140
CH1 12 Jan,09:41:58
gt Dkeny.iRell )
Sus teCenter 25 .0us
CH1 -'-| ~t : 4 .——1 1
amay RIAR /AR I A U
M P S IR L b TRIGGER on CHi
— ¥ b4V AC L
CHL MEASUREMENTS
pkpk 3.78Y freqil  256,9kHz
max 3.20V cycl 12.5
min -576mY  risell 250ns

31/ 5.20 uansdynIn Clock 256 kHz MY 1A
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31N 5.21 HaAIN MDY Constellation Diagram 16 QAM

31N 5.22 1A@AIN MDY Constellation Diagram 16 QAM W14 LPF
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310 5.23 AR NEY Eye Diagram

71/ 5.24 naaen LI TBIAANZIATEITY 16 QAM
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apllassau

luTnsenuiilddnuiasimslunsdedyaraasasaliiinoudlunmsiudege
Tao1dmEnnisues 16 QAM ( 16 Quadrature Amplitude Modulation ) Feiiarans 2 lumsdega
MUY BPSK ( Binary Phase Shift Keying ) ‘luTﬂimuﬁ‘l%qﬂsﬁnﬁﬂﬁqmm NRZ 1WeHAn
ﬁ'tgﬂgmﬁmsuﬂeu EL) PRBS (Pseudo Random Binary Sequnence) Taold Clock 256 kHz
Hould FlipFlop udnzd o1inait 1deeiiudyane Nz

1umi‘nﬂaaai?uﬁ'uﬂszﬁuﬂagm‘luﬁ"awm Phase lock loop liamsadenniudld
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1890 lumsguninid Taodensouszninm 6 fun 7 ves'lad 4046 2951 MTANOGID
1983 (Balance Demodulator) 1uifw’l’umaaﬂﬁuﬁuaqmﬂﬁagmum lilddyenn 16 QAM
Taonsl¥msauommuuunauduegiames wadi ldtunsodvegandygnundufiuanld
u¢itf;ammsmgmﬂﬁmoﬂpmxmu 16 QAM Rdnanmndunbisnihfinas uasfailymiu
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5432,/7432 Quadruple 2-Input Positive-OR Gate

67

Schottky TTL High-Speed TTL | Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package . Packege . Package . Packag
Device Type Device Type Device Type Device Type Device Type
CciP|M C|P|M|CF] C{P|M|CF| C|P|MICF C{P|M|CF]
T ' SNEASI2 O, W} SNS4LS32 O Sn5432 IO WD)
o SNMS s DD SNULS3R2 L OIND SNT432 JOIND
AIRCHILD Lo W isd x D asaSK/ TR "0 1@ | FMs432/F MINI2_|OD F )
Fi FOE22/POEIT 0D [ FOMSI2/KNSN |0 1D | FC1432/F CoN32_ |DDIPO)
Mm SNTILSI2 PO
NS.C. DML S32 [ DMS432 J DOIND) WDt OMS4L 32
DMSILSI2 (] OM4232 I OIND DM74L32
PHILIPS NMS532 [0) N4LS32 [0) N7432 [0]
SIGNETICS e e
NIL SR A D) [ F O s
SIEMENS FOe o)
FUATSU LS MDD
HITACH HO4LS32 PO HD7432 [)Z0)
MITSUBISH! T =
13
NEC LS C i
TOSHIBA
Electrical Characteristics SN54LS32/SN74L532
ut tatings over op ing (res-air temperat cange
Svest vonage. VO ™ Gowstms e | SNSALS T o e Schematics{each gate)
Inoul vatiagr v emparatve tange {snLs oc % %C
Brosge wmoedive 1A —-$8C ¢t MR'C .
d epgu!in( di 1000 1000 “ ] “ .
SN5ALS32 SN74LS32 gl
N VoM WAX_ | MIN WO wax | VT »—y
Supory vohage, VCC 43 s 8.3 4% $ (X2 v ;
Hgrrievet outpa Current. HoM - 400 - 466 3 | r
Low-tevel outovt carrent, 401 ] ¢ -8 i ¥ e l
Oomatng Wee-ss temperatore. Ta -9 s [] w 3 ¢ 3 \_.!/-
. . - . ’M
electrical characteristics over recommended operating "
free-air temperature range L
PARAMETER TEST CONDITIONS 1 MIN_ TYP 1 MAX JUNIT
ViH High-lovel mput vollage 7 \d 32 CIRCUIT
Vi Low-level mnput voltage 0.e v
Vi input clamp vollage Vog EMIN, 1y =~ 18mA -1.51 V
Voo =MIN,  Vip=2v,
Vou  High-level output voltage ‘g:;M“ " 21 34 v
VCC=MIN. Vi =ViL mar,
Voo Low-level oulput voliage oL = amA 0.28 04} V
Input current at
n mamom wpul voliage VECEMAX, Vy=1v o.t| mA
Itn Hign-Hevel gt current vee =MAX, ViH=2.7V 0] uA
hy Low-evel irput current VogaMAX, Vi =04V ~0.4 } mA
TsaLS Famay | ~20 ~160
) =
0S Shortcrant output current @ | Vo =MAX TS Famy | =20 5 ma
tocH  Swely current Voo =MAX Toral, outputs high 3.0 §.2{ mA
1cCy,  Supply current Toral, outputs low 49 sy mA
Average pergale
! Supph 1 ve v A
cc wely current ce=t (S0% duly cyche) g ~
Propagation délay tune, ‘§32 CRCWUET
1 g
PLH  -t0-trgheiover_wutput vegs SV, Ta:2vC. Al
tPrL Propagation delay hime, Cp:¥30F, R 2 t 1 22| ws
ighe10-low-evel outpul Voo
Pin Assignment (Top View) 200 S0 e & o
WPUTS Y
® n fl 1P i
¢ P
8 Lo
L Jad ouTPyT
. 5% Y
P 4
. 1.5 3
,% m
L8332 CIACLTY
positive logic: Resistor vatues shown are nominsi and in ohms.
Y=A+d

1For condisons Bhown as MIN or MAX, use the ADDroprate value specited ander recLmmended operating condtions

$AN typrcal values are at VOGSV

Ta=25C

®Not more than one oulput Should be Shoried at a time




8474/ TAT4 Dusl D-Type Positive- Edge- Triggered Flip-Flop

10t

with Preset and Cleer

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package Package
Device Type Device Typs Device Type Device Type Device Type
C|P|M|CF] P M|CF] C|P|M|CF C | P |M|CF] C|PjM|CF]
T 1 SNSASH L ®: DT SNS4HT4 3 D! W] SNSALST4 o) SNSAT4 O SNSAL T4 JOIND{TD)
b SNIASTH JOND SNTAHTA JOIND! SNULSH JOIND SN JOIND, | SHTLIM 1 DN T
AIRCHILD FMS4ST4/F MIST4 F MSAHT4/F MIHI4 10D IF @ nessesn /1Sl ] Q| FMSA4/FMINIL [OD F
F FC4§14/FCIST |0D] #D F C14M14/F CSH4 iPD IF O Foasi/ Rusi ¥D| 10| O] FC1474/F CINT4 P!
MOTOROLA : SRILST q
sc‘ DMSEH 4 O ND! DMSALST PO} DOMSATL 3 OIN DM54L 4 3 QIND F@
N’ DMI4S ND DM74H74 3D DMILST4 DM 7414 3 OIN DMLTE 3 @ ND FQ
N74S T4 [0] 043131 /T4H4 G N4LST4 [0 € 3413177474 [,
54374 SUH [ WD) i 55474 FOAD]
NS NisHM FO D NI4LSH A NI4T4 FO]A
SIEMENS o
FUJ"’QJ . 4L 514 M MB420 M)
mAm HDMSTA [0) 2 HOMLS 4 a2 HDI4I/HOS10 QP &y
MITS‘B‘SH MHSTA (0 MULS F O M5327/M5374 P
'EC T4S M jcQ TALS T G PB4 0D|C:
i
TMBA TCINA PO
Elecirical Characteristics SNS4L.S74/SNT7ALS74
sbsoluts meximum retings over operating freevsir temparature rande
Swory oo VCC ™ Operateg Wewes | SNILS 85T W 8 . B s
n op View
e 3.4V b el SNYLS T e 0C Pin Assig ments (T P )
Steragn Wmpeisloe TrgY I @ @
?
SN54LSTA SN74LS74 e Voe oue w RK MR 20 20 WA 1 1@ GND 20 20 PR
L) O MAX | s WO MAX 8 _[er"’ mEMNem ) Py
Suooty vorrge. YCC [X3 s 28 jan 3 (2] J T 1 T T
Hgviees RAR Suiont. 100 -0 —a00 Py ‘ —L il i L ‘
Lowwvet mtpd e, (5, [ 3 - 1 i o4t @ o H
! i
- - 1o S b L 23 s #R CLA CLA PR
I 25 2
—— CR [
. Higp-evel data 1 Y 2 E
baskaindia iy Lowlevel data 201 0° ~s =
St Roid Lo, ewe st LN d 1121713 Aatigiipti
Opwatng Wos-ss tempwratre, To -13 1Y ] » < 1 10 10k PR G 10 GND 1K 0 1 vee ? 0 WK
- CLR cLA CLR
oloctnf:u‘ characteristics over recommended operating Functiona! Table
free-air temperature range . i . .
PARAMETER® TEST CONDITIONS 7 | MIN_TYPT MAX [UNIT 74, 'HT4, 'LS74, 'S74 (Sea Note 2)
iy High-evel input_voliage 2 v INPUTS OUTPUTS
V)L Low-evel mput voitage o8l v PRESET CLEAR ClLOCK_D { @ @
vy nput_clamp voliage Voc=MIN, i =-13mA -1.57 v L H X X H oL
VoC=MIN, Viuy=2V. H L x X L H
v High-level output vol 4 .
on output voliage Vi =0.8V. lo=MAX 20N i L b x x | wow
Vog=MIN, V=2V, i H H F Wlw ot
v Low-level
oL ow-level outpul voltage V.Lﬂo.l v, 'OL""'A 0.25 0.4 H v b W : L L "
trput current 1 0. J.K. 0.1 H H L x {0, b
i nout Clear Voo sMar. VT Y e b.2 mh
! Preset cc B < = 02l
voltage c ‘,—...___..____{. \ .
lock ! LA Functional Block Diagram
0.J.K, 20 .
High-level Clear 20 —
[ = | — OF S P '
1" wmout currant Preset Voo TMAX, V=21V 20} v = H
—
Clock 20 § l l
0.4.K, -0.4 ! eivan - -
. Low-evel Cloar =] yap=may. v, =0.4v -0 8 ]l
L put cusrent  [preset cc - EE Toa: ™ i
Clock -0.4 , P
os Short-cwrcut Seres SL S Voo =MAX -20 ~100 | N o
output current @ [Sofres TALS -20 - 100
Supply current
1 - v, MAX, Note ¢ T
cC (Avarags per tho-tion) cCc= See Note 4 3| mA °
1 clock frequency Ve =5V k4] 33 MHZ 74 $74. WIE LSTA. L74OUAL D FLIPFLUP wiTH CLEAR AND #RESET
PLH | wom clear, preset o clock ;““f:;c‘; B
(a3 appropriate) 10 0 or G L=tk ns
1PHL Ry =22 s 0
NOTES I 1 Wdh aN ouipuls open, 1CC 18 measured win the O and & outputs hgh & turn.
At the ume of massuement, the clock mpul 18 grounded
2 M=iugn level (steady staie), L=low level (s16ady suate), X =wratevant
T ~teansiton from low to Mgh evel.
QOn: the levet of O Delore the wwiGated nputl CONG.ONS were estabhshed
« Tins conhiguration is noasiadble, Wat . i wili nOt persist when presel
and cleat nputs 1elu™ 12 INes naCtive {ugh) hevel
tFor condions shown 8s MIN or MAX, use 1he ap vatue sp under ded onerating

$SAR typws! values are a1 Vo =SV. Ta=25C.

oMot more than one outpul snould be shocted 31 a time

» P TOr0pEgaLioN delay time, fow tc-igh-leve' oulpul.
Py ¥propagation detay Time. Righ-to-low-level outout

The Brrow IN0wale (D kgye 01 the Clock OUISE USEd Ton teteike Tt e it €0G
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5486/ TA86 Quadruple 2-Input Exclusive-OR Gate

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package . Package Package Packago
Device Type Device Type Device Type Device Type Dovice Type
» C | P|MICF] C|P|M|[CF] C| P|M|CF] C| P| M{CF] C| P|M|CF]
T SNS4586 o W) SNSAL 586 I W@{ SN54a6 T WQX SNse_2s TN T
. SN74S86 D SNIALS 36 DOINDY, SNT486 TN SNT4L86 JONATA
FNSISEE/ FNESTH o 15 SR/ FERSIE [ @] FMsase/FMINSs D) [,
FARCHLD b o %L Toww o [0[rp]  JFol Foiaeromes_ POPD
MOTOROLA SNIALE86 P s MCT4%6 lPQl
NS.C DMSLL 586 P DM5488 JOINDI WO OMS4Lss  ON
DM 74586 N DM74L 586 2. DM7486 L) (DIN DM4L 86 q IF |
P|'IUF’§ N74S86 ' N4t S86 [ FIHZ1V1486 [
sisH S5486 FOAQ
SIGNETICS KT4S06 N74LS86 " N7486 FDIAQ
SIEEMENS ST 0
FUATSU | T4L 586 M. MB44Y DM
HTACH HDT4586 AP, HD 4L 586 P HO7486/HD 2526 [0,
MSUBISH! H M74LS86 P M531286 ]’5([)
NEC H T4 sts c ~PBz08e o0
3 3 !
TOSHBA i I { [Touse P 1
Electrical Characteristics SNS4LS86/SN74L.586
absolute maximum ratirgs over operatirng free-air temperature range @
Supply woltage. VCC 1Y Operating tree-an [ SNS4LS —55'C to 125°C 47 46 an  GNO FYR 14
oo voltEge To | temoerste range  [SWI2S ¢ o _10¢ Mﬂ_mfﬁiua L{ 1N
Storage temperature range —65C To 150°C ! T H ] 11
i if
recommended operating conditions “ L\_L__! i
SN541.586 SN74L586 I
MiN oM MAX| MiN_ROM WAX | ST i
Supply voltage, VeC e 5 5.5]4.75 s s25) V .
High-lavel outwl current, 10K - 800 —800| wh
Low-luvel output current, 0y 4 8 mA m T
Oparaiing free-an tamimrature. T —~55 125 o 00 € ' 18 veo 284 8 v
. ” - positive logic: Y= A 8= X
electrical characteristics over recommended operating free-air temperature rarge 5 © 5 + AB
PARAMETER + TEST CONDITIONS 1 SN74LSEE | \pury Function Table
MIN TYPT MAX
Viv High-tevel input_voliage 2 v
ViL Lowlovel inpui voliage 08| v INPUTS | oytPUT
Vi Inout clamp  voltage vVeg - MIN I~ —18mA -1,5 v 2 g o
- - [ C
Vos  Hhghlevel output voltags veeTMIN. Vinm2v. 21 3 v L M H
- Vi - Vi mas, 1o = ~400uA
H oL H
voL Low-level output voftage veg s MING tog T4mA 0.2% 0.4 H H L
Trput Current &l maximusm INDUL| ML v
[} woltag Ve Vi mas |ig *8maA 0.35 0.5
W High-lavel inout correm VGG SMAX. Vv 0.2] ma H = rgnetevel L« Low-tevel
[TH Low-lsvel inout Curremt Ve MAX, V2V 0! uA
Ve P MAX, V=0 4V ~0.8]| ma
‘0s Short-crrcunt output Cureent o _"-'l:C TR Y 2 er
cc Supply curtent V(G MAX.  See Nete 2 6.1 10{ ma
' Voo =SV,
tpy s | from o B Ot gt lom CC s 12 23| ns
1PpL | tnpvt Ta=25C- 16 )
PLH [trm A o B . Cp = 1%F, 20 30] S
Other hi
IPHL | tpw input high R =220 13 22l ns
Pin Assignments (Top View)
VCC 48 <A &Y 38

18
positive 1@c: Y= A B~ AB + AB

1y

Fil

24

pasitive logc: Y = A (O 8 = RB + AB

NOTE 1100 's moaswred with the inputs grounded and the ouiputs opon

1 For conditions shown as MIN or MAX, use the apropriate value fred under ded

ditions for the

1 All yypecal values are at Vog=5V, TA=25"C

* Not more than one cutpul should be sharted 21 A i,

« 1P fropagaron detay 11me, low-10-agh-tevel output
1PM|,  Inopagaton dulny e, Pughe 10 Wwe Iyt ougag

o

type,



Logic Products

DESCRIPTION

The '90 is a 4-bit, ripple-type Oecade
Counter. The device consists of four
master-stave flig-fiops internally connect-
ed 1o provide a divide-by-two section 2nd
a divide-by-five section. Each section
has a separate Clock mput 10 initiate
state change$. nf _the courter on the
HIGH-10-LOW ¢! transition. State
changes of the O outputs do not occur
simultaneously because of internal npple
delays. Therelore, decoded output sig-
nals are subject to decoding spikes anc
should not be used for clocks or strobes.

A gated AND asynchronous Master Re-
set (MR“MRy) is prowided which over-
ndes both clocks and resets (clears) all
the flip-fiops. Also provided is a gated
AND asynchronous Master Set
(MS;"MS) which overrides the clocks
and the MA inputs, setting the outpuls 10
ning (HLLH). i

Since the output from the div:'}e-by-two
section is not internally connected 10 the
succeeding stages, the device may be
operated in vanous counling modes. ina
BCD (8421) counter the C‘g, input must
be externally connecied to the Qg output.
The CFq input recewas hé incoming
count producing 2 BCD count sequence.
In a symmetncal Bi-quinary divide-by-1en

PIN CONFIGURATION

7490, LSQ0
Counters

Decade Counter
Product Specification

TYPE TYPICAL fuax TYPICAL SUPPLY CURRENT
7490 30MH2 30mA
741590 42MHz SmA

ORDERING CODE _

S o

~~
PACKAGES '
/c.-::—' ..

ce = SV £5%; T4 =0°C to +70°C

COMMERCIAL RANGE

e bne =

N7490N, N74L590N

PESIE OIP - 7

1

see the SigH Mintary Progucis

74LS i

6LSut :

8LSu

1ol }
10LSut f

NOTE: £ e

=

= b s
Whese a 74 unit 103¢ (W] T UHOersto53 T0 be 4OuA Ly and - 1 6mA 4, and 8 74LS unt 1288 {L Sul) 15 20pA &y,

200 ~CAMA iy

counter the Q3 output must be connect-
ed externally 1o the TPq input. The input
count 1s then applied to the CP, input
and a dvide-by-ten square wave is ob-
taned at output Qp. To operale as a
divide-by-two and a divide-by-tive count-

LOGIC SYMBOL

er noc external interconnections are re-
quired. The first flip-tlop is usec as &
binary element for the divide-by-two
tunction (CPg as the input and Op as the
output). The%i’. ingrut 15 used to ootain ¢
divide-by-five operation at the O3 ouiput.

LOGIC SYMBOL {{EEE/IEC)

" T O 77) oy
7’ wa {7 [13) NS
wns (3 7] ey
e (] mE
vee 51 ML
ws, (7] 2oy
nes, (7] ez
O s

.7

0

14——gJCPy

o
o
o

—®

s ——18

- —————t

Asesrres

Vee =Pn %
GNO = P 10




Signehcs Log Pioaucts

Counters

7490, LS90

LOGIC DIAGRAM

MODE SELECTION —
FUNCTION TABLE

. L]
s, j} RESET/SET INPUTS ouUTPUTS
Rl : l ] R MR, [ms,Tus; [ oo, ] 0, ] 0y
n - - L > HlHwilo)px]e L oL o
_ 0 ‘""r ] S T O o ’ HiMHIx]Lu]lL L v o
CPy ———Jce ~ -3 H<A e Jer X X H H H L L H
L X L X Count
tap® Cagd Cagd »—D'-»“ M T B Count
T 1LY Y Y vl x| x|t Count
m
o, H L L x Count
un [+, =t H - HIGH vollage tevel
' e L = LOW voltage level
s, 51}-—- Tt} ® ) oy PR
% o, 0, 0,
st BCD COUNT SEQUENCE —
Vg -Pn s FUNCTION TABLE
GND = P VD
OUTPUTS
ABSOLUTE MAXIMUM RATINGS (Over operating tree-air temperature range EUNT N N o N
unless otherwise noted.) 0 ! 2 L
0 % L L L
PARAMETER 74 74LS uNIT 1 H 5 L L
Vee Supply vottage 70 7.0 v 2 L H L L
3 H H L L
Vin tnput vottage -0.51t0 +55{-05 10 +7.0 v -~ L L W L
fie Inpul current v ~30 10 +5 | =30 10 + 1 mA 5 H L H [
= - 6 L H H L
oitage appied 10 '
= -0.5 ¢ -0.5 10 4 7 H H H 8
Vour i n e +Vee y ! 8 [ R T A
ViDUL 1 ! o H L L 5
T Oparatng free.av temperature 1 010 70 - NOTE:
range Outout Op cannected to input TP,
HNOTE:
Vin 18 fmuted 1o + & SV on Py ana TP, wnouts on ine 740590 ony,
RECOMMENDED OPERATING CONDITIONS
74 74LS
PARAMETER UNIT
Min Nom Max Min Nom Max
Vee Supoty veltage 475 50 525 475 5.0 5.25 v
Vi HIGH-level nput voltage 2.0 20 v
Vi LOW.level nput voltage +08 +0.8 v
hx Input clamp current ~-12 -18 mA
on HIGH-level cutput current ~800 - 400 BA
oy LOW-lgvel output current 16 8 mA
Ta Operating free-aik temperature ] 70 ] 70 *C
P

49
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5400 /7490 Decade Counter

Schottky TTL High-Speed TTL Low- Power Schottky TTL Standard TTL Low-Power TTL |
Device Tyge cP:::k;g::F Device Type cPa;?;g!zF Device Type CP:?;'gecr Device Type C?:’CK:A‘:F Device Type Cp:k::;
T | snseL 90 so] 0w ] SNsas0n Kil Wi | SNSaL%0A 3afnafryg
T‘.‘ StitaLgn JINCE SNY450A EJ < N SHNL0A Joeteg ity
FAIRCHILD - ] e
MOTOROLA |- : ! ‘. } ‘ . SN T4t $90 ; ra -: :g::z t : P 1 ::
nsc — L [ — 1 1 B 1 1
PHILIPS ¢ : X * N1 590 H : IR . [
SIGNETICS - : ‘% *l N1iL S99 | ;A N ‘ ::;: : : :: Em
SIEMENS |- — e e ———tvm 1 ;
FUJITSU - ; B ; ’
HITACHI |-~ - ooy o — L J D14 530 G ‘ Roo TR T :
MITSUBISH |—- -~ bt ] “IEL590 . F1 [ MRaz90 5 :
NEC ] l ot T""—':_"uﬁ'z-s '_—'Ec—- c 1
TOSHIBA T : * lf : TC34308 — ; 1
Electrical Characteristics SNS4LS/SN74LS90A Pin Assignment (Top View)

absolute maximum ratings over operating free-air temperature range

weLT
2 ne 0 og unty

m@ﬂ?gm S !

T Qperatng Trec-as l SNSALS -3¢ 10 IIL'L —]
“temperaie range | SNALS $C e 16¢
| Stotage Tempeiziure range - €8C e 150C
NC M eaternal eaneLton
recommended operating conditions
- T SN54LS90A SNTLLSSOA L
I MIN_ NOM MAX |MIN _NOM Max
Sty wetage, \’cc 4y 5 5.51¢.7% E SAZEA 0\ e L
ver Quipnt Sureant. 1y -+ 400 200 i1 B2 NG Vee Ry Rgg,
") Quipul current, 1o E : Function Table
Count traquenty. t ooun; & it o 3 % iz Moz BCO COUNT SEQUENCE BI-CUINARY (35-2) RESET-COUNT
) " 8 wput 0 16 0 1L ] 04, LS9 LIE LSee Mote 31 FOA, LS LW {See Note 3) POA. LK. LN {Ses Note 3}
P A ot ‘5 5] 1% o] OUTEUT [counrl_OuTPUT RESET 'WAUTS ouTeuT |
Pulge wiin, t,, 8 mnol L X 30 Qp O¢ 08 Oa Ga Qp O¢ Oy g1 Roz, An), M92.{00 GC GB a4 |
Resat inputs 15 15 LI TS A S S LI N R S R N EEE I
Rescl nactwe-sidte 501up. 1suiun 1 28 25 s i :: ; . Nl : R : -
Operating Irec-aw tamperatwe. T a4 f-ss 125 o wEC PO A P oL L coum?
electrical characteristics over recommended operating ; - oot : L : : t L ® s » :nun:
. L1140 r » x . L
free-air temperature range € e -t [T R : Loov c:t:nl
PARAMETER * ! TEST CONDITIONS ¢ MIN TY? 3 MAX | UNIT AR L ] ? “ ot omoe
Vin | Highvlesel mput voltage v 2 ¥ N il - b B < : .
Vip  Low-level mput vollage { 28 Vv :
i ~ - § . "
Vi Ingut clamp voltage (VCGEMN, = i8mA LV Functional Block Diagram
v MN, v V. N 0y
VoM Mighievel output vollage N R 21 ge Y AL Tk
Vi =0.5V. 1QH™ - 40044 :." :D‘
| vee=MIN,  wy=2v. | s,
. v a2 ’
VoL Low-level outpul voilage !v,k-o.uv. i) =tma i €3 05 \
tnput current 3 Any reset } Voo MAX, V=1V i ' .
1] maumumonout § A nput i vee Max. sv
volaye _ pBmet ) N.))
Any reset
igh-leve
t A 1 v MAX V=27V
H wnput current nNPYT cc= [l
B _mput
Low-level Any reset
LTS ovrieve A nput VCC=MAX, V=0 eV
npul curfent
B8 wput H
Short-cwewt [snsers [ -2 1004
1 v, MAX mA
05 oviput current * cc~ [snrats | -2 ool
teg  Swoply cureny Vo= MAX. Ses Note? 9 15 ma
trom A 10 output Op 32 &2
fmas from B 10 outpul O st y
rom e 16 NOTES: 1, This 13 1ne voitage tetwesn two smitiers of 8 multipie-omitter lrangistor, For
T .
PLH from A 10 output Qa 10 €1 . . this Cwcwt, ties rating appiies between the two RQ nputs, and 11 #1so apphes
1PHL 12 18 between the two Rg inputs.
T 32 48 2. IcC 15 measured with al outputs open, doth R inputs grounded followsng mo-
l::: from A to output O ‘T'iC:g;c 3 50| ™ mentary connection © 4.5 V. and all other “npuls grounded.
CL =15pF, = . Quiput Qp 15 cunnecied 10 mput B for BCD eount,
WPLH from B 1o ouiput 0 Ry =20 i L Output Op is coanecied 10 mput A for bi-quinary oount.
\PHL 14 2 H=high tevel, L =icw level. X=irrslevant.
PPLH 21 32 4. The 4 and K inouta shown without connection
1 8 " 0, as . are for reference only and are
IPHL om © autovt O¢ 23 35 tunctionaily at a high level,
1PLH 21 32
vy trom B to output Op 3 35 ns tFor conditons shown as MIN or MAX, use the appropriate value specified under
- - = d operating di for the i type.
TPHL | trom Sei-10-0 to-Any output 26 40 [ 3 | gan typical volues are at voc=5v. Ta=25C
1PLH | trom Set-10-0 to output OA. Qp 20 30} o | & notmore than one output should be shorted at a time.
tPHL | from Sei-10-9 10 output Qp. Co 26 40 § QaOutputs are tested at IGL =16mA plus the Umit value for h_ for the B input. This ¢

mits driving the 8 input while maintsining full fan-out capability.
¢ 'max & maumym count frequency

I p T P ARATATON Gedy PMA. Kw 12 hgheievel outpu?

1pHy L O0AGATN Brdy Tnne fogn-welon devel ouiput
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54112,/74112 Dual J-K Negative- Triggered- Flip-Flop with Preset and Clear

Schottky TTL High-Speed TTL Low-Power Schotiky TTL Standard TTL Low-Power TTL
Package Package Package Package Package
Device Type Device Type Device Type Device Type Device Type
C|PIM|CF CPM‘CF C P |MICF] c|pP|miCF] C|P|M|CF]
Ti SN545112 S W : SNEALS 112 J 3 WL
ot SNT4S1I2 J N [ SNIaL 8112 s $IN
FMMSIIZ2 FM 9511210 1 of . | Fusasn: cfewsy? o0 1) 4
FNRCHLD FCr4S112 £295112 |G | IT Vol FOasi: ORI o, 1 [Z]
3 i
MOTORLA v SNTALS 112 P}
OMStH2 N i, DMSA S112 d
NS.C DMILS 112 3
PHUIPS NY4S 112 ' i NTELS 1D W
SHUSII2 FlBal W, HE
SIGNETICS N14SH2 ER T+ | NS AT
SIEMENS T
H
{
FUATSU T TaLe 2 m
i
ACHI {
HT HD/4S112Z 1{P 4. R W33l Sas2 e |
M M '
MIT ME511Z Py T [wcs 2 I
v T i
m( — 4 . ———
. #P825112 D [ s <
[
TOSHBA |
- i
I i b . . .
Electrical Characteristics SNS4LSI112 SN7&LS 112 Pin A55|gnmenl (TOP VIeW)
Lo masemy™ FOUNES Sver opersung treecsir temperatuce renge
Suren g Ver S | Deeralmg tree Tsnsee " .
ot voRage IV | wmeerames conge ERLS “ * _f‘ﬁ cum cLm 3cx I Ti 2ee 39,
Vorees et e i w w el fig sl fral [ul ikt
recomrard Speratng COrdilens e l
SNSaLSi 12 Sasz_ __J
i L4 wAR -~ NC- AN H
Sopy wnege  ec .8 : 9% | a78 o P ; ‘ [ }—_’
v v Sotet €urrent Vg 400 - l i
Tow et Sutvet 0y . AR )
el & 2 ! WLHJW
wam. 1y -
e et Coar o0 preset nm 2% » vex TN GO
g . . ] S112 LStz Function Table (See Note 2)
e e Isr0 - Y
Lemsewt eats | 203 0.
T Ts r g -y INPUTS ouTPUTS
Oeeratng Waeaw fompsraturd T, .58 w ] e " Pl PAESEY CLEAR CLOCK J X Q a M high tevel (sieady siaie’
N . L H X % X " v L low level (stezdv state?
electrical characteristics over recommended operating B X irrevant.
free-air temperature range " L x x x|t H + 1 transition from Tugn 10 low level
PARAMETER * TEST CONOITIONS ! MIN_ TvP3 MAX | UNIT ‘~ & 3 X X pHeooHe
Vin Hagh-tevel mpul voliade 2 D o s . t L]0 Qo
Vi Low-level input voitage ot v H H t H L H L
vy input clamp voltage Voo=MIN, | = - 1BTA a3 5 (2] (2] ] L H L H
v e l Serves SILS | VEC=MIN, Viuw 2V, 2.5 3¢ T H " [ M+ | TOGGLE
utput votiage | Serws I4LS Vi =0.8V. IoK= 23C A 2,7 3e H H H % " Qg 50
VeE=MIN, Vin® 2V, D .
oL Low-ieve! oulpul voliage Vir = 0.8V, loy=dma 0.5) & )
- =g, oY : Functional Block Diagrams
[P LI — RS . CUR
1 maramum xni Ciex v MAK, VIV —————————‘7h ~a l
! " " TBresnt ce e 63
wpitave Crock P——*—“—o"—‘ 3 —
- J. k.0 0 2, l
Ly et Cren Ve s MAX, V=2 TV SEV/ o s
mput cwrreni Preset - 6C cuton ! o
Clock e 5 I
1K o D 0.¢ K .
' Lowlevel Clesr Voo MAX, Vi=0,5V 0.8 i
- nout current Preset cc "N [ . cuocx
Crocr o8 $112 DUAL K WITH CLEAR AND PRESEY '
105 Shori-Crrcust Oulpul current vee= MAX - 20 —-100 | mA
icc Supply current vee= MAX, Sce note 1§ e 6| mA
(averape pet_fip-flop) o —d L— 3
'
fman manmum clock frequency veg= SV. 30 45 MH2 . :
. T aulan
1PLH Ya =25°C, 15 20] os
from clear. Prasel CL = I55F . N
L .
0 f } _ —1
o, o cloak 10 Oor © o N 0] o8 .
©ots
LSII2 DUAL J-K WITH CLEAR AND PRESET ’
NOTE 2 t
‘ Q0: the levat of O betore the input fons were ished
YOGGLE Each output changes to the complement of ‘ts previous level on each active transition
NOTE. 1 ipuise) of the clock. P
With all outbuts open. lcc 1S messured with the Q and § outpuin high i turn At the time of » This configuration is nonstable, that is, it wil nat persist when preset and clear inpuls retum -
messurement, the cloch Input is grounded. te thewr inactve (highl siate '
—
1 For congitipns shown 83 MIN or MAX,use the approuciale vause fed uncer

$ Alt 1yprcal values are &t vee= 5V. Ta=25C.
e tiot more than one output snoulc be shorted at 3 ume, and dwraton Of SHOrt-Cirud should not exoeed one second
« tpLH® propagation delay tme, fow-to-high-isvel output
TP ® propagation delay nime, ugh-10-low-level outpul
A, Tne arrow indicates that tha falling edge of the clock puise 15 usec tor rete Co
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5416474164  8-Parallel-Out Serial Shift Register
Schottky TTL High-Speed TTL Low-Power Schotiky TTL Standard TTL Low-Power TTL
Package Package . Package . Package . Packsge
Device Type Device Type Device Type Device Type Device Type v
C|P|M|CF] C{P{MCF] » C|{P|{M|CF] C|P|MICF] C P IMICF
R SNSLL 5168 30 W] SNS4164 O WD SNSAL 164 JEINE[TT)
T.L © annutsie S EIND SN12164 S0 ND SNTAL 164 SO INT{TT 1
H sl Pasic | o0 FO{ FM54164,F M93164 OD -
FAIRCHILD A usi w100 | rd T8 | FCIe164/F C93164 |OOIPD [
] v T
iy . ) i
MOTOROLA - [N SNILS: 64 P . MCI2164 A ' s
T, Jomrnsie [} OMS54L 164 DN i
N.S.C. H isee S164 a DM74164 N Q> DMI4L 164 MENT
T v ] T
N H .+
PHILIPS T T | NIaLSee o N74164 [ | !
T S5A164 FoAC] o '
SIGNETICS T s A D N4164 FOAD
[
SIEMENS T FLIA T
1 i l
HE
FUJITSU T THswe I T T
j \ )
) :
HITACH [ C S D HDI4164 [0 1
Loy '
MITSUBISHI . T [Mes e PO MS3364 P i
: 1 ! .
NEC ] ; TS cat S PazIe o : :
T
: )
TOSHIBA | T035034 P
: i T T
MD ! ! ! .
A ! i ] I T
Electrical Characteristics SN541L.S 164 'SN74LS 164 Function Table
absolute maximum ratings over operating free-air temperature range 164.°1.5164.'L164 (see Note 2)
Supoty voltage. VCC v Qperating free-as | SNS4* o550 lZﬁ‘C_ INPUTS OUTPUTS
Input voilage v temperatwo rangd [ SN | ©C w0 CLEAS|CLOCK] A B | QA QB - QH
Storage lenperature range | —6°C 12 150C L X i X X L L L
recommended operating cenditions L L t X X 0as Q080 OHo
SNS4LSI64 . SN74LSI64 ;..o [ ; H H | KW Oan QGn
MIN NOM MAX | MIN NOM MAX ; y . : L X L Qan OQon
Supply voitseg. VCG [X} 5 sslems C 8.254 A i XL L Can Qor
High-devel output current. 1oy =400 400§ ub . .
Low-tovel cutput corrent, Iog « A Functional Block Diagram
Clock fequency. felock [ 25 0 25 Mre .»...._‘..__.{; v
| Widin of cloch o clear_wout pulse, ty 20 20 HIE P T ! 1 ! 1 1 { l
Data setup time. lsetyn 15 15 ions J R
Dats hold tene, Inosg 5 5 I e {:T_Dwr—
Operating froeew temporatwre, Ta ~55. 15[ o K IS
elactrical characteristics over recommended operating l|
free-air temperature range i‘
PARAMETER TEST CONDITIONS 1 MIN TYP 3 MAX'UNIT | - R I R P R R o
Vi High-evsl input_voltage » H A . ~ ¢ = ~ bt
Vit Lowdevel wovt vomags e iR 100LUSIH, LI -BIT PARALLEL-OUT SHIFT REGISTER
Vi Input clamp vollege, Voo =MIN, ) = —18mA -i.5: ¥
VEETMIN,  Vju=2V, typical clear, shift, and clear sequences
Vou  High-evel output voltsge 2,7 33 v
Vi =0.8V. lgn=~d00uA T L
v Lowdevel output voltage Voo =Mith, U "\ L ¢ v '
oL ot voltag Vi =0.8V. ioL =imA 03t 05 “{ ] L
foety
Inout current maximum t
' ! VeoTMAX, ViR Tv 01| =a —_—
t input voltage cc t T
™ High-lavel mpul current VoCmMAX, V=29V 204 wbd r 5 U LIy LU LI LJ'U"LﬂJ—l.
iy Low-level input current Veo=MAX, Vi=(.4v 0.8 m& “'*___________J—'—"L_j’_'[
[ SN54LS ) — 20 109
' A  emas U
0s Short-cwcwt output current ¢ | VGC =MAX [smu.s 7 pres me :
VCo=MAX, | o T G H
Icc ‘Suwly cucrent See Note 1 - ni mA y
| rremaraTongeTay e T %] 8 1 g L L
tman  Maximum clock frequency [ Cy_ = I150F 5 3 My P - -
. ropagation y time, tph-to: Ta=25C - - . m
IPHL o vel O outputs from cleer input A=EC. Cy = 150F 6 %| o b
__-p___T._.E_W-J Ry = 2x0 - 1
ropagation y Ume, Qw10 3 CL =150F .
PLH level Q outputs from clock nput L " LR B - | e
ropagetion delay 1ime, high-todow H o
WPHL w0 outputs from clock input CLm=1sef a o omp | o--mat
o . . LAl '
Pm' Assignment (Top View) _ W._-ﬂm__m‘_ e ate
® [1e]fu}fn ‘i : coan, serial ioputs proundod, and & moment
T 31 NOTES I 1. Icg is measwed with cutputs serinl inputs , and 8 ary
o % O ees] | 3: oround, then 4.5V, apphed to clear,
. wdo 2. M =nigh tevel (steady siate), L= Lowdevei (sieady state)
. ] x (any wout, i )
e 0. Oy O Op ; 1 =transition from low 10 high ievel,
Opo, 920, OHO™the lovel of Oa, Og, or Qp reanechively, defore the

ﬁﬂrdﬁiﬂirdm

sEewy -—w .

positive logic:

s0c function table
. e

ndicated steady-siate input conditions were established.

Qan, Qgn=the level of Oa o OG betore the mostvecent | Wansition of
the clock; indicates a one-bit shift,

1For conditions shown at MINor MAX, use the appriate velue under

$an typical values are st Vo= 5V, TA=25C.
*Not more than two outduts sheuld be shoried at a Lime

for the appl devico type,
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54165,/74165

Parallel-Load S-Bit Shift Register

T

rormral vanes ace 30 Vae SV Tac 25C

. Ty
Schottky TTL High- Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
y
Package Packeage . Package . Package . Package
Device Type Device Type Device Type Device Type Device Type
wereTrImicH C{P|MICF| C|P|{MICF] C|P|M|CF] C|P|MiCF
T ] SNEAL S16% o} SNS4165 JO) WO
A ! SNIMLS 165 IGIND) SN4165 JO|ND
i FM54165/F M33165 DD
FAIRCHILD T FCIa165/F C93165_[0DIPT
[
MOTOROLA HIE MCT4165 P D
Ns c T DM54L165A JOIND! FO|
Sl T DMT4165 ND DMTALI65A JOIND! F
i 3
PHILIPS T RT4165 ®
$54165 Dled W]
SIGNETICS NTA165 EQ
. ;
SIEMENS 1 1 T 5
T —t
FUJITSU 1
|
HITACH! i
t
|
MITSUBISHI 1 1453365 PD
N
NEC L
TOSHIBA : =3
Electrical Characteristics NS541.S165/SN74LS 165 Pin Assignment (Top View)
sbsolute maximum ratings over operating free-air temperature range @ .
Supply voliage. Voo v Operating tree-ar SNSALS] ~55°C 1o 125°C PARALLEL WPUT.
1 > g w MperBlure 13nge lls-mgs eC to TWC Ep0Ccx A SERALOUTPUT
sl voltage temperdlure :and ! vog MMt - C 8 A7 INPUT Oy
Siorage temperalure range —65C to IWC
recommended operating conditions
- [ SNSALSI65 | SN74LSI6S G .-
TMIN _ KOM_MAX;MIN_ NOM MAX | NHBIT
Sy viltae. V(C Ses 555,878 5 s251 v B ronn
Hign-tevel it catrent. 1 400 . 4003 ukh
Lowe-teecl ouipat sivrent. 1oy & 8. ma
Chad. treauence, teines 0 20 0 201 MH2
Wigin ! Clock mput Py ty{chrk) 25 25 ng
|_Weaih_of 104 nput pulsk. ty (Hoac) 15 : 5 ng SUFT/CLOCK £
Clonkwmable Setup BME. Sserup » © et i PARALLEL WPUTS B
Paralel wput SOTu L, lgepun 1] 10 i ns
Seral nput Letun 1. lpinp 20 20 a3 positive logle:
Sl setm BeEL yeran 43 a5 s
bk 1ame a1 any mpul. fyug 0 [ rs
{3pe P ) - 125 ¢ 0! .
iperatng frev-aw temperature. Ta 55 2%¢ 9 0! ‘C Function Table
lectrical characteristics over recommended o eratin, z
electric P 2 165 (see Note 38)
free- air temperature range
i PARAMETER * TEST CONDITIONS ! MIN TYP § MAX | UNIT {NEETS INTERNALT oot
VT Tighiever g viege 2 N SHIFT/TCLOCK | oo ISERIAL PARALLEL | OUTPUTS N
Vie Cow-level npat voliage c.8l Vv LOAD | INHIBIT A .. H Qs Q@
vy out clamp vonage Veee MIN, 1= - 1gmA 4 “1.81 v L x x X ... a [ [}
Vee=MIN, vV 2V,
VoW Hgneaeer outout veitage cc " Y as v Y L 32 X x Qa0 Qg0 | OHo
Vi =08V, 1gn*® ~ 400 ub - H L | H X H Qan | Ogn
1KY WIN, Vigmev.
VoL Lowdew! cutoui s0itaas juec* %y ; 8% 05 V H - ' L x Lt Oan | QgGn
fvi 0.8V, lg~8ua H ® ' X x Qa0 980 Ono
' Il Cureent 31 SNt oot v Max v IV 013 A
T SR g e
SR T N RS L
Ly Hebew Load woul |yocmax vy 2. 9 e
Shit?, loag snpot Otner muts . 20,
Low-levet Luad 1wt . 1.2
1 e V AX, vi0 4V A
i Shift, 10ad npul ! Omner nputs ceMax 1o R - 0.4 " .
sNsaLS | 20 100 §
i Short-udtwt crent ¢ veg TMAX ] mA
ies S O cc FSNMLS T2 ~ T
Iec Suoply current VoG ® MAX,  See Note 2 ', 2 3| mA
e e ! .
'may __ Manmum cloch trequsncy T 3 MMl NOTES 1. Th s the voliage betwesn two emitiers of & multolesmitter wansisior, For
WLH | G omisag 10 Any output 2 3 s this cwewt, this rating apphies 10 the shii/losd nput , conunction with the clock
PHL vee=5V. i 2. 3 clock or cloch-inhibit inputs.
eLH Tao®25°C h 27 a0 2. With the outputs  open, Clock intwbit and shitr/load at 4.5V, and a clock
‘—‘PNL 4 om Clouh tu Ay eutpul G- ISP% —_——T—IT)_- ns . putse apphed to the clock input, Icg 18 measured first with the paraiiel inputs
L B 7 a1 4.5V, thon with the pacalisl inputs grounded.
PUH 4ot 10 outpst 0 Ry =2 'y s 3. H =ngh lovel (steady state). L =iow level (steady state)
tPHL h 2 0 X =wrelevent (sny input, includng tranmitions)
oL g, . B * 24 30 1 = ansition irom kaw to high level
o] Tom e o Oy T e a...h wthe level of stsady-state input 8t wguls A thru M, respectively.-
Qap, 0po, CHp ™ihe level of QA OB, o Qy, respectively, before the
ndicated steady-stale input oconditions were estabkshod.
Qan, OGn, =the level of Opor Qg, respectively, befors the most recent
1 wansition of the clock.
¥ congiuons snown ag LAIN o MAX, use the BOpo o ate valer under W tor the device type.
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Functional Block giagrem
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s'gmf.‘_'_{>=_ 5 a - N e o @ outeut
vy CLEAR CLEAR AR AR AN CLEAR CLEAR CLEAR
P ATAL
LOAD
ac, 2
cLock 88
INHIBIT

*165 PARALLEL-LOAD 8-BIT SHIFT REGISTER

typical shift. and load. inhibit sequences
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MANUFACTURER'S DATA /

' National
Semiconductor

General Description

The LF351 is a Jow cost high speed JFET input operational
| ampiifier with an internally trknmed input offset voitage
(BI-FET II™ technology). The device requires a low supply
current and yet maintains a large gain bandwidth product

February 1985

LF351 Wide Bandwidth JFET Input Operational Amplifier

current is important, however, the LF351 Is the better
choice.

Features

mdﬂastslcwmo.lnaddﬂommllmwhoslhlghvoltage # Internally trimmed offset voitage 10 mV
JFET input devices provide very fow input bias end offset B Low input bigs current 50 pA
currents. The LF351 is pin compatible with the standard » Low ise volage 16 aVHIE
. LM741 and uses the same offset voltage adjustment circuit- ," put ) 9 ¥
" ry. This feature allows designers to immediately upgrade the % Low input noise current 0.01 pA/
overall performance of existing LM741 designs. # Wide gain bandwidth 4 MHz
The LF351 may be used in appiications such as high speed ¥ High slew rate 13 V/ps
integrators, fast D/A converters, sample-and-hold circuits ' Low supply current 1.8 mA
and many other circuits requiring low input offset voltage, B High input impedance 10120
low input bias current, high input impedance, high slew rate & Low total harmonic distortion Ay = 10, <0.02%
and wide bandwidth. The device has low noise and offset A= 10k, Vo =20 Vp-p, BW=20 Hz-20 kHz
voltage drift, but for applications where these requirements g Low 1/f noise comer 50 Hz
are critical, the LF356 is recommended. If maximum supply g Fast settling me to 0.01% 2 ps
Typical Connection Simplified Schematic
AAA Vee O—
Yee
" ' [
O—AAA—4
v.
b0
- +
~Vee
INTERNALLY 'r.u'-:::‘nu'
TRIMMED
Connection Diagrams (opviewsy ™ °
Metal Can Package Duakin-Line Package
o~ saLance — = L
O
SALARCE
INPUT - r’— v
iG> >
* = 14— outrur
ON-ANVERTI
" prbion] 0 0 BaLARcE
v- V'—" 'S—'MIAIC!
Note, Pin 4 connectsd to case.
Tor viEw
Order Number LF351H Order Number LF351N TUn/sees-1
See NS Package H08C See NS Package NOSE
£1906 Nations) Semcondxwr Corporsson  TL/H/5648 RAD-EI0M2S/ Prreedt n AL S A
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/ MANUFACTURER'S DATA

Absolute Maximum Ratings

Supply Voltage 118V lnpmVolugongo(Notoa +15V
Power Dissipation (Note 1) 500 mW Output Short Circuit Duration Continuous
Operating Temperature Range 0°Cto +70°C Storage Temperature Rangs -65°Cto +150°C
TRMAX) 15°C Lead Temp. (Soldering, 10 seconds) 300°C
Differential Input Voitage +30V
DC Electrical Characteristics ote3)
Symbol Parameter Conditions 1 Units
Min Typ Max
Vos input Otfset Voltage Rg = 10kf2, To = 25°C 5 10 mv
Over Temperature 13 mv
AVos/AT Average TC of Input Offset Rg= 10k 10 pvI*C
Voltage
los input Offset Current Tj = 25°C, (Notes 3.4) 25 100 PA
T < 70°C 4 nA
ig i Input Bias Current Ty= 25°C, (Notes 3, 4) 50 200 pA
T;< £70°C 8 nA
Rin Input Resistance Tj=25"C 1012 a
AvoL Large Signal Voltage Gain Vg= £ 15V, Ta=25°C 25 100 v/mV
Vo= %10V, R =2k
Over Temperature 15 v/mv
Vo Output Voltage Swing Vg= £15V,R =10k £12 +13.5 v
veum input Common-Mode Voitage +15 v
Range Vg= 15V +11
-12 v
CMAR Common-Mode Rejection Ratio Rg< 10k 70 100 d8
PSRR Supply Voltage Rejection Ratio {Note 5) 70 100 ¢B
is Supply Current ) 18 3.4 mA
AC Electrical Characteristics mote 3)
Symbol Parameter Condttions LF3st Units
Min Typ Max
SR Slew Rate Vg= 215V, TA=25"C 13 Vips
GBW Gain Bandwidth Product Vg= £ 15V, Ta=25C 4 MHz
en Equivalent Input Noise Voltage Ta=25°C, Rg= 1000, 16 aviiz
{= 1000 Hz
in Equivalent input Noise Current Tj=25°C, 1= 1000 Hz 0.01 pAsfFz
Note 1: For operating at d 1emp NWMNWMMQWMdtMWbMaWMn
Case.
Note 2 Unless cified the h rra, th mwnnﬂb“mmmm

Note % These specifications apply tor Vg = ztwumsnnmvwn.mdv@mmmuvm-o.
double for every 10°C incresss in the

which approsdmately
410 junct

MMM“M“ d we

mnp«unulmdhhndpo-vwm?‘bﬁ-n#m'—?nmlﬁbmw
Wlmmwhbmn‘ab.m
m&wwmnhumumw g

ture, in nonmal op:
mmwmmwd.mﬂ-h

ummmmn.mnnm
L mwmmmmnm

with

ing o

ssly 0

practice.
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Typical Performance Characteristics

POITIVE COMMOR MODE INPUT

INPUT BIAS CURRENT (3A)

NEGATIVE BUTPUT VOLTAGE SWing (V) VOLTAGE LT [v)

UNITY GAIN SANDWIDTH {Mits}

tnput Blas Current

L]
vy 1gv

. Ta~28¢C

-1 -4 L} 3

COMMON-MODE VOLTAGE (V)

Positive Common-Mode

Input
Voltage Limit

TCstasone L

/

L 1) " "
POSITIVE SUPPLY VOLTAGE (V)

.

Negative Current Limit

18

-10

(14

(] " n »
BUTPUT PNK CURAENT ImA)

Gain Bandwidth

' T 1

Vgerthv
LSS
€y = 19057 ]

(L}

N

Tt 13 N M NN
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1NPUT BIAS CURRENT (pA}

VOLTAGE LIMIT (V)
H

input Bias Current
n

FVeued
[Fvge 1y -

[

" l

1B N WD
TEMPERATURE (0}

Negative Common-Mode
Input Vuitage Limit

restageorec) |
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: /)
|

7
AR %
-
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. L.

n

L) L] " 11 n

NEGATIVE SUPPLY VOLTAGE (V)

-
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H y
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;] 1" 13 a
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2
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A1)

i "

Supply Current
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$STASNC

»Z

L] s » " - n
SUPPLY VOLTAGE (‘W)

Positive Current Limit

[t

n »
OUTPUT SOURCE CURRENT (ma)

Output Voitage Swing
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vge ¥ =1

L Ta-25°C

Ay - QUTPUT LOAD B0t}

Slew Rate
LSt
Avel

T W% N E MNeDN
TEMPERATURE (O
TUMH/S848-2
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1
Typical Performance Characteristics (Continued)
Undistorted Output Voitage
uolstoruonv:anuoncy ’sm mOponLoomeRupotm
T i i
P ~ Vo 15V _ N
un fyiiiee 3 hen Y BAN :-.nv—
s A% 3 Tanc = N et
8 9 Mget < \
2 = n <i% 0t o 5 N\ i i
=l|8 o Ver Ve T 1] i "‘ |\ l| 1 E \ i
E u} " } g 4 5w N
H g 108 = ‘ | 2 N
T ] S { 1 g N
- = = LA NI EEERE
" L) n = 108 " 10 ™ 1M 198 1 1R 10 Y
FREQUENCY (K} FREQUENCY (uz} FREQUENCY (nd
Common-Mode Rejection Power Supply Rejection Equivalent Input Nolse
Ratio Ratlo G Yoltage
g™ vge 1y ) 8o ) My al i
2 e [ ':"' s P :::tls‘: z . M i
s ~ Tac2s ¢ % 8 L —
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2 o e~ s 1 B ! .
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Pulse Response
Small Signal Inverting
S s
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3 3
- 2
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5 5
g £
o E =2
(0.2 ,2/D1V) °
TIME
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Large Signal inverting Large Signal Non-inverting
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Application Hints

The LF351 is an op amp with an internally trimmed input
offset voitage and JFET input devices (BI-FET II™). These
JFETS have large reverse breakdown voitages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, large differential input voltages can easily
be accommodated without a large increase in input current.
The maximum differential input voltage is independent of
the supply voltages. However, neither of the input voltages

should be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode limit on either input
will cause a reversal of the phase to the output and force
the amplifier output to the cormresponding high or low state.
Exceeding the negative common-mode limit on both inputs
will force the amplifier output to a high state. In neither case
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Application Hints (continved)

does a latch occur since raising the input back within the
common-mode range again puts the input stage and thus
the amplifier in a normal operating mode.

Exceeding the positive common-mode fimit on a single input
will not change the phase of the output; however, if both
Inputs exceed the limit, the output of the ampiifier will be
forced to a high state.

The amplifier wil operate with & common-mode input voit-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increasae in input offset voitage
may OCCur.

The LF351 is biased by a zener reference which allows nor-
mal circuit operation on + 4V power supplies. Supply volt-
aguldummﬂnumaymunmloworgahbmdwidﬂund
slow rate.

The LF351 will drive a 2 kN load resistance to + 10V over
the full temperature range of 0°C to +70°C. Hf the ampiifier
islorcedtoddvohuvhfloadmﬂnu.howev«.min-
mhmptnoﬁsﬂvomgemayomonvwnegauvo
voltage swing and finally reach an active current limit on
both positive and negative swings.

Pracautions should be taken to ensure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertentlty installed back-

Detalled Schematic

wards in a socket as an uniimited curent surge through the
resulting forward diode within the IC could cause fusing of
the intemal conductors and resuit in a destroyed unit,
BmmmmmpﬁﬁmmJFETnMMMOSFEr
k\putopunpem'ydomgmanapoddhm

As with most amplifiers, care should be taken with lead
dress, component supply decoupiing in or-
der to ensure stability. For example, resistors from the out-
put 10 an input should be placed with the body ciose to the
Input to minimize “pick-up” and maximizé the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the fesdback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there Is effect on stability margin.
However, dmfuwmbmmwws
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistancs it parallels
is greater than or equal to the original feedback pole time
constant.

Vee O P

2\

ar

=
o [AAA%ﬁ
Ve
82

:) L
>0 ais

YO

3
>

- X}'}_urr m\t

A\ A A

Ve O &




LM339",','L'M3=39A, LM239, LM239A, LM2901, M2901V, MC3302

Figure 2. Inverting Comparator

with Hystersis
+Vee
R3
10k
Ve , 10k
Rref —0 Vo
+ VccO—'W\r +
Vigt d—R——
e oM
10k & Rt Vieg = lgc R1
o = R+ RI
) R3 = R1//Rgt// R2
" R1/1 Ry
[ L B -V, .
. H A1l 1o + F2 [VO(max). Ofmin)]
R2 % Rrof//R1

Figure 3. Noninverting Comparator
with Hysteresls

+Voe

10M

R2 ~ R1//Rpgy
Amount of Hysteresis Vi

Vy= @%gﬁb Vo(max) - Vo{min)l

Typical Characteristics
(VCe = 15 Vdc, Tp = +25°C (each comparator) unless otherwise noted.)

Figure 4. Normalized Input Offset Voltage

Figure 5. Input Blas Current
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LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302
ELECTRICAL CHARACTERISTICS (Vo = +5.0 Vdc, TA = +25°C, unless otherwise noted)

LM239A/339A LM239/339 LM2801/2901V MC3302
Characteristic Symbol | Min | Typ | Max | Min } Typ | Max | Min | Typ | Max { Min { Typ [ Max | Unit
Input Offset Voltage (Note 4) Vio - |+10|20] - [220]150] -~ [+20]17.0] - [23.0 |20 | mVdc
Input Bias Current (Notes 4, 5) g - 25 250 | - 25 | 250 - 25 | 250 | ~ 25 | 500 nA
(Outpit in Analog Range)
input Offset Current (Note 4) ho - |50|50 | - [#50|450 | - |45.0 |50 | - |#3.0 |*100| nA
Input Common Mode Voltage Range | VICMR 0 -~ tVeci © - |Vcect O - lIveccl] © - {Vecl| V
-1.5 -15 -1.5 -1.5
Supply Current lcc mA
R = s (For All Comparators) -~ {0820 - |oBl20}| - |08 |20 ]| - (08|20
R =, Vcc =30 Vde - {10]25}) - [10]25| - |10 |26 - |10 |25
Voltage Gain AvoL 50 {200 | - 50 | 200 | - 25 {100 { - [ 25 [100| — | V/mV
Ry 215kQ, Voo =15 Vde
Large Signal Response Time - - 1300} - -~ 1300 | - - |30 ] - - 1300 ) - ns
V) = TTL Logic Swing,
Vet = 1.4 Vdc, Vgt = 5.0 Vdc,
Ry =5.1kQ
Response Time (Note 6) - - 1.3 - - 1.3 - - 1.3 - - 1.3 - us
VRt =5.0 Vde, R = 5.1 k2
Output Sink Current ’ Isink | 60116 | - |60 )16 | - 18016 | - |60 |18 ] - | mA
Vi(=) 2 +1.0Vdc, Vi(+) = 0,
Vo 1.5 Vde
Saturation Voltage Vsat - |130 400 | - |130 400} - |130 | 400 | - {130 | 600 | mV
Vi(~) 2 +1.0 Vdc, V|(+) = 0,
Isink S 4.0 mA
Output Leakage Current ot - (01| - - |01 - - ] 0.1 - - 10y | - nA
Vi(+) 2 +1.0 Vdc, V|(-} =0,
Vo = +5.0 Vdc
PERFORMANCE CHARACTERISTICS (VGG = +5.0 Vdc, TA = Tiow 10 Thigh [Note 3])
LM239A/339A LM239/339 LM2801/2901V MC3302
. Characteristic Symbol | Min { Typ { Max | Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max | Unit
Input Oftset Voltage (Note 4) Vio - - |40 ]| - - (B0} - - |18} - ~ | £40 | mVdc
fnput Bias Current (Notes 4, 5) g - - (400 | - - 1400 | - - 1800 - - {1000| nA
(Output in Analog Range)
Input Ofiset Current (Note 4) ho - -~ 1501 - - |#150) - - |+200§ -~ - |#300] nA
Input Common Mode Voltage Range | VICMR 0 - |Vec}f O - {Vecct O - |Vec] © - {(Vec!| V
~2.0 -2.0 -2.0 ~2.0
Saturation Voltage Vsat & - |700 | ~ - |700 | - - {700 | - - |700 | mV
Vi(-) 2 +1.0 Vdc, V|(+) =0,
Igink 5 4.0 mA
Output Leakage Current loL - - 1.0 | - - 1.0 | - - 1.0 | - - 1.0 pA
Vi(+) 2 +1.0 Vdc, Vi(-) = 0,
Vo =30Vde .
Ditterential Input Voltage Vip - - |Vec| - - Vee} - - |Vee | - - |Vec| Vde
AllV; 20 Vde

NOTES: 3. (LM239/239A) Tyoy = -25°C, Thigh = 485"
(LM339/339A) Tiow = 0°C, Thigh = +70°C
(MC3302) Tiow = —40"C, Thlgh = +85°C
(LM2901) Tiow = —40°C, Thigh = +105°
(LM2901V) Tow = =40°C, Thigh = +125°C
4. At the output swilch point, Vo = 1.4 Vde, Rg S 100 25.0 Vdc s Ve $ 30 Vde, with the inputs over the full common mode range
(0 Vde to Vo ~1.5 Vdce).
5. The bias current flows out of the inputs due to the PNP input stage. This current is virtually constant, independent of the output state.
6. The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals, 300 ns is typical.
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Figure 7. Driving Logic

\{[cc

R R
Vin 2 t
Vret o—
R1

Rg = Source Resistance
R1 = Rg

Vec | RL
Loglc Device V) kQ

CMOS |1/4 MC14001} +15 100 .
TTL  {1/4MC7400 | +5.0 10

TLM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302

Figure 8 Squarewave Oscillator
Vegz4.0V

3 10k

Vee
T
T
T2
T1=T2=069 RC
J2
{m S
R2=R3= R4

A1 = R2//R3// R4

APPLICATIONS INFORMATION

These quad comparators feature high gain, wide
bandwidth characteristics. This gives the device oscillation
tendencies if the outputs are capacitively coupled to the
inputs via stray capacitance. This oscillation manifests itself
during output transitions (VoL to VoH). To alleviate this
situation input resistors < 10 kQ should be used. The addition

Figure 9. Zero Crossing Detector
(Single Supply)

+15V

7

10k

Vo

15k 10M
R3

D1 prevents input from going negative by more than 0.6 V.
R1+R2=R3

R3< ?g for small ermorin zero crossing

of positive feedback (< 10 mV) is also recommended. it is
good design practice to ground all unused input pins.

Ditferential input voltages may be larger than supply
voltages without damaging the comparator’s inputs. Voltages
more negative than —300 mV should not be used.

Figure 10. Zero Crossing Detector
(Split Supplies)

Vin(min) = 0.4 V peak for 1% phase distortion (A0).

Vce . e
2 10k
1r--«;sv
Vin 0 veot—
= v Vo 2}
EE
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VEE L
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LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302

OUTLINE DIMENSIONS
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MOTOROLA
s SEMICONDUCTOR Eesm—— MC1496

TECHNICAL DATA MC1596
BALANCED
BALANCED MODULATORI DEMODULATOR MODULATOR/DEMODULATOR
These devices were designed for use where the output voltage L

is a product of an input voltage (signal) and a switching function
(carrier). Typical applications include suppressed carrier and
amplitude modulation, synchronous detection, FM detection,
phase detection, and chopper applications. See Motorola

& L3 as . . i L SUFFIX
Application Note ANS531 for aédmonal design information. CERAMIC PACKAGE
e Excellent Carrier Suppression — 65 dB typ @ 0.5 MHz CASE 632
e Adjustable G d Signal Handlir i G Buse
justable Gain and Signal Handling PLASTIC PACKAGE
e Balanced Inputs and Outputs CASE 751A
e High Common Mode Rejection — 85 dB typ (SO-14)
P SUFFIX
PLASTIC PACKAGE
CASE 646

PIN ASSIGNMENTS

FIGURE 1 — ‘
SUPPRESSED CARRIER Signal Input L1 [1a] Vee
OUTPUT WAVEFORM Gain Adjust [2 3] Ne
Gain Adjust E T_Z-] Output
Signal Input| 4 E NC
Bias |5 E Carrier Input
Output E E] NC
NC E:l @ Input Carrier

ORDERING INFORMATION

's: FIGURE 2 — Device Temperature Range Package

& SUPPRESSED CARRIER

§ SPECTRUM MC1496D SO-14
MC1496L 0°C to +70°C Ceramic DIP
MC1496P Plastic DIP
MC1596L -55°C to +125°C Ceramic DIP

FIGURE 4 — AMPLITUDE-MODULATION SPECTRUM

fc - 500 KMz
fg: 10KH,

FIGURE 3 —
AMPLITUDE MODULATION
OUTPUT WAVEFORM

Ic S00MHz
'S 1.0 kM.

S00kHz 501 kHe
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MC1496, MC1596

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

Rating Symbol Value Unit
Applied Voltage av 30 vdc
(Ve - Vg.V10 - V1. V12 - Vg. V12 -V10. Vg - V4,
Vg -V1.V10-Va, Vg~ V1o, V2 - V5. V3 - V)
Differential Input Signal Vg ~-Vig +5.0 Vdc
Vg -Vy =(5 +IgRe)
Maximum Bias Current Is 10 mA
Thermal Resistance, Junction to Air Rasa ‘cwW
Ceramic Dual In-Line Package 100
Plastic Dual In-Line Package 100
Metal Package 160
Operating Temperature Range Ta c
MC1496 Oto +70
MC1596 -65to +125
Storage Tempersture Range Tsig -65t0 +160| °C

ELECTRICAL CHARACTERISTICS (Vce = +12Vde, VEg = +8.0 Vdc, Ig = 1.0 mAdc, Ry = 39k}, Rg = 1.0 kf}, T .= +25°C,
all input and output characteristics are single-ended, unless otherwise noted.)

MC15%6 MC1496
Characteristic Fig. Note | Symbol | Min | Typ | Max | Min | Typ | Max Unit
Carrier Feedthrough 5 1 VeFT #Virms)
V¢ = 60 mV(rms) sine wave and fc = 1.0 kHz = 40 - — 40 -
offset adjusted to zero fc = 10 MHz - 140 - — 140 -
Vg = 300 mVp-p square wave: mV(rms)
offset adjusted 1o zero fc = 1.0 kHz — | 0.04 | 02 — | 004 | 04
offset not adjusted fc = 1.0 kHz — 20 100 — 20 200
Carrier Suppression 5 2 Ves ds
fg = 10 kHz, 300 mV(rms)
fc = 500 kHz, 60 mV(rms) sine wave 50 €5 — 40 65 -
fc = 10 MHz, 60 mV(rms) sine wave -_ 50 - — 50 - k
Transadmittance Bandwidth (Magnitude} (R{ = 50 ohms) 8 8 BWs34g MHz
Carrier Input Port, Vo = 60 mV{rms) sine wave -_— 300 —_ - 300 —
fs = 1.0 kHz, 300 mV{rms) sine wave
Signal Input Port, Vg = 300 mV{rms) sine wave —_ 80 —_ = 80 —
V¢l = 0.5 Vde
Signal Gain 10 3 Avs 2.5 35 — 25 35 — v
Vg = 100 mV(rms), f = 1.0 kHz; [Vl = 0.5 Vdc
Single-Ended Input Impedance, Signal Port, f = 5,0 MHz 6 —_
Parallel Input Resistance fip — 200 — —_ 200 — kQ
Paralle! input Capacitance Cip -— 2.0 — - 2.0 - pF
Single-Ended Output Impedance, f = 10 MHz 6 -
Parallel Output Resistance fop —_— 40 - —_ 40 —_— k0
Paraliel Output Capacitance €00 —_— 5.0 -— -— 5.0 - pf
Input Bias Current 7 — 1A
b = W+ 1g be "B* |19 Ibs —_ 12 25 - 12 30
F 2 Ibe — 12 25 -— 12 30
fnput Offset Current 7 - A
lios = 11-14: lioC = lg-t10 liost — 0.7 5.0 — 0.7 7.0
tioct — 0.7 5.0 - 0.7 7.0
Average femperalure Coefficient of tnput Offset Current 7 - [TCyiol —_ 2.0 — — 2.0 - nASC
(TA = —55°C to +125°C)
Output Offset Current 7 _ Bool —_ 14 50 — 14 80 pA
(Ig-lg)
Average i’emperature Coefficient of Output Offset Current 7 — TCiool — |. %0 —_ — 90 - nASC
(TA = —55°Cto +125°C)
Common-Mode Input Swing, Signal Port, fg = 1.0 kHz 9 4 cmv — 5.0 —_— — 5.0 -— Vp-p
Common-Mode Gain, Signal Port, fg = 1.0 kHz, 9 - ACM — | -8] — — | -85 | — dB
Vel = 0.5 Vde .
Common-Mode Quiescent Output Voltage (Pin 6 or Pin 9) 10 - Vout —_ 8.0 - — 8.0 — Vp-p
Differential Output Voltage Swing Capability 10 — Vout — 8.0 - — 8.0 — Vp-p
Power Supply Current 7 6 mAde
Ig+ 112 Icc — {2030 ] — | 20] a0
114 33 — 30 | 40 — 3.0 5.0
DC Power Dissipation 7 5 Pp —_ 33 -— —_ 33 — mw

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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MC1496, MC1596

GENERAL OPERATING INFORMATION

Carrier Feedthrough

Carrier feedthrough is defined as the output voltage
at carrier frequency with only the carrier applied (signal
voltage = O).

Carrier null is achieved by balancing the currents in
the differential amplifier by means of a bias trim poten-
tiometer (R4 of Figure 5).

Carrier Suppression

Carrier suppression is defined as the ratio of each
sideband output to carrier output for the carrier and
signal voltage levels specified.

Carrier suppression is very dependent on carrier input
level, as shown in Figure 22. A fow value of the carrier
does not fully switch the upper switching devices, and
results in lower signal gain, hence lower carrier
suppression. A higher than optimum carrier level
results in unnecessary dévice and circuit carrier feed-
through, which again degenerates the suppression fig-
ure. The MC1596 has been characterized with a 60
mV(rms) sinewave carrier input signal. This level pro-
vides optimum carrier suppression at carrier frequen-
cies in the vicinity of 500 kHz, and is generally recom-
mended for balanced modulator applications.

Carrier feedthrough is independent of signal level, Vs.
Thus carrier suppression can be maximized by operating
with large signal levels. However, a linear operating mode
must be maintained in the signal-input transistor pair —
or harmonics of the modulating signal will be generated
and appear in the device output as spurious sidebands
of the suppressed carrier. This requirement places an
upper limit on input-signal amplitude {see Figure 20). Note
also that an optimum carrier level is recommended in
Figure 22 for good carrier suppression and minimum spu-
rious sideband generation.

At higher frequencies circuit layout is very important
in order to minimize carrier feedthrough. Shielding may
be necessary in order to prevent capacitive coupling
between the carrier input leads and the output leads.

Signal Gain and Maximum Input Level

Signal gain (single-ended) at iow frequencies is
defined as the voltage gain,

Yo __RL_ o 28mv
AVS = o T Rgrarg "™ e T ig (mAl

A constant dc potential is applied to the carrier input
terminals to fully switch two of the upper transistors
“on” and two transistors “off’ (V¢ = 0.5 Vdc). This in
effect forms a cascode differential amplifier.

Linear operation requires that the signal input be
below a critical value determined by Rg and the bias
current ig.

Vg = 5 R (Volts peak)

Note that in the test circuit of Figure 10, Vg corresponds
to a maximum value of 1 volt peak.

Common Mode Swing

The common-mode swing is the voltage which may
be applied to both bases of the signal differential ampli-
fier, without saturating the current sources or without
saturating the differential amplifier itself by swinging it
into the upper switching devices. This swing is variable
depending on the particular circuit and biasing condi-
tions chosen.

Power Dissipation

Power dissipation, Pp, within the integrated circuit
package should be calculated as the summation of the
voltage-current products at each port, i.e. assuming V12
=Vg, Ig =g =112 and ignoring base current, Pp = 2 15(Ve
- V14) + I5) V5 - V14 where subscripts refer to pin
numbers.

Design Equations

The following is a partial list of design equations
needed to operate the circuit with other supply voltages
and input conditions.
A. Operating Current

The internatl bias currents are set by the conditions at
pin 5. Assume:

5=lg=112

ig<<lc for all transistors
then:

V-_-¢ where: Rg is the resistor between
Rg = I5 —500 f1 pin 5 and ground
¢ =075VatTp = +25C

The MC1596 has been characterized for the condition
i5 = 1.0 mA and is the generally recommended value.

8. Common-Mode Quiescent Output Voltage
Vg=Vi2=V+-igRL
Biasing
The MC1596 requires three dc bias voltage levels
which must be set externally. Guidelines for setting up
these three levels include maintaining at least 2 volts
collector-base bias on all transistors while not exceed-

ing the voltages given in the absolute maximum rating
table;

30 Vdc 2 [(Ve, V12) - (Vg, V1p)] 2 2 Vdc
30 Vdc 2 [(Vg, V1p) - {V1, V4)1 2 2.7 Vde
30 Vdc 2 [(V1, V4) - {V5)1 2 2.7 Vdc

The foregoing conditions are based on the following
approximations:

Vg=Vi2.Vg=V10. V1= V4

Bias currents flowing into pins 1, 4, 8, and 10 are
transistor base currents and can normally be neglected
if external bias dividers are designed to carry 1.0 mA or
more.

Transadmittance Bandwidth
Carrier transadmittance bandwidth is the 3 dB

bandwidth of the device forward transadmittance as
defined by:

ip (each sideband)

vg (signal) Vo =0

Y21C =

Signal transadmittance bandwidth is the 3 dB
bandwidth of the device forward transadmittance as
defined by:

_ ig (signal)

= = 0, ,V =
7218 = P Gignal Ve = 0.5 Vdc, Vo = 0

MOTOROLA LINEAR/INTERFACE iCs DEVICE DATA
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MC1496, MC1596

Coupling and Bypass Capacitors

Capacitors C1 and C2 (Figure 5) should be selected for
a reactance of less than 5.0 Q at the carrier frequency.

Output Signal

The output signal is taken from Pins 6 and 12 either
balanced or single-ended. Figure 11 shows the output
levels of each of the two output sidebands resulting
from variations in both the carrier and modulating signal
inputs with a single-ended output connection.

Negative Supply

VEE should be dc only. The insertion of an RF choke in
series with VEE can enhance.the stability of the internal
current sources.

Signal Port Stability

Under certain values of driving source impedance,
oscillation may occur. In this event, an RC suppression
network should be connected directly to each input
using short leads. This will reduce the Q of the source-
tuned circuits that cause the oscillation.

SIGNAL INPUT

(PINS 1 & 4) © Y

510

L.
T

An alternate method for low-frequency applications is
to insert a 1.0 kQ resistor in series with the input (Pins 1,
4). In this case input current drift may cause serious
degradation of carrier suppression.

TEST CIRCUITS

FIGURE 5 — CARRIER REJECTION AND SUPPRESSION

vee
™ . -IZ;(I:
o
< ¢, ; Re
51 0.1 4F = Tk Ry RL
¢, I,z }33.9” 1539k
CARRIER 0.1 uf —*———C“F lg tg
INPUT V¢ o} < MCWE g L
Vs o o-4 MC1536 .
MOOULATING bl 15 WA
SIGNAL ]
INPUT  10K3  10KE5) LAY %, 5
1
50% !
= | 1lml5 68k
Rl t -
CARRIER \JLL il
-3 Vac
VEE

FIGURE 6 — INPUT-OUTPUT IMPEDANCE

MDD 1 L oo————e *Vo
*-— Zout

=
o
=
8

12 Vo

-8 Vde

NOTE: Shielding of input and output leads may be needed
to properly perform these tests.

FIGURE 7 — BIAS AND OFFSET CURRENTS

vee
+12 Vdc
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FIGURE 9 — COMMON MODE GAIN
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TYPICAL CHARACTERISTICS

Typical characteristics were opteined with circult shown in Figure S,{c = 500 kH2 (sine wave!},

Vg =60 mVirms), fg=1kH2, Vg= 300 mVirms), T

FIGURE ‘!1 — SIDEBAND OUTPUT versus CARRIER LEVELS
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TYPICAL CHARACTERISTICS (continued)}

Typical characteristics were obtained with circult shown in Figure 5.t = 500 kH2 (sine wave),
Vg = 60 mV(rms), ig =1 kHz Vg~ 300 mV(rms), T =1 25°C unless otherwise noted.

FIGURE 15 — SIDEBAND AND SIGNAL PORT FIGURE 16 — CARRIER SUPPRESSION
TRANSADMlTTANCES versus FREQUENCY versus TEMPERATURE
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FIGURE 21 — SUPPRESSION OF CARRIER HARMONIC
SIDEBANDS versus CARRIER FREQUENCY
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OPERATIONS INFORMATION

The MC1596/MC1496, 2 monolithic balanced modulator cir-
cuit, is shown in Figure 23.

This circuit consists of an upper quad differential amplifier
driven by a standard differential amplifier with dual current
sources. The output collectors are cross-coupled so that fullawave
batanced multiplication of the two input voltages occurs. That is,
the output signal is a constant times the product of the two input
signals.

Mathematical analysis of linear ac signal multiplication indi-
cates that the output spectrum will consist of only the sum and
difference of the two input frequencies. Thus, the device may be
used as a balanced modulator, doubly batanced mixer, product
detector, frequency doubler, and other applications requiring
these particular output signa! characteristics.

The lower differential amplifier has its emitters connected to
the package pins so that an external emitter resistance may be
used. Also, external load resistors are employed at the device
output.

Signal Levels

The upper quad differentiat amplifier may be operated either
in a linear or a saturated mode. The lower differential amplifier
is operated in-a linear mode for most applications.

For low-level operation at both input ports, the output signat
will contain sum and difference frequency components and have
an amplitude which is 3 function of the product of the input signal
amplitudes.

For high-level operation at the carrier input port and linear
operation at the modulating signal port, the output signal will
contain sum and difference frequency components of the modu-
lating signal frequency and the fundamentat and odd harmonics of
the carrier frequency. The output amplitude will be a constant
times the modulating signal amplitude. Any amplitude variations
in the carrier signal will not appear in the output.

10+

FIGURE 23 ~ CIRCUIT SCHEMATIC
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The linear signal handling capabilities of a differential amplifier
are well defined. With no emitter degeneration, the maximum
input voltage for linear operation is approximately 25 mV peak.
Since the upper differential amplifier has its emitters internally
connected, this voltage applies to the carrier input port for all
conditions.

Since the tower differential amplifier has provisions for an
external emitter resistance, its linear signal handling range may be
adjusted by the user. The maximum input voltage for linear op-
eration may be approximated from the following expression:

\ =(1 5} (RE)volts peak.

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

FIGURE 25 — TABLE 1
VOLTAGE GAIN AND OUTPUT FREQUENCIES

Carrier | nput Approximate Qutput Signal
Signal (V) Voltage Gain Frequencyls)
RLV
Low-level dc ——L——C——K; ™
2(Rg + 2rg) (T)
High-level Ry f
igh-level dc RE * 2re ‘M
Ry Vglrms) e
Low-level ac —rE cim
2 J2(5L) (Re + 2re)
0.637 R f
High-level ac 2L c tfm. 3¢ tim.
Rg + 2 5fc £im.

The gain from the modulating signal input port to the output is
the MC 1596/MC 1496 gain parameter which is most of ten of interest
to the designer. This gain has significance only when the lower
differentiat amplifier is operated in a linear mode, but this includes
most applications of the device.

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

1) Low-levelidc
2) High-level dc
3) Low-level ac
4) High-level ac

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

NOTES:

1. Low-level Modulating Signal, V. assumed in ali cases.
V¢ is Carrier Input Voltage.

2. When the output signal contains multiple frequencies,
the gain expression given is for the output amplitude of
each of the two desired outputs, fc + fpm and fe ;fM.

3. All gain expressions are for a single-ended output. “For

a differential output connection, multiply each expres-
sion by two.

. R = Load resistance.

Rg = Emitter resistance between pins 2 and 3.

. re = Transistor dynamic emitter resistance, at +25°C;

ou s

- 26 mV
fe 15 (mMA}

7. K = Boltzmann's Constant, T = temperature in degrees
Ketvin, g = the charge on an electron.
%r = 26 mV at room temperature

APPLICATIONS INFORMATION

Double sideband suppressed carrier modulation is the basic
applizaticn of the MC1596/MC 1498, The suggested circuit for
this application is shown on the front page of this data sheet.

In some applications, it may be necessary to operate the
MC1596/MC1496 with a single dc supply voltage instead of dual
supplies. Figure 26 shows a balanced modulator designed for
operation with a single +12 Vdc supply. Performance of this cir-
cuit is similar 10 that of the dual supply modulator,

AM Modulator

The circuit shown in Figure 27 may be used as an amplitude
modulator with a minor modification.

All that is required to shift from suppressed carrier 10 AM
operation is to adjust the carrier nuli potentiometer for the proper
amount of carrier insertion in the output signal.

However, the suppressed carrier null circuitry as shown in
Figure 27 does not have sufficient adjustment range. Therefore,
the modutator may be modified for AM operation by changing
two resistor values in the null circuit as shown in Figure 28.

Product Detector

The MC1596/MC1496 makes an excellent SSB product detec-
tor (see Figure 29}.

This product detector has a sensitivity of 3.0 microvolts and 8
dynamic range of 20 dB when operating a: an intermediate fre-
quency of 9 MHz.

The detector is broadband for the entire high frequency range,
For operation at very low intermediate frequencies down to S0
kHz the 0.1 UF capacitors on pins 8 and 10 should be increased 1o
1.0 UF. Also, the output filter at pin 12 can be tailored to 2
specific intermediate frequency and audio amplifier input im-
pedance.

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

This circuit may also be used as an AM detector by introducing
carrier signal at the .carrier input and an AM signal at the SS8
input.

The carrier signal may be derived from the intermediate fre-
quency signal or generated locally. The carrier signal may be in-
troduced with or without modulation, provided its level is
sufficiently high to saturate the upper quad differential amplifiet.
if the carrier signal is modulated, a 300 mV{rms) input level is
recommended.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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Doubly Balanced Mixer

The MC1596/MC1496 may be used as a doubly balanced
mixer with either broadband or tuned narrow band mput and
output networks.

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

Figure 30 shows a mixer with a broadband input and a tuned
output.

Frequency Doubler

The MC1596/MC1496 will operate as a frequency doubler by
introducing the same frequency at both input ports.

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

Phase Detection and FM Detection

The MC1596/MC 1496 will function as a phase detector. High-
level input signals are introduced at both inputs. When both inputs
are at the same frequency the MC1596/MC1496 will deliver an
output which is a function of the phase difference between the
two input signals,

An FM detector may be constructed by using the phase detec-
tor principle. A tuned circuit is added at one of the inputs to
cause the two input signals to vary in phase as a function of fre-
quency. The MC1596/MC 1496 will then provide an output which
is a function of the input signal frequency.

TYPICAL APPLICATIONS

FIGURE 26 — BALANCED MODULATOR
{+12 Vdec SINGLE SUPPLY)

FIGURE 27 ~ BALANCED MODULATOR-DEMODULATOR
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FIGURE 30 — DOUBLY BALANCED MIXER
(BROADBAND INPUTS, 9.0 MHz TUNED OUTPUT)

FIGURE 31 — LOW-FREQUENCY DOUBLER
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SCL4046B
SCL4446B

$

CMOS PHASE-LOCKED LOO

FEATURES

# Very low power consumption — 70 uW (typ)
© fo = 10kHz, 5Vde
Operating frequency range {no offset) —
Up to 3MHz {typ) @ 10Vde (SCL4046B)
Up to 4MHz {typ) @ 10Vdc (SCL4446B)
¢ -Low frequency drift — 0.04%/°C {typ) @ 10vde
¢ Choice of two phase comparators:
1. Exclusive-OR network
2. Edge-controlled memory network with
phase-pulse output for lock indieation
¢ VCO Inhibit control for ON-OFF keying and
ultra-low standby power consumption
+ High VCO linearity 1% (typ)
¢ Source-follower output of VCO control input
{Demodutator Output)
9 Zener Diode to assist Supply Regulation
¢ Balanced Output Drive Current Specifications

APPLICATIONS

FM demodulator and modulator
Frequency synthesis and multiplication
Frequency discriminator

Data synchronization N
Voltage-to-frequency conversion ° a
Tone decoding

FSK-Modems

Signal conditioning

LA 2 X X 22 R

DESCRIPTION

The SCL4046B and SCL44468 phase-locked
loops contain two phase comparators, a voltage-
controlled’ oscillator {VCO), source follower, and
zener diode. The comparators have two common
inputs. The Signal input can be used directly
coupled to large voltage signals, or indirectly

. coupled (with a series capacitor) ‘to
signals, The self-bias circuit adjusts
signals in the linear region of the am

small voltage
small voltage
plifier. Phase

comparator I (an exclusive-OR gate} provides a
digital error signal PCIoyt, and maintains 90° phase
shift at the center frequency between Signal and
Comparator inputs {both at 50% duty cycle). Phase
comparator II {with leading edge sensing logic) pro-
vides digital error signalsf_g;oyt and Phase Pulses,
and maintains a 0° Fhase shift between input
signals (duty cycle is immaterial). The linear VCO

produca_an output signal VCOgqyt whose frequency
- is determined by the

the capacitor and
Cig, R1, and R
Demod Out, with

voltage of input VCO;p, and
resistors connected to pinsClp,
2. The source follower output,
an external resistor is used where

the VCO;j,, signal is needed but no loading can be
tolerated. The inhibit input Inh, when high, disables
the VCO and source follower to minimize standby
Power consumption. The zener diode can be used
10 assist in power supply regulation.

CONNECTION DIAGRAM
(all packages)

ZENER

. SIG P vco.
Vbp IN OUT o, o,

i | - | I ! i
16 15 14 13 12 11 110
SCL40468 SCL4446B

2 3 4 5 6 7
Pl V(I:O lhElH C[l CI‘I
ouT oot (A) (B)

PHASE  COMP",

PULSES  IN

/

/

1

Add suffix for package:

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

ITMmoO

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:

DC Supply Voltage Vpp-Vgs 3to 15
Operating Temperature Ta

C, D, F, H Device - 55 to0 +125 4300

E Device -40 to +85 "

BLOCK DIAGRAM
m o L Voo
v '
PHASE i

[ pH
vss@ @zt-a

Fig. 1
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T . The VCO requires one external capacitor {C1)
“d one to two external resistors (R1 or R1 and

- g2). Resistor R1 and capacitor C1 determine the
f.;;'muency range of the VCO and resistor R2 en-

-sbles the VCO to have a frequency offset if re-
- quired. The high input impedance (10'2§2) of the
"YCO simplifies the design of low-pass filters by
permitting the designer a wide choice of resistor-to-
capacitor ratios. fn order not to load the low-pass
“fiter, 3 source-follower output of the vCcoO input
*yoltage -is provided at terminal 10 {DEMODULA-

The phase-comparator signal input {terminal 14)

™ ean be direct-coupled provided the signal swing is
within CMOS logic levels [ logic “0”< 30% (Vpp-
Vss), logic 17 > 70% (Vpp-Vss)]. For smaller

. swings the signal must be capacitively coupled to |
the self-biasing amplifier at the signal input.

Phase comparator I is an exclusive-OR network;
it operates analogously to an over-driven balanced
mixer. To maximize the lock range, the signal and
comparator-input frequencies must have a 50%
duty cycle. With no signal or noise on the signal
input, this phase comparator has an average ouvtput
voltage equal to Vpp/2. The low-pass filter con-
nected to the output of phase comparator I supplies
the averaged voitage to the VCO input, and. causes
the VCO 1o oscillate at the center frequency {fo).

The frequency range of input signals on which
the PLL will lock, if it was initially out of lock,
is defined as the frequency capture range {2f.).

The frequency range of input signals on which
the loop will stay locked if it was initially in lock is
defined as the frequency lock range (2f; ). The
capture range can not exceed the lock range.

With phase comparator I, the range of frequen-
cies over which the PLL can acquire fock (capture
range) is dependent on the low-pass-filter character-
istics, and can be made as large as the lock range.
Phase-comparator I enables a PLL system to remain
in lock in spite of high amounts of noise in the in-
put signal.

SCL4046B, SCL4446B

= - ' "VCO SECTION  °

TOR OUTPUT). If _this terminal is used, a load
resistor {Rg) of 50k{2 or more should be connected
from this terminal to Vgs. If unused, this terminal
shouid be left open, The VCO can be connected
directly or through frequency dividers to the com-
parator input of the phase comparators. A full
CMOS logic swing is available at the output of the
VCO. A logic 0 on the INHIBIT input “enables”
the VCO and the source follower, while a logic 1
“turns off” both to minimize stand-by power
consumption. - :

PHASE COMPARATORS :

One characteristic of this type of phase com-.
parator is that it may lock onto input frequencies
that are close to harmonics of the VCO center-
frequency.'A second characteristic is that the phase
angle between the signal and the comparator input
varies between 0° and 180°, and is 90° at the center
frequency. Figure 2 shows the (typical) triangular
phase-to-output response characteristic of phase-
comparator 1. Typical waveforms for a CMOS
phase-locked-loop employing phase comparator I
in locked condition is shown in Figure 3.

AVERAGE OUTPUT
VOLTAGE

Voo

Voo/2

1
] 90°

SIGNAL-TO~ COMPARATOR
INPUTS PHASE DF FERENCE

AVERAGE OUTPUT VOLTAGE —V

1
B0*

Fig. 2 — Phase-comparator I characteristics at
. low-pass filter output.

PHASE COMPARATORI

Input State

x x

Sig Comp
n _In

PCIOut.

SIGNAL INPUT (TERM. mm
VCO OUTPUT (TERM 4)a
COMPARATOR INPUT . ) L

({TERM 3) .

PHASE COMPARATOR I _rm_n_l—
OQUTPUT (TERM. 2) v
—Vpo
YCO INPUT (TERM.9)a oSS
LOW=-PASS FILTER
OVUTPUT —Vss
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Fig. 3 — Typical waveforms employing phase comparator Iin locked condition
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PHASE COMPARATOR II
« Input State 1
x X
Sig Comp
) In in
3 State

PCITOut o Qutput Dit:omwclod '

Phase Pulses [ I 1 - [

YCO OUTPUT (TERM 412
(CONPAI;A;TOR INPUT

PHASE COMPARATOR IT

SIGNAL INPUT (TERM. 14) .J_l

-V
OUTPUT ITERM, 13) N | — - v:D
- oo 2 - s
”n 1 AN -V
VCO INPUT {TERM. 9)s — 7, — e 00
LOW-PASS FILTER i ~Vss
OUTPUT
- /g -V
PHASE PULSE (TERM.1) ] S -v::

NOTE: DASHED LINE 1S AN OPEN-CIRCUIT CONDITION

Fig. 4 — Typical waveforms employing phase comparator IT in locked condition.

Phase-comparator IT is an edge-controlled digital
memory network. It consists of several flip-flop
stages, control gating, and a three state output
circuit comprising p- and n-type drivers having a
common output node. When the p-MOS or n-MOS
drivers are ON, they pull the output up to Vpp or
down to Vgg, respectively. This type of phase com-
parator acts only on the positive edges of tha signal

and comparator inputs. The duty cycles of the’

signal and comparator inputs are not important
since positive transitions control the 'PLL system
utilizing this type of comparator. If the signal lags
the comparator input in phase, the n-type output
driver is maintained ON for a time corresponding
to the phase difference. If the comparator input
lags the signal in phase, the p-type output driver is
maintained ON for a time corresponding to the
phase difference. Subsequently, the capaditor volt-
age of the low-pass filter connected to this phase
comparator is acdjusted until the signal and com-
parator inputs are squal in both phase and frequen-
cy. At this stable point, both p- and n-type output

150

. output drivers -are OFF for most of the SagIS

.

drivers remain OFF. Thus, the phase comparato
output becomes an open circuit and holds thevoj
age on the capacitor of the low-pass filter co
Moreover, the signal at the “phase pulses”™ ou 4
a high level which can be used for indicAting;
locked condition. Thus, for phase comparater"]l
no phase difference exists between signal and
parator input over the full VCO frequency mgl
Moreover, the power dissipation due to the l%
pass filter is reduced when this type of phase coa
parator- is used because both the p- and 2yl
input cycle: -
It should be noted that the PLL lock rangpz
this type of phase comparator is equal to thecﬂ
ture range, mdependent of the low-pass fi f‘lter.'li
no signal present at the s:gnal input, the VCD
adjusted to its lowest frequenty for phasecoﬂ
perator II. Figure 4 shows typical waveforms f
.a CMOS PLL employing phase comparator IX "=l
locked condition.
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This information is a guide for approximating
the wvalues of external components for the
SCLA0468 and SCL4446B ina Phase-Locked Loop
em. The selected external components must be’

DESIGN INFORMATION

SCL4046B, SCL.34468

R1,R2>> 2k}, Rg Z 10k}

C12>15pF

In addition to the given
to Figure 5 for R1, R2, and C1 component selec-

d‘ésign information refer

L. vCO inPuT VOLTAGE

within the following ranges: tions. .
USING PHASE COMPARATORT USING PHASE COMPARATOR L
wn s veo m'l:::n;o"sst YCO WITH OFFSET vco WIT"NzO-U:OFFm VCO WITH OFFSEY
' fo
faAxbe - {. R
— an
R 0 hapop— < =
'
VCO Freguency ]
ain Ty
Yop/2 Yoo vor2 Yoo voo’? Voo Yoo’2 Voo
VCO INPUT VOLTAGE VCO INPUT VOLTAGE

VEO INPUT VORTAGE

For No Signal Input

VCO in PLL system will adjust to center luuw.vncy,fo

VCO in PLL svstem will adjust
1o lowest operating frequency. Imin

2 1y = full VCO frequency range

fmin fo—1fL
fmax

—Use7—— with

min
Fig.5¢ to determine
ratio R2/R1 to obtain
R1

Frequency Lock Range 2t
21 = fman—tmin
Frequency Caoture i (RS vt ~
Range, 2ic
1 R3C2 c2 21¢ =L [
=y T
Loop Filter B fc=fy
Component v R3 our
Sglegten ;
Re
For 2 tc,see Ref.
c2
Phase Angle betweon 90° st center freq {1o). spproximating C2 and I 0 intock
Signal snd Comparator 180° at ands of lock range (21 ) pravs U750 “’
Locks on Hamonics of .
‘Center Fraquency Yes No
Signal Input Noise =
Resection High Aow
© T — Given: fg — Given: t_ and fy. — Given: fmax - Given: Imin & fmax
. - Use fo, with Fig.Se to — Calculate trin from — Calculate tg from — Use Ipyin with Fig.5b
determine R1 and C1 the squstion the equation 10 detormine R2andC1
fmin=fo—TL = fmax . frnax
- — Usa fmin withFig, Sb ° — Calculste 7—— i
to determine R2 snd C1f . Use f, with Fig.Sato |’ tmax
. fmax determine R1 and C1 . Use - ith Fig.5¢
vCO — Calculste Trmins Use tmin th Fig.
Coamponent . to determine
N from the squation
Setection ratio R2R1 1o
fmax _fotfL
T a——— obtain R1

REF. G. S. Moschytz,

»Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965.
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SCLA4045B, SCL44468 - Lo :

ELECTRICAL CHARACTERISTICS '3 )
2 A 2 .
PARAMETER Voo | conpitions | Teow 15C Tuan™__|{y
(Vde) Min. | Max. | Min. | Typ. [ Max.| Min. [ Max. | -
QUIESCENT DEVICE loo| - T R F
CURRENT S 5 |Inhibit = Vg -1 5| -Joos| si -~ 1|1s0
: 10 |Signal Input = —~11w0f -foot || ~ |300]°:
. 15 Voo -~ 12| =Joz 20| - |e00] %
TOTALPOWERDISSIPATION [Py | . | inh= v,
- Y 'VCOm:Xm_ . :
' | 4o = 10kH22 E
5 | Cu=15pF ~ - —|oo7; -} - -
.10 R1=1MQ, _ . - 0.6 — —_ .
15 | R2=Rg=e | _ | _ | _ |24 -l - - | ¢

NOTES: ' Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications”.
* TLow =-55°C for C, D, F, H device. . . . *
= ~40°C for. E device. A

Trigu = +125°C for C, D, F, H device.
=+ 85°C for E device. g ; -
3 veo output {pin 4) and Phase Comparator Outputs {pins 2 and 13) have been designed for
balanced output drive current specifications. Consult Family Specifications.

>

| 25°C 3
PARAMETER CONDITIONS v UNIT
m Min. [ Typ. l Max.
VCO SECTION
MAXIMUM OPERATING| f,...
FREQUENCY
SCL40468 R1 Ct
5 R2=o 10k 50pF 5 05 0.8 - MHz
- s’ A VCO = Voo 10 1.0 1.5 -
o 15 1.3 1.9 -
- . Sk 50pF 5 0.6 1.0 - MHz
. 10 14 2.1 -
15 1.8 < 2.7 — ‘
2k 50pF 5 - 1.3 - MHz  =F3
. 10 - 2.9 - :
. 3 . 15 - 3.8 -
i SCL44468- R2=o .| R1 C1 - )
> . VCO\n = Voo | 10k 50pF 5 07 1.0 - MHz
. ’ 10 . 1.3 2.0 -
} 15 ‘1.9 28 -
. . Sk 50pF 5 0.9 13 . - MHz’
: : 10 1.9 * 29 -
. - .15 2.6 3.9 -
- . 2k SOpF 5 - 1.8 - MMz
. . 10 - 39 -
- T . . : 15 - 5.4 -
LINEARITY © | - R2=eo
. - © . - |vComw = 2.5:0.3v, 5 - 1 R - %
- . R1>10kS2 -
VCOn = 5.0£2.5V, 10 - 1 -
: R1>400k2 .
- o |VCOp = 7.525.0V, 15 | - 1 -
R1>1MQ




sus 1|

o

ELECTRICAL CHARACTERISTICS (Continued) '

N

SCL4046B, SCL4446B

[~ +25°C
PARAMETER CONDITIONS Voo M T Tvo. ] UNIT
VCO SECTION (Continusd) ) : .
TEMPERATURE-
FREQUENCY i
STABILITY . . -
: No Offset R2 =00 5 - 0.12-0.24 - {%°c
10 - 0.04-0.08 -
15 - 0.015-003 | —
With Offset R2< 10X R1 [ - 0.06-0.12 - | %fc
10 -, 0.05-0.1 -
15 L 0.03-0.06 -
INPUT RESISTANCE Rixs p
(VCO,\) 5,10, 15 - 10° - MQ
OUTPUT DUTY Al valid input combin- 5
CYCLE ations and voltages - 50 —_ %
OUTPUT TRANSITION h_. ..t :
TIME TLH-TTHU L6 = B0pF 5 - 100 200 Ins
10 4 50 100
15 - 40 80
PHASE COMPARATORS
INPUT RESISTANCE
Signal Input | RN 5 1 3 - MQ
10" 0.2 0.7 -
15 0.1 0.3 -
Comparator Rin 5, 10, 15 - 10¢ - MQ
Input
AC-COUPLED INPUT |V
SENSITIVITY
Signal jnput 5 - 200 400 mV
10 — 400 800
- 15 s 700 1400
OUTPUT TRANSITION
TIME .
PCT, PCO trim, Ly 5 - 100 200 | ns
Outputs - Cy = 50pF 10 - 50 100
; 15 - 40 80
Phase Pulses  [trom, tTHL 5 - 130 260 ns
Output 10 - 65- 130
15 - 50 100
DEMODULATOR OUTPUT, ’
OFFSET VOLTAGE  [VCO-
Voem | Rs>50kS1 5 - 14 22 | Vvde
10 - 1.6 22
. 15 ° - 1.8 22
LINEARITY Rs>50k 02
VCOy =2.5:0.3V 5 - 0.1 - %
VCOyy =5.0825V 10 - 0.6 -
VCO =7.545.0V 15 - 0.8 -
ZENER DIODE ’
ZENER VOLTAGE Vz 1z = 50uA - 6.3 7.0 727 | v
DYNAMIC Rz |z =1mA - - 100 - Q
RESISTANCE :
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- .. SCL40468B, SCL4446B
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® Monostable

Nahonal
Sem1conductor

CD4047BM/ CD4047BC Low Power Monostablel Astable

Multivibrator

general description

.CD40478 is capable of operating in either the monostable
or astable mode. It requires an external capacitor
{between pins 1 and 3) and ‘an external resistor {between
pins 2 and 3) to determine the output pulse width in
the monostable mode, and the output frequency in the

" “astable mode -

Astable operation is enabled by a high level on the
astable input or Jow level on the astable input. The
output frequency (at 50% duty cycle) at Q and Q
outputs is determined by the timing components. p
A frequency twice that of Q is available at the Oscillator _
Output; a 50% duty cycle is not guaranteed.

Monostable operation is obtained when the device is
triggered by low-to-high transition at + triggger input
or high-todow trarsition at — trigger mput. The device
can be retnggered by applying a simultaneous low-to-
high transition to both the + trigger and retrigger inputs,

A high level on Reset input resets the outputs Q to low,

Q to high.

features

8 Wide supply voltage range 3V to 15V

8 High noise immunity 0.45 Vpp typ

® Low power TTL fan outof 2

compatibility driving 74L -

T or driving 74LS

-SPECIAL FEATURES

® Low power consumption: special CMOS oscillator
contiguration
{oheshot) or astable (free-running)

operation g i

’ MONOSTABLE MULTIVIBRATOR FEATURES

ASTABLE MULTlVléRATOR FEATURES

applications

'appfoachmg 100%

True and complemented butfered outputs
Only one external R and C required

Positive or negative-edge trigger
Output pulse width mdependent of trigger puBl
duration

Retriggerable option for pulse width expanslon :
Long pulse widths possible using small RC com
nents by means of external counter provision

Fast recovery time essentially independent of pu
width

Pulse-width accuracy maintained at duty cycle

Free-running or gatable operating modes
50% duty cycle
Oscillator output available
Good astable frequency stability
typical frequency = 2% + 0.03%/°C ?
deviation 100 kHz
= $0.5%+ 0. msx/’c e
"10 kHz
{circuits trimmed to frequen ,.r
VDD = 10V £10%) :

Frequency discrimi nators
Timing circuits
Time-delay applications
Envelope detection
Frequency multiplication
Frequency division

block and connection diagrams

[
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olute maximum ratings recommended operating conditions
{Note 2)
de Supply Voluge -0510 +18Vpg Vpp de Supply Voltage 310 15Vpe
~0.5 to VPD +0.5Vpe VN Input Voltage * -, 0to VppVoc~
exorage Tempersture Range -65°C to +150°C T a Operating Temperature Range
issipet 500 mW . CD4047BM -55°C to +125°C
[Soldering, 10 ds) 300°C CD40478C —40°Cto +85°C
de electrical characteristics CD40478M (Note 2)
Y .
-s5°C 25'C 125°
PARAMETER CONDITIONS i UNITS
: MIN | Max | min | oTe | omax | min | max :
Quiescent Device Current | Vpp = 5V 5 5. 150 pA
Vpp = 10V 10 10 300 BA
Vpp = 15V 20 2 600 HA
Low Level Output Voltage | Hol< 1 uA
VpD =V ~ Q.05 [ 0.05 0.05 v
Vpp = 10V 0.05 o 005 0.05 v
Vpp " 15V 005 o 0.05 0.05 v
High Level Output Voltage | l1g! < 1 pA
. Vpo = 5V 495 495 | 5 495 v
Vpop = 10V 9.95 995 | 10 .95 v
Vpp = 15V 14.95 14951 15 | » 14.95 v
Vi  Low Level Input Voitage | Vpp =5V, Vo = 0.5V ord.5vV 15 225| 18 1.5 v
- Vpp = 10V, Vo = WV or 9V a0 45 | 30 30 v
Vpp = 15V, Vo = 1.5V or 13.5V " 40 6.75) 4.0 40 v
High Levet Input Volage | Voo = 5V. Vo =0.5V or 4.5V 35 35 2.75 35 v
i Vpp =10V, VO = 1V or 9V 7.0 790 55 70 v
Vpp = 15V, Vo = 1.5V or 135V | 11.0 110 | 825 1.0 v
Low Levet Output Curreat | Vpp = 5V, Vo =04V 0.64 0.51 0.88 0.356 mA
VpD = 10V, Vo = 0.5V 16 1.3 2.25 09 mA
Vpp * 15V, Vg = 1.5V 42 34 88 24 mA
High Level Output Current | Vpp =5V, VO * 4.6V -0.64 -0.51 | 088 -03¢ mA
- Vpp * 10V, Vo = 9.5V -1.6 ~13 | -2.25 -0.9 mA
Vpp ® 15V, Vo = 135V ~.2 -34 |-88 -24 mA
Input Current VpD = 15V, VN = OV -1 -1075] -0 -10 JA
Vpp = 15V, Vi = 15V 0.1 1075] 01 © 1.0 pA
dc electrical characteristics CD40478C (Note 2) .
——
" CONDITIONS el il bl UNITS
PARAMETER co MIN | MAX | MIN | TYP | MAX | MIN | MAX
.
B0  Ouwiescent Device Ciwrent | VOD = 5V 20 20 150 . A
vpo * 10V 40 40 300 A
Vpp * 15V ] 80 600 BA
YOL  Low Level Outbut Valtage | ligh< 14A
- VpD * 5V 0.0 0 0.05 Q.05 v
. Vop * 10V 005 ) 0.05 0.05 v
Vpp = 15V 0.05 0 005 0.05 v




dec electrical characteristics {Continued) CD4047BC (Nots 2)

a 1T10NS —40°C 25°C 8s°c
P eTE CoND! MIN MAX MIN | TYP MAX MIN MAX 1.
VOH  Migh Level Outut Voltage | liol < 1 uA ' ‘
Vpp = 3V 495 495 | s ) ags |t
Vpp * 10V 9.95 895 | 10 9.95 B
VoD * 15V 1495 1495| 15 14.95
YiL  Lowlevel imoat Voltage | Vpp = 5V, Vg = 0.5V or 4.8V 1.5 225] s 15 J4&
- VDD = 10V, Vo = 1V or SV 1 30 45 30 20}
VDD = 15V, Vo = 1.5V or 13.5V €0 675] 40 40 |-
ViH  HighLevelinowt Vohage | Vpp =5V, Vo=05Vordsy | 35 a5 | 2185 as
Voo = 10V, VO = 1V or 9V 7.0 R 5.5 70 .
______ VoD~ 15V, Vo= 1.5V or 135V | 11.0 1.0 | 825 1.0 :
IV bow Level Owpwt Custent | Vpp =5V, Vo =04V 0.52 044 | oss 0.38 o
. -{ Yoo = 10v: vo =0.5v 1.3 1.1 228 0.9 b
. VDD = 15V, Vo = 1.5V 38 30 88 24
" ].loM  Migh Lerel Ovtont Cumrent | Vpp = 5V, Vg = 4.6V 052 044 | -088 -0.36 RE
VDD = 10V, Vo = 9.5v -1.3 -11 | -23s -0.9
VDD ™ 15V, Vg = 135V -36 ~30 |-88 -2.4
I Input Current VDD = 15V, Viy = OV -03 -1078| 03 -1.0
= VDD = 15V, Vin = 15V 03 1075} o3 1.0 E

Mots 1: ~Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guarenteed, they are not meanmt -
that the devices shouid be operated at these limits, The table of “Recommended Operating Conditions” and "Electrical Characteristics™
conditions for actual device operation. i 4 .

Nots 2: Vgg = OV unlems otherwise specified.

A

ac electrical characteristics cp40478
TA=25°C.C =50 PF, R = 200k, Input t, = t¢ = 20 ns, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX ..
PHL tPLH Propegation Delay Time Astable, Vpp =~ 5V . 200 400 z
__ Astable to Osc Out Vpp = 10V . 100 200 ~
. L Vpp = 15V - 80 160
PHL tPLM Astable. Astable 10 Q, G VoD = 5V 550 900
- Vop*r 1oV - 250 500 o
VDD = 15V 200 400 .
WHL. tPLM + Trigger, — Trigger t0 Q, O VDD = 5V 700 1200 7
Vpp = 10V %300 600 K
- Voo = 15V 20 420 f.
PHL. tPLM + Trigoer, Retrigger to Q, §J . Vpp r5v 300 ‘600 o
. Vpp = 10V . 175 A0 .
; Vpp=15v | B . 180 30 k&
PHL tPrH ~ Remto Q.3 Vpp = 5v 300 600 Ty
. ‘Vpp = 10V 128 250
Voo~ 15V 100 200
TTHL TTLH Tramsition Time Q, G, Osc Out Vpp = 5V 100 200 - ¢
- . ’ Vpp = 10V 50 100
. : Vpp® 15V 40 80
W, tWH Minimum Input Pulse Duration ’ Any Input
Vop = 5V 500 100
Vpp = 10V 200 ‘400
Vpp = 15V 160 >
ter, tFCL  * Trigger, Retrigger, Rise and Vpp =5V 15
Fall Time Vpp = 10V, 5
VDD =15V, . 5
CIN Average Inpast Capacitance - Any Input ’ . .5 75
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*Special input protection circuit to permit larger input-voltage swings

-

truth table
TERMINAL CONNECTIONS ; TYPICAL OUTPUT
- OUTPUT PULSE .
FUNCTION INPUT PULSE PERIOD OR
Tovpp | TOVss FROM
TO PULSE WIDTH
Astable Multivibrator 3
Free-Running 4,5.6,1417,8,8,12 10,11, 13 tal10, 11) =440 RC
} 4,6,14 7.8,9. 12 5 10, 11,13 R
True GERAN ! tAl13i = 220 RC
Complesment Gating 6,14 5,7,8.9, 12 4 10, 11,13
Monostable Mulbvibrator .
Positive Edge Trigger | 4,14 5,6,7,9, 12 8 10,11
Negative-Edg'E Trigger 4,814 [57,9,12 ° [ 10, 11 tyal10, 31) = 248 RC
Retriggerable 4,14 56,19 . 8,12 10, 11
External Countdown” 14 5,6,7,8,9.12] (See Figure} (See Figure) {See Figure)
: Note: E i resiscor be inats 2 and 3. External capacitor betwaen terminats 1 and 3.’ :
. - _:1_
® Typical Implementation of External Countdown Option
prera
DTS " out E——‘
[erocx mu:un o=
o RESEY
"’_rL O
texT = (N -.'l) talt ftm + tA/2)
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