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ABTRACT

‘Signal From data sourse is transmitted mainlyjin the from of ‘Squar wave or
pulse. Regardless of the encode such as NRZ, RZ, AMI they all have the wave shape as pulse.
This pulse signal can be brought to process as Fouriér to find spectrum of wave. We shall find
that the Main lobe spectrum and Side lobe.spectrum will be large. ‘This is the important reason
for s:el"ecu;ng‘ pulse signal is that pulse has large band width between each signal range.
Furthermore the side slobe has Jarge wave spectrum that will prevent interference between
channals which are next to each others. -If we «can reduce the side slope of spectrum of pulse
~ wave,then, we can eliminate the interference from nedrly channals.This eradicate the problem

of undersirable signal that occur. And ' we can reduce thd band width of signal transmission.
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zﬂﬁ 2.8 Computer Generated eye diagram for different values of the roll-off factor &
Eye diagram is obtained at the output of the receive filter. The cascaded channel filtering for

the NRZ data stream consists of an x/sin x amplitude equalizer, a transmit, and a receive filter
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2.3 MITUNIUITHINTRITUA I ,

Adjacent Channal Interferance
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wumummﬂiwm ACI Power uﬁﬂQﬂ"luﬂilﬂﬂﬂlﬁ‘lmlulﬂiBQﬂTNQN bnck wall 013
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Cp= Désited signal power -

ACI-1 = First adjacent channe! interference power (a)
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First AC! ztier Rx filter {see equation 4.4.1)
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Vert: 50 mV/div
Horiz: 2 ps/div

Measured eve dizgram of xy
unequalized filter. A conventional fourdy
order, unequalized-phase Butterworth fihg
having a 3-dB comner frequency at 26 i,
is used as channel simulator. The apphed
= 2T W symbol rate is f; = 64 kb/s. (2) Infinre
y i) bandiwidth eye diagram; (b) bzndlimit=
- Sampling instant eye diagram.
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Stop Band QN MunlagduIu Order Y01 Filter 6NEIOOTY Low Pass Filter ¥la Order ils
M13aRAIYEY Gdin 149 Stop Band :nAWA £ (£, oylusAs1 20 dB/decade @7 Low Pass,
Filter ¥1iA Order @03 UN150AQIUDA Gain T AIMRRIITUTUSATT 40 dB/decade UAdIMIY
High Pass Filter i@ Order 114 sxfimsiA L0 Gain 1132 Stop Band 91nAA 0 { £ ¢
£, luda31 20 dB/decade UOZ High Pass Filter ¥1if Order @84 ASmsuENYes Gain Tuwia
anwa@oIinlusasumiy 40 dB/decade’ '

Ed

Low Pass Filter ¥3ia Order @04

g‘ﬂﬁ 2.14 Second Order Low Pass Butterworth Filter

AF
(1)

1v

in

e v, /v, =Gain Y8INII

Ay =1+RyR,

f = Frequency Y04 Input Signal

f, = /1/(2nR2C2) = Hihg Cutoff Frequengy
AMToBnILlUY

—

. [aenm High Cutoff Frequency fj,

(s C, =10/ f, pFarad

08}

5

. fim R, = 1/(2rf,Cy)
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4. $AUIUIIM R, 4AT R, MM Pass.Band Gain

Ap =1+RJR

2.6 1Wadongl (Phase Lock Loop)
madeagihlszaeuats dnFouiounta fansaUANNM uag VCo dszaounu

[ -3 )
wannsuasn laszunsy

vCO

= Wy O uTIau Tay WU .
aunn - aw <. v VWY p—e LDIAWA
ANNEAAT | paqauaRau | WRRET | ATURU

s 2.15 uaauadongll

. . . ; z . (] < P v i . _ll o
singleziiun aiuliznouiimueylumuilaresndsn vagiluaaulounduily
o A' * ar * @ d‘
fosmsidouneiusznae veo nazdmiFsumsuie : .
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veo hiesaFammes Tasiinnutzgnimuaniy anumMuUMUnIeauinlszyae
[ $ 4 2 N Ty
WBAATWA VCO (fo) azgmlpunduTifaianSouhoune FaiuezgnnlSouiouiuanuasu
3 v ¥y N v
wn () 1o mynuasinfouiourafonussiuTbhiiianma Emor Voltage) aaifiansanu
H . a o o ‘ ot n‘
Ivhnssuaasundondudasiu lasaiadunaNYsInNn (fi-fo) uazida(Ag) veaduyn
iaz VCo _
mzLsaﬂu'lﬂﬂmwﬂwmmmﬂnsmmamnﬂammmmmu uafvﬂauﬁ VCO AMTIRY
b o .
‘Mvhﬁwﬂwmm:ﬁmﬁmﬂummmm vCo '1mﬂuTﬂiuwwamzaﬂmmLmnmwmﬂmm
+¥1274 fi UL fo Lile VCO xsmﬂauummn qﬂnvzaﬂuﬁm%nn (Capture State) nszmums
mzmmuna‘lﬂtsaaq sunszianud veo iaz mmnauwmmmmuwaﬂmﬂu ﬁﬂﬂ“’ﬂtﬂ‘u
4n1=88n (Phase-Locked) semmaamizion aawd veo ﬂzmwnummﬂamgmaqgﬂummaa
o, ’ i & o ﬂ o ar Y as a A o > 1Y = !
fianuanmasgun Fdulludimiumsasrnamanaia o ingldnsdensy
2 " o a o ' e ad
szfiun szuuladengy I 3 @n11y NuAnARIAY AU

1. anz1laudese (Free - running)
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2. N1 (Capture)
o .
’dm’l“‘aﬂﬂ (Phase - lock)'
~um~nnﬂmﬂumumnsm mﬂ:nnmmnmqi"nmmmﬂ VCO nummnauwnum

winnu ﬂa‘uammmmﬂﬂwmﬂﬂnmmu"lﬂmwmumﬂim'lﬂ'lﬂ Fafananiae ﬂ’iUiU‘lm%.,
'lnag‘lmmwﬁomsaaf]

*

siafSeuneauna (Phase Detector)
dmlFoumsuna aﬂamusaﬂuNﬂmsmama fuludaaiulaoasaduanumanta

swanammmauwmmsmu PLL ﬂnﬁmm‘nmmn VCO ﬂ']ﬁﬂﬂ'lﬂllﬂil“’ﬁﬂﬂﬂﬂiuu'I‘lJ‘U’eNﬂ1

uﬂﬁu‘lﬂﬂmﬂﬂwmﬁ
v, = KA¢

. [ 4 4 i o«
v, = musdednaemmmyssiinfSoumouda (17am)

o < . . g 4
K, = muvewnfSouiiouine (anisihon) .

A

aniaader asi@ou)’

VYCO (Voltage Control Oscillator)
. o ¥ 4 — a4 & e YR o Aa s
VvCO 711?!11171?7714?]')’]11(\81“‘!71 ‘lNllﬁﬂ’d’]'ﬂIﬂﬂﬂiﬂﬂﬂﬂ'ﬂﬁ@ﬂuﬂﬂuvsﬂ VCO Ll3unan

0 > 1] . » [
ptala salSounussdn Itviuunamd (Voltage to Frequency Convertor)

= ¢ . o A a
ANUUBINYNUOI VCO (31 a8u/umn)

Z
i

ar < o ' »A °' . 7
ffﬂﬂ'lﬂuﬂ‘lﬁl'lﬂﬂ'lﬂiBQN'luﬂ'J'lilQﬂ] (I’me)

"1<\
i

K, = Iuyes VCo (sinen/uiyTan).

AINIBINIUANAM (Low Pass Filter)
SansearLAIEE) Thmniimsaduausuniu wazaiuliznaunimdga (High
Frequency Component) andnaueIMYesiInl suFiounlanazndna lbihnszuans unde

(dc) uenwnil I mnsswruawandaiudadmuaszuy mimmuwlﬂmawa'lﬂu

A 2N

- ﬂﬁlﬁn’dﬂﬂ'l’l“’aﬂﬂ llﬁ“’ﬂ'li'ﬂi]ﬂ (Capture & Lock Range)
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-
~UUING  (Bandwidth)
- HAABUAUBITINTII (Transient Response)

v 0t

mimqami:ﬁaﬂ u@zannzﬁaﬂ (Capture & Lock Range)

4 g a ! < = < .
p1sden @w,) veazuumadengll ABYIAINBYDITIUY fegaunanfdounlasves
’ a4 .

ANNRBOUNN
msmﬁ’dmu Ao 2W,) ﬂmnmwlﬂaaﬂgﬂmﬁﬂma:aaﬂ .

f w L‘Jl |
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erforf

of \ ; W  frequenc
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w, 3
r——— 20—
.L"— 2w,
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% < L)\ S :
oL

LR}

- ) d -
gﬂ‘n 2.16 MINPANNITA0N eI non

i
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z

Lock range 1 (2W)

u
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hé‘
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mnsﬂuu m'maauww W,) oL mmu‘nuﬂi.vm W, Sawmiu W, mnﬂummfm
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fanid W, cmﬂummamaamsaaﬂ mamwnauwwummnﬂm w, guszngannizmisien

ﬁ'llliQﬁ'll1ﬂﬂ1ﬂﬂﬂ'ﬂﬁ'lﬁi!"ﬂﬁﬂ!‘ﬂuﬂu8 vCO ﬂ%“‘ﬂﬁl]lllﬂﬂﬂﬂ’)'mﬂﬂuﬂﬂa'li mammnauwn
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71 2.7 uamalassananladengldmiumaduaisna e

i E v o Ve . 4.
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fo=fixN

vv’

manan'lﬂ'nmmma’mvm (f tﬂummumwmmmnmm) anudnleundusin

2393 VCO ﬁﬁmnﬂ?ammnmm’Jmnmq_aamﬂaﬂmﬂmai (PD) mimammu N Tmmiy
' - E 4

‘ot . ; ooy .
aiBnense dmsumsnsulesfanduues PLL illnesms luaaueunduiiounsiumes

Tindulans
: F(s)
ol KKag
0.(s) F(s)
KK,

L4 o« . v
Zmiunudesfinduvesgilan doulafe
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G(s)
Jo= 1+ G(s) H(s)

G(s) = WBi3sanu (Forword Gain)
Hs) = inUUoundu (Feedback Gain)
G(s)H(s)= tnugilila (Open Loop Gain)

IA L4
nnaumaasanlesiisanune

K K, F(s)
Q= Zemmd” 2 .
G(s} = s

weznuvesgiliaveaiadenguie

. 5 it 1/ \l - ‘ " ;
swisulumsduanenanyinasniamnuad PP lugszdonlyieinsanud
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:1ﬁﬂ'nuﬂﬁiiu‘mﬂ‘umgﬂuaxmuﬂuﬂmﬂﬂmaiﬂa
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mANNasssuNg, Sasuauiliveagy suilumsiiinesneansaimua lalasdmua

¢ o~ {N ' 0. . =y id 0 ‘ .
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ﬂ'lﬂi'ﬂ‘i)“’mu?'lﬂﬂlﬂl'lﬂlﬂ‘lﬂﬂﬂﬂlﬂﬂﬂ’liiﬁﬂ’)ﬂﬂﬁﬁﬂlﬁﬂ'ﬂ mn‘lﬂmnaumiuunmnnm

¥ . t 4

Output cmnﬂmnmmxm T 84 T Saflaunanaeni To ‘umfrmmmmwmm input aa
'lumiaammmwmmnmunam Output °lnﬂiaUﬂqummunmnmuuﬂ m‘lmafas
v ° Y4 A 2 o o . ° ’ ‘w ’
wsaLS WA UM Fanenisi D flip-flop Wnaseynsuiudlu shift-register
de i o4 dq Y7 ¥ . v 4
TaeN$ 11U D flip-flop HazAMNA clock #ilwnlewin D flip-tlop aunsomlannaunisi |

mmsnmwumﬂumuﬂwu‘lﬂ fnu Amplitude ‘mmumuJaauuﬂaalﬂmumuﬂmumfm;aa

v

Amplitude i mmin'l‘vmmmumunmuﬂ Amplifier woumaznaitnith Imuminism

AnumumMuizaoh Output U84 shift-fegister )N D flip-flop

A ' H o 4 ! @ oA i el o o Yo . at A
11«!!5BQﬂ'ﬁﬂﬂﬂllﬂﬂ?@“iﬂﬂ?‘]uﬂ')“ﬂiaf‘l 3 6 NADAUANUANHUEAUTAUNITN | AD

1. $7U7U D flip-flop

wtmmmuiﬂmﬂaaﬁmmm"aaﬂ Main Lobe Specturm 103

mmnmﬁua ufn'nnm -I)T umwmuin Amplitude wmﬂmnmqﬂmmsnmm"lﬂmﬁv
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- 2. clock flouTiun D flip-tiop ,
mmwmumunmm Output Y93 D flip-flop
Tﬂaﬂmuﬂ‘lmmfm D flip-flop (i) uazAE clock (AT) ludanlsau auma
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. . a Q' o ] . i 4 . ) ° [
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A13MIA1 R Minn weight M Voltage 93A8IN 1Y

1. Voltage f output 493 D flip-flop ﬂﬂ@llﬁﬁ“’ﬁ’) (A)

2. nswu?m D flip-flop ananweennlun Load (Imax) 1ﬂiﬂa'lmn°ln Voltage /3oy
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' ¥ v, v ¥ . - v
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_ I3 . * p é b4 ° b 4 v
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a1 4

- o 1] E L ¢ ' It & A9 '
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ATNTDINT filter Iﬂﬂ}‘v filer (41U low-pass But_tgrwoth filter ﬁ’mﬁﬂﬁ]i}ﬂ cptoff (ty)
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ilureesnseinudiosnlnanuiieglupis low frequency cutoff AU high frequency
cutott su T lammin Tasfigauanudueamileninii e lvaunsonula

. o S “n 7 ' T
Siunsoonmsnzimuannuafiasins Tasdmuatuuuadasuism Q uil

[ 4 .
s

v . « ¥ ' .. . ¥ 2 o J
asims manNERUREsmAIEaIieeIms Fdunsumsssnuuniiaail
. . ¥ . . » v o . -
LifonmAanudaudumiy 540 KHz 1azmamaaigaumiy 660 KHz
a uoa dcda ?0 o4 2 Ce
2fonmannuszy Tuiiilyar 680 pF tnuNABINTIMINY 4 A1 Q IMNY 5.
. ¢ ¥
3ununatiinsanisaalugas .
R, = Q/2TE.CAE) = 5/{2TC*600*1073*680%10-12+4) = 487.8£)
R, = Q/(2TIf. C[2QQ-AF]) = 5/(2TC*600*10/3¥680*107-12[( 225 -4]) = 42{2

R, = Q/(TEE.C) = S/(TL*600* 10A3*680%107-12) = 3.9 KL)

¢ ¢ ‘v

] . [ 0 .
s 3.13 namanesnssenawtmuenilyluresmaguiazmasy

3.7 2995 DEMODULATOR ‘
aw o & ‘o o < % o
Taefidnumzvornsgudyanuadummiudygw Signal Sawaaslalugili 3.4 Tas
- ’ ~ a Ya R o @ o o . v - >
fvnemynien 6 uay 12 sxlndyguiinduaiu Taodganaemymanudigezgnilias
o . o L Y. 4 o ‘- 124 R
amITe Aamdeiicmadygnaauia Felydunmaeunesinesiazusudurosaesl

4 o ¢
woutlierlunsvewdyanauumiuue



47

1K 820 . WK

51ii 3.14 18A92993 Demodulator

‘v . »
3.8 mafiunNudves clock laaly PhaseLock Loop
» * 1]
mu11 IC 84 Phase Lock Loop 921l52ABualsamdif 2 aaufo
1) Phase Detector 'm'nu'mnj‘1 bumumﬂmmauuw ua..wlavaammvmm VCO mxﬂﬂ

uaam,ﬂmmanua~mﬁwammmmgmmtﬂaﬁmﬂmai
2) Voltage Contrbl Oscilator mmxmnaﬂmmﬂmus:ﬂuvmhawxmm]aumu1 Tunis
matﬂﬁaanqﬂ"lﬂnﬂmwsmummm:ﬁmmwsmauaﬂmmﬂuan 2 2993119
o ¥ As' 4:; o (ci & <t ¥ s ar 4
1. Low Pass Filter wunin/acusinfasmomynvearadmames lmiuszdulloa
A b 4 t 4 » I3
wi Wetsulndy veo Taglandnmanisanimi
K o ﬂ @ oo o A 14 o ¥ 5 :'s -t
2. aesmsanumihednfididgyinldounmsadengl lmdursesfuanud

MM’
9

a& @ ar e b (-4 * o 'w as ‘.
elidyguiamuin MsmasshnsnSoufisunmuananveatasiufasonau

é as Id ‘ i ’ o M ¥ >’ -— ar ¢ - H ‘ ‘e=d
wilrweriasamames szlanimuanaiasesninmmii fadhiiawdng fusmymyowriad
L4

IMAIADI

.’ ‘; . ) o P I’ b 4 o P
'msnsmmmﬂmﬂmmumﬂi0;mm‘i’mmwammﬂ"zms?xmﬂmes iluszduTran

C RN maﬁflﬂaﬂammtﬂmh VCO- R

v 4
=)

P . .. E 4
Voltage Control Oscilator 92MMUTIATNRAIWDTUMINATZAUUTIAURTANINIDIATES

v .
=t o

. -2 4 ¥ o o 7 ¢ o« % ¢
awaa #Trammeilazulsduauiamemynveaiasdmaines



oot ——— o1 HUL

! Phase | Low Pass
. | Detector : Filter
i I
! 1
! '
| |
NUIMI N | :
A4
Y ! :
N ]
! |
i . 1
, | Voitage ’
Output -  Control e
1 | Oscillator }
1 : T
| H

v g L [ v . ¥ B
31t 3.15 vfien InezunsuveesmunLdlnuls Phise Lock Loop

Fennmbe ¥oq,

[
Y

GIniuns
T::.
andivunsy
eayui ’
EY .
L___,) 2 Symanuaang

e

Fugiruiowioy 4

5.
R P2 —O .
: ﬂ’:-uw‘-‘:‘!"-‘ FQEIQAMURInNT ¢
wauum 2 L0 vsvaf,
B
3

. VCO Buma
vCo - . LA : F2uUNTH
arudnuin

- £ . --(
fugmEn0 1 10IANA e 2
O

4 eefanas 10

Y53

w
P

L

A, =
x

w

%
O Spe
"

~ - . ; y =]
11l 3.16 ydonlaszunsy uanenesmeoluuaznislyuvedled 4046 PLL

48



49

. 74 A4 _ o Cda%® 4
L 300317 N THHURMIAMLAN Voltage Control Oscilator #anaoni o lnlaaaud
Yo o d“d' ¥ éa d'l o -t ¥ ar E ’
gonnlmmiuanuinunidumusaies ienmmsnFeudounleady
4 ¢ . . Y sed " a.a v o ’
NANMOMWNUBINIIMS N 22ARalANUIIMALBUNNYBINAT AN Voltage Control
a ¥ a a4 ' d4 1 Y da . ot ‘y " g -
Oscilator SeBeHAAANUANIFIANANUBNIYBUIINIBUYNYBIEAMAINEITNIU N 1M W

=] ! o t § " A Y ; ' c; a o T
Whsuiaileuimssadeagimmsoasnmib lagaiunnamudduymdusnou N m

CLKINPUT
. 1c2
2 12
Ly 2
47[)5' — I AMR2 Q _3.
” L2
Q@ o
-t crro
K.
l T
CLK QUTPUT

71171 3.17 2393 Phase Lock Loop Ml¥lulazsai



TX l Rx
|
|
Mod I
BPF |
fc1 |
fc1 :
|
|
Mod | Demod Output
Inout 1 Pulse Shape BPF C) i [ BPF
P Sampling 2N LPF fc2 Z: fc2 1&D
\ fc2 fc2
CLOCK Mod
———PLLxXN BfPa,F
C.

fc3

U7l 3.18 UARI BLOCK DIAGRAM

oS



it

VIEUHPUDBRBULUERDL BRI 61°C

(44
i3

L]
i
- - ! 1x 13V
_EW\.. VNV
, = i\
LT i
=
>
ﬂi‘E bt 3
v - n
- ¢ «'} ~
100K saw ‘
1l y 1§

CLX INPUL 1

. M1y
" —— o w4
, ux aF TV Ty, @ i
L et | = To@t—r
t] ’ ’ 3
s -2 =L *
T dare !
veows |t Tdan
N LW3
ol )
. o U
1aiv

s ¥ 1008
“osv 1ok i
i
[—c’ -d B @
| oanter
»2zPUL ‘—E 4 g L
N . @ i
&
ook ]
woxm POk @ ' = = ’
e
"
:
L i o 13x i
Honiae A "2
i
= |oiw v
e I; i a3 %
v 7T i i —
Teox 1 e e " I U
1l » i
i ; . o]
1 MCi596 !
u —|
i [$L
I MC1S0e
AN
K
£l
K]
) .
. e o
5
iﬂ ¥
i . [
e ¢
o ¥ .
l - > ] N ] 3 [ [ }
-




e

MELLUBLILLORELBRI OT'E

Y]
o 5 £
1 40ee
. X A
13 o 138 / Fﬂzw: oo _
. gvv—w—'y» A L .
CARIR NPT ifnu-v ,.J) H : :
.- T I“ ‘1’3‘] el o -l
o ar S M CE e ) oposer ok ) . . 3 el n
. 10 LT - . i T .
. §  MCi5s0, ! [y 1= 8 } 5 . U
¥ 4P “« 3 .
Jes 4 LT ; .1 013 030 s
mMaws | | ooosr AN . "
4 1 100K ]
(1 75 *»v = -V k

13

£7 ¢
{

?

Cea
. . i A -
B 2 =
. . ar >3 S N —2
. iR - HLD2Y
. &

¢S



53

a o P T <
5.
Bl
7y
;
iwI ._ m
| . b
ﬁ___ 1% : W.c
‘ | AL
3 :
&
TR

R1
R7
Y

85883885 85685885 8o88388Y 8588388
mmAn mm mmAB mm mmAB mm MWAB m,m
) 3 .89 s w| o ~k w| o —ke ol o &
X!
6% E ]
L
a X2 « m
oy 1
m .WQQ
mfwma < N t
m} 1HH.‘__.
C ‘
) m v _ m * < j

l

U7 321 uarneae9sdagiladu . (pulse shaping)

.



UNN 4

AHaN1IINAadN

1. dyana NRZ iy Data 1vfiu2995 64 Kbs

Ui 4.1 uetmedeye I NRZ Wil Data 12995 64 Kbs

2. anilnnSuvesdayanal NRZ

N GeKNZ

crsY " 23.3000V
ie 08~/

18KM2
€8.900nV
$0.0KHZ/
10KNZ ROV

REQUESY

91l0 4.2 namsminaiuvesdaya u NRZ

54



55

3. anilnasuvesdayn uiin939A31IAAY (pulse shaping) 3 Lobe spectrum
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Y

fmuamnloiulusunsy

summnuduiun
No. of functiongi c
Range ‘of time : T1.T2
‘ Bitrate . F
Voltage - V
Amplitude D F/F 1 a

'

AU
£,10,11,12,t3,14,15,6,t7,T

'x0,x1,x2,x3,x4,x9,X6,x7

fMuUdUN1S. Raise Cosine
MM A0,A1,A2.A3,A4,A5A6.A7,
y0.y1,y2,y3.y4,y5.y6.y7




ndaana
10.11,12,83.44,15,16,17
AC,A1,A2A3,A4A5A6A7

]
k.

A 4

ATuou
- R1,R2,R3,R4,R5,R6,R7

namIna
R1,R2ZR3,R4R5,R6R7

Plot graph Inglin
x0,x1,x2x3,x4.x5,x6x7
y0.y1.y2.y3.y4.y5.y6.y7

PRV

(. END ) |



ATUIUGUMS Cosine
AT A0 A1,A2.A3,A4,A5A6A7
y0,y1,y2,¥3,y4.y5,y6,y7




AoUaUMS Triangle
1A A0A1,A2,A3.A4,A5,A6,A7,
yO.yi .y2,y3.y_4,y5;y'6,y7 .




NO

YES:

ATIOUAUMS Gausian
MA1 AO,A1,A2,A3,A4,A5,A6A7,
y0;y1'.y2,y3,y_4: y5,y6.y7

3




-

fMusudums Gausian
MM A0,A1,A2,A3,44,A5,A6,A7,”
y0,y1.y2,y3,y4.y5,y6,y7




#iﬁclude
#include
#include

#include:

<math.h>
<stdio.h>
<conio.h>
<graphics.h> -

#define PT 3.14159265

main ()

float

T1,T2,t,T,F,V,

-£0,t1,t2,t3,t4, t5 te6,t7,

AO0,A1,A2,A3,A4,A5,A6,A7,
v0,y1,¥2,y3,v4,Y5,¥Y6,¥7,

x0,x1,x2,x3,x4,x5,x6,%7,

int

R1, R2,R3,R4,R5LR6,R7,R8,RF,a;.

.Gy

int gd—DETECT gm_

clrscr();

printf ("Program.ﬁor 5 function. \n");
printf ("1.Raise cosine function. \n")y
printf ("2,Cosine function. \a")

printf ("3.Isoscales triangle function. \n")
printf ("4.Gausian function. \n");

printf ("S.Gausian function. \n")

printf ("\n");

printf ("Select function : ");

scanf  ("%d",&c);

printf ("\n")

printf ("Input range of time T1,T2. \n");
printf ("Enter T1.: ");

scanf ("%f",&T1) ; :

printf ("Enter T2 : ");

scanf ("%f", &T2) ;

printf ("Input bitrate : ");

scanf ("%f",&F); .

printf ("Input voltage : ");

scanf ("%f",&V); .

printf ("Input amplitude of o/p D flip-flop
scanf ("%$f*,&a);

printf ("\n");

t = (T2-T1)/7 ;

t0=T1;

£1=T1+t; t2=tl+t; t3=t2+t; td=t3+t;

t5=t4+t;_t6=t5+t7 t7=t6+t;

T = 1/F;
. xO 0; x1=x0+T; x2—x1+T x3=x2+T; x4_x3+T
x5=x4+T xX6=x5+T; X7=x6+T;

Cif(c==1

{

)

AO0=cos (PI*t0/4) *cos (PI*t0/4) ;

Al=cos (PI*tl/4)*cos(PI*tl/4) ;.
A2= cos(PI*t2/4)*cos(PI*t2/4)
Al= cos(PI*t3/4)*cos(PI*t3/4),
Ad=cos (PI*t4/4)*cos(PI*t4/4);
A5=COS(PI*t5/4)*COS(PI*t5/4)}

");



" Ab= cos (PI*t6/4)*cos (PI*t6/4);
A7=cos (PI*t7/4) *cos (PI*t7/4);

else

y0=V*AQ; y1=V*A1; y2=V*A2; y3=V*A3;
y5=V*A5; y6=V*A6; y7=V*A7;

(if (c==2) -

A0= cos(PI*t0/4)

Al= cos(PI*t1/4),
A2=cos (PI*t2/4);
A3=cos (PI*t3/4);
Ad=cos (PI*t4/4);
AS5=cos (PI*t5/4) ;
A6=cOs (PI*t6/4);
A7=cos (PI*t7/4);

yO=V*A0; yl=V*Al; y2=V*A2; y3=V

else

{ 1f(c==3)

A0=1-t0;
Al=1-t1;
A2=1-t2;
A3=1-t3;
Ad=1-t4; !
A5=1-t5;
A6=1-t6;
A7=1-t7;

y4=V*A4;

*A3;

y4=V*Ad; y5=V*A5; y6=V*A6; y7=V*A7;

y0=V*A0; yl=V*Al; y2=V*A2;
y3=V*A3; y4=V*A4; yS5=V*A5;

y6=V*A6; y7=V*Al;

}

else

{if(c==4)

Al=((sin{PI*t1/T))/ (PI*tl/T)

~

A0= ((sin (PI*t0/T))/ (PI*t0/T))*

((sin (PI*t0/T)) /(PI*t0/T));

Jrag.

)

((sin(PI*t1/T))/(PI*tl/T));
A2=((sin{PI*t2/T))/(PI*t2/T))

((sin(PI*t2/T))/(PI*t2/T));
A3=((sin(PI*t3/T))/ (PI*t3/T)):

((31n(PI*t3/T))/(PI*t3/T))
Ad=((sin (PI*t4/T))/(PI*t4/T))
)i
)3
Y
)
)i
)

T we e

¥ -

((sin(PI*t4/T))/ (PI*t4/T)
A5=( (sin (PI*t5/T) )}/ (PI*t5/T)
~ {{sin(PI*t5/T))/(PI*t5/T)
A6=((sin(PI*t6/T))/ (PI*t6/T)

((sin(PI*t6/T))/ (PI*t6/T)
A7= ((s1n(PI*t7/T))/ (PI*t7/TY)

s ome e

* o~



((sin(PI*t7/T))/ (PI*t7/T));

y0=V*A0; y1=V*Al; y2=V*A2; y3=V*A3;
Y4=V*A4; y5=V*A5; y6=V*A6; yT=V*A7;

else
{if (c==5)

. A0=(sin(PI*t0/T))/ (PI*t0/T) ;
Al=(sin(PI*tl1/T))/(PI*tl/T);
A2=(sin(PI*t2/T))/ (PI*t2/T);
A3=(sin(PI*t3/T))/ (PI*t3/T);
A4=(sin(PI*t4/T))/(PI*t4/T);
AS5=(sin(PI*t5/T))/ (PI*t5/T);
A6=(sin(PI*t6/T))/ (PI*t6/T);
A7;(sin(PI*;7/T))/(PI*t7/T)p
y0=V*A0; yl=V*Al; y2=V*A2;
y3=V*A3,; y4=V*A4; y5=V*A5;

‘}y6—V*A6 y7=V*A7;

else .
{ printf ("exit");}
} )
}
}
}
_clrscr();

printf ("Function No. %d\n",c); .

printf ("Rang of time % .2f<t<% .2f\n",T1,T2);

printf ("Bitrate % .2f\n",F);

printf ("Voltage = % .2f V. \n" V) ;

printf ("Amplitude of O/P D Flip-Flop = % .2f\n\n",a); .
printf ("Coefficient of tlme and coeff1c1ent of amplltude \n'

printf ("t=% .3f \t amplitude=% .3an",t0,A0);
printf ("t=% .3f \t amplitude=% .3f\n",tl,Al);
printf ("t=% .3f \t amplitude=% .3f\n",t2,6A2);
printf ("t=% .3f \t amplitude=% .3f\n",t3,A3);
printf ("t=% .3f \t amplitude=% .3f\n",t4,24);
printf ("t=% .3f '\t amplitude=% .3f\n",t5,AS5);
printf ("t=% .3f \t amplitude=% .3f\n",t6,A6);
printf ("t=% .3f \t amplitude=% .3f\n",t7,A7);
printf ("\n");

a/ (A6%0.004) ;

Rl =
R2 = a/(A5*0.004) ;
R3 = a/(A4*0.004);
R4 = a/(A3*0.004);
R5 = a/(A2*%0.004);
R6 = a/{A1*0.004);
R7 = a/(A0*0.004);

printf ("Rl =% .3f\n",R1);



printf ("hz .3f\n",R2);

=%
printf ("R3 =% .3f\n",R3);
printf ("R4 =% .3f\n",R4);
~printf ("R5 =% .3f\n",R5);
printf ("R6 =% .3f\n",R6);
printf ("R7 =% .3f\n\n",R7);
printf("Press any key to see graph : ");
getch() ; “

initgraph (&gd, &gm,"") ;
line (20,350,600,350);
line (300,50,300,450);

putpixel (300+ (int) (x0*500000).,350- (int) (y0*50),15);
putpixel (300+ (int) (x1*500000),350- (int) (¥1*50),15);
putpixel (300+ (int) (x2*500000) ,350- (int) (y2*50),15);
putpixel (300+ (int) (x3*500000),350- (int) (y3*50),15);
putpixel (300+ (int) (x4*500000) ,350- (int) (y4*50),15);
putpixel (300+ (int) (x5*500000),350- (int) (y5*50),15);
‘putpixel (300+ (int) (x6*500000) ,350- (int) (y6*50),15);
putpixel (300+ (int) (x7*500000),350- (int) (y7*50),15) ;

putpixel(BOO—Kint)(xO*SDOOOO),BSO-(int)(yO*SO),15);
putpixel(300-(int)(xl*SOOOOO),BSO—(int)(yl*SO),lS);
putpixel (300- (int) (x2*500000) ,350- (int) (y2*50),15) ;
-putpixel (300~ (int) (x3*500000) ,350-(int) (y3*50),15);
putpixel (300-(int) (x4*500000),350- (int) (y4*50),15);
putpixel (300- (int) (x5*500000) ,350- (int) (y5*50),15) ;
putpixel (300- (int) (x6%*500000),350- (int) (y6*50),15);
putpixel (300- (int) (x7*500000) ,350~ (int} (y7*50),15);

printf ("Press any key to EXIT :");
getch();
closegraph () ;



Program for 5 function.
1.Raise cosine function.
2.Cosine function.

3.Isoscales triangle function.
4 .Gausian function. ’
5.Gausian function.

Select function : 1

Input range of time T1,T2.

Enter T1 : 0 . :

Enter T2 : 2 :

Input bitrate : 64000

Input voltage : 5

Input amplitude of o/p D flip-flop : 3.98

Function No. 1 _

Rang of time 0.00<t< 2.00

Bitrate €64000.00

Voltage = 5.00 V. :
‘Amplitude of O/P D Flip-Flop = 3.98

Coefficient of time and coefficient of amplitude

t= 0.000 amplitude= 1.000
t= 0.286 \ amplitude= 0.950
t= 0.571 amplitude= 0.812
t= 0.857 amplitude= 0.611
t= 1:.143 amplitude= 0.389
t= 1.429 amplitude= 0.188
t= 1.714 amplitude= 0.050
t= 2.000 amplitude= 0.000
R1 = 20094.693

R2 = 5285.382

R3 = 2559.555

R4 = 1627.784

R5 = 1225.755

R6 = 1046.835

R7 = 995.000

Press any key to see graph



Program for 5 function. - )
1.Raise cosine function. )
2.Cosine furction.

3.Isoscales triangle function.

4 .Gausian function. .

5.Gausian function.

Select function : 2

Input range of time T1,T2.

Enter T1 : 0O

Enter T2 : 2

" Input bitrate : 64000

Input voltage : 5

Input amplitude of o/p D flip-flop : 3.98

Function No. 2

Rang of time 0.00<t< 2.00

Bitrate = 64000.00

Voltage = 5.00 V. ‘
Amplitude of O/P D Flip-Flop = 3.98

Coefficient of time and coefficient of amplitude

t= 0.000, amplitude= 1.000
t= 0.286 amplitude= 0.975.
t= 0.571 - amplitude= 0.901
t= 0.857 - amplitude= 0.782
t="1.143 - . amplitude= 0.623
t= 1.429 amplitude= 0.434
t= 1.714 amplitude= 0.223 :
t= 2.000 amplitude= 0.000
Rl = 4471.490

R2 = 2293.241

R3 = 1595.856 .

R4 = 1272.653

R5 = 1104.367

R6 = 1.020.588

R7 = 995.000

Press any key to see graph



Program for 5 function.
1.Raise cosine functiom.
2.Cosine function. ‘
3.Isoscales triangle function.
4 .Gausian function.

5.Gausian function.

Select function : 3

Input range of time T1,T2.
Enter T1 : O

Enter T2 : 2

Input bitrate : 64000-
Input voltage : 5

Input amplitude of o/p D flip-flop : 3.98

g

Function No. 3

Rang of time 0.00<t<¢ 2.00

Bitrate = 64000.00 '

Voltage = §5.00 V.

Amplitude of O/P D Flip-Flop = 3.98

Coefficient of time and coefficient of amplitude

t= 0.000 . amplitude= 1.000
t= 0.286 . amplitude= 0.714
t= 0.571 amplitude= 0.429.
t= 0.857 amplitude= 0.143
t= 1.143 amplitude=-0.143
t= 1.429 amplitude=-0.429
t= 1.714 amplitude=-0.714
t= 2.000 : amplitugde=-1.000

R1 =-1393.000
‘R2 =-2321.667
R3 =-6964.998
6965.003

R4 =

R5 = 2321.667
-R6 = 1393.000
R7 = 995.000

Press any key to see graph :



Program for 5 function.
1.Raise cosine function.
2.Cosine function.
3.Isoscales triangle function.
4 .Gausian function.

5.Gausian function.

Select, function : 4

Input range of time Ti1,T2.

Enter Tl : 1

Enter T2 : 3

Input bitrate : 1000

Input voltage : 5

Input amplitude of o/p D flip-flop : 3.98°

Function No. 4

Rang of time 1.00<t< 3.00

Bitrate = 1000.00

Voltage = 5.00 V. . nsy
Amplitude of O/P D Flip-Flop = -3.98

Coefflclent of time and coefficient of amplitude

t= 1.000 amplitude= 0.000
t= 1.286 amplitude= 0.000
t= 1.571 amplitude= 0.000
t= 1.857 amplitude= 0.000
t= 2.143 amplitude= 0.000
t= 2.429 amplitude= 0.000
t= 2.714 amplitude= 0.000
t= 3.000 amplitude= 0.000
R1 = 118358237184.000

R2 = 60929449984.000

R3 = 238993752064.000

R4 = 180247150592 000

R5 = 25517369344.000-

R6 = 26546808832.000 .

R7 = 420565705885220864.000

Press any key to see graph



Program for 5 function.

.Raise cosine function.
.Cosine function.

.Isoscales triangle function.
.Gausian function.

:Gausian function.

U W

Select function : 5

Input range of time T1,T2.

Enter T1 : 1

Enter T2 : 3 :

Input bitrate : 1000

Input voltage : 5

Input amplitude of o/p D flip-flop : 3.98

Function-No. 5

Rang of time 1.00<t< 3.00

Bitrate = 1000.00

Voltage = 5.00 V.

Amplitude of O/P D Flip-Flop = 3.98

.Coefficient of time and coefficient of amplitude

t= 1.000 amplitude=-0.000
t= 1.286 amplitude=-0.000
t= 1.571 amplitude=-0.000
t= 1.857 amplitude=-0.000
t=.2.143 amplitude= 0.000
t= 2.429 amplitude= 0.000
t= 2.714 amplitude= 0.000
t= 3.000 amplitude= 0.000
R1 = 10852025.000

R2 = 7786193.000

R3 = 15420725.000

R4 =-13392010.000
R5 =-5038827.500
R6 =-5139462.500
R7. =-20456366080.000

Press any key to see 'graph :
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MC14045tB
MC14050B

HEX BUFFERS

The MC14049UB hex inverter/buffer and MC140508 non-
inverting hex buffer are constructed with MOS P-channel and
N-channel enhancement mode devices in a single monolithic
structure. These complementary MOS devices find primary use
where low power dissipation andfor high -noise immunity is
desired. These devices provide logic-level conversion using only
one supply. voltage, Vpp. The input-signal high level (V) ¢an
exceed the Vpp supply voitage for fogic-level bonyersions. Two
TTUDTL Loads can be driven when the devices are used as
CMOS-to-TTL/DTL converters (Vpp =
loL > 3.2 mA). Note that pins 13 and 16 are not connected in-
ternally on these, devices; consequently connections .to these
terminals will not affect circuit operation.

50V, VoL 04V,

High Source and Sink Currents

High-to-Low Level Converter

Supply Voltage Range = 3.0V to 18 V

Meets JEDEC UB Specifications—MC 14049UB
Meets JEDEC B Specification—MC140508,
V|n can exceed Vpp

CMOS.SSI

{(LOWPOWER COMPLEMENTARY MOS)

HEX BUFFERS

Tnverting — MC14043UB
Noninvecting - MC140508

MAXIMUM RATINGS"® (Voltages Referenced to Vgs)

L. SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

ORDERING INFORMATION

A Series: ~55°C to + 125°C
MC14XXXBAL or UBAL (Cerami¢ Package Only)

'Maxirﬁun} Rallnés are those values beyoi\d which damage to the device may occur.

CIRCUIT SCHEMATIC
{1/6 OF CIRCUIT SHOWNI

MG 14049UB MC140508
DD
J f . Vpo
n
"LF

Symbol Paramseter Value Unit
- - C Series: —40°C to +85°C
Vpp | OC Supply Voltage -0.5to +18.0 v MC14XXXBCP or UBCP (Plastic Package)-
Vin | Input Voitage (DC or Transient) -0.5t0 +18.0 v MC14XXXBCL or UBCL (Ceramic Package)
Vout | Output Voitage (DC or Transient) N ~0.5t0 Vpp +0.5.| Vv
. lin Input Cutrent {DC or Transient). per Pin =10 mA
lout | Output Current (DC or Transient), per Pin . T 445 mA
Tstg | Storage Temperature -651t0 +150 °C
T tead Temperature (8-Second Soldering) 260 °C

LOGIC DIAGRAMS

MC14049U8 MC140508

i

Vss

NC = Pin 13, 16 NC = Pin 13, 16
Vss = Pin 8 ‘Vss = Pin 8 '
VDD = Pin 1 VDD = Pin 1




ELECTRICAL CHARACTERISTICS (voltages Referencea to Vgs)

MC14049UB-MC140508

Voo Tiow” 25°C 4 Thigh®
Characteristic Symbol| Vde. [ Mia Max Min Typ # | Max Min Max | Unit
Qutput Voltage Q" Level | VoL | 50 - 005 - h o} 0.05 - 0.05 Vdce
Vin = Voo 0r 0 10 = loos| - 0 00s{ - | oos ‘
. 15 - 0.05 - f o} 0.05 - 0.05

Vin = 0 or Voo “1" Level | Vou'| 50 | 495 - 4.95 5.0 - 495 ( - Vdc

10 9.95 -~ 935 10 - 9.95 -

15 14.95 - 14.95 15 - | 1485 -

Input Voltage MC14049U8 “0" Level | Vy - ’ i ’ R . Vde
(vg = 4.5 vde) 5.0 - 4 1.0 - 225 1.0 - 1.0
(Vo = 9.0 vdc) 0 | - 20 - 459 || 20 - 2.0
(Vo = 13.5 vdel 15 - 25 -.| 678 25 - 2.5

. “1°" Level ViH Vdc

{(Vp = 0.5 Vdel 5.0 4.0 - 4.0 2.75 - 4.0 -

(Vg = 1.0 vdel 10 8.0 - 8.0 6.50 - 8.0 -

(Vg = 15 vde! 1S 125 - 125-| B2S | -~ 125 -

Input Vaitage MC140508 "0 Level § Vi Vde
vy =05 Vde) 5.0 - 1.5 - 225 15 | - 1.5
(Vg .= 1.0 vdeh 10 - 30 - 4.50 30 - 3.0
(Vg = 1.5 Vdc) 15° - 40. — 6.75 | 40 - 40

"3 Levell Vi Voo

(Vg = 4.5 vdc! ‘ s0 |- 3s - as 2.75 - 35 -

(V.= 9.0 Vdc) 10 70 2 7.0 5.50 2 70 -

(Vo = 135 vdc) 15 11 - | 1 8.25 - 1 -

Qutput Drive Current (AL Devicel lox i ,mAac
(Vo = 2.5 Vde Source 5.0 -16 - -125 | —-2.5 | - -09 - :
(VoH * 9.5 Vde) 10 -1.5 - t-13 -2.6 - -09 | =
(VOH = 135 vecl 15 | -4.7 -, 1-375} —10 - -2.7 -

(Vg =0.4 vdel Sink low 5.0 3.75 - 3.2 6.0 - 22 - mAdc

(VoL = 0.5 Vacl 10 10 - 80 16 <1 5.8 -

(VoL =15 vde} 15 3 4 - 24 40 < 170| -

Output Drive Current (CL/CP Deucel loH mACe
(VoH = 25 Vacl Saurce 5.0 -1.5 1 .— |=1.25{ -~25 £ -1.0 -

(Von = 9.5 Vde) 10 -1.5 - | =13} -26 - -10 -

" (Vow = 135 vec) 15 -45 | - |-3.75] —10 - -30 -

(Vor =0.4 Vacl sink [ toL | 50 | 36 - |32 6.0 = 26 1 = | mAce

(VgL = 0.5 Vdc) ' 10 9.6 - 8.0 16 - 66 ] -

{Vgy = 1.5 vdc! 15 28 - 24 40 - 19 - N
input Current' (AL, Device) lin 15 = £0.1 — |:0.00001{ :=0.1 - £1.0 | pAce
Input Current (CL/CP Devicel lin 15 - 203 — 1:0.00001} :03 ] = | 210 | uAde
Input Capacitance A Cin - - - 4 R 20 - - oF

(Vin =01 . ’
Quiescent Current (AL Device} lpo 5.0 - 10 - 0.002 1.0 - 30 uAdc

(Per Package) 10 - 20 - 0.004 20 - 60

. 15 - 4.0 - 0.006 40 - 120

Quiescent. Currant (CL/CP Device) Iog | 50 - | 40 - | doo2 | 40 | - 30 | wadc

{Per Packagel 10 - | 8o - .| ‘0004 | B0 - 60
. 15 - 16 - | 0.006 16 - 1265 ~—

Total Supply Current®*1: T 5.0 I = (1B uA/kHzlt + 1pp pAdc
(Dynamic plus Quiescent, Per Pa.ckage) 10 Ir = (35 sA/kH2} + 1gp
{C_ 50 DF on @it outputs, all butfers switching} ¥5 It = (5.3 pA/kHz)f + Igp

“Tiow = —55°C for AL Device, ~40°C for CL/GP Davice.
Thigh = +125°C for AL Davice, +85°C for CL/CP Device.

#0ata fabelied “"Typ” is not to be used for daesign purposes
but is intended as an indication of the IC's potantial pertormance.

“The tormulas given are.for the typical characteristics only at 25°C.

t+To calculate total supply &urrant at loads other than 50 pF:
- )
tr(Cy), = IT(S0 pF) + (C( ~50) VIk

where: ITis in kA (per package), CL inpF,.V = (Voo ~Vgg) in vaits,
t in kHz 15 input frequency, and k = 0.002. :



SWITCHING CHARACTERISTICS® (C( =50 pF. Ta~ 25°C)

MC14049UBeMC14050B

: Vup
Characteristic | Symbol Vde Min Typ # Max Unit,
MC14048UB
Output Rise Time . lT;_H ns
'TLH = (0.8 ns/pF) C_+ 60 ns 5.0 - 100 160
'TLH = (0.3ns/pF) Cy '+ 35 ns 10 - 50 100
ITLH = (0.27 ns/pF) CL #265ns 15 - 40 60
Output Fall Time THL . ns
tTHL = (0:3-ns/pF) C L + 25 ns 5.0 - 40 60
tTHL = (0.12 ns/pF) C_ + 14 ns 10 - 20 40 '
tTHL = (0.1 na/pF} C + 10 ns | 15 - 15 30
Propagation Delay Time - 1PLH ns
tpi i = (0.38 ns/pF} C + 61 ns 60 - 80 120
tpLi = (0.20 ne/pF) C +30 ns 10 - | a0 €5
tpLH = {0.11 ns/pF) Cy_+ 245 ns 186 - 30 50
Propagation Delay Time AL ) B ns
tpHL = (0.38 ns/pF) C + 11 ns 5.0 - 30 60
tpHL = (0.12 ns/pF} C + 8 ns 10 - 15 30
tpL = (0.1 na/pF) C + 45 ns 15 - 10 20
MC 140508 X
Output Rise Time { ITLH . ns
TLH = (0.7 ne/pF) C_ + 65 ns 5.0 - 100 160
tTTLH = (025 ns/pF) C + 375 ns 10 - 50 80
TTLH = (0.2 ne/pFI C + 30 ns 15 - 40 60
Output Fall Time ‘THL. ns
tTHL = (0.2 ns/pF} Cp + 30 ns 6.0 - 40 60
tTHL = (0.06 ns/pF) Ct +17'ns 10 - 20 40
tTHL = (0.04 ns/pF) Cy + 13 ns y 15 - 15 30
Propagstion Delay Time : tPLH ) ns
tpLH = {0.33 ns/pF) G +63.5 ns 5.0 - 80 140
tpL 4 = (0.19 ns/pF) Cy, + 305 ns 10 - 40 80
tpLK = (0.06 ns/pF) C + 27 ns g 15 - . 30 €0
Propagation Delay Time tPHL ‘ng
tpH * (02 ns/pFJCy + 30 ns 50 - 40 80
tpHL = (0.1 ns/pF} C + 15 ns 10 - 20 40
tpL = (0.05 ns/pF) C + 12,5 ns 15 - 15 30
“The formulas given are for the typical characteristics only at 25°C.
#0Data labelled "Typ” is not to be used for design purposes but is
intended as an indication of the IC’'s potential performance.
FIGURE 1 —~ TYPICAL VOLTAGE TRANSFER CHARACTERISTICS versus TEMPERATURE
MC14049UB MC140508
! : T RER
3 [(Vpp.= S . \Y = 15Vdc
g pp-= 15Mdc 5‘5 DD °
8 3 A\
: - | .
e  |Vop .= 10Mde| I~ g ™ \ Vpp = 10Vde
Z w0 T ossec Z ,
2 [ N1 3 \ l
- L1 - ’
2 - =1 \
% . LN < FH X
3 [Vob = 5Vdc} L I~ 250t >g . N \ Vpp = 5Vdc
> 8 +
o T ' ‘ NN ]
LHT . I ssec
TN Ll
bl o —
1) 10 15 18 H 10 . 15 i1 B

Vin INPUT VOLTAGE (Vée)

Vin INPUT VOLTAGE (V)




EIGURE I — TYPICAL OUTPUT SOURCE CHARACTERISTICS
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FIGURE 4 =~ AMBIENT TEMPERATURE
POWER DERATING

1600 f

L | PLASTIC OR CERAMIC _|
500 N PACKAGE
i g

g

g

300 : A
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_plications of any volizge higher than the

This device contains circuitry to pro-

tect the inputs against damage due to [
high static voltages or electric fields

referenced to the Vsg pin, only. Extra
precautions must be taken to avoid ap-

maximum rated voltages to this high-im-
pedance circuit. Fcr proper operation,
the ranges Vgs < Vin < 18 V and VgS
=< Vout = VDD are recommended.

Unu$ed inputs must always be tied to
an appropriate logic voltage level (e.g.,
either Vg or Vpp) Unused outpuls
must be ieft open.

-20 ' o'

FIGURE 3 — TYPICAL OUTPUT SiNK CHARACTERISTICS

MC1a049U8B
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FIGURE 5 — SWITCHING TIME TEST CIRCUIT
AND WAVEFORMS

Pylse
Generator

20 ns —=

input

; 50% 4 &

TPHL =

— Von

Qutput
MC14049U8B

By t‘l'u»ivm‘

-.—.j—lthv
OH

“fomd

'PLH =

Output
MCI14055E =
e o

ITLH =

Vou
THL

#invert on MC14043UB only

9.

PIN ASSIGNMENT .
S -

1 t3vpp ‘NC = 16
2 :OutA Qutg :.15
3 in a Ing =14
4 Coutg NC /13
5 Sing Outg [ 12
6 :Outc 'InE:"
7 :ln c Outp 10
8 :;VSS Inp :9

NC = No_Connection
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DUAL TYPE D FLIP-FLOP

The MC14013B dual type D flip-fiop

+ constructed with MOS
P.channel and N-channel enhancement mode devices in a single
monolithic structure, Each fhp flop has independent Data,
Direct Set, (S) Direct Reset, (R}, and Clock {C) inputs and comple-
mentary outputs (Q and Q). These devices may be used as shift regis-
ter elements or as type T fhp flops for counter and’toggle aaplrca

(D),

UOnS

@ Static Operation .

¢ Diodé Protection on Ali Inputs

® Supply Voltage Range = 3.0 Vdc 10 18 Vdc

® Logic Edge-Clocked Flip-Flop Design -
Logic state is retained mdehnnely with clock level either high or
low; information is transferred to the output only on the positive:
going edge of the clock pulse

L 4

Capable of Driving.Two Low-power TTL Loads or One Low-power
Schottky TTL Load Over the Rated Temperature Range

Pin-fo“r-Pin Replacement for CD40138

MAXIMUM RATINGS* (votages Re!erenced 10 Vssl

MC140118, MC140128
See Pag_e 6-5

t

MC14011UB, MC14012UB
See Page 6-14

MC140138B

CMOS SSI

{LOW-POWE R COMPLEMENTARY MOS)

DUAL TYPE-D FLIP-FLOP

W
14
1
L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 .CASE 646

ORDERING INFORMATION
A Senes' —55°C to +125°C
MC14XXXBAL (Ceramic Package Onty)

C Series' —40°C to +85°C
MC14XXXBCP (Plastic Package)
MC14XXXBCL (Ceramic Package)

Symbol Plrlmo(or Value Unlt
Vpp, |DC Supply Voltage ~051c 180~ | -V
Vin Vout | Input or Output Voltage (DC or Trénsneni) ~05toVpp -05, v
i lout | Input or Output Current (DC or Transient). pes Pin =10 mA
Pp Power Dissipation, per Packaget 500 mw
Tsig  |Storage Temperature ~6510 -~ 150 °C
T Lead Temperature (8-Second Soldering) 260 *C

‘Maximum Ratings are those values beyond which damage ‘0 ine device may occus
tTemperature Derating: Plastic P Package: —12mwW=C *~om 65°C to 85°C

Ceramic "L Package

- 12mW.*C t-om 100°C 10 125°C

TRUTH TABLE

INPUTS

OuTPUTS
crock' [opata| ReseT| serv a | a
Y a 0. 0 o 0 1
I 1 0 [] ] [o]
N\ X ) 0 Q a . J 2::“9.
X X 1 0 1] 1
x x [o] 1 1 4]
X X 1 1 1 1

X = Don’t Care
1t = Level Change

BLOCK DIAGRAM

§ =——— D Q p——— 1
3 ——C Qp— 2
R
a— 1
T

s
g ——D Qp——— 13
11 ——c Ql——-12

Vpp * Pin 14
Vgg ® Pin 7.




~ -~
MCt14Gics
ELECTRICAL CHARACTERISTICS .votzges Reterencec 10 Vss)
Voo Tiow® 25°C Thigh”
Characteristic Symbot | Vde Min Max Min Typ # Max Min Max Unit
Outpu: Voitage . 707 Level VoL 50 ~ 005 - 0 0.05 - 0.05 Vec.
Vin = Vagor 0 10 - 0.05 - 0 0.05 - 0.05
. 157 - 0.05 - 0 005 - 0.05
1" Level VOH 5.0 4.5 = 4.95 5.0 - 4.95 - Vdc
Vin = 0 or Vpp 10 8.95 - 9.95 10 - 9.95 -
. 15 | 1495 - 1495 | 15 - 14.95 -
Input Vottage . “0” Level | Vi ' .| Vvae
IV = 4.5 or 9.5 Vde) 5.0 - 15 - 2.25 15 - 15
(Vo = 9.0 or 1.0 Vdc) 10 - 3.0 - 450 |- 3.0 - 3.0
(Vo =135 0r 1.5 Vdc) “15 - 40 - 6.75 4.0 - 4.0
1" Level| Viy
(Vg = 0.5 0r 4.5 Vde) 5.0 3.5 - 3.5 2.75 - 35 - vae
(Vo =1.00r 9.0 Vdc} 10 7.0 - 7.0 5.50 - 70 -
Vo = 1 50r 125 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -
Outpyt Drive Current (AL Device) oK c : mAce
tVoH = 2.5 Vel Source 50 -3.0 - ~-24 ~-4.2 - -1.7 -
(Vou = 4.6 Voe) 50 {-054 - -051 | -088 | - -0.36 -
(VOH = 9.5 Vel 10 -16 - -13 -2.25 - -0.9 -
{Von ="13.5 Vac) is ~4.2 - - =31 -8.8 N -24 -
4Voy = 0.4 vecl Sink 1oL 5.0 0.64 - 051 0.88 - 0.36 - mAdc
VoL = 0.5 Vacl 10 1.6 - 1.3 2,25 - 09 -
(Voyp =-1.5 veel 15 4.2 Y 3.4 838 - 24 -
Output Drive Current ICLICP Dewice) 10K W mAge
(VOH = 2.5 Vdc) Source 5.0 -2.5 - 2.1 -4.2 - -1.7 -
{VOH = 4 6 Vdcl ' so | -0.52 - -044 | -0.88 - -0.36 -
{Vou = 9.5 Vacl 10 | -13 N -1.1 | -2.25 - -0.9 -
IVou = 13.5 Vac) 15 -3.6 - -3.0 -8.8 - -2.4 -,
vy = 0.4 vool Sink ot 50 052 - 0.44 0.88 - 0.36 = mAce
VoL = 0.5 Vacl 10 13 - 1.1 2.25 - 09 -
vy = 1.5 Vocl as | 36 - 3.0 8.8 - 2.4 -
Input Current AL Device) lin 15 - 201 -7 }:0.00001 | =0.1 — =10 | sAce
tnput Current (CLICP Devicel Yin 15 - :03 - +£0.00001{ =03 § 1.0 rAGE
tnput.Caoacitance Cin - > -7 = 5.0 7.5 = - oF
IV, # 01 ' ]
Quiescent Current tAL Devicel lop |.50 - 10 - 0.002 1.0 g 30 wACC
{Per Package) 10 - 2.0 - 0.004 2.0 = 60 ’
15 i 4.0 C 0.006 4.0 - 120
Quiescent Current ICL/CP Devicel 0D 50 ° - 4.0 - 0.002 | 4.0 - 30 uAcc
(Per Package! : 10 =, 8.0 4 0.004 8.0 - .60
. ) 15 - 16 - 0.006 16 - 120
|Total Suopty Current® "t 7 50 . AT = (075 pA/KHz) { + Ipp afoc
(Dynamic plus Qurescent, 10 IT= (15 kAlKHzIt+ Ipp
Per Package) 15 Iy = (2.3 wA/kH2 I + Ipp
(C_ - 50 pF onail ouiputs, all
bulfers swetcning)

"Tiow = — 85°C for AL Device. —<0°C for CL/CP Dewvice -
Thign = = 125°C for AL Device. +85°C tor CL/CP Device.

#Data laperied “Typ™ is not 1o be used for design purposes but is

intenced as an ‘ingication of the IC'3 pofential penovmance

+To calculate total supply current at toads other than 50 pF.

H{(C) = iT(S0 OF) = (C ~50) VIk

where: Iy 15 I pA (per packaqe) Cp n pF. ¥V = (Vnp - Vgg) in volls,
{ in nH2 15 Inpul frequency, ana k = 0'002.

**The tormulas given are for the 'ypical characterstics 'bnly at 25°C.

This device contains protection circuitry 1o guard agamst damage, due i0 high
static voltages or electric fields. However. precautions must be taken to avoid
applications of any voltage hlgher than maximum rated voltages to this high-
impedance circuil. For proper operation, V,n and Vot should be constrained to

the range Vgs = (Vig of Vout) < VpD.

Unuséed mpu(s must always be ned to an appropriate logic 'voltage leve! {(e.g..

either Vgg or Vnp). Unused outputs must be left'open.

PIN ASS!GNMENT

—
_1 :QA VDD:14
2cQ8a Qg o 13
3cHc, Qg =12
4 TR, cgf=
5 0D, Rg.f—310
8 s, ‘pgf—9
7 Eqvss N




MC14013B

SWITCHING CHARACTERISTICS® (C| = SUpF. T, = 25°C)

Typ #

Characteristic Symbol Vop ‘Min Max Unit
Output Rise and Fall Time o ns
tTLH. TR = (1.5 ns/pF)'C + 25 ns ,7;”. 5.0 - 100 200
TLH: 'THL = (0.75:ns/pF) CL - 125 ns 10 = 50 100
tTLH. ITHL = (0.55 ns/pF) C + 95 ns 15 - 40 80
Propagation Delay Time tPPLH ) ns
Clock 0 Q. Q PHL 175 350
1pLH. tpHL = (17 ns/oF) G ~ 90 ns 5.0 - e
1pLH. IpHL = (0 66 ns'oF) Cy + 42 ns 10 - 7%
PLH. IpHL = (0.5 ns’pF) Ci- + 25 ns 15 - 50 100
Set10 0, Q@ — .
tpLH. tPHL = {17 ns/pF) C +'90 ns 5.0 - 175 350 .
1BLH. IPHL = (0 66 ns/pF) Ci + 42 ns 10 - 25 150
IpLH. tpHL = (05 ns/pF) C|L + 25 ns 15 - 50 100
Reset lo 0. Q -
tPLH IPHL = (1 7 ns'pF}) CL + 265 ns 5.0 - 350" 450
tPLH, tpHL = (0 66 ns/pf—') CL + 67 ns 10 - 100 200
tpLH. tPL = (0.5 ns/pF) G + .50 ns 15 e, 75 150
Setup Times** o 5.0 40 20 S ns
10 20 10 -
. 15 15 1.5 -
Hold Times"* N th 5.0 40 20 - ns
10 20 10 -
15, 15 75 -
Clock Pulse Width twe WwH 5.0 250 125 - ns
10 100 50 -
15 70 35 -
Cilock Pulse Frequency fel 5.0 - 4.0 20 MHz
10 - 10 5.0
15 - 14 1.0
Clock Pulse Rise and Fall Time tTLH 5.0 - - 15 us
10 - - 5.0
ITHL
. ; 15 A = 40
Set and Resgt Pulse Width h'WL WH S.Q 250 125 - ns
10 100 50 -
15 70 35 -
Removat Times trem ns
Set 5 80 0 —
= 10 45 5 -
15 35 5 - -
Reset ¢ 5 50 -35 —
10 30 -10 —
15 25 -5 -

T

“The formulas given are for the typical characteristics only at 25°C.

#Data’ laba!lzd “Typ'. is not to be used tor design purposes buf is

intended as an indication of the IC's potential performance.

.-?atn must Pc valid for 250 ns witha 5 V sup'ply,'wo ns with 10 V, and |

70 ns with 15 V,

LOGIC DIAGRAM
{1/2 of Device Shown)
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VM C14013B

FIGURE i - DYNAMIC SIGNAL WAVEFORMS FIGURE' 2 — DYNAMIC SIGNAL WAVEFOR!'S
{Data, Cidck, and Output) Coe : (Set. Reset; Clock, and Output)
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ﬂ MOTOROLA

MC14066B

QUAD ANALOG SWITCH/QUAD MUtTIPLEXER
The MC14066B consists of four independent switches capable of

controfling either digital or analog signals. This quad bilateral switch.

is useful m signal gatmg, chopper, modulator, demodulator and
CMOS logic implementation. '

The MC14066B is designed to be pin-for-pin compatible with the
MC140168, but has mucﬁ lower ON resistance. Input voltage swings
as large as the full supply voltage can be controlled via gach lnde
pendent control input. .

Diode Protection on All Inputs
Supply Voltage Range = 3.0 Vdc to 18 Vdc
Linearized Transfer Characteristics

L?w Noise — 12 nVA/'Cycle, f = 1 kHz typical
Pin-for-Pin Replacement for CD4016, CD4066, MC14016B

For Lower RON, Use The HC4066 High-Speed CMOS Device

CMOS.SS!

(LOW-POWER COMPLEMENTARY MOS)

QUAD ANALOG SWITCH

QUAD MULTIPLEXER

MAXIMUM RATINGS* (Voltages Referenced 1o Vgs)

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

ORDERING INFORMATION

.A Series: —55°C 1o +125°C
MC14XXXBAL (Cetamic Package Only}

C Serles: —40°C to +85°C
MC14XXXBCP (Plastic Package)

Symbol Parameter Value Untt -MC16XXXBCL {Coramic Package)
Vpp |DC Supply Voltage | ~0.5t0.+18.0 v
Vin. Vout | Input or Output Voltage (DC or Transient) - -0.5t0 Vpp +0.5 v T
Yin Input Current (DC or Transient), per Control Pin =10 mA ‘Control 1 O—— 2
lgw |Switch Through Current =28 mA 1 O Out 1
: g In 1 O~
Pp Power Dissipation, per Packaget , 500 mw " ‘BLOCK.
T DIAGRAM
Tsig |Storage Temperature -65to +150 °C Control 2 a
T Lead Temperature (8- -Second Soldermg) 7~ 260 °C 4 0 0wt 2
“Maximum Ratings are those valies beyond which damage to the device may 9ccur. in2 0
{Temperature Derating: Plastic "P" Package: — 12mW/°C from 65°C 1o 85°C & a &
Ceranic "L Package —12mW/°C from 100°C to 125°C onQ )
—=—0 Outd

In/Out ===

CIRCUIT scnsmmc
(1/4 OF DEVICE SHOWN)

] [ Vop

AA AA

Controt =1.5

i
21;)'5 . ! ._I i . -:1'0(2

1
—
——

<

-

.,._l}LIJUf

k2

Vop L N
Voo Voo -=-& Cuvin
¢ B L.

8
in3d O——

12 Vop * Fin 14
Controt4 O— 10 VSSV'P'"‘ 7

HO\:(‘ .

"o
in4 O—9
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ELECTRICAL CHARACTERISTICS

. Tiow 25°C Thlgh'
Characteristlc Symbol Vop Test Coacltions Min [Max | Min | Typs | Mex | Min [ Mex | uUnif
SUPPLY REQUIREMENTS (Vot:ag.es Reterenced 1a VEg) - )
Pewer SuoDly Vollage Voo - ' : 3 jw | o3 - i1 3 18 v
Qarge
Cuescent Curceht Per Ico 5 Control Inputs: Vi, =Vgg 0/ Vppd — 025 | — 0 005 0.25 -— 7.5 rA
Package (AL Device) 10 |Swnch 1101 Vgg = V4,0 < Ypp — [080| — | 000 | o504 — | 15
. 15 and AVgwiteh € 500 mVes — J1woo] — | 0015 | 106 | — | 30
Quiescent Current Per oo s lconuollnputs: Vig=Vggor¥ppl — | 10| — 0.005 1.0 —_— 7.5 BA
Package (CLCP Device). 10 [Switch /O: Vgg & Vy;0 < Vppo| — | 20} — 0.010 2.0 — 18
15 and AVgyitch & 500 mved — 40| ~ ] 005 | a0 | — 30
Total Supply Cutrent IDiav) 5 Ta = 25°C only ~ {0 07 pAk~Z) - IpD wA
(Cynamic Plus Quiescent, 10 (The channe! comporent, Typicat { (0.20 wAKHI) - Iop
Per Package) 15 {(Vin = Vout)Ren. 15 not {0 36 uAMHZ} + Ipp
incloded ) ,
COMNTROL INPUTS (Vohages Referenced 1o Vgs) g
Lew-Leve: ll‘.:\,t; Voltage ViL 5 Rgn = per spec. — | 15 - 225 15 — L] v
10 |y = per spec - 130 | — 4 50 3.0 - 20
15 — {40 — 6.75 4.0 — 490
rigr-Level ingut Voltage Vi 5 Rgn = per spec, 35 | — 35 2.75° — 35 —_ v
1% Ligy = per soec 70| — | 70| 550 - o) —
15 | 110 — [11.0 8.25 — 1o} —
inout Leasage Current hn 15 "= 00rVop — J=c1] — |zo00001] =01 | — | =10 ] wA
(AL Dewvicel
Inout Lezxage Current hn 15 | ¥in = 0 0r Vpp — |=03] — |z000C0} =03 | — {"=10 wA
(CL/CP Levice) .
tnout Cacacuance é.n — — - — 50 75 —_ -— pF
SWITCHES IN AND OUT (Voltages Relerenced 16 Vss)
Recommenged-Peak-io- ; V.0 — | Cnannei On or, O ¢ 'VDD o - vpo 0 Voo | Vp-p
Peak Vottage into of
Out o! the Swien \ ]
Recommenged Static or AVYswuer — | channet 0a 0 | 600:] O - " 600 0 300 my
Dynamic Voftage Across,
the Switcnew (Figure 1)
Ouiout Cttsel Vonage a Voo — {Vjn = 0V, Noloac - - -—_ 10 — —_ — ny
ON Resistance Ron 5 | AVgwiten € 500 mves, — |80 | — 250 1050 | — ] 13c0 | N
(AL Device) 10 | Vin = Vi of Vyq (Control), — | 400} — 129 500 - 550°
15 and Vi, = Oto Vop (Switcn) | — 220 | — 80 280 | — | 320
ON Resisiance fAgn 5 | AVgwien S 500 mVss, — {0 | — 250 | 1w0s0 | — | 1z00 |
(CL'CP Device) 10 | Vijn = Vjor Vi (Controf), — {450 = 120 S00 — 820
i5 3nd Vin = 0to Voo (Switeh) | — [250 | — 20 280 | — | 300
A ON Resistance églween A'Rc,n 5 - 0| — 25 70 - 138 0
Any Twe Chanrels 10 — | S0 | — 10 50 - 95
in ine Same PacKkage 15 1 — j 45| — 10 45 - 13
Ott-Channei Leakage foft 15 | Vig = V) or v,H (Csniron) — |=1w00| = | =005 =100{ — {=1000| nA
Current (AL Device) ‘| Channet 1o Channer or
(Figure &) Any One Channel
Off-Channel Leakage loft 35 | Vin = Vi or Vi (Control) — |=300] — | =005 | =300 | — |=1000] nA
Current (CL/CP Device) Channel to Channel or’
(Figure 6) Any One Channel
Capaciiance, Switcn /O Cuo — | switeh ot — | - =] 1o 15 - Y of
Capacitance, Feadthrough Cio - - =] - 0.47 - - - of
(Switch OH) .

Tigw = —55°C for AL Device,

- 40’ tor CUCP Device.

Taign = = 125°C tor AL Device, ~85°C for CLUCP Device
» Da a lapetea "Typ' s not to be useg tor aes-gr\ purposes, butis m!enOec as anandication of the iC’s potentiat pertormance

veFor vo'!ace ar00s across the swilcn {AVgyicn) >600 mV (>300 mv
Cut ot tne swiich may contain botn VDD and switch input components

~gs are exceecea (See first page ot this Oata sneet )

The rehability Of tng device wil De unaflecled unless thesMaxmum Rat-

ai mgh lnmnevaluve) excessive Vpp current may Te crawh 1 e ihe current
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ELECTRICAL CHARACTERISTICS® (CL 22 pF, Tao=25°C unless otherwise noted.y

. Voo
Chsractoristic Symbol vdc Min Typ # Max Unlt
Propagation Delay Times Vgg =0 Vde
Input 10 Output (R = 10 k) tPLH. WPHL ) ns
1PLH, 1pyy = (0.17 ns/pF) C ~ 15.5 ns 5.0 - 20 40
'PLH, tpy = (0.08 ns/pF) Cy +6.0 ns 10 - 10 20
'PLH.“{pHL= (0.06 ns/pF) C{ ~4.0 ns 15 - 7.0 15
Control to Output (R =1 k(1) (Figure 2) - -
R Output “1” 1o High Impedance tPHZ 5.0 — 40 80 ns
10 -— 35 70
. 15 —_ 30 60 -
" Output 0" to High impedance tpLz 6.0 — 40 80 ns
10 — '35 70
15 — 30 60°
High Impedance to Qutput “1" tpzH 5.0 —_ 60 120 ns
10 — 20 40
15 — 15 ‘30
High impedance to Output “0" pzL 5.0 - 60 120 ns
‘ 10 - 20 40
15 A — 15 30
Second Harmonic Distortion Vgg=-5Vde| — 5.0 — 0.1 - %
(Vin=1.77 vdc, RMS Centered @ 0.0 Vdc.
RL=10 kN, {=1.0 kHz) :
Bandwidih {Switch ON) (Figure 3) Vgg= -5 Vdc — 5.0 — 65 — MHz
Vout
(RL= 1k, 20Log . = -3dB, Cy =50 pF. Vjn =5 Vp.p)
Vin
Feedthrough Attenuation (Switch OFF) Vgg= - 5:Vdc — 5.0 —_ -50 — dB
(Vin = § Vp.p. RL = 1 KL fin = 1.0 MHz) (Figure 3)
Channe! Separation (Figure 4) Vgg= - 5Vdc - 5.0 —_ -50° — daB
(Vin=-5 Vp.p. RL=1 K01, tin =8.0 MHz)
(Switch A ON, Switch B OFF)
Crosstatk, Cb_mrol Input'to Signa! Output (Figure Si
Vgg=-5Vvde] — 5.0 - 300 — mVp.p
(Ry = 1 kO, R{ = 10 k), Control ty yy = tyL = 20 ns) *
*The formulas givéri are for the typical characteristics ohly at 25°C.
#Data labelled "Typ™ s not to be used tor design purposes but is
intended as an indication of the IC’s potennat performante. *
- = PIN ASSIGNMENT
This device .contains protection circuitry -to - Y
guard against damage due to high. static 1c=in 1 Voo = 14
voltages or electric fields. However, precau- ' :
tions must be taken to avoid applications ot 2 = O\:ux 1 Control 1 D13
any voltage hlghpr }han maxlmum.rated 3 =40ut 2 Control 4 312
voltages.to this high-impedance circuit.. For
proper operation, Vi, and Vgt should be 4C35in2 ina 331
1\:,0"-:')'!:":/8;0'0 the range Vss = (Vin of § C—{Control 2 Out4 10
ou . . .
Unused inputs must always be tied 1o an ap- / 6 Cconwol 3 Out3 39
propriate logic voltage level (e.g., either Vgg 7 1 Vgs in3fos
or,Vpp). Unused outputs must be left open. )
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+ TEST CIRCUITS

. ~ FIGURE 2 — TURN-ON DELAY. TIME TEST CIRCUIT
FIGURE 1 — AV ACROSS SWITCH AND WAVEFORMS’

/ ON Swilch
Control
Section + —O
of'IC
Load
Source
FIGURE 3 ~ BANDWIDTH AND FIGURE ‘4 — CHANNEL SEPARATION

FEEDTHROUGH ATTENUATION

Ve = Vpp for Bangwiath Test Voo- Vss /\ .
Vg = Vgg for Feeathrough Test 2 \J
! .
v -V = 3
-.ng__ﬁ — Vin O l
EL:] : oA cL
: v
Vin O OVeut oo o—{>o-<y-1’>—?q I

Y
—
?

1||———)rt-—-<

v o " :
VoD Vss > Vss O—"DO“
FIGURES — CROSSTALK.,

CONTROL TO OUTPUT FIGURE 6 — OFF CHANNEL LEAKAGE

Of! Channe! Under Test
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RQN. "ON"-RESISTANCE (OHMS)

RQN. "ON” RESISTANCE (OHMS)

MC14066B

FIGURE 7 — CHANNEL RESISTANCE {Ron) TEST CIRCUIT

Voo
Keithliey 160
' . Diglital
R ! Multimeter
* 10k g
1k
Vob o—Do—J Range Xy
. . Plotter
Vss

TYPICAL RESISTANCE CHARACTERISTICS

FIGUREB —Vpp =75V, Vgg=-76V FIGURES —VHp=5.0V, Vgg=-6.0V

350 v 350
300 . 300
7
. =
250 & 250 :
e
b (%]
200 - Z 200
= .
b N -
15 4] ] TA * 1250C —|
0 Ta = 1259C g "0 , L
3 : :
100 = —— - | & 100 ] B e =S 1YY
’ it e 25°C L o] 1
] g 1 3 -559C
L] _ssoc'—" « 59
. il
0 g ) i )
0 80 %0 40 -20 o0 02 4p 60 80 10 A0 30 60 48 20 0 20 40 60 80 0.
Vin. INPUT VOLTAGE (VOLTS) Vin, INPUT VOLTAGE (VOLTS)
FIGURE 10 - Vpp =25V, Vgg = -25 V FIGURE 11 — COMPARISON AT 25°C, Vpp ™ -Vss
700 - 350 T g
| Ta = 259C
: n
600 - 5 300 1
, =
=<
500 S 0 [ I VDD =25V
A < /£
400 % W00 7
vy
) - N H
300 UVAAY L
. u —-Ta = 50V
1/ R lusoc 5 - 1 —
0 . v 3 2sec. B e 15V
, i
100 P> -550C 50
[ .
0 | 0 i
10 80 60 40 -20 0 20 48 60 80 10 10 80 €0 40 28 0 28 40 &0 89 10

Vin. INPUT VOLTAGE (VOLTS) Via. INPUT VDLTAGE {VOLTS}
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APPLICATIONS INFORMATION

Figure A illustrates use of the Analog Switch. The
0-t0-5 vcit digital control signal is used 1o directly con-
trol a 5 volt peak-to-peak analog signal.

The digital control logic levels are determined by
Vpb and Vgs. The Vpp voltdge is the logic high volt-
age; the Vgg voltage is logic low. For the example,
VDo = +5 V = logic high at the control inputs; Vs
= GND = 0V = logic low.

The maximum analog signal level is determined by Vpp and
Vgg. The analog voltage must not swing higher than Vpp or
lower than Vgs.

The example shows .2 5 volt peak-to-peak signal
which aflows no margih at either peak. If vcitage
transients above Vpp and‘or below Vgg are antici-
‘pated on the analog channels, external diodes (Dyx)
are recommended as shown'in Figure' B. These di-
odes should be small Signal types able to absorb the’
maximum anticipated current 'surges during clipping.
_ The absolute maximum potential difference be-
tween Vpp and Vgg is 18.0 volts. Most parameters

are specified up to 15 volts which is the recommended
maximum difference betweeén Vpp and Vgs.

FIGURE A — APPLICATION EXAMPLE

S (AN
vpo Vss 5cv
-5V 5 Voo SWITCH
O Analdg Signal I : 5 v
SWITCH pe 0o f— =25
ouT Analog Signal

External ‘

CMOS 0-10-5 V digital . MC14066 8

Dignar Control Signals
Cucutey <

FIGURE B — EXTERNAL GERMANIUM OR:SCHOTTKY CLIPPING DIODES

VoD

Voo

Switch’
in

Switch
Out

Vsg

GNC



3 National
Semiconductor

DM74LS221 Dual Non-Retriggerable One-Shot
with Clear and Complementary Outputs

General Description
Tne DM74L5221 is & dual monobtable multivibrator with
igger input. Each device' has. three inputs permit-
* ting the choice of either Ieading-edge or trailing-edge trig-
peting- Pin (A) Is an active-low trigger transition input and
pin (B) is an active-high transition Schmitt-trigger input that
#ows jitier free triggering for inputs with transition rates as
slow a5 1 volt/second. This provides the input with excellant
noise Immunity. Additionally an internal fatching circuit at the
input stage &lso provides a high immunity to Vcg noise. The
deer (CLR) input can términate the output pulse at a prede-
serminad time indepandent of the timing components. This
(CLR) iriput also serves as & trigger input when it is pulsed
with a low level pulse transition ("L0). To obtain the best
end trouble free operation from this device please read, op-
eraing nles as well as the NSC one-shot application notes
carefully and observe recommendations.

. Features
8 A dual, highly stable one-shot
® Compensated for Vg and temperature veriations

& Pin-out identical to 'LS123 (Note 1)

% Output pulse width range from 30 ns to 70 seconds

& Hysteresis provided at (B) input tor added noise
immunity

s Direct rese! terminates output pulse

& Triggerable from CLEAR input

s DTL, TTL compatibie

& Input cigmp diodes

Note 1: The pin-oun is Identical 1o L5123 but, functionally 1t is nor: reter’1o
Operating Rules # 10 in this datasheet.

Functional Description

The basic output pulse width is determined by selection of
an external resistor (Ry) and capacitor (Cy). Once triggered,
thé basic pulse width is independent of turther- input tran-
sitions and is & function of the timing components, or it may
be reduced or terminated by uss of the active low CLEAR
input. Stable output pulse width ranging from 3Q ns to 70

-seconds is readily obtainable.

Connection Diagram

Dual-in-Line Package

Rgxr/ 3
Ve Cexr ! Cemn !t (1 o2 CIR2 ° B2 A2

li« s Iu' lu .l‘z I‘f 10 J',

[

|1 [z : I: 4 5 R E [
a4 n oarr B 'l .c.,!, 2 n.l.,/ cvlm
Cexy 2
B TLIF/6408-1
Order Number DM74LS221M or DM74LS221N
See NS Package Number M16A or N16A

; Inputs " Outputs
CLEAR A B Q a
L X X L H
X H X L H
X X L L H
. H L T il r
H 1 H I giy
O L H Ju o

Function Table

H = High Logic Leve!

. L= Low Logic Leve!

X = Can Be Elther Low or High

1 = Positive Going Translition
"1 = Negative Going Transition

JL = A Positive Pulse

LT = A Negative Puise

*This mode of triggering requires first the B input be' set trom a low 10 hiph
leve! whils the CLEAR input is mairitained at logic low level. Then with the B
input at logic high level, the CLEAR input whose posttive trensition from low
1o high will trigger an output pulse.

—— 30 13 —— =

o 1 . I'___h —
[T X - |

¢ TUL/F/6409-2




Absolute Maximum Ratings Note)

f Military/Aerospace specified devices are required,
please contac! the  National Semiconductor Sales
Otfice/Distributors for availabitity and specifications.

Supply Voltage e’
Input Voltage v
‘Operating Free Air Temperature Range

DM74LS 0°Cto = 70°C.

Storage Temperature Range ~65'Cto = 150°C

Recommended Operating cbnditions

Note: The “Absolute Maxirmum Ratings” are *ose
beyond ‘which the safety of the davice canrst be

teed. The device should nct.be operated at irsse limits,
paramerric' vslues defined in the “Electrical C.‘a'ac:e,,gb-a.

“table are riot guaranteed ar the absolute mex mum rag

The “Recommended Operating Conditions ™ 2216 will dafing
the concitions for actual Cevice peraticn.

| DM7415221 ~
Symbot Parameter — Unity
) | _Min Nom Max
; . go28 T
Veo Supply Voltage 475 . 5 528 v
T —
\'2 _Positive-Going Input Threshold Voltage- 5 2 v
atthe A Input (Voc = Min)
Vi ‘Negative-Going Input Threshald Vohage 08 ; v
_atthe A lnput (Voo = Min) i
V1o Positive-Going Input Threéhold Voltage 3 2 v
at the B Input (Vo = Min)
V1- Negative-Going Input Threshold Voltage 0.8 0.6, v
at the B Input (Ve = Min) e _
IoH High Level Output Current ~0. mA
oL Low Leve! Output Current . 8 mA
tw | PuseWidth Data 40 ‘8
(Note 1) Clear- 40
tREL Clear Release Time (Note 1) f % 15 o
av Rate of Rise or Fall of 1 Y
dt Schmitt Input (B) (Note 1) 3
av ‘1 Rate of Rise or Fall 6t 1 v
dt Logic Input (A) (Note 1) . BS
RexT " External Timing Resistor (Note 1) 1.4 . 00 X
Cext External Timing Capacitance (Note 1) . 0 -o0¢ "F__.
DC DutyCycle Rt = 2k 50 «
(Note 1) Ry = REXT (Max) l s ) 4‘_._
Ta Free Air Operating Temperature | 0 £ 0 | C_

Note 1: T = 25°C and Ve = 5V.

Ele ctric_al Charac_teristics over recommended operating free air temperature range .nless sinerwise noted)

\ A Py
Symbol . Parameter : Conditions Min (N°¥: 2 Max | unlb
. a - Nl

vy Input Clamp Voltage Nee = Min, I = ~18mA -2 4'___,_!./
Vor High Level Output | Vgg = Min, oy = Max 1 e I -y

Voltage Vi, = Max, Vi = Min v N L
VoL ‘Low Levei Output Veo = Min, lg = Max 535 az v

Voltage ViL = Max, Vi = Min

Vee = Min, o = 4 mA 2.4 .

l| " Input Current @ Max Vee ="Max, Vp = 7V 21 mA 4

Input Voltage




g;eétrical Characteristics

ommended operating free air temperature rangs {uniess otherwise

‘noted) (¢ominued)

T 1: Al typicels are 82 Ve = 5V, T = 25°C.

Note 2 Not'more than oneowiput should be shoned &t & me, and the duration should not excesd one second.

o 19C
— ] : : Typ Alte
"mbol Parameter Conditions _Min (Ntlate 1) Max Units
ﬁ l—ﬁgh_Leve‘l tnput Current Vcé = Max,V} = 2.7V 20 pA
Tk Low Leve! Input \iq; = Max A1, A2 <0.4
Curremt V= 0.4V B 08 | ma
Clear ) T -08
rci = ;
: g:f:u?'Cu::;nt‘ ::‘JC;G-Z)"AEX _2? 100 mL
Subp!y Current Vee = Max ' Ouiesceni 47 11 mA
Trigoered 8 27

Switching Characteristics atVee = 5V and Th = 25°C (See Section 1'for Test Waveforms and Output Load)

From(input)’ .
symbo:| Parameter To (Output) Conéltlons Min Max Units
toLH -Propagation Delay Time ‘A1, A2 ¥ Cgxy= B0 pF 70 ns

‘ Low 10 High Level Output ' 10Q ' Rext = 2k
PLH Propagation Delay Time B Cu i’ 15 pE 55 ns
: Low to High Level Output t0Q RL=2kq , )
PrL Propagation Délay’Iime A1, A2 80 "
High to Low Level Qutput 0 Q :
tpH;_ Propagation belay Time ‘Bl 65 ns
High'to Low Leve! Output 100
toLH: . Propagation Delay Time Clear to
. . 65 ns
Low to High Level Output Q | :
‘F;HL Propagation Delay Time Clear 55 ns
High to Low Leve! Output 0 Q '
“twiowy Output Pulse ) A1, A2 Cexy =0 '
- Width Using Zero o 05 Riexg = 2k 20 70 ns
Timing Capacitance R = 2k
CL = 15pF |
twiout) Output Pulse A1,A2 "Cext = 100 pF
Width Using External 00,0 RexT = 10k
. . 750
Timing Resistor Ry = 2k & >0 ns
C_ = 15pF
Cext = 1 pF
Rexr = 10kl
7 y
. RL.= 2k 6 5 ms
Ci'= 15pF .
Cext = 80pF .
. Rexy = 2k
R = kO 70 150 ns .,
CL=15pF




Operating Rules

1. An external resistor (Ry) and an external capacitor (Cy)
are required for proper operation. The vaiue of Cx may
vary from O to approximately 1000 uF. For small.time
constants high-grade mica, glass, polypropylens, polycar-
bonate, or polystyrane material capacitor may be used.
-For large time constants use tantalum or special alumi-
num capacitors. !f timing capacitor has leakages ap-
proaching 100 nA or if stray capacitance from either ter-
minal to ground is greater than 50 pF the timing equations
may not represent the pulse width the device generates.

. 2. When an electrolytic capacitor is used for Cx a switching

diode is often required for standard TTL one-shots to pre-
vent high inverse leakage current. This switching diode is
not needed for the 'LS221 one-shot and should not be
used.

3. For Cx > > 1000 pF, the output pulse width (Ty) is"de-
fined as follows:

Tw-= KRy Cx

where [Ry-is inkf] ~
[Cx is in pF]

. [Tw is‘ in I'\S]
K = Ln2 = 0.70

4. The multiplicative factor K is plotted as a function of Cx\

below for design considerations:

108 pF

TTTT7
Tam25°C
10.4F Veg= 5.0V 7]

‘luF

0.1 4F
104 pF
A0 pF

102 pF A\
| N

2 4 6 3

Cext

10 pf
3 1.0 1.2 1.4

TL/F7640922
FIGURE 1

- 5. For Cx < 1000 pF.see Figure 2 for Tw vs Cx “family

curves with Ry as a parameter:.

Cext (pF}

TLIF/6409-4
FIGURE 2 .

6. To obtain variable pulse widths.by remote frimming, the
following circuit is recommended:

PIN (T) OR (15} IW—
A

rpemgte
PIN {6) OR (14) L— Yee
TUF/6409-8
Note: “Rrgmate Should be as close to the’ one-snot as possible.

FIGURE 3

7-Output pulse width versus Ve and temperatures: Figure
4 depicts the relationship between ‘puise width variation
versus Veg. Figure 5 depicts ‘pulse width variation versus
temperatures.

i Regxr=SK ¢
Coxr= 1000 pF
Ta=25°C
S~ T -
8 i
Z ! e
3 0
-3t
=
-8
- -
4 45 H 35 6
Ve (V)
TUF/6409-8
FIGURE 4
10 T== T
Rexy = 18K
Cexr= 1000 pF
5 P Vec=5.0V
-
=3
.2
z 0
= 1
* -5
-10
—60-30 0 30 6 %0 120 %0
AMBIENT TEMPERATURE (°C)
TU/F/8400-7

FIGURE 5

8. Duty cycle is defined as Tyw/T"x_ 100 in percentage, if it
goes abave 50% the output pulse width will become
shorter. If the duty cycle varies between low and high
valuss, this causes output pulse width to vary, or jitter (8
tunction of the Rext only). To reduce jitter , Rext should
be as large as possible, for example, with Rexy = 100k
jitter is not appreciable until the duty cycle approaches
90%.



operating Rules (Continued)

g. Under any operating condition Cy, and Ry must be kept-

gs close 10 the one-shot device pins as possible to mini-
mize stray capacn}ance to reduce noise pick-up, and to
reduce R and Ldi/dt voltage developed along their
connecting paths. {f the lead length from Cx to pins (6)
and (7) or pins (14) and (15) is greater than 3 cm, for
example, the output pulse width might be quite ditierent
from values predicted from the appropriate equations. A
non-inductive and low capecitive path is necessary-to
gnsure complete’ discharge of Cx in each cycle of its
operation so that the output pulse width will be accurate,
10. Although the 'LS221" pin-out is identical to the'LS123
#t should be remembered that they are not fuhctionally
identical. The 'L8123is a retriggerable device such that
the output is "dependent upon the input transitions when

1

-

its output Q" is at the “High" state. Furthermore, it is
recommended for the 'LS123 to externally ground ‘the
Cegx7 pin for improved system pertormance. However,
this pin on the 'LS221 is not an internal connection to
the device.ground. Hence, if substitution of an "LS221

‘onto an 'LS123 design iayout where the Cexy pin is

wired to the ground, the device will not function.

. Vcc and 'ground wiring should conform to good hlgh-ire-

quency standards and practices so that switching tran-
sients on the Vcc and ground return leads do not cause
inferaction between one-shots. A 0.01 uF to 0.10 ;LF

" bypass _capacltor ‘(disk ceramic or monolithic type) from

For further ;
piease refer to the NSC one-shot application note AN-3€6.

Vce to ground is necessary on -each device. Further:
more, the bypass capacitor should be located as close
to the Vge-pin as-spate permits.

device and output performance,




National
Semiconductor.

LF351 Wide Bandwidth JFET Input Operational Amplifier

General Description

The LF351.is a low cost hsgh speed JFET input operational
amplifier with an intemally” timmed input offset voitage
(BLFET 1™ technology). The device requtres a low supply
cumrent and yet maintains a large gain bandwidth product

choice.

Features

_cumrent is important,, however, the LF351 is the better

See NS Package Number HOBC

and a fast s:j_ew rate. In m;dmon v»llell maxchgdf high ‘;/oltﬂage' ® internally trimmed offset voltage 10 mV
JFET input_devices provide very low input bias and offset .
currents. The LF351 is pin compatible with the standard’ : 'L'g: ::p”u: :';se“:::me 2 3‘/’ J‘:.e
LM741 and uses the same offset voltage adjustment circuit- P S ag n R
y. This feature aliows designers to immediately upgrade the u Low-inpl:lt noise current 0.01 pA/fHz
overall performance of existing LM741 designs. n W;’“ gain bandwidth 4"MHz
The LF351 may be used in applications 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 fow input offset voltage, & High input impedance 10120
jow 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 RU= 10k, Vo= 20 Vp-p, BW= 20 Hz-20 kHz
voltage drift, but for ‘applications where these requirements g Low 1/ noise corner 50 Hz
are critical, the LF356 is recommended. If maximum supply g Fast settling time to 0.01 % 2 ps
Typical Connection Simplified Schematic )
Ry Ver O— > ;
r vYv ) )
- v
- +
INTERNALLY %'L'.S'.‘)E%‘"
. . ~Vgg O "
Connection Diagrams (op views) <
Metal Can Package Duzkin-Line Package
Lk SALANCE —_ U § LI
BALANCE
INPUT = SRRV
g oureur _:'I>_|
NPy — S outrut
NDNANVERTING SALANCE °
INPUT S
. 5
¥ o = BALANCE
Note.Pin & cannecud 10 cose, pomae
“TOP VIEW .
Order Number LF351H Order Number LF351J, TLH/seLE-Y
LF351M or LF351N

See NS Package Number JO8A, MOBA or NOSE



Absolute Maximum Ratings

i Mlllgary/Aeroipaco specified. devices are required,
please contact the National Semiconductor Sales
Otfice/Distributors for avallabliity and specificafions.

Supply Voltage +18V
Power Dissipation (Notes 1 and 6) 670 mW
Operating Temperature Range 0'Cto 370°C
T](MAX) ’ 115°C
Ditferential Input Voltage + 30V
Input Voltage Range (Note 2) T +15V
Output Short Circuit Duration Continuous
Storage Temperafure Range ~-65'Cto +150°C-
Lead Temp. (S'oldering‘,‘ 10 sec)

Metal Can 300°C,

DiP 260°C

N Package
120°C/W

H ﬁackage
7 164°C/W (Still Air)
66°C/W
{400 LF/min Air Fiow)
6ic 21°C/W .
Soldering information
Dual-in-Line Package
Soldering {10 sec.) 260¢
Small Outline Package
Vapor Phase (60 sec.} 215¢
Infrared (15 sec.) 220C

"See AN-450 “Surface Mounting Methods and Their Effey

on Product Reliability”+for other methods of soidering sy

'face mount devices.

ESD.rating to be determined.

DC Electrical Characteristics (ote 3)

- " "LF351
Symbol Parameter Conditions — LF35 Units
’ Min Typ , Max
“Vos Input Otfset Voltage Rg = 10k, Ta = 25°C 5 10 | v
: < Over Temperature 3 13 m¥
AVos/AT Average TC of inpyt Offset Rg=10k 10 e
Voitage ® ; 4
los input Offset Current Tj = 25°C, (Notes 3, 4) 25 100 A ]
_ - T,< 70°C 4 ]
s Input Bias Current " Tj = 25°C, (Notes 3, 4) 50 200 pA
- T s £70°C 8 oA} ;
RN input Resistance T] =25°C 1012 n 4
AyoL {arge Signal Voltage Gain Vg= £ 15V, Ty=25'C 25 100 vin¥
> Vo= 10V, R =2k 4
| Over Temperature 15 Vi |
Vo Output Voltage Swing Vs=+15V,R =10ka | 12 +135 v
Veum Input Common-Mode Voitage +15 v
Range Vg= 215V +11 1
N / . ' s =12 v
CMRR " Common-Mode Rejection Ratio Re<10kN 70 100 )
PSRA Supply Voltage Rejection Ratio {Note 5) 70 100 &
Is Supply Current 1.8 34 m



AC Electrical Characteristics mote3)

v
gymbol Parameter Conditions - LF351 Units
4 . . Min Typ Max .

pe Siew Rate Vg= =15V, TA=25°C 13 Vius
pese Gain Bandwidth Product | Vg=215v,Tg=26C | P MHz-

Equivaient Input Noise Voltage T4=25C, Rg= 1009, —_
.l g

£= 1000 Hz S D i

b Eauivalent Input Noise Current { ' Ty=25°C, 1= 1000 Hz ' 0.01 . | pANHz
e 1 FO7 operating ! srevated temperalure, Ing oevice must be oerated based on the thermai resistance, 6 a.
ot 2 Uriess otherwise ified the ablolut 0 nput voliege is equat to the negalive power supply vohage.

ois 3: These speciications apply for Vg = = 15V and 0°C2 T4 ~70°C. Vos. ig and ing dre measured at Veu=0.
o &: The mput bias currents are junction leskage currents wrnicn approximately couble for every 10°C increase in mo'i\mcwn temperature, 7 Due to the imaec

praocEon 1est ame, the Inpu bias currents ad are, ed 10 temp . In norma! operation the Junthon Wempetature nses abcve the ambisnt
srwershre 85 & tesult of internal ower dissipstion, Pp. Tj=Tx~ 8y Pp where 6,4 Is the thermal ¢ S from f © L Use of & heat smu 15
meommended I input bies curtent is 10 be kept 10 8 mimimum.

mete §: Supply voltage rejection ratio 1s measured for both supply magniudes Increasing or decreasing st ; busty in accor with practce. From
sHVo =5V, .

ot §: Max. Power Dissip 115 defined by the, ge cf 8 3 f‘r. g the part near the Max. Power Dissipation may cause the pari 1o ooerate

gunide guerameed Jimits.



Typical Performance Characteristics
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Typical pPerformance Characteristics. (Continued)
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Pulse Response

Small Signa! inverting

OQUTPUT VOLTAGE SWING (§0 mV/DIV}

TIME (0.2 ,4/DWV)
TL/H/5848-4

Large Signal inverting

DUTPUT VOLTAGE SWING (5V/DIV)

TIME (21/DIV) |
TU/H/5648-6

.
3
v
i

OUTPUT VOLTAGE SWING (1V/DIV)

Application Hints

The LF351 is an op amp with an internally trimmed input
oftset voltage and JFET input devices (BI-FET {IT™), These
JFETs have large reverse breakdown voltages from gate to
source and drain elimmating the need for clamps across the
inputs. Therefbre, large ditferential 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

Current Limit (R =

TIME (5,2/DIV)

Small Signal Non-Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

STV NTRVER T XL TR O

TIME (0.2 ;2/DIV)

H
. TUL/H/58484 ll
Large Signal Non-inverting 4
e s
q ; 4
Z i
% 3
] !
= P
8 3
5 : .
2 E
2
(-]
TIME (2 1/D1V) 3
TUHrses-Y
1000) §

4 m-[..w-.‘m-..'a

&

ot ath

2o

rdh oy

TL/H/5648-8

1o

Ko

cause large currents to flow which can result in a destory
unit.

Exceeding the negative common-mode limit on eithe
will force the output to a high state, potentially cav
reversal of phase to the output. )
Exceeding the negative common-mode limit on both !
will force the amplifier cutput to a high state. In neithef
does a latch occur since raising the input back within

i
sing



lication Hints (Continued)

mode range again puts the input stage and thus-
smplifier in 2 normal operating-mode. .
i ing the positive common-mode limit on & single input
. ol ot change the phase of the output; however, if both
: exceed the fimit, the output of the amplifier will be
Hproed 0 8 high state. ; .
'.ﬁ. smplifier will operate with a common-mode input volt-

equal 10 the positive supply; however, the gain band-

oickh 8nd slew rate may be decreased in this condition.
when the negative common-mode voltage swings to within

syolthe negative supply, an increase in input oftset voltage..

may OCCUT:

Tne LF3511is piased by a zener reference which allows nor-
_ga! Gircult operation on + 4V power supplies. Supply voit-
“ages less than these may result in lower gain bandwidth and

slow rate. ) ) )
The LF351 will drive a2 k2 load resistance 10 = 10V over
e full temperature range of 0°C to +70°C. If the amplifier
& forced o drive heavier load currents, however, an in-
erease in input offset voltage may occir on the negative

“wohage swWing and finally reach an active current limit on
soth positive end negative swings. z

Precavtions should be taken to ensure that the power supply

fir the integrated circuit never becomes reversed in polarity.
o that the unit is not inadvertently installed back-

Detailed Schematic

wards in & sockel as an uniimited current surgé through the
reslting forwsrd diode within the IC could cause fusing of
the intemal conductors.and result |Q a destroyed unit.
Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handiing.

As with most amplifiers, care’ should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-.
put to an input should be placed with the body close to'the
input to minimize “pick-up” and maximize the frequency of
the feedbeck pole by minimizing the capacitance from the
input to ground.

A feadback pole is created when the feedback around any
amplifier is resistive. The paralle! resistance and-capaci-
tance from the input of the device (usuzlly the inverting in-
put).to AC ground set the trequency of the pole. in many
instances the frequency of this pole is much greater than
the expécted 3 dB frequenty of the closed loop gain and
consequently there is negligible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency & lead capacitor should
be.placed from the output to the input of the op emp. The
value of the & capacitor should be such that the RC
time constant of this capécitor and the resistance it parallels
is greater than ot equel to the original feedback pole time
constant. )

Veg Omm—r 3
013
¢ ot
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0)4 s
j Sn
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a1 Ve
- n v n y
»f <ne
30
R3 T l[ ::"7 !
3 ’ > 6k .
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Typical Applications

Supply Current indicator/Limiter ) Hi-Zyy Inverting Ampiitier
. -3
TOSYSTEMSUPPLY 1}
VsureLy > VOLTAGE CONNECTION ]
1H914 . vour R
- Y0 CONTROL-CIACUITRY
. [e]
1 v'
< Vou swiiches high when Rgis > Vo
' Parasttic input capicitance C1 = (3 pF for LF351
plus any aaditional layowt capacitance) interacts
withi feedback efements and crestes undesirable
high frequency pole. To compensste, sdd C2 such
that: R2C2 = R1C1.
Ultra-Low (or High) Duty Cycle : Long Time Integrator

Puise Generator

o e

RESET

p—O ouTPUT INTEGRATE

v
S ;
&
M S
% ™
b

48— 2vs
48— Vg
N 2vs - 7.8 .
* touteuT Low = R2C £n —Vs- 75 *Low leakage capachor
« 50k pot used for less sensiive Vog adjust

* ouTPUT GH = R1IC Zn
fiymrsea-?

wnere Vg = V* + lv-|
“low tsakage capacitor

PSP .



M OTOROLA

=~ SEMICONDUCTOR R
TECHNICAL DATA - .

8-Bit Serial-Input/Parallel-Output
Shift Register ' e :

High-Performance Silicon-Gate’ CM OS s cepamc
. l CASE 632-08

The MCS54/74HC 164 is identical in pinout to the LS164. The device inputs are . oM
compatible with standard CMOS outputs; with pullup resistors, they are compatible !
with LSTTL outputs.

The MC54/74HC164.is an B-bit, serial-input 10 paraliel- -output shift register. Two N SUFFIX
seriaf data inguis, Al and A2, are provided so that one mput may be used as a dats PLASTIC
enable. Data’is entered on each rising edge of the clock. The attive-low asynchron- CASE 646-06
ous Reset overrides the, Clock and Serial Data inputs.
® QOutput Drive Capability: 10 LSTTL Loads
® QOutputs Directly interface to CMOS, NMOS, and TTL
® Operating Vohape Range: 210 6 V
® Law Input Current: 1 pA. : ORDERING INFORMATION
[ H‘.gh Noige Immunity Characteristic of CMOS Devnces .
® In Compliance with the Reguirements Defined by JEDEC Stendard No. 7A MCTEHCXXXN Plastic
® Chip Complexity: 244 FETs or 61 Equivalent Gates MCS4HEXXXS Ceramic

TA = - 55 10 125%C for alt pachges
Dimensions in Chapter 6.

LOGIC DIAGRAM

. 1 3 - 3 =
SERIAL Ay —q .
oAk 2 D__ DATA ._.l ox PIN ASSIGNMENT
s | A2 =— s wlrs whvee
—= o 22 13 flog’
8 P B 12 flog
10 DATA Dat 4 1 Jﬂr
[0 o ¥ outhits -
oclls 10 Pog
. 11
R O { 0p0s s intser .
” — g wof]7 8 Powocx
£LocK 8
7. 3
vazsn—gg——j FUNCTION TABLE
PIN V4 Ve inputs Outputs’
PN 7 « GND Reset { Clock |ATAZ2| Qa Op ... QO
L X [xx|u .t ...
H N~ X X no change
H | {noD|D Oan...0gn
H | |D K| D Oan...0g1
-/} D=data input

Oan - OGn = Gsta shified from the previous
stage on 8 rising edge at the
“clock input.




MC54/74HC164

AXIMUM RATINGS*

Symbo! Parameter Valug Unit This device comaim.pmiec"bﬁ
Ve | DC Supp'y Volage {Referenced to GNDI -0510 +7.0 ~ Y circuitry 1o guard against dartage
. g g due 10 high static voltages or electric
"Vm DC tnput Vollagr {Referenced 1o GND) ~1.510 Vee+1.5 \ fields. Mowever, procautions miust
Vour | DC Qutput Vohiage (Referenced to GND) ~-05tVee+ 0.8 \Y be taken to svoid applications of any
hn DC tnput Current, per Pin 220, mA hag _Ngh" ::n rated
T t 10 this high-impedance
[ i ]
out { DL Output Current, per Pin 125 mA circuit, For ion, Vi, and
Icc DC Supply Current, Vo and GND Pins +50 mA Vout should be constrained 10 the
Pp | Power Dissipation in Sl Alr, Plastic or Ceramic DIP1 750 . mwW range GND s 1Vin or Voup=Vee.
- o Unused inputs must slways be tied
.Ts|gA. Storage Temperaturé ) . - 65 to « 150 C 10 an appropriste logic voltage level
T Lead Temperature, 1.omm from Case tor 10 Seconds °C te.g.. either GND or Vel Unused
B (Plastic DIP} 260 outputs must be lef: open.
{Ceramic DIP) 300 - -
* Maxsimum Ratings are those values beyond which damage 10 the device may occur.
Functinnal opermion should be 1estricted 1o the Reco! ded O, ing Conditit
1Deranng — Piastic DIP: - 10 mW/°C fiom 65° 10 125°C \
Ceramic DIP: ~ 10 mW/°C from 100° 10 125°C
For high frequency or heavy load considerations, see Chapier 4.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter . Min | Max Unit
Vee  |DC Supply Vohage (Relerenced 10 GND) 2.0 6.0 v
Vin.Veu1 | DC Input Voliage, Output Vohage (Referenced to GND) 0 Vee \4
Ta Operating Temperature, All Package Types -85 | <125 eC
Y Input Rﬁe and Fall Time veg=20V 0 1000 ns
{Figure 1) vec=48Vv| © 500
Vec=6.0Vv| 0 400
DC LLECTRICAL CHARACTERISTICS (Voliages Referenced'to GNDI
\ H ¥ Guarsnteed Limit |
oo cc | :
Symbol Patameter Test Conditions v 25°C 10 <ssoc | <1seC Unit
N 5 . ~55°C
Vik | Mimmum High-Level Inpu Vout=0.1VorVeg-01 v 2.0 15 1.5 15 v
Vohage Aoyl =20 pA 45 3.15 3.15 a5
6.0 - 42 4.2 42
Vi Marimum Low-Level Input Vour=0.1VorVee~0aV 2.0 03" 03 - 03 v
Votiage Houtl 520 pA 45 0.9 0.9 09
) A 6.0 12 1.2 12
Vi | Mmimum High-Level Output Vin® VIH of Vi 2.0 1.9 19 L9 v
Volage Houtl =20 A 45 44 4.8 4
6.0 59 5.9 59
Vin= Vi 0f Vi llou! S4.0mA| 4.5 3.98 384 | 3%
loytls5.2mA| 6.0 5.48 534 |. 520
VoL |Manmum Low-Level Output Vin=VIH of Vi 2.0 0.1 0.1 [ X v
Voltage oyl £20 pA a5 0.1 0.1 0.1 ]
6.0 0.1 0. 0.1
Vin="Vjy o Vi, lowl=40mA} 45 .1 026 0.33 0.40
M Hourl=5.2mA] 6.0 0.26 ,0.33 0.40
e Masimum I_nputreralnage Current | Vi = Ve or GND 6.0 20, +1.0 +10 A’
lcc | Maxwmum Oulescent Supply Vin= Ve of GND 6.0 [] 80 160 A
Current (per Package! tour = 0 pA s .

NGTI intormaton on typal parametric values cart be found in‘Chapter 4,




\M054/74HC154

AC.ELECTRICAL CHARACTERISTICS (Cy =50 pF, input t; = 1y=6 rs}

v Gusranteed Limit
Symbol Parameter cc 5°C Unit
. v to . .
) —EE°C s85°C | =125°C
fmax | Mexirum Clock Frequency (50% Duty Cycle} 2.0 6.0 48 40 MH2
(Figures 1 snd 4) a4 k b2 20
. 6.0 s 2 .24
tpiM. | Maximum Propagation Delay, Clock to Q. 20 175 220 265 ns
PHL {Figures 1 snd &} 45 3 44 53
.. 60 | "% k1) a5
tpL | Mazimum Propsgation Delay, Reset to O .20 205 55 30 ns
{Figures 2 ahd 4) 45 41 51 [+
L "6.0 ¥ 43, 53
tTLH. | Mexk Output Transition Time, Any Dutput 20 s 95 110 s
THL (Figures 1 and 4) 45 15 19 2
. 6.0 13 16 19
Cin. Masximum Input Capacitance - 10 10 10 pF
NOTES: 1
1. For mm!h detays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric velues c'a‘n be found in Chapter 4.
Cpp | Powet Dissipation Capachance (Per Packagel Typical § 25°C.-Veg=5.0 v
. Used 1o determing the no-losd dy ic power consumpti < L
Pp-Cpp Vcczl +lce Ved P v 140 of
For losd considerations, see Chapler 4.
TIMING REQUIREMENTS tinput 1, = ty = 6 ns)
| 5 K, Guarantead Limit
Symbol Parsmeter cc - . Unit
: > v | BCte | e | sz
-85°C .
tgy | Minimum Setup Time, A1 or A2 to Clock 20 50 65 75 ns
tFigure 3} 5 45 10 k] 15
. L 6.0 9 1" 13
1, | Mnimom Hold Time, Clock to Al or A2 290 5 ) 5 ns
{Fogure 3) ’ s ) 5 s
6.0 5 $ 5
trec | Mmimum Recovery Time, Reset inasctive to Clock 2.9 5 £5 -5 ns
(Figure 2) 45 13 5 5
) . . 69 5§ 5 .5
tw Minienum Pulse Width, Clock | 20 80 100 120 ns
tFigure 1) 45 16 20 24
6.0 “ 7 20
Aw Mirvmum Pulse Width, Reset 20 o] 100 120° ns
Figure 2) 45 1% 20 24
6.0 1 17 20
t. 8¢ | Mazmum input Rise and Fali Times 20 1000 1000 1000 ns
tFigure 1 45 | 500 500 500
60 400 a0 a0

NOTE: inf ion on typica! p tic values can be found in Chapter 4.




MCb4/74HC164

PIN DESCRIPTIONS

INPUTS

A1, A2 (PINS 1, 2} — Seris! Data Inputs. Data st these’

inputs determine the data to be emered into the first stage of
the shift register. For a high leve! to be entered into the shift
register, both A1 and A2 inputs must be high, thereby allowing
one input {o be wied as & dats-anable input."When only one
serial input is used, the other must be connected to Vee-

CLOCK {FIN 8) — Shifi Register Clock. A positiye-going .

transition on this pin shifts the data st each stage 10 the next
stage. The shift register is ompletely static, slowing clock
retes down to DC in & continuous of intermiment mode.

OUTPUTS

QA -~ QK (PINS 3,4,5, 6, 30,11, 12, 13) — Parallel Shift
Repister Outputs. The shified dats is presented at these
outputs in trve, of noninverted, form.,.

CONTROL INPUT

RESET (PIN 8] — Active-Low, Asynchronous Reset Input,
A low voltage sppfied 1o this input resets 2l interns! flip-fiops
#nd sets outputs QA — OH 10 the low leve! state.

SWITCHING WAVEFORMS

ee
cLock ;
> GND

R{U] . TR

Figure 1

A w A2

cLock

Figure 3

RESET

€Loix

Figure 2

TEST POINT
ouTPUT

DEVKE
UKDER

TEST I a® .

®lncludes ol probe snd jig capacitance,

Figure 4. Test Circuit
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EXPANDED LOGIC DIAGRAM
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IOTOROLA

EMICONDUCTOR &
ECHNICAL DATA

MC1496
MC1596

BALANCED

BALANCED MODULATORI DEMODULATOR MODULATOR/DEMODULATOR

These devices were designed for use where the output voltage
is a product of an input voltage (signal) and-a switching function
(carrier). Typical applications include suppressed carrier and
amplitude modulation, synchronous detection, FM detection,
phase detection, and chopper applications. See Motorola

Application Note AN531 for additional design information. CERAkMSCUg;l():(KAGE :
e Exceilent Carrier Suppression — 65 dB typ @ 0.5 MHz CASE 632
— 50 dB typ @ 10 MHz . £
® Adjustable Gain and Signal Handling PLAS?’IEUP:(IZ);AGE
® Balanced Inputs and Outputs ) CASE-751A
® High Common Mode Rejection -- 85 dB typ {SO-14)
P SUFFIX
X PLASTIC PAQKAGE
CASE 646
14 -
1
PIN-ASSIGNMENTS
EIGURE 1 — g~
SUPPRESSED CARRIER Signa! Input [ L 3] Vee
OUTPUT WAVEFORM Gain Adjust E : E NC
Gain Adjust E _1__2_] Output
Signal Inme E NC
Bias E E “Carrier Input
Output E E NC
NC E E Input Carrier
ORDERING INFORMATION
FIGURE 2 - Device Temperature Range Packagel
SUPPRESSED CARRIER y
SPECTRUM MC1496D » S0-14
MC1496L 0°Cto +70°C Ceramic DIP
MC1496P Plastic DIP
MC1596L -55°C to +125°C Ceramic DIP
FIGURE 4 - AMPLITUDE-MODULATION SPECTRUM
FIGURE 3 -
AMPLITUDE-MODULATION
OUTPUT WAVEFORM
a0 am -GD0RMr - DOD v

e ——————+ —— o a3

PP S



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

Rating ) Symbol Value Unit
Applied Voltage av 30 Vvdc
Vg - Vg, Vig- V1. V12~ Vg V12 - V30. Vg - Va.
Vg - V4, V49~ Vs, Vg =Vq0. V2 - V5, V3= Vs) L
Ditferential Input Signal Vg -Vio +5.0 Vde 1
. Vg-Vi | =05+lgRe) | |
Maximum Bias Current 15 10 mA
Thermal Resistance, Junction to Air RoJA ‘cTw
Ceramic Dual In-Line Package 100
Plastic Dual in-Line. Package 100
Meta! Package 160
Operating Temperature Range Ta °C
’ MC1496 : 010 +70
MC1596 -5510 +125 )
Storage Temperature Range Tstq -65t0 #1607 °C

ELECTRICAL CHARACTERISTICS (Vee = +12 Vde, Vgg = —8.0 Vde, Ig = 1.0 mAdc, R = 3.9 ki), Re = 10K T = +25°C,
2l input and output characieristics are single-ended, unless otherwise noted.)

"MC1596 MC1496
Cheracteristic Fig. | Note | Symbol | Min | Typ | Max [ Min | Typ | Max | .Unk
Carrier and{hrough 3 1 VerFT pVirms)
Ve = 60 mV(rms) sine wave and fc = 1.0 kHz - 0 [ — | — 1 4 -
offset adjusted to zero fc = 10 MHz — | 140 | — — | W0 | — .
VC = 300 mVp-p square wave: mV{rms)
offset adjusted to zero fc = 1.0 kHz — 00402 }f — 1002 04
offset not adjusted fc = 1.0 kHz v - 20 | w00 | — 20 | 200
Carrier Suppression 5 2 Vés dB
fs = 10 kHz, 300 mV(rms)
{c = 500 kHz, 60 mV(rms) sine wave 50 65 L 40 65 -—
¢ = 10 MHz, 60' mV(rms) sine wave y _— 50 > — S0 — k
Transadmittance Bandwidth (Magnitude) (R = 50 ohms) 8| 8 BWa3gg . MHz
Carrier Input Port, V¢ = 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 —
Vel = 0.5 vdc )
Signal Gain 10 a |"ayg | 25} 35| — p2s.|3s| — vV
Vg = 100 mVirms), { = 1.0 kHz; [V} = 0.5 Vde 1
Singlc;Endah Input Impedance. Signal Port, f = 5.0 MHz 6 —
Paralle! input Resistance fip _— 200 —_— — 200 — Tk}
Parallel Input Capacitance Cip - 2.0 -— —_ 20| — pF
Single-Ended Output Impedante, f = 10 MHz 6 = X '
Parallel Qutput Resistance Top —f 40 —_ - 40 _ k1
Paratie! Qutput Capacitance Coo - 5.0 - — | S0 -— pF
Input Bias Current . — \ nA
i - l] + lg i - |B +190° Ihs — 12 71 25 ~— 12 30
bS = T eC T T o ome | =2 |~ [2] 3
Input Otfset Current 7 — nA
lios = 1914 lioc = Ig-110 Hiosl — {o07}s80) ~{07] 70
) . ol | — |07 ]850} —jo7 {70
Average Temperature Coefficient of Input Offset Cuprent: 7 — .| [TCyiel — 20 | -~ — 1 20 — nASC
Ta = ~85°C to +125°C) :
Output Offsgt Current 7 — flool — 1 | 50 | = | ]| 80 pA
{te=lg) .
Average Temperature Coefficient of Outpl‘ag Offset Current 7 — TCiool - 90. | — - 90 - nASC
ATa = —55'Cto +125C) . _ .
" Common-Mode Input Swing, Signal Port, fg = 1.0 kHz 9’ 4" cMyV —_ 5.0 -— -_ 50 | — Vp-p
Common-Mode Gain, Signai Pon, fg = 1.0kHz, = 9 - ACM -~ | -8| — | — | -8 — a8
Vel = 0.5 vde ! i
Common-Mode Ibuiescem Output Voltage {Pin 6 or Pin 9} 10 - Vo;n - 8.0 - - 8.0 —_ Vp-p
" Ditferenuial Outout Voltage Swing Capability 10 —_ Vout — 80 ) — | —}|eo| — Vp-p
Power Supply Current 7 ‘s mAdc
g+ N2 Icc —_ |20 30 = | 20] 40
114 {1 — 2.0 4.0 — i 30 5.0
DC Power Dissipation 7 5 o | =l m =] —1xn| -1 mw |




Carrier Feedthrough

Carrier feedthrough is defined as the outpuf voltage
at carrier frequency with only the carrier applied (signal
voltage = 0).

Carrier null is achieved by balancing the currents in
the differential amplifier by means of 2 bias trim poten-
tiometer (Rq.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 mput .

level, as shown in Figure 22. A low value of the carrier
does not fully switch the upper switching devices, and
results in lower signal gajn, hence lower carrier

suppression, A higher than optimum carrier level

results in unnecessary device and circuit carrier feed-
through, which again degenerates the suppression fig-
uré. 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, alinear operating mode
must be mairnitained in the signal- -input transistor pair —
or harmonics of the modulating signal will be generated
and appear in the device output as spunous 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 géneration.

At htgher 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.

Signa! Gain and Maximum Input Level

Signal gain (single-ende;d) at low frequencies is
' defined as the voltage gain,

V
J _RL__ where re = _ZG_I'H_Y_

A L 2
VS = Vg T Re+2re I5 (mA)

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 determiried by Rg and the bias
current Is.

Vg < Ig Rg (Volts peak)

Note thatin the test éircuit of Flgure 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 ampiifier itself by swinging it

into the upper switching devices. This swing is variable
dependmg on the particular circuit and biasing condis

tinong chosen,
Woser

Power Dissipation

Power dissipation, PQ, within the integrated circuit
patkage should be calculated zs the summation of the
voltage-current products at each port, i.e. assuming V12
=V, lg= l6 =112 and ignoring base current, Pp =215 (Vg
-.Vi4) + I} V5 = V94 where subscripts refer to pin
numbers. - b

Design Equations .

The following is a partial fist of design equations
needed to operate the-circuit vu.h other supply voltdges
and input conditions.

A. Operating Current:

The internal bias currents are set by the condmons at

pin 5. Assume:

Is = 1g = h2.
ig<<Ic for all transistors
then: ' .
=V— —¢_500 ) .where: Rg is the resistor between

pin 5 and ground
& =075VatTy = +25°C

The MC1596 ‘has been cbaracterlzed for the condition
I5 = 1.0 mA and is the generally recommended value.

‘B. Common-Mode Quiescent Output Volage
Vg=Vi2=V*-IsR
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 H{Ve, V12) - (Vg, V10l 22 Vdc

30 Vde 2 [{Vg, Vi0) — (V1, Va)l 2 2.7 Vdc

30 Vdc 2 [(V4, V4) = {V5)] 2 2.7 Vdc
The foregoing conditions are based on the following
approximations:

Vg=Vi2, Vg = V10. Vi=Vs

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

Tr'ansadminance. Bandwidth
Carrier transadmittance bandwidth is the 3 dB
‘bandwidth. of the device forward transatimittance .as

defined by:
ig {each sideband)

- =0
vg (signal) °

v1C =

Signal transadmittance bandwidth is the 3 dB
bandwidth of the ‘device forward xransadmmance as

defined by:

218 = '_9_(_5_'9_“3_”th = 05Vdc, Vg = 0

vg (signal} |



Coupling and Bypass Capacitors

Capacitors Cq and Cp (Figure 5) shouid be selected for
a reactance of less than 5.0 2 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 cutput
levels of each of the two output sidebands resulting
from variationsin both the carrier and modulatmg 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 stablhty of the internal
cufrrent 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
(FINS 1 & &)

i 'A'A S
510

O—

10 pF

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

TEST CIRCUITS

FIGURE 5 — CARRIER REJECTION AND SUPPRESSION
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NOTE: Shielding of input and output leads may be needed

to properly perform these tests.

FIGURE 7 — BIAS AND OFFSET CURRENTS:
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FIGURE 8 — TRANSCONDUCTANCE BANDWIDTH
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FIGURE 9 - COMMON MOCE S oiN FIGURE 10 — SIGNAL GAIN AND DUTPUT SWING
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) TYPICAL CHARACTERISTICS
Typical charactws e~z were obtsified with circuit shown.in Figure 5.fc = 500 kHz lsine wave),
Ve =60 mVimy 15 1 kHz, Vg = 300 mVirms), T4 = +25°C upiess otherwise noted.
FIGURE 11 — SIDEBAND OUTPUT versem: = FIGURE 12 — SIGNAL-PORT PARALLEL-EQUIVALENT
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TYPICAL CHARACTERISTICS fcontinued)

< sancal characteristics were ol:xa-ncd with circuit shown in Figure 3 1c » 500 kHz {sine wave),

Ve = 60 mVirms) g =1 kHz Vg = 300 mVirns), Ta=*25 OC untess.otherwise noted.

FIGURE 15 ~ SIDEBAND AND SIGNAL PORT.
TRANSADMITTANCES versus FREQUENCY
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‘FIGURE 19 — CARRIER.FEEDTHROUGH versus FREQUENCY
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FIGURE 16 — CARRIER SUPPRESSION
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FIGURE 18 —~ CARRIER SUPPRESSION versus FREQUENCY
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FIGURE 21 -~ SUPPRESSION OF CARRIER HARMONIC
SIDEBANDS versus CARRIER FREQUENCY
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The MC1596/MC1496, a monolithic balanced modulator cir-
cuit, is shown in Figure 23.

This circuit cons:srs of an upper quad dlfferemxal amplifier
driven by a standard differential amplifier with dual current
sources. The output collectors are cross-coupled so that fullwave
,balanced multiplication of the two input voitages occurs. That is,
the output signal is a constant times _the productof the two input
signals.

Mathematical analysis of linear ac signal multiplication indi-
cates thst the outpul 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 balanced mixer, prpduct
detector, frequency doubler, and other applications requiring
these particular output signal characteristics.

The lower differential amplifier has its emitters connected 10
-the package pins so that an external emitter resistanté may be
used. Also, external load resistors are employed at the device
output.

Signal Levels

The upper guad differential amplifier Fnay be operated either
in a linesr or a saturated mode. The lower differential amplifier
is operated in-a linear mode for most appli¢ations.

For low-level operation at both input ports, the L,output signal
will contain sum and difference frequency components, and have
an amplitude which is @ function of the product of the mout signal
=lenudes "

For high-level operation at the carrief input port-and linear
operation at the modulating signal port, the ‘output signal will
contain sum and ditferencé frequency components of the modu-
lating signal frequencv and the'fundamental.and odd harmonucs ‘ot
the carrier frequency. Thg output amplitude will be a consxan(
times the modulating signal ‘amplitude. Any 3mpmude vanauons
n the carrier signal will not appear n the oumul

FIGURE 22 — CARRIER SUPPRESSION
versus CARRIER INPUT LEVEL

0 : T
1 .
2 0 .
g ' i R
‘;é 20
& .
« -
§ ki > : 1 * 10 MRz
w D
@ [ |
<40 - t ]
g . R '
g & N ' tg = 500 kH2
4 L N pd — ]
~ 60 | - \./IL/l/ ‘
o - |
PN B : ] _
8 100 200 300 400 500

V. CARRIER INPUT LEVEL tmVirms])

.OPERATIONS INFORMATION

FIGURE 23 — CIRCUIT SCHEMATIC
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The linear signal handling capabilities of a differential amphfier
are wiell defined. With ho emitter degenération, the maximum
input voltage for hinear operation is appfoximately 25 mV peak.
Since the upper cifferential amplitier has its emitters internaliy
connected, this voiiage applies to the carrier input port for ‘all
condtions.

Since the lower differential amplifier has prowisions for an

external emitier resisiance, its linear signa! handling range may be.

adjusted by the user. The maximum input voitage for hinear op-
eration may be approximated from the following expression:

Y -(15\) (Rg)mlts peak.

This expression may be used 10 compute the minimum value of
Rg for a given input voltage amplitude.

. FIGURE 25 - TABLE 1
VOLTAGE GAIN AND OYTPUT FREQUENCIES

The gain from the modulating signal input port to the output 1s

the MC 1596/MC 1496 gain parameter which 1s most often of interest
10 the designér. This gan has signsficance only when the lower
differential amplifier 1s opérated in 2 linear mode, but this includes
most applications of the device.
-1 previousiy mentioned, the upper auad dif ferential amphfier
may be operated either in a ithear or a saturated mode. Approxi-.
mate gain expressions have been deveioped for the MC1596/
MC 1496 for a low-level moculating signal input and the foilowing
carrier input condrtions:

1} Low-level dc

2} High-Jevel dc

3) Low-level ac

4) High-levet ac

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

NOTES:

;i e ‘tevel i ignal, V. assumed in all cases.
Carrier Input -Approximate Output Signal 1. :';::“:s'ecv:"i’;ﬁ°li“p'::"\‘l%§a.'gg:- ¥YM
Signa! V) Volmsge Gain Fpencyls) 2. When the output signal contzins multiple frequencies,
the gain expressidn given is for the output amplitude of
: RLV i fe + fy and fC - ty.
Low-level dc L VC - vach 91 the xwo‘des[red outputs, i + fm C ;M
2(Rg + 2r )(K_T) .3. All gain expressions sre for o supgle-eqded output. For
E €lq/ a differential output connection, multiply each expres-
sion by two.
H R . 4. Ry =:Load resistance. .
High-level v A . - R o
fohlevel dc RE +2re ™ 5. Rg = Emitter resistance between pins 2and 3. |
: 6. re = Transistor dynamic emitter resistance, at +25°C:
Low-level R Vglirms) AN
ow-level ac —g fctfm <b my
2\/5(*%)“?!5 + 2rgl fe™ |'5 {mA)
R 5 7. K = Boltzmann's Constant, T = temperature in degrees
High-level ac m fc fm.3fc £fm. ‘Kelvin, g = the.charge on an electron.
RE + 2rg Sfc‘.tfm. rY’
- = -'%1- 22 26 mV at room temperature
APPLICATIONS INFORMATION 4

Double sideband suppressed carrier modulation is the bassic
application of the MC1596/MC1496. The suggested circuit for
this application is shown on tihe front page of this ‘'data sheet.

In some applications, it may be necessary 10 operate the
MC 1596/M(C 1496 with a single dc supply voltage instead of dual
supplies. Figure 26 shows a balanced modulator designed "tor
operation with a single +12 Vdc supply. Performance of this cir-
cuit is similar to that of the dual supply modalator” j

AM Modulator

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

Al that is required to shift from suporessed carrier 10 AM
operation is to adjust the carrier null potermomexev'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 sutticient adjustment range. Therefore,
the modulator may be modified for AM operation by changing
wo resistor yalues in the.null circuit as shown in Figure 28.

Product Detector

The MC1596/MC1496 makes an excellent SSB oroduct detec:
tor {see Figure 29).

This product detector has 3 sensitivity of 3.0 microvolts and a
dynamic range of 90 dB when operating at an intermediate fre-
quency of 9 MHz.

The detector is broadband for the entire high frequency range.
For operation dt very low intermediate frequencies down: to 50
kHz the 0.1 UF capacitors on pins § and10 should be increased to
1.0 gF. Alsc the output filter at pin 12 can'be tailored to 2
specific intermeuiate frequency snd .audio amplifier input im-
pedance. g )

As in all appligations of.’the MC1596/MC1496, the emitter.
resistance between pins 2 and 3 may be increased or decreased 10
adjust circuit gain, sensitivity, and dynamic range.

This'cilcui!:mav also be used as an AM detector by introducing
carner signal at the carrier input and an AM signa| at the SSB.
input.

The carrier signal may.be derived from the intermediate fre-
quency signal or generated tocaily. The carrier signat.may be in-
troduced: with or without modulation; provided its level is
sutficiently high to saturate the uoper quad differential amplifiet,
1f the carrier signal is mopdulatea, a3 300 mV{rms} input level is
recommended. ' )



Doubly Balanced Mixer

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

The local oscillator signal is introduced’ 8t the carrier input
port with a recommended ampmude 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 fregquency at both input ports.

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

P

Phase Detection and FM Detection

The MC1596/MC 1496 will: function as 3 phase detector. High-
level input signals are introduced at both inputs. When both inputs
are m the same frequency the MC1596/MC1496 will deliver an
output which is a function of the phase difference - belween 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 t6 vary 2 phase as a-function of fre-
quency. The MC1596/MC 1496 wiil then prowde an output which
is a function of the input signal frequency.

TYPICAL APPLICATIONS

FIGURE 26.-- BALANCED MODULATOR
(+12 Vdc SINGLE SUPPLY).
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FIGURE 28 — AM MODULATOR CIRCUIT
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FIGWRE 27 — BALANCED MODULATOR-DEMODULATOR
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FIGURE 29 — PRODUCT DETECTOR
{412 Vdc SINGLE SUPPLY)
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FIGURE 30 — DOUBLY BALANCED MIXER

FIGURE 31 - LOW-FREQUENCY. DOUBLER
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