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ABSTRACT

This thesis presents the designed of Video Scramble for Television
Transmission. Encode video baseband by modulated with reference sinewave is
used in this thesis.

The Decoder use the same technique that use in Transmitter , the phase
shifter circuit is also used in the decoder for adjust phase of reference signal that

may be cause of distortion of video picture.
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HEABTIVBITWYIMU Synch INMMUN Waveform 183 Scrambling Uae Descrambling naniwu

W ldludgy g Video favuanuas Pulse (Pulse Train)

PAL 625

Goting Pulse

Synch Pulse In Video = Suppression

S

Synch Pulse’ Attenuoted -~ Attenuotion

- Horizontal Blanking Raised Above Peak Vhite Levet

=

Horizontal Syné“ Pulse Is Dithered
To Give Pseudo Line Delay. Line Video may
be normal or Inverted

Payview 111 Waveform

A
3UN 8 uAINAYAI Puise Synch Shifting

J . d 9o [ e bl -‘ 1) s
\la Pulse Train FdnIudMIUNIT Descrambling Fyqranignasiuaug

J g ¥ J
mnnuunmnnuaﬂ'ﬁmim 8% Gate Pulse
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NV IVINTAIANND ( Filter )

- - - v -~ -l . w
Tunsldnusemdilinnsefing vvatamenadasmsiiygrnusauidiudhn

O - o -t - - & ° & o ¢
INTUUN Tﬂﬂﬂﬁmvty'\mﬂllﬂ’ﬂunﬂuuantﬂua%‘\nuu%:gnﬂ'mﬂaaﬂiﬂ ‘Hﬂuﬂaﬂ’:IU'nuﬂaﬂjd

ITnTsnMudTiad 9 flldheiunasuuudadi
1. 2393nIBsAMufen (Low Pass Filter)

2. ’Jm:rmadm‘wﬁtﬂwﬁ‘n (Band Pass Filter)

3. 'msnmqmmf{ge' (High Pass Filter)

4. wasuanisWawmad (Notch Filter)

o3
1 299TNTOIAMNNG (Low Pass Fliter, LPF)

- C i P o N Ve o o ] P
I“ﬂqda‘ﬂllﬂﬂ ‘N‘{ﬁmaaﬂfnund'l‘ﬂ:nu‘lu'lmﬁmmﬁmﬂuﬂ’nungdmﬂm'mn fo (CU'( off

v v

] ¥ L% -l o ] ~t = L Y < ¢ =,
Frequency) #uian llwasasias wiazlinnudgandt o (Rsdlinlasnany usiluanandiu

-~ &« p AJ “ & [] [) :5 1] 1 e
anué‘mnwmaammngwgnnuaan‘lﬂa:"lmﬂumuuu uaasnay < Qﬂﬂﬂﬂﬂ?’l'ﬂﬂﬁﬂﬂd

- ol o o e g - v . ; P
(Fou9 lasyandanuiuiniy t, AaraTenldnasedn i anad 0.707 (3w1a Voy; 9

- - ol -
AARIMRALNEY 70.7% (TBABUNY Vi §980) ANUA - 3 dB (8AT1U8N883 Voyy 8ARI

3 dB) wiannwiinyu fludu ndmlas

mn

L ®——

Ouy

1

40 JB/decade

20

30

Voitage gan (dB)

40

\ B¢

- Passtand -f

Stupbuand -

60 IR | P TR I U [N W AT | '

I Y

100 =1k
Frequency (Hz)

0k

- ' -
31]11 1 NIMNUFMINTADUARBIADAINUNTAY LPF

100k

A\ dl’ Ay l‘ - 1 d‘ 1 e lJ
FyluaeTRIzRananTIaTINY YIMNNANgINTY fo TGuntierasfygandnny

:J ; J ' [} 1 A\ Y -‘Al ‘: ] + 1 : =:
fdndn fg 1 gl (Pass Band) WRZNAUAUNFINITN "maﬁgnnu" (Stop

Band)
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ol o - P ' P Y - o
a']nn?]wzll'ﬂ 1 Q:WqutUﬂﬂmmv'lmuﬂ'nun§\1ﬂ1’]ﬂ'nun fc Llﬂ1a:uammﬁmUﬁd
W ol v e PR Ve v A ' o -l - -~
1331 ﬂgnﬂﬂﬂﬂu@nﬂaﬂf‘ﬂuﬂUﬂ'nﬁtyq.ﬂmlauau‘] TW JIMnuauTn - 20
o~ ' Aol - X ' - “ v .
dB/decade (aﬂ?"mﬂ‘]ua:aﬂﬂﬁ 20 dB @aaunninuty 10 Lﬂ’l) WAKNUTURUINTI
- o ot A X - =
fygIunua - 60 dB/decade qmﬂuu‘aulnﬂ'ﬂu'ﬂqﬂﬂ']ﬁaﬂnllUU'NQinfadﬂqqun waztiiu

- ‘ -~ o 4y = A & - “nf v e
NULURUIUIN U\’ﬂ'\ﬂq']Uﬁuuﬂ'\lﬂuauuqnmulﬂ'ﬂﬂ 10@7”@:Uﬂmaunﬂ‘lnﬁlﬂU\’ﬂU']\]ﬂ{lﬂ

- L, &
AUAANIMTUINIUR
R| Vi Rr
rAM‘—W——
10 ks2 10kQ2
Wee

+H15v

741/351

20-k pot at
15.9 k2

o W
3Uf 2 2937 Low Pass Filter InAUIU

J = , P d av 4,
UM 2 usRIdaE9Y892397 Low Pass Filter uuuiugu lfaausudngndalu
ANBUTTAINITAINUTION  URsITRANMITULINTIGUTITINGT ™ 27 Input uan lagly
AMFUIANIIANUNTBIFTY QI Input 9:TNRABAN Impedance TBIALALLTZY FIFUMT
Xe = 1/W (W = 2f)
P P a o ¥ d e - - o -ty R
lag?l f fanudvardygin input dawumiledygrudanuid X, wxlidgs hid

Qe g [l ~r [J v ~r 1
unauisumInuananaiand@iulzy ¢ uandunaldsaau output Ve Teuszainm
[] L v JV = J v -t o' [ A (-3
Wiy vy dhe lwsnendygradanaige sshld X e dueli@iudee
o « x 2 y v J 1 & J‘ A .' ]
\AlBUgNaAIDT GINU Vot axlidndndan axagdldh daresdygrufifianuddiezdu
P - o A ol & v P
g output ldlasndygradidanudgazgnnuanld wanmmnaamanad fo
J [] ) et [ ) v
nuistsyaraeaniluaasdnlansaums
fo = 1/20RC
2937 Low Pass Filter W3Ufl 2 azfianududszunm -20 dB/decade uazan
v ' “ aw P ' - N
mialfgunaol 1w @fudizalunes dygraidaldnn out put wsfiigliaseiy nput
1] J 13 Rt .‘:
wofiden wassfimaifewsaanliiinny - 45 (Tawdfasilan w97 Input vINBfiaN)
-‘ V" + [d ] J A 0'4 L o
Famnarufuliduiuaugarla wafiesgnifewluGesg Taonaluudy eesdygnn
A' ar .J @ 1 ) o et
Output azfeuly - 45 vng anudufanss - 20 dB/decade @28H1 1Tu & wiy
syundanuts - 40 dB/ddecade (WFusd Output axgmisusenly - 90 e
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Aflaudu - 40 dB/ddecade tW&ves Output m:gmﬁ'auaan"lﬂ - 90 dlafisuiy
R Inpiut ‘
gﬂﬁ 3 uam?wn"lgnﬂ%’uﬂ;a'lﬁ'ﬁmm'ﬁ'uﬁo - 40 dB/decade lapfigifiy
ﬂszgﬁnnﬁ'ﬂﬁtﬂmﬁu usiw‘v"m‘f'n.ﬁmhzq cq W lumsleudygrundumninanany
JYQI™ Input ﬁmwuﬁg\a (tflasann Xoq EHAaa8d) uasTERNIAMIANUE fe 9N
gum3lanadt
fc = 1/[2pR1RoC4Co]

20-k pot at
R y 15.8kQ
” ‘VAVAVAV A AvA'
J7 27kQ Re
+Vee
+15Vv
s 7417351 Vo
——AMA +
33 k82
RL
e ~Vee 10kQ
0.0047 uF ~15V
v

ol
Eﬂ'n 3.UAMI2397 Low Pass Filter
oy ot o
AlAUTUDY - 40 dB/deccde

P g [ . a v v n | o
gun1Tiaslinamaingann danudunas Ry uaz Ro Alflawiariniu wasd
\iulszy C1 e Capacitance §3nd Co  Rg masdiduriiy Ry + Ry ielidygm
. - v o s - @ ar [T
output HdnwmslndiAsaiudtyyio Input nnfige uazdatolunadiv offset MWiifiasy
ol v
aadanday

P
2 99INTBIAMNNDGY (High Pass Fliter, HPF)
a W st [y Y -~ °
WRIIMNAN IARN®1293T Low Pass Filter unuda imazamansathlandnmarnaiuas
L) A’ A’V ) 1
2997 High Pass Filter 18d182% wananfidswuiaunsniisun1sdng § 1842997 Low Pass
Filter 1Nl lumIAWIt47393 High Pass Filter laaneay
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" 3 : W -t : L4 4
INTAVAIWITTRAR L@ Touen lanui aoamazuau'lnangrynmmwnga
N 1 ® x ] e N o ﬂJ o' [ ¥ I -~ :
iulud output Teivhau udazinlilidygnaenuadiululd udluanuniuet 20l
& [] & . - J 1 o 3
NazflanHUEITUIALINUIT Low Pass Filter Asziiaanudl fc AW uszdaTuuiuszdan g
-~ I A' o ok - -l'
aasd Az luanasluumiduasnuninule aagUn 4

Voltage gain

20 dB/decade

|
<~Stopband->t—<——— Passband ——»

fL Freques

P —an -
ZIJYI 4 uamqmauummmauauaomwn
2837997 High Pass Filter

[ansoahneeTile lasnssfudumistes R fi C 1847997 Low Pass Filter
vas - -~ -~ v a o o o - - '
lddagun 5 wszswmnahnendnmatuld lasodvguaniand fienudas 6

o o v & o - & ' - '

Impedance 189 C il MIUUTWQIM Input IsuNIMUAIIanaTan R uasiifnanrin
o |A J ; ) g e bt - .

M Vout Wifianuddndt fo 183 Impedance 3xlifgs lvusiduiiaunueanasay C
= ot J . & -l' J ol J : :

unsiunsliussduiianadon R uazussdun output deunn lasfiaeasluzufl 5 Aana

O J 4 : » Qe
Tudszunm - 20 dB/decade uasiliftanud f, Aimldanaunisi@sanuaies Low Pass
Filter

0.01 uF
11—
11
+ Cc 4
Vin R > I ~Vee S 10k
_ 20-k pot at
156.9kQ

v

Py

3UN 5 U8AI2397 High Pass Filter
o .
NUNMUTY - 20 dB/decade
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mmmﬂu;:ﬂﬁ 5 inmunsadiudysbifinnududs - 40 dB/decaade Idlauiiy R
uss C n‘f'\‘lﬂﬂ"a;ﬂﬁ.s Tamaasmfaﬁﬁmsﬁ’muﬁﬁﬂs:ﬁnﬁmwmnﬁqﬂ Aaadainmwuald
Cq {fuAy Co uaz Rg fidwiiy Ry lasd Ry udilandyamnduifomsnses
Fygnmdnaianis

20k pot at
Ry y 15.8kQ

AA

M vv‘vv v v
27k Re
+Vee
+15V
P = vQ
741/351 ' 0
}——t1 } ¢ +
: ~15V
C2 Cg Rl.
Ry ~Vee

s Ra 33k

N

Vin

-

3UM 6 uaA3997 High Pass Filter
-!A ol
NUANUTUN - 40 dB/decade

3 2995n389@NDIIWE 9 (Band Pass Filter, BPF)

2997 Band Pass Filter fansasfisenldygransnnuismlydivndy QAN
ﬂ?lmmauauaqmwf{uanws‘lﬁhgﬂﬁ' 7

mngﬂﬁ‘ 7 WAL o ANAn Output ﬁvuﬂﬂgaqa s enianudlaunne
(Resonant Frequency, f;) uasAnnuAdouson Output a@sIWAaLIAY 70.7% Haehud
mwﬁ'go%u uszAadanas Sundmnud fy waz f mudey Tasfinadnirasnnuiing
qaail (fyy - f) URQIAN Bandwidth (BW) Jumwadinia 10% wesnnud i FomaaTi
11 2997 Fiter T23uAY wdaxTondniuaees Fiter 129ne d1 BW degena 10% ves f,
wennniudadsiswdmive Q (Quality Factor) Fufludamemuszwinnanud fr iy
BW @3RUMT

Q = f./BW

2afidisn Q gannuila BW Aesfsunuriniu (hlndanslugaund Fadas
mudenanufinruaesidifiseduden) uas output ﬁ‘lﬁa:ﬁmmagﬁrué‘m wurlazlugy
# 7 W§M92993 Band Pass Filter iflfn Q daudnaen
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101111u3ﬂﬁ 8 URA3INIT Band Pass Filter "!‘Iﬂﬁmnmﬁdmwi Low Pass Filter Ugz
High Pass Filter hdheiu (Tasflaseslaszantewiudld) Ry usz ¢y Aegunicifilu
mInsasnnuddh @M R2 ws: ¢ axldnesnmuigs Taswunsamdenud f léen
Jums fr = 1/[2p RpR3C1C2]

+15

+1048 | _ e e
+10-

45 b
20 dB/decade

Voltage gain (dB)

i
I¢8m¢w6dth.1
)
detoy saoal ol g e a1l PRI ST ST |

10 100 f, = 200 fu=1k 10k 100 %

1o @ 447
Frequency (Hz)

N WA . ..:
31.!'(1 7 URMIAUENLANTIIABUTUBINBAIINN VAN
Band Pass Filter

Taoi Ry = Ry // Ry = RyRa/Rq + R

Fifst-order | First-order
s e hlgh~pass fe- == [OW Pass ——e-mmimms oo - e
section | section
| :
R I A
Re i A
\ P S VY.V, P— t 10k
! 10kQ 10kQ {
: +Vee }
+15V !
| 20-k pot st
: 15.9 k(2
C 1 MWy
| R’
v | 008k '1/5 v : 0.01 uF 3
(. R3 “Vee !
Vin ) :; 20-k pot at !
- 15.9kQ |
|
|
f, =200 Hz S ! f,, = 2kHz

Yo

P o
zﬂﬂ 8 W§M3I1I9T Band Pass Filter Wuus28 HPF nu LPF
URZNIAT Q INFUNTT

Q = 0.5 Rg/Rg fa ¢y = Cy
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- v d -t 3 L
unIdidain132993 Band Pass Filter Hafigaenieunng imawnindnear Low
Pass Filter Usz High Pass Filter xdasaurinldiay Taold 1, 1832995 Low Pass Filter (I
s . = A v ) -l .
fyy uazld f 1892997 High Pass Filter 1ilu f; Teazldnmvusaimineuaussdannuiiaig
ol
n9

+20 d8/decade

0.707App frmm m e Y /"20 JB/decade

Stop |

Stop
band

band ] Passband

f fu Frequency

ol an o
3N 9 uamInTIAMauRAauauaIAND 189 BPF
J o9 A [} 1 L4
7l LPF AU HPF dasiunu

4. wamariaNalaasd (Notch Filter)
-~ : & @ b -‘ [ [} : b\ “
NsrRateshnuasiuwiuninssnissanuiiiugg lagariasseulianud
' v v - A A v [ - -~ A e v s e
nng sdmllld onduanudsunivilatmuald lasmalihsssiied dngnldiferu
L J t J A\ -‘ [] J
SYYIUTLNIU UTIMTIUAMANNALTD U 10 uFRIMIABLANEIAEAI1UDYEI233T Notch
Filter

A"
Gain, | -2 |

in

Ideal
response

| = -

Stop
band

Pass-
band

0.707 {e——

—= Frequency

-l -
31]‘(] 10 REAINMTABUIUDIAIIUNVBIIIT Notch Filter
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=15V

R
- 20-k pot at

20 k pot at
15,9k

AMA A

<L R} 10kQ RL 10 k2

- P
31.'1’1 11 u§@3I3337 Notch Filter HUUWUI U

nngl 11 mMaanaswIumId fr e naums

ft = 1/[20 RqR4C4Co)
UREMIAN Q‘IIEN'NQTUTI.FJ Cl = C2 1ﬁaﬁnaunﬂs
Q = 05 [R4/R1]

“ LJ 1 : L] Aol Lol ¥
weNINT AT Q funduinmanusuleands Taof
(Autu) N = {[1/Q] - (2Q(1-Rp)/Rp}/(1/Q]  iRp = R3/[R2+R3]
Falanndudr R3 ﬁ'l'ﬁ’mua:ﬁmgon'h R2 Uszu1m 50 v

- - o & [ ' a

m?ﬂ'mwamnﬂugﬂn 11 ii"lll'ﬁﬂi]ﬁﬂ']il‘lﬁﬂﬂu UIIaw Input 'ﬂ:gnummuawm
' ' o o« & v & < o P
FIUTTWMIW R2 URe R mmmum:gnﬂau'lmmm Input maawaoaaﬂuauﬂ NATUN
.. 1] i & Qs a [} L o <
@N77 fr 1 Impedance Xc maamtﬁuﬂszqngomn asnlsilimaloudyamndy 1
HALW Vout = {R3/[R2+R3]}*Vin

-
= Vin {lla R3 = 50Rin

] A' J 4w ¥ ~ ] o e
udillennudees Input WInd fr Reactance waIRNAVLIZYI MR UGdU

o et 1 [ v e -~ J
nulumsilandygon output ndug Input \usaliusedi Output aaas uszifanindon
v - - -y ' “ « v
\Waeay 1eAuives Input Ufingend fr Impedance wasRIiLLIzyazRany usmiunald
37989 Output IFUBUYNRANIIAVYL Input AU Wufa damvmodduiu 1 namdwases
-~ - s & ' - -
@aluusIau (Voltage Follower) umsfasmnaeft Wensnfansd@a Impedance 183 C U
fge 9 Wifad1 ¢ gnillanans uszlle Impedance 189 C JnanasliRaiaiion c QAT



21

(b}

J -~ i
EﬂYI 12 w§n32337 Notch Filter sUua T~ 7

-l - |
NN 12 UFAIIIT Notch Filter wila ‘T* ¢ Almabuanaunial Passive

' [ a ~ o e { = o P > ¢
mdaludanrusrainanaunny lasdaatwaudviimirniuiwines 2sasiainlva Q dau
A3 4 .' T 1 J L ¥
Fad (dnd 1) Funeslugi 12 b usaam a9 12 2 ndaudsadnies lambhia
1] U 4 1 9 J -3
darznine R3 us: ¢3 luilaudt Output vassarueni) unalidn Q fid1gads 50 Farild
- @ at o 8 A' 9t - o o
\iannuduiidgaunn: (danu output Aladsfisnunisunauain) Tasgumslumsdmuam fr
@ - @
mmmuaunu'lmmsgﬂ 12 a
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undi 5
.
ﬂﬂﬂﬁtﬂﬁaaﬂgﬂ ( Phase locked loop )

p
1. wesidaRangufiugn (PLL)

essniinmldzuy FM Stereo Anaduwinens Mlinmnsediudizney
& v v Rt ° o = & a o
P8I7PUL FM Sterep vimsimndieiu vullu 1¢ duTaplifissdndes nldeanm
A s ] A’ [ & > o = A’
UTnauenAmiy FM Stereo 18w uaztlzndansi dilaom 9 luss 1c duTegUil ez
tsznaylidaad1uses Input Amplifier, Phase Detector, VCO . (Voitage Controlled Oscillator),
al we w Y , . .
Phase Lock Detector 133zuuflfimiu Audio Muting w38 Stereo Lamp Switching URe
A ' - o~ At v, P - o s
Power Supply Regulator fig¥wagnielu nmianisqiilivia 1C ilail andenfufiewmn
. . -~ a1 . > - W . P g oo oo«
Yamuluiasasunian Supply Mufeuutsslugrendn Undusa I dawandt exddndnda
‘ " (3 e L 4 A
uuy DIP 1w1a 14 wia 16 1 usslafimanfadludiwanann szvinbilimangn wasnfaud
. (Y v > » v dal, ' o @ a € 2 s
s llfinldies TasmldauimdrindmiegunaaEiinansefing wiemuiludang
e ] ‘\.‘ ’ N ' IJ ¥ [} ) * .
TasgmineTudaunes Radio wie TV 2sesdiulngifilsion sclifldndsznevdinan coi
C o [y g ' s ] [y )
uszgUnTalang fwndalan gunaive sutludondudunezdaslifingunsallums
s = = ; A
Descrambler iwTziinnsfiifianaaull Subcarrier 15, 31, 40 wie 62 KHz iisltluzuy
. o > - )
Gated Synch, Sine Wave usz SSAVI lummminllfawufiflnny Demodulate smymnm
[ >3 & o & ] » hod
Subcarrier 489 Hidden Audio d9nudatdlumarnauni 2 adwniaunu

2. nqufjraswsiadengy

WANNI1892997 PLL szvulasmmiFamfisvdganmaiwifdeinms dulnd
usszldan VCO ffldmmatiuud (Tune) auitdwua fudgna Reference Tagnin@
US2FEYRN™ Reference ARBRTYNTA Input 163 MIFTYRNM Input U8S VCO szonilauliniu
2397 Phase Detector g“:ﬂﬁ 1 @3 Phase Detector 3zl Output Milukad1318y Phase
swinadTyQIaL Input 13883 97K Output AN Phase Detector ﬁra:gnvmu uazgalw
Au99vCo  Veoazimihfifauanud lulufiamafasiliaruuandnesming  nput
(Reference) Aufitinsndasiuiatsass tnIndiannasdasrinamdunamud Input Afauiiun
a1119 uin luuyydlasfnlsassmnanrud (Frequency Devider) #a N idhlulusaudiuilu
Feedback Loop

Phase Detector  JzWA@S@QyIM Output AC thdtygnm Input Ailewdrana
gasvggmdnuifuandeiu  uddr Input Aflawdnandiasudirinds  Feclwisedu
Output DC MuFAITIAIMWANHFDBIFREIMUNY §311% Loop 920 Lock Phase Error fifia
N sriifnagTning Input minasdilufliididnef dan Ferquency Error tviniu 0 lunm
NRUARTZLY Automatic Frequency Control (AFC) 3z1fi@ Frequency Error La%8
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ROEEHEOELLINIES VCO > Gocs)

L1V ]
e
=

W&@J Block Diagram 183 PLL

Taufl Oo(s) e maninuasrzyy (rad)

Oi(s) fia iiaBuwnmisidadeBavasssuy (rad)
Oe(s) fla MmasiTafunTsuy (rad )
PD  fa sfinaiaaf

p Ld o J o o
VCO #a erAnfiannufaiuquaisnTian

- P
F(s) A8 2397N383ANRRNIN

3. Transfer function ¥89 loop
[} t ° A L) 1] -3
Tasusdoudr PLL  tiwszuubidadundsantnazinsasrsumis itedanisi-
4 ° ‘ ’ > - o » o ) )
wieviazimmuadanloluneenuuuldidurzuuigadule  Tasliaaudadgsewin
at ca . o o~ o ' wt Y v € -t
Maamﬂmamuw‘nua:manﬂauﬂaumﬂamanu‘lumn ua:lmvlma'mvgmmmsmmﬂ-
-~ 4’ ' o ) -3 L »
weRiluuzan (Va ) Tasinagiuarudaidsyasunnuaziisilaundumiadonldiin
Va = Kd(6i-60) o aeeee (1)
A 3 A o
Tanf Kd lududsdnaiaafinudouiadn virad uszlunsdinlvrzuuiveumas
1Y vlv - ¢ P ﬂ - « -
1@ irszldaauiienivnyesasss Vo Mudlsiunaansnalnudigudnasia
Aw = Kove  meee- (2)
o < [V & o
Tasf ve iuuTaduiunnyadnees Veo , Ko tilu VCO inuiluwia rad/v
- & o alad « a4
mumﬂmmmmﬂuﬂ'rmnmm'n'v!'n‘um VCO fa
Wo = ®Wc + A® = ®c + KoVve =~ ==--- (3)
] da . a a“~
Tasf @c iflwauddasz ( free running ) 183 VCO wszamarwiiilunsaunus

wsansAnunusmIsdonlain

Aw = dQosdt = KoVe ~  ---e- (4)
n?mﬁuuwlmmﬁvgmaogﬂa;J:lugﬂ'uaa
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t
Oot) = J A0t e (5)

0

ardiluszuunes PLL snmsilemeviaassniarammunedu (Laplace transform)
irdiswsanrinnldidin
Qo(s) = [KoVely/s  meee- (6)
FatuTTUY PLL mmmuamunuﬁhaao‘le?ﬁ'agﬂﬁ 2.

Bies) 3 Ka Dol Fesy [ Ko - 6o(s)

60(5)

zﬂ‘ﬁ 2. LFAILULIINDIUY PLL

-t ¢ « & v o
Iﬂ ﬂqqﬂzﬂlﬂmmfﬂlﬂ ﬂuﬂuﬂqwaﬁnﬂulﬂ ﬂ’ﬁ\" NTUuLe 01::1111161%%

Oo(s)/0i(s) = [KdKoF(s)/s]/[1 + [KdKoF(s)/s]]  ==--- (7)

1§Q1ﬂ1‘ﬂ\1ﬂ1'ﬂlfﬂﬂ Loop

. gl al a . 3 P o oy r Y
fmiunTdiassintasninuddndm F(s) lugudududnunuaamiimddawidn

. Y § ' ol a“ (& ) =
'!lﬂdt.\;ﬂ lwnmmonmmwm 2 Uwianfes  NIIMTDIMVUNIFTWNITOWIINTOILULRAK-URN

. =
(lead-lag fitter) U8£3TNTIAIWAULUUBAFN

Ri

i/ p o- M\~ ¢ o °/p "RAZ,‘ Icl'ﬁ

Ry

¢ ifp o——4W A S>——%p

a o
gﬂn 3.1 UEAIITNTAIRLUNIEEW pJn 3.2 UHAINITTATEIUVULEAAN
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WITNTAIMBUNETEN MTasaTnTesuuLRa-uin (lead-lag filter) uamluzﬂﬁ 3.1
fnmueiWariTude .
F(s) = {STp + STy + 1}  —eee (8)
Tasft Tq = (Rq +Ro)C
To = RoC

fnnsIsnwiuuukendn Inmuneiiaritude
F(s) = {STp + 1}/{STq} o (9)
Tagdd T1 = R4C
To = RoC
Tas A lwnuzenamisseulidmualiildmang duneums (8) salw
qumy (7) %:‘la"m'\mﬂafﬂaﬁi‘mmamemﬁvgmimﬂa‘éwmﬁa
H1(s) = Bo(s) = KoKd(STp + 1)/Ty  ==--- (10)
Oi(s) 52 + S(1 + KoKdTs)]/T1 + KoKd/T4
wiadasmnrasuuuueedn wnueums (9) salusunr (7) erldnTudsiiedTunes
PLL g

H2(s) = KoKd(STp + 1)/T4 seaee (11)
S2 + S(KoKdTo)/Tq + KoKd/T4
nnmueiWedTn (10),(11) swrmnidauliaglumennes suvilaunsdunuugefh

(servo) laiu
H1(s) = S([2{®n - @n2/KoKd) + ®n2  -—--- (12)
S2+ 2C@nS + ®n?

Tasfl on = VKoKd/T4

& = (1/2)¥(KoKd/T4)*(To + [1/KoKd])

R84 KoKd >> on usanTwneiiaidu H1 szdrzanmlddn
H1(s) = 2LonS+®n2 eeeeo (13)
82 + 2€wnSs + w@n2

#MTu PLL ﬁh’r’wmmamqmﬁunuusﬂﬁvﬂugﬂ nrwHeTNIR TR
H2(s) = 2lonS+@n2 e (14)

e “M/\&ggmns + ®n2 .
Toed @n = Vkokd/T;

£ = (T2/2)‘JKoKd/T1 = (Town)/2
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LA o o ] ' = ' al o« » [ 4
uszamanseaiTafidunanuuandnu It HS'LW!YWIE]Lﬂﬂﬂﬂﬂﬂﬂﬂﬂltﬂ')ﬂ:ﬂ.ﬂ

ee(s) = ei(s) - eo(s) ————— (15)
%mﬂmﬂafﬂoﬁ'ﬁ’waoMmaawafdatﬂﬁﬁuﬂmm PLL uraalafia

Be(s)Di(s) = 1 - {Bo(s)Di(s)}  ----- (16)
riadinulmildiin

Oe(s)/0i(s) = S/ S+KoKdF(s)} ===-- (17)

d1 PLL lsetntassfieda-uSnuuuwisdiudn nmudaffarftutearmeasataans
duwnsnnsndioulndlaiin - ’
H3(s) = Oe(s) = S([S + ®n2)/Kokd) ~ ==--- (18)
Qi(s) 82+ 2LwnS + @n2

k! H3(s) =  S(8+{1/Tq}) = =—--- (19)
s2 + 2(@nS + @wn2
[ . » ot 1 ¢ ] d o &
dimuasuasgtinuiidminnindinaudsTsum@ ( Kokd »> on ) us
H3(s) = L APRYAN N aon AR A (20)
82 + 2Cwons + ®n?
é’mi’nnﬂmﬂafﬁeﬁf’waoMmammfémﬂaﬁm}maaPLLﬁl‘E”:emmae WUL Uae

i mlaTasunusuns?i (9) aslugumsf (17) szldnmunefNadfdudai
H4(s) = Oe(s) = §2, (M) e[ Ol (21)
Bi(s) 82 + 2(wnS + @n2
Faflavindusunisd (20)

4. Phase Detector

dmuidadinaine? wIeamidenldiudaneununast ( phase comparator ) 1ilu
qﬂnmfﬁtﬂ?amﬁuué’mvn,nmé'wﬁm’mma‘é‘uv!nﬁmﬂmmﬁqnﬁﬂaunﬁ'umn vCO unzlA
u'nﬁ'mmﬁ'vgmi‘.luunﬁ'uﬁuﬂtmudﬂm‘lumm‘la fmTuiWsdmamefmuroutsaeandle
2 thziandie awmenidadinamsfuszdfnesiiadinaiaes Tas PLL Manmeninadiinn
wefwiaanadenldireumeninadiongyl ( analog phase locked loop : APLL) uszlu PLL
lTa3aeaadinaiaet nisenaondn AYaanuWaRangyl ( digital phase locked loop :
prLL) Tasmaluvialuugadansmils PLL Wwmnefewnansdangy  dmusdne-
maf‘?ﬂﬂuamaamﬂaﬁangﬂﬁlﬁ'ﬁumnﬁﬁa 2T mUUUALTA ( Gilbert multiplier ) usz
dwmiu DPLL dnldinadimained wuuWswsiaaudfinaines ( Phase frequency detector
PFD )
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[ - [
5. madngansdsnuarmifiaandygisees PLL

A .A; v w4 .o &
isssmnmmlzgnalfnunddgdunitlurzuulneuwey dmiu PLL ARe
o o o A o o o «4 I 3
aslddmivdaaudggraniessiinmsiueaqiamisvndalasluddgygroduining
o a d o A o & a a o
ndggraduwnndudueiunl  dmunilersdarusmniafeaunuliawulag
P v a s 9w a da 5w
audesdggnmiunnuszaur g miududuianamdiunniiliauidy lag
dd « a Fo  w M , &
ntidunaiemsismiveusenidsfanguiriiu

5.1 fidudon ( Lock range )

iuRdanniutues veo 'uaagﬂmmmﬁﬂmummﬁ‘a‘mgﬂ ( tracking ) 833N
Qﬂténﬁuﬁanﬁué’tytyﬂmﬁmmtﬁd dauaraIenfigountafia ( tracking range ) wia "Ry
Taa* ( hold in range ) ﬂmﬂﬂﬁnﬁangaquu m‘lﬂ"mnnnﬁuuﬁfhmmﬂﬁﬂam‘:ﬁgﬂtﬂu
m'mﬁgqqmlaa PLL YNnAIRanaInsunT
im Oe(t) = tim SBe(s) ~  —mee- (22)
t->aC s->0

% s a o e . ol w o o
anmanrafuns PLL fidtsaszuulusanizhdnandmesadiianiang smiunaas
calal o a >
afnfiannng auld
infsin@el)y BLLLAGD), ~ )/ Smemt, WA [L101811 4 ) -um (23)
t->0 KoKdF(o)
3 [J (-4 A a A’ d ¢ o -3 e
i1 Aoy iludidufendianfadugigailayunas Oe iy + /2 wiaWaidh
' o &
sin Oe(t) dfngegafs + 1 aanu
AWy = KoKdF(e) o e—me- (24)
. , W a a8 v ) s
wiaszviruguinulunsdinas PLL Alisesnissuunmiedn us: Aoy Ddawindy o
nrdt PLL lwasamntasuyuuandn

Wo
Cexter frequency

AT We
cﬁrture vange
AtGp  — :
Pu“ W ra.v\;f-
—  ATWH ————
Lock range

P P AN . o e «
31171 4, uﬂmwaaman,w«uvgﬂau,wanuﬂﬂma‘:
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5.2 ﬁa’i’uvgaﬁu ( Pull In range.)

Jufidefl PLL suntmesRendudgygnudunnlalasgdagluanmuFudulilégon
AuaafBuwn Urngnaduduiensmniaetinylalassuualbiguiiassnszwing
2vnasnrwiilugyl ( loop fiter ) usz VCO drfifunnilanuiidun (@1 ) Indarwid
veo ( @2 ) wisdnaaaituinawissnindnarsaefelinanauussiadnueinamd
:r:whomquﬁﬁuvg‘nua:ﬂqmﬁmﬁﬁﬂ VCO Tﬂuﬂmﬁvgmaowmman:ﬂtﬂmuaohwao
arwidiimualiirindy Ao viadewld

Awo = dBe(t)/di [ (25)
We
1\

oy T A

Ay

l, N,
Wy, VAAAAAA

Tp
»

] a heg S (-4
7N 5. uraanmiadgygininlie
o o & o
Al Awo suiludggrmdunnues VCO Mazusaquanuuy FM wiadganm
o~ a '
wnimwnindygralotlasswiavasnnuiiufswudssauian fTNINTLIUMITNEAG -

s P A > 9 da v & ) =
1an frnrwiues VCO wdanlndnaudfunnasiud Awo szaass i1 dBe(t)/dt 7
W s 8 & a o v
SRAMMUKNIVTINTUAU ml“”ﬂm’ll,ﬂUuul‘ﬂﬁu’ﬂﬂuﬂﬂ\uﬂﬁalnﬂlﬂﬂfﬂqﬂﬂqu‘a’lﬁﬂﬂ 3:'&"]
&4 ' W 1 » d dﬁ
aﬁlﬁﬂlﬁUUﬂUV]ﬂ'] uﬂﬂ'nzvl'l'l\)ﬂuquﬂ"’uaﬂglﬂ'ﬂ ﬂ'lﬂ')'l”ﬁ'ﬂﬁ\? VCO IRR8UINAINNDOU

°o & v, -~ & v P -~ -
vgnazmlvm Awo iRuanndiu 61 dOe(t) /dt WnTuLTIa eI nTaanadnaaefiLaan
' < d ¥ - o o
meamamamLuaLﬁuunummuammnﬁaammmﬁnlun‘lugﬁn 5.

~ ]

d o ’ o v o
mualdisauladandmusasfadygnuudefinamediontnn lddpisygnuiinlia

o o ' o v D doe Y P ) F- - w ) al
nduanpachisuunasziduriduddiais A lvadiufizes VCo maaumm”lﬂrjmmn

auvgmumzr?éL‘fi’lﬁun?atﬁanwﬁan'ﬁ'zmmﬁ PLL Fdmiunnsfeniuiuni “Lnmadu’
( pull in time ) Tzt Ao unairdrsgiinuangusn ( Amo >> Kokd ) finasmndu
stzanmlane .
Tp = [A@o2/2{@nd] eeees (26)
Hasin Ado ﬁnﬂumwumsi’mzv\'n"nmﬁuﬁ‘éuw‘nuazmwﬁﬁ #7283 VCO
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5.3 AduuaLaas ( Capture range )

“ - o a ' y '
luRdeh PLL santaezfennuainbidunn Tﬂuamwmaaqﬂ‘lu‘lﬁl‘%ud’uﬁam'uw.ﬁ
b Rt - " W J ) A + 3 AA
pauRdENadu waRgauatiaafidisanuiezuaunin Tauuamomwnauvm
- - = ' e va e o P » A I ol 4
vhanduawiives veo  hivWiAadggradnsusinliafievinnosudsdinainef
“ 1 L] [] A (3 [ o A »
manmﬂmwamwam’nungoqam veo miwnldanmauaagan Tanwsadudide
gﬂﬁama‘:‘ﬁ‘lﬁﬁa
|Awe| = KokdFliAdw] eeee- (27)
N L s d . dd [} [ "
Tan |FGA®)| indammisanauzesnnetistanuidanimudfiuandnanuszwing
anudiunnuazaiuives veo (iuarufies)  dmitssmissaiuinuuwisdv
&
mmmmuuﬂﬁgenﬂmﬂafﬂaﬁ-nuuam‘lﬁ'ﬁa

F(io) = TAA(OTN\\\ (/7 . NN ----- (28)
1+(®Tq)
wiatszanaladn '
F(j(D) =m0l - NAgan, / T\ Oear L O - (29)
Farin
AdoD AGETTALNS Y/ o \[ o/ BTN\t - (30)
nin
AcdcS= 2Comnf||d & \ QEBBERIGREEED | < ¢\ X --&- (31)

6. MIdANATISRAIINA ALY PLL

o - W “ v aAd P W e dv o a
mIsanTiaNdaae PLL wiwnrsfuannddulml  dradygnaaauidnd
& R [ o~ A o A A
wemgulaslhnsfusmiunndiensianuiuradlddqia e.
' o4 o » » AW v (4
ngduiiudthilinlaneduues PLL fldndnuugafifessmns N (1/N)
o « dv a a dd 4 o a '
Tawdn fr uaauddeindamdnnehuss AMUDLEMIHNYEI VCO sznuauiIaLes
Ay a w . a ol v
72087989 ( frequency reference : fr ) qENLIMUIUNIT N nIadlould

fo=fr*N - (32)
{r—ﬂ PD LPF VCO ———>‘C°
fo
N —
7

al . . ~ o -
31]7! 6. lLﬁﬂﬂIﬂ?dﬂT’N PLL ﬂ']“?ﬂﬂ']?ﬁﬂlﬂﬂ:ﬁﬂ'l']”ﬂ



- ] ¢ A < | ° 3 AV - - a
WiﬂﬂﬂTﬂﬁ'l'lﬂ’)'mﬂl.ﬂ"lYM‘Yl(fo) anduITnInmeeInuiaNeInde unausngg
a o v  de o d v . v
97 veo  MhumuFaufipuiuatiuiidnfifinsdinaiaad(PD) wirasstwin N i
~ dy - ° v « e ol at ' “ o
AUAIUDaNEY ﬁﬂ“ﬁﬂﬂﬂulﬂﬂ?ﬂdﬂ%‘uﬂﬂd PLL N3 N lua'mﬂaunaumuunﬂu
watWanrulane
Oo(s) = [KoKdF(s))/S  eemme- (33)
Or(s) 1 + [KoKdF(s)]/INS]

smiumTu afﬁaﬁi’uwaagﬂlﬂ 9wl
Oo(s) = &) e (34)
Or(s) 1+ G(s)H(s)

Tan
G(s) = Forward Gain
H(s) = Feedback Gain
G(s)H(s) = Open loop adh
30 (33) 111d Forward Gain fia

G(s) = [KoKAF(S)l/S /e (35)
URe Open loop Gain fin
G(s)H(s) = [KoKdF(s)l/[NS} e-me- (36)

fmiulunrfiamesinauiasemssnauiidn (LPF) luguszdanliaemnras
WULILEAAW Lﬁaaa'mﬁonmmamﬂﬁau miidauRanaalusamesivrainsdina-ia
afienfundidnies svmsssnmaslugulugufl 3.2 Selinrmdeforituusasluaunirii(o)
irnunuaslusuns (33) ald
Oo(s) = KoKd(STo + 1)/T¢ = ==--- (37)
Or(s)  S2 +[S(KoKdTp)/NTq] + KoKd/NT4

L A ~ ’ -II
wldnruiissruniivesgy use Auanthunainefie
®n = ( KoKd/NTq )172
€ =(Tp2)n eeee- (38)
‘ o [ q 1 (4 o «al ° v
AmudsTIumd, duantudaeaiaasgieniunmmliaefimswmaimuald
Tasnsdmnadmimliieefaana IRziIRA laERITTINIINAIINABINTAB NS
& el v ol al
aausuasrsIgUlusnmznmuden  AnusnnTaNeaqanaudfidesnitluntdigd an
vaRgIaNAIBFAMIUSLLING usEAuLEALTATRTIgY
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AN31112997 191994 ( Video Scrambling )

PG 11 mensndaiemdmiiiuinginesints Scrambiing talt
musadlimitemidietu wunfiiesndndedtuemluuivasdmirznauusens
rauluudasan

Tudmsssturmiiazstsznauludesmiis iy 2 dude

1. 12U Scrambling

2. 87U Descrambling

mmammumqﬂmwu Sinewave fa Smewave Scrambling usr Sinewave
Descrambling la@auvad Sinewave Scrambling 3zdsznayléae

1. ')WTﬂ']L%ﬂﬁt’gﬂpN Sinewave fianufl 94 kHz
2. 937 Add %38 Modulate Sk Sinewave WANUFY YN Video WWillu
Composite Video Signal

1. WAITAURAAYYI Sinewave

I RafYQIn Sinewave wiifitiiadynio Sinewave ARD 94 kHz
Woaih'ly Add w3s Modulate WU Composite Video Signal lasasasiifia
fyqam Sinewave #adld I wef XR-2206 Fuiu Ic dufiglumatufiedygin
Sinewave filassadhameluén ic 632131]# 1. UAEAWNTALTLUAY Sinewave ANAURBINS
elasnsimuamiiaasang g aai

dumuliuanla VR-3 deswiim 13 iy 14 slfSuudegUnduvasdyanm
Sinewave Miiianai uuﬁ'auﬁ‘qﬂ

amunmuliuald VR-4 datzninim 15 fu 16 luSanusuunasmaduuan
ua:ﬁ’maumaagﬂﬂﬁu Sinewave

T ey T T et

AMARPUT .
Asineonii,
"nhnmn‘au ] . e
. W""W’Nu'ﬂ! IR G L L % .
‘. | Uit } l}fu-pln‘u
- Yf’y : 1

} WHuanurwer

3
.

17 mnb

1 SYNC OUTPUT

0 BYPASS *©

S N T et aer K .
[] 3 winimzud 9 FSK INPUT

P v
31]‘(1 1. LLﬂ'G’NIﬂNﬂT’Nﬂ'\U‘l'WBBG IC was XR-2206
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J [l + g @ -‘
mmuﬂvim f88UIININY 5 NU 6 UszAIUMUNYY 7 ( R1,VR1 uaz VR2 )

4d
'l'nmmuammaqmmnnﬁaam's lasml@ansums F = 1/Rc

aumulTuala’ ( VRS usz VR6 ) @iaszninmi 3 AU nTe uazusieufion 1
TofmuaaMuUIITBIR Y I Sinewave

ves

h . "'—_j a0 . 1
€y in o 14 N 13 S
e. 001207 Gacvl TouR ab W
ou¥
ez .
IC1. =

XR2206

I T13 -!yx syn lb’

am
0 rz Jie
c11

l‘ur
I

suTPrUT

N\ I

uRe
2.2

o ‘Saa e '
JUN 2. usasnINILiady Yt Sinewave

nnplft 2. Weminsadmnimeiing 183 I XR-2206 a:ldFygm
Sinewave ARIMIAM 2 /U VRT aySussaunasussanudailanlwivdu output Falu
dmvad output dsznevludranmudaass 2 1 ( Q1 BC139 uaz BC140 ) daiflu
2997 Completementary lag Q1 a:ﬁqmmﬁaauvgmﬂumn uaz Q2 a:ﬁ'mmﬁaﬁuvgmﬂu
s uszifteilasiudWiRemnudipwresfygmms output wisfiGuniwin Cross over
distortion FarmualudwlFiurudaasMigasdaosn RO-R12 Fsvzdrianszualudad
flszute 40 mA.

wonnninunssininramrndmasasesszld R6 MU C14 Faazvmbtddiu
Decoupling Lﬁaﬂ%'mmé’u'lﬂmo'lﬁ'ﬁuu Taud ripple iaﬂﬁqaﬁ11ﬁﬂﬂﬂawn§mm1m7un1u

TBVDES N’!JWMW]

2. 2995 Add 'S8 Modulate

v ‘J ol v A -
MmN Add w38 Modulate JQ U Sinewave L2NU Composite video signal Wia
[} L) W Qs o J
namladudu * madhavia ( Scrambling ) * muﬂm'lu;sﬂn 3
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10 PF’]-o 1 gF ‘l
1.8K3 2.7 4 T )
1 2.7 j————e POSITIVE VIDEO OUT
' WA— + 22 yF .
! DECODED
Lo. "Fl | 2 0UTPUTS
IIO £t f————— NEGATIVE VIDEO OUT
p v
¥ I 1.8K3
N + IC = LM733
ENCODED 10 pF
VIDEQ INPUT -
. 10 yF
DECODING  e———rifr—!
SIGNAL, INPUT

(15-kHZ SINE-WAVE PULSESY

ol -
31]71 3. URAI293T Add %38 Modulate

J 1 9 i
IINANEUIsNYIlwEIRTeINT

Scrambling
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: s el 2 ) bt
ua:vluqa gnduTautrinlann

&2 e e @ [ 8 ) U
wnstduAssmahendy I Sinewave IMHENAUAYYIN Video tvitun  udludanves

L4 (g -t - o = > ar
N17 Descrambling #UITABINMTAIDIFW UM Sinewave 88NN URIVIMINAUIWNE URe

- [ o - vat o e - -« : o« & _ -
daaiuruneuaIFY It Sinewave AIATAINALEIUANTNNNNY Video G9ttU2395348]
anutuTeauunnit asaelanddntyl.

Concept % aamsﬂ%’uﬂjmaas Scramble

-~ A :
#915047970 Block Diagram a1k,

REFERENCE
FREQUENCY .

6 MHz.

SUM.
M 733

.

™~
14 PHASE l/
DC Amp.

COMPARE.

Scramble Output

VCXO

o Composite Video Input

r e X
U7 4. uz@3 Scramble Block Diagram NlFulzatulai
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J ] L A 4 A g b ] J
IMNWIATNNRANVURIVIGON 'lﬂumﬂﬂauuuﬂanaawm Scramble W8z Descramble
] J v - - d‘r
Uﬂdﬂ'JuLWﬂtlﬂﬂi:ﬁ'(lﬁﬂ'l‘/‘l‘ﬂﬂd')diﬁﬂ'ﬂu

M38% Scramble M NITANAERINIE IC wef 4060 Raliurvtaennud
8oy Faflursarrunitluwd 14 ndn wiaudustessdiawmailue dwiuee
afanatalinisnaaruia 6 MHz ﬁmi‘umuqummﬁhuﬁmﬁvgﬂf‘m 4 Fafiaudii
Ny 94 kHz Lﬁaﬂﬂuﬁﬁmﬂur‘{iﬁaﬁwmgﬂ wimnissh g 94 kHz Wanuoy
\ouadae 1C waf 4046 erhmauBsufsuasufygrudldinanm 11 ves 1c
XR-2206 Fefinnufitrinniy 04 kHz dwdeaiu 9 IC Op-amp wwa$ LF 351 vhmifi
aunuusanln De waldse Wiy 1c waf XR-2206 Fahwihifiiuaes  sesdia
\wasluy VCO ( Voltage Control Oscillator ) Lfla‘lﬁﬁmutyﬂm 94 kHz fiud rlufanlwiy
iIc wa¥ LM 733 Savhmiiiiiudadania ( Scramble ) Tasasthdygnadaladnan
AudygogUlei( Sinewave ) anull 94 kHz SsezldFygnadalafiiniaudamudas
ms

Ty

12V, v tooka tocka
“.. wuma BEC 13 Lafy saka
4 % ke Lras>E A~
mal N ey
. N =12V
e | | ETY 20k

S S| 408a 4046 >

10 -

12y - 12V,
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T . L s4k0
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L 2zpf
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SCRAMBLER - 22, - 3 . L....).L_ 4
. . =r - [+1e}} p
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AU1+0.800U DLY>=348.84s als
aU2+0.090V Wasa
""_+—-————---

f\/‘,/\ﬂﬂ
il

AN

T
8.20 2.0 PERK_[EI cBss 20us

Eﬂﬁ' 6. umaJ Reference Signal ( Sinewave 94 kHz )



AV1=8.800V DLY>=717Y.Yus &T=0.0us
aVe=g.eeev S

u

T
0.50 0.5  PEAKDET 1us 1Bas =

(b.)

¥
3UN 7. ua@3 Composite Video Input (a.)Color Bar uaz (b.)Oscilloscope Monitor
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T
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Eﬂﬁ 8. WA@Y Video Scramble Output (a.)TV Monitor (b.)Oscilloscope Monitor
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UM 9. UFAI MBUINVBINITNTIINAT ( Video Scramble )
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unfi 7
N137112999 AaAIRA ( Safe Descrambling )

Py w1 v
NIV 837397 SAFE Descrambling lu8@QIN Block diagram mzﬂ'n 1. UL
3 ’ o e b :
Wndiisaudsznaugnagyaii

1. MA39T Video Amplifier
2. N1A7337 Voltage Control Oscillator ( VCO )
i
3. NMAWIT MIAUN
4. nH337 Phase Shift
5. MA337 Phase Detector
6. N1A337T Low-pass Filter
v CLEAR VIDES
visze s A&
' o P anrrivina A N o
q;' ' EQ__
1496 P> ucxe e 4
1 CARCRL
p- -9
+16
LOW PARS Lou Pass
PILTER &l e PILTER

X

31]1711 1. WRM3 Block diagram 83 SAFE Descrambling

1. n1A997 Video Amplifier

nA7997 Video Amplifier 1u393818 Class B laglinsudaiaefived BC547
] gt e A
unziuaf BCS57 atwe: 2 @1 (Q1-Q4 ) Usznaunwiluiees Complementary daaziiin
& * A ) 4’ S  as .
mytuu'lma‘mﬂmaﬂﬂmﬂ Phase Detector iNavivmsifin Phase NURYQYIUINN Oscillator
e -t ' A ’ et .pe : - [
ussRygrmandunileasdslusy Summing Amplifier lasmafiazdmaminandygio
J | S A o v i J . .
Sinewave NNIUBLNUFYYI Video a2tl Sinewave AMuD 94 kHz AFINITINMA Filter

e @ ol et J 1 : s
lasfuszauas sty Sinewave lalanliun VR Preset 1 kHz lagasasduiiuaadsgy
fi 2.
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Wun13TIuLanmAI9397 Phase Detector, 793TW1IAINA, 2397 Low-pass Filter Was
#IUr83 Voltage Control Oscillator ( vCO ) wilidzaiu  lasmislitifiedygim
- a v ' o o P Vo=
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FFAIRCHILD-#7iA733

HA733., : e
ELECTRICAL CHARACTERISTICS (Ta = 25°C, Vg = £8.0 V unless otherwise specified) St SMIZHCTSAYAN G JAMRTII 2
PARAMETER (sae definitions) CONDITIONS | MIN TYP - *MAX HUNITS 1144
Difterentist Voltsge Gain v amamisthiQ
Gain 1 {Note 2} ' ‘ F ! 300 400 600 ¢ [snete s wad
Gein 2 (Nots 3) 7! i ot | om | 20 100 M0 | ot tand
Gain 3 (Note 4) ! c. Ll : 9.0 10 11 ~tei) £ onedd
Bandwidth Rg =500 ; ¢ L st
Gain 1 ) : . ! 40 MHz D
Gein 2 , N : | 90 - MHz D
Gain 3 ' i 120 MHzO
Risetims . Rg =602, Vout =1 Vpp
Gain 1 l vl { o 10.5' ns S
Gain 2 Lt i ' . Ie 4.5 10 [
Gain 3 . ‘ 1 25 s e
Propagation Delay f Rg = 6011, Vout = 1 Vpop ! . NP 4
Gain 1 i . 78 mal o
Gain 2 . t 4 i 6.0 10 ns el
Gain 3 ; 36 s 4
input Resistance Vroset
Gain 1, | : 1 40 kQ 20
Gain 2 ; (1 20 30 . k£ o0 g
Gain 3 ! : § 250 kSt e
Input Capacitance Gain 2 20 ) N
tnput Offset Current 04 3.0 BA o)
tnput Bles Current 8.0 20 BA 1oL
tnput Noise Voltepe . Ag = 6502, BW = 1 kHz t0 10 MHz . . 12 i e BVIMB
input Voltage Range #1.0 o] vV s e
Common Mods Rejection Ratio | \ : ; R RPN |
Gain 2 . ce 0 Vem ® &1 V1< 100 kHz sef 60127607 1: |40y 86 @B 4D
Gain 2 ‘ w Vem® 21V, 1= 5MHz Hid -1 Vie |::n7 60 dB 1d
Supply Voltage Rejection Ratio 5 ST viggud -
Gain 2 , : X .Avg Glxo.‘ﬁ Ve 1 §0.u | ~vL 70 7 ¥ o d8id
Output Otfset Voltage ] 1 . Y]
Gein 1 @t ‘ . A E : 06 15 Vrad
Gain2and Gain3 ¢ | U ' 0.35' 10 o] hre Vead
Output Common Mode Voitsge 24 2.9 . 3A Vo
Output Voltags Swing 9 | 3.0 4.0 w | oo Vpgaeod
Qutput Sink Current 2.5 3.6 mA .0
Qutput Resistance . ) 20 T LT
Power Supply Current s 18 24 .. v . mA S
The following specifications spply for ~6§°C KT S +125°C . ke e it ot gmeeaems iy W
Ditfersntiaf Voltage Gain s et ¢ sty it
Gain 1 (Note2} - ‘ wt ! 200 ‘ . 800 (f.roM t e
Galn 2 {Note 3} '+.! e ; 80 ! 120 ¢ !t med
Galn3 (Note &) Ui ‘ 08 { 8.0 i 12 oot o
Input Reslstance ool AR RUDN [N U [PPSR IS il
Galn 2 Ta ' ! 8.0 ! W KB st
Input Oftset Current 8.0 oo BA L
Input Bias Current 40 . BA ..
Input Voltage Range 3 +1.0 s Vo o
Common Mods Rejection Ratio ° 50 dJ8
Supply Voitage Rejection Ratio 50 a8
Output Offset Voluage . .
S ol Il P Tt Ik S Do e
Gein 2 and Galn 3 ' i . \ . ' 1.2 Voot
Output Swing 2% : Vpp . e
Qutput Sink Current 2.2 mA
Positive Supply Current 27 mA
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FAIRCHILD o uA733

TYPICAL APPLICATIONS

= il (r . N s o” . .l B
P )] TN ; , OSCILLATOR FREQUENCY FOR _.
VOLTAGE CONTROLLED OSCILLATOR VARIOUS CAPACITOR VALUES
» INN ¥/ 3
i . \ HEa Vi TEL A A2 A o . o i
. 0! ¥
% | \
[ c 10t
. 0w
v ’ '\
[ neasnsd - KERTPISEN
I "! ' ey g o ‘—;:“% . oty e 1R
2 L) 13 ig - i Ly .
) J 1 e AN
S 6200 A1 s Y
I YT o WA \
= ’. L 28 LR BT S w? o papy - 0 b ’
E:‘:': = PSS A l .'...’1 3l
Foomomey Vorsinn 3 1 fapenagte TN et e
‘m = W 000
s FALOURNCY 0", bR
¥ o .
R B NI N A '
. PHASE ENCODING PLAYBACK SYSTEM
i .
. 9 7 “ o
Passve SOUARE -
o et Loweass aND = .
Fusen Ly
LEVEL
= Bl
“a 1 ’ ‘-
P T i .
N ;,‘\. . v N L
e - wrade o erd e®
L : . Phese Linearity: £4° from 2 to 8 MHz MG, T TRt
A . 3. input Resistence: J0k{ Wt e PRSERIL
.. B .. 1input Cepacity: 2 pF B A " e

, Flxed Gain:

100




‘wA733

| ' DIFFERENTIAL VIDEO AMPLIFIER
; FAIRCHILD LINEAR INTEGRATED CIRCUITS

O oy

\
\\
..._....T.......'v.
|

r
GENERAL DESCRIPTION — The uA733 is a monolithic-two-stage Differential {nput, Differential
Output Video Amplifier construcied using the Fuirchild Planar™ epitaxis! process, Internst ssries-shunt
teedback is used 10 obtain wide bandwidth, iow phase distortion, and excelient gain stabitity. Emitter
follower outputs enable the device to drive capacitive loads and ali stages sre current-source biased to
‘obtain high power supply and common mode rejection ratios. It ofters fixed gains of 10, 100 or 400
without external components, and ad)ustable gains from 10 to 400 by the uso of a sifgie exi6rnst
resistor. No sxternal fr Yy P on comp s are required for sny pein option, The
device is particularly uselul in magnetic tepe or disc filo sysiems using phass or NRZ encoding snd in
hlgh speed thin flilm or plated wire memories. Other applications inciude geners! purposs video end
pulu .ampliliers where wide bandwidth, low phase shift, snd excelient gsin unbllnv sre required.

i / | 7 -
# ! 120 MHz BANDWIDTH -4

® 250 ki INPUT RESISTANCE ! .

o * SELECTABLE GAINS OF 10, 100, AND 400

¢ : NO FREQUENCY COMPENSATION REQUIRED

I 3

ABSOLUTE MAXIMUM RATINGS

CONNECTION DIAGRAMS

10-LEAD METAL CAN
* (TOPVIEW)
PACKAGE OUTLINE BN
PACKAGE CODE H

Gaa
OAINSILEICT

Gy
OAIN SELECT

Supply Voltage 48V Note: Pin 5 connectdd to cese.
Differential Input Voltage 25V ORDER INFORMATION
-Common Mode Input Voltage - 26V TYPE PART NO.
Output Current 10 mA pA733 #A733HM
.+| !Internat Power Dissipation {Note 1} nA733C BATIIHC
¢ Metst Can 500 mW . 10-LEAD FLATPAK
Fistpak 570 mW (TOP VIEW)
[o]14 RIS LEE SR (A ALY SR LT 670 mW
RS L LR R SR L
" Operating Temperature Ranga PAC:&iiggL‘gg: 3:
s}t Miliary (uA733) ~55°Ct0 +125°C
© Commercial (2A733C) 0°C1o +70°C ™ z:‘ '—D;lm '
‘Storage Temperature Range ~85°C 10 +150°C 2 2
[
| +Lesd Temperature {Soldaring, 60 second time limit) ! 300°C ) —— %
=4 0,.!::7 .T___D Ga
'EQUIVALENT CIRCUIT v. o2y ) : v- ] ——
' = ) 3 , jouT 2 L - ouTy
N Shp e e, ) ORDER INFORMATION
' J TR Ln, ~i-Frma e l - BN TYPE PART NO.
Sa0n S2en . Swkn | 1 % 1 | I/ ; : . pA733 HAT33FM
I. l o
. ., 5 £ 0 | 14.LEAD DIP
- 3 " B " | (TOP VIEW)
rt - 4 Lo, i . . . 'PACKAGE OUTLINE 6A
T N N .. PACKAGE CODE D
. Ryt 4 R 1,
. Ten T ouirory |
. M : 2> S
; purrurs
) Rz - .
na i
- AP e - — ;
Qg % 1~ %10 [Vl °
R A ] R
l:zn '}& “2“ .}‘gn ORDER INFORMATION
IN
é TYPE PART NO.
V. BA733 uA7330M
pA733C nA7330C

Notes on foliowing pages.

*Planar is a patented Falrchild process.

|
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FAIRCHILD e 4A733 -

TYPICAL PERFORMANCE CURVES FOR uA733 AND uA733C
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.FAIRCHILD * ,A733

MAT33C
ELECTRICAL CHARACTERISTICS (Ta = 25°C, Vg = £6.0 V unless otherwise specified)
PARAMETER {(1ee definitions) CONDITIONS MIN TYP MAX UNITS
Ditferentist Voitage Gain .

Gain 1 (Note 2) : 250 400 600 '

Gain 2 {Nots 3) . ) 80 100 120

Gasin 3 (Note 4) ' 8.0 10 12
Bandwidth . Rg =500 '

Gein 1 ! i 40 MHz

Gein 2 . - i . 90 -MHz

Gaein 3 120 MHz2
Risstime ¢ ' Rg = 600, VouTt.* 1 Vpp [ ,

Gain § : o 105 o

Gain 2 ' ; 45 12 m

Gain 3 2.5 n o
Propagation Delay Rg = 6002, Vour = 1 Vp.p / .

Gain 1 . 7.5 ns

Gain 2 . 6.0 10 ng

Gein 3 3.6 ns
input Resistance ! .

Gain 1 ¥ 4.0 kn

Gain2 : 10 30 ka1

Gain 3 250 kD
input Cepscitance Gain 2 .20 pF
input Otiset Current 0.4 5.0 HA
tnput Bias Current 9.0 30 uA
input Noise Voltage Rg = 500, BW = 1 kHz2 t0 10 MHz 12 BVems
fnput Voltage Rengs R > 1.0 D v
Common Mode Rejection Ratio ,

Gain 2 : Vem = 21V, £K100 kHz2 N 60 * 86 d8

Gain 2 Vem = 21V, f= 5 MHz " 60 dB
Supply Voitage Rejection Ratio

Gain 2 \ Avg = 205V 50 70 .dB
Output Offset Voltage H

Gain 1 ! . : 0.6 1.5 v

Gain 2 and Gain 3 0.35 1.5 4
Output Common Mods Voltage 3 24 2.9 3.4 v
Output Voltage Swing A 3.0 4.0 Vpp
Quiput Sink Current 2.5 3.6 mA
Output Resistance 20 N
Power Supply Current 18 24 mA
The following specifications apply for 0°C & To € £70°C
Ditferentie! Voltage Gain ! § .,

Gsin 1 (Note 2) 7 ; ' : 250 600

Gain 2 (Note 3) i 80 . 120

Gain 3 (Note 4) 8.0 12
input Resistance—Gain 2 8.0 s k1
Input Oftset Current 6.0 HA
Input Bias Current 40 UA
input Voltage Range £1.0 v
Common Mods Rejection Ratio . .

Gsin2 Vem= &1V, 1K 100 kHz 50 d8
Supply Voltage Rejsction Ratio . .

Gain 2 n ) AVg = 205V 50 ds
Qutput Offset Voitags (All Gain) 1.5 Y
Output Voltage Swing 2.8 V.o
Output Sink Current 2.5 mA
Power Supply Current 27 mA




Nahonal |

Semiconductor

MM54HC4060/ MM74HC4060

14 Stage Binary Counter

fipple carty counter. These counters are implemented utiliz-
ing microCMOS technology, 3.5 micron silicon gate P-well

.| General Description - N
The MM54HC4080/MM74HC4060 is & high speed binary Thls device is pin equivalent to the CD4060 Al lnputa are

protected from damage due to static discharge by protec-
- tion diodes to Vog and ground

CMOS, to achisve speed performance similar to LS-TTL

of CMOS,

inputs 10 enable easy connection of either an RC or crystal -

oscillator.

.| logic while retaining the iow power -and high noise lmmumty Features . -
" °m Typical propagation delay: 18 ns
The 'HC4060 Is a 14-stage counter which lncrements onthe.v ‘m Wide operating voltage range: 2-6V*:
faling edge (negative transition) of the input clock, and all
.| theiroutputs are reset to a low level by applying a logicat high
on thelr reset input. The 'HC4060 also has two additlonal®

B Low input current: 1 pA maximum
| Low quiescent current: 80 pA maximum (74 sorles)
I Output drive capability: 10 LS-TTL loads

»
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Connection Diagram

Logic Dlagram
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ve, o -J» A '1 ' : ) e o AT .
%un ?{{SL"’WL%- A .,.:” W,y wm r"!—'** (X0 ’J““‘WWW
,&?j‘ 7B RN st t‘fx:fw G IR 'ﬁ Mc‘su(w...z*«y‘gn-nﬁ;, A o P e SRR e 7 G 7y
sy c’:_ |..Absolute Maxlmum Ratings (Notes. 1 & 2) ‘ Operatlng Ccm_dltlons ' A :/"
?3.5-85.; " Supply Voltaga(Ve) i . 1+ =080 +TOV - e M'ﬂj T Maxy
41 I”." ;£ OC Input Voltage(Vin) ;- P 150 Vog+1.6V- - - SupplyVoltage(Veg) - 77T 27l e
~:,§i:;¢.’ .| DG Output Vohage(Vour) ~0.5to Voo +0.5V DC&::"\J;C;’JT‘)’“W‘ V°“'9' 0 Veg -
7 bl " . 3
'-;;;,Q, . Clamp Diode Current(icp) +20 mA Operatin . .
TN . . g Temperature Ranga(Ta)
g}; DC Qutput Current, per pin(louT) .:t 25mA MM74HC 40 +85
g E“ .|+ DCVee or GND Current, per pin(icc) +50 mA MMS4HC ' .85 +125 -
=¥ " Storage Temperature Range(Tsta) —65'Cto +150°C Input Rise or Fall Times -
5 E" Power Dissipation(Pp) (Note 3) 500 mwW tnt) Vec=2.0V 1000 ¢
iz -;J.m.tsmpermﬂa(wdermuumnm._, ~260C—. _ ~ Vecm4SV S00
\ Vcc =80V 400
- DC E_lectrical Characteristlcg (Note 4) A
* o g , 74HC . 54HC .- w [}
8 B e el e ot . T -25-c g
| symbol Parameter... |- . Conditions : |V | Ta=—40t085°C | Ta= — 85 to128°C
v I c 1 Typ Guaranteed Limits o
Minimum High Levellnput , | . - |aov| 15 | 15 15 ..
Voltage ! o I ‘| asv 3.15 . 315 . 3.15. 1 qf!
. 8.0V 4.2 4.2 42 J
Maximum Low Level input 20v 0.3 03 , 03 .. 4f;
Voltage : 4.5V 09 09 09 ME
, 8.0V 1.2 1.2 1.2
Minimum High Level Outgut “ | Vin=Vi Qt.ViL. . . " .
[Voitage—"" £ llouri<20 pA Zov| Zo 1 o 1.9 1.9 .
: ‘ |45V 45 | 44 44 44 7
- 60V| 60 | 59 5.9 5.9
. Vin= Vi or Vi . ;
.l llourl<40ma: [45v]| 42 | 398 384 | 37
{except pins 11 and 12 llourl<5.2 mA 60V| 57 | 548 5.34 5.2 )
. Maximum Low Lével Outpm Vin= Vi or Vi : A
Voitage ’ lloutl<20 pA” 20v| o 0.1 0.1.° 0.1 "
: 4sv| o | o1 01 . 0.1 a
- eov| o | o4 0.1 01 - |
o[ Vin=ViH or Vi 3
4 llourls4mA ,  |45v]..02 | 0.26 0.33 0.4 ’ !
{except pins 11 and 12) llour]<52mA " |6ov| 0.2 | 028 0.33 0.4 ’
Maximum Input Current Vin=Vcc orGND | 8.0V +0.1 £1.0 £1.0 ° '[A
Maximum Quiescent Supply . | Vin=Veg or GND 3
Current lout =0 pA | s.ov 8.0 80 160
\xm-{:mumn-mmm.vmummammnmmw. Tt . R
i1 Note 2 Unless otherwise sp all voitages are 10 ground. H
< "Note &' Powar Dissipation temperatufe derating: plastic “N" package: —12 mW/°C from 65°C to 85°C ceramic “J" packsge: ~12 mW/°C trom 100°C 1o 1)
~ Note 42 For & power supply of 5V +10% the worst case output voitagos (Vou, and Vo) occur for HC at 4.5V, Thus the 4.5V values should be used we
< .deaigning with thia supply. Worst case V4 and Vg occur at Ve = 8.5V and 4.5V respectively. a’mv..mussvnsuwmm«»mwu’
(«N.bc.mi@wmcms-tmomvom«wwmoewmmum 3-1
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fectrical Characteristics’ I R el 1~ A 2
§,TA=25°C, C_ =15 pF, tr=ti=6 ns ’ o . g "
Guaranteed . ) g
ol Parameter . ' Conditions | Typ Limit. Units , . . -b"
| Maximurn Operating Frequency 40 20 MHz o %‘
Jey | Maximum Propagation | (Note 5) 40 §5 - ‘ng S AT i .h'. ‘
. Delay Clock to Qg . i . . 8 .
yoH | Maximum Propagation 16 40 ns - o o
Delay Resetto AnyQ * * S . e O S
¥ Minimum Reset 10 20 ns 4| ° 7 ,
Removal Time . 2
« . | Minimum Pulse Width 10 . 16 ns :
‘I"} ‘ : 3 S 5 H . § J
b h.,. bem. tes 3
.Electrlcal Character lSﬂCS Vec=20V to 60V CL-SO pF, ty=ty=8 ns (unlasa othefw!se spoclﬂad)
k . g : Tam25C | 2 TAT4HC i TaB4HC
i Parameter = Conditions | Vee | Ta% —401085°C | T{=—5510126°C | ynits
. : , ' Typ ,1;".;5_ Guarantsed Limits i
Maximum Operating . «l20v} 10 ' MHz
Frequency . 4BV | 40 MHz
g , N . .jeov! 50 MHz
Maximum Propagstion - 2.0V | 120 ns
Delay Clock to Q4 ; 45V | 42/ ns
: 8.0v | 35 ns
. Maximum Propagation S 20v | 72 ns
¥ |petayRessttoAnyQ | . * asv | 24 ; ns
& : ; 6.0V | 20 H ns
<, | Minimum Reset ; 2ov| ] 100 | a. 125 i - 150 ns
« | Removal Time ] 4sv| 'l 2|, 25: | .1 80 ns
o : gov| | 1w | L 2 i.. 25 ns
. | Minimum Pulse Width \ 20V | go | , ' 100 i L 120 ns
i} : | ¢ asv . e T 20 Gl .4 2 ns
;- tooy tjeov ]l 14 iy M-l teq, 20 ne
" % | Meximum Input Rise end: , 20V 1000 | 1000, ++1000 ns
FdTime - .} : ¢ asv ! 500 soo ! .| v 600 ns
] NN sov ' | 400 400 ' 1|  “71.400 ns
Yot | Maximum Output Rise [ 20v| 30 | 76| ;95 - . 10 ns
% [wndFali Time. . ¢ : 45V |10 | 15! qtey x| U7 22 ns )
= : A sov|.o | 18 % i" 18 ne
{ | Power Diesipation (per package) i55 |t ce ] et pF .
% Capacitance (Note'8) : | L W A
&z | Maximum Input D ) 10 . 210 : - 10 pF N
|3 -Capacitance 0 i o (N T- .,
. Iwwwuondohymwlhywmmbouwumodutho:b|7+12(N—\)m.whmthommbcro(wam\n,ow.nvcg-sv. BN
* iteg determings the no losd dy power ) Poscmvcczmccvcc.-mv-mmq o current pion I
wccf + lcc 3 e B
i eer to back of this sectidn for Typical wsmmcAcsmcnlngw-veformsmhmcucum HE Nl
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A Lead Temperature Tu (Solderin

ailoab L./L. TN

B {'a:f;

e s v 2

a(..m‘ad R

ZQGM.‘M'},\W then
S i, :‘. ¥ nmﬂ Nl

g10 seconds) X M!;’26()03 c'm.m,»um w
LU L 1% D rx\.n\rn LERAGR

vcc_4 sV: n."!?»
VCC"G ov i

S LT T R AT ;in:u IO

i oSl Tl A B A
l" : w? W %V;;ﬁb%\\w TN »“?«n ? "i‘*‘\’-“{%"{"" e g ST
PO Absolute‘Maxmum R tlngs (Nozem*w) o Operat!p o&dltlons
a8 5| %2 Supply Voltage (Voc) ;»:m B ﬁufﬁl 0.5 10" #v.ov‘a,g‘ SN M*‘* ATNL A Pin &
,‘,i?i}::t; ch Input Voltage' (Vm)“a.;’* =1, 5to Vee - 1.5V, 335x Supply Voltage (Vocmﬂ-'f, ; 3? ,
"Q ¥ '_‘,_DC Output Yoltage (Vour) .-+ 5 10 Voo +0 % N"‘%DC&LW\; gfuguw Vollaqo.a:,m \ 52‘.-,;
ApK Clamp Diode.Current (lu(.lopd o ';f'“ 220 mA R VYIN - . W TR K
DCOutput Current per pin (IOUT) ,,’ ", 5. -‘ 3 '125mA ,}3 X ?r;:;:;l:ggefnlpe’mwre Range (TA) :.ja’h-* y
¥ DC Ve or GND Current, per pin (Ica)i oty Yerl s 60 ma < ) j‘ TMMB4HO - R N 3
5 Storage Temperature Range (T STG) - 65°C to "+150°C. ’ ¢ 3lnput Rise or Fall Times, *,
Power Dissipation (Pp) (Note 3) . j ¢ /500 mW "% (e t) . Veg =20V !

)

2 h(_:.u v S"' "3(‘ a
DA N 1(:,"’,::!:7'\1 3
SO bag aga ¥

b

rgis

i

A gremag £ ';"' J fuf, wmﬁo’-&sz 208 pal.g -'n’aqd" ':’W T";-"‘25'C "’-"‘""_74"0"-" (e sHcly
2 baltanne ¢ Creme drady ls"bm- oy te b ST e w e TAS Ta=':401t085°C| TaA=""555
.-x': W (:!;.vop arar ,'3’.‘,':;” A, .mgq mc~°° ditions 'f‘" Vee oy ——— g =
R I £ U Typ -Guaranteed Limits -~ \
Minimum High Level lnput ’J e ] o an i i 1y g R Luonirong |
| Voltaga tw zic '1&U(uw“ﬁ "03‘ wf @ Wi, syt 3 .3.15,:‘ﬁ{j:.' ?1:"?315.
it vennss, s ac & et Nve wu"‘" ;fr-' ardsmon - X0 Joma ey !

£4,m 1 R A

s TpRv
;'ﬁ"g:s’ e
SLULY
iyt
BRL i
A 38

e
v,

%
;?;‘:

G
i
Y
V)

P
A
) 4

A

Munmu%Low Level lnput < , m s

s ..-.q A st
Iy

1. ‘TJ'i nraw

Voltage oty “Tm'z\'“-”n.J rv:‘.qm A P €72 S i 30N A i
SN T P g ..._p!-nr e ey b 1 %, 9,2t |IQN
: A Y N T TR LR IRy ,
Minimum H:gh Level Output T VIN'VIH or VIL o e B niSon | ; shdicen
- Voltage - 3 [llourl <20°pA 555 2.0 1.8 1 g1 { o ity 1 i
g...‘ '~?f'"-'+'“.‘4’ ,'*)‘1;““? 'v-é‘f\"*“’ﬁ,’*r:"z asv|as|ae |17 4.4"031‘3&:‘ [ P I
Pr R D R L eI T R T ,
waune .,.,,r v v v -r 0 (P [ ) T J PG
1 -.;,l 4 INF mor Iy 5| 1847 Al eea 1 q:mo
}{ b iy ‘(em .Eﬁ:‘iﬁé-}w"{m‘n l'OUTlS‘“”“A .2 | 3. '5""'3 34:9121*& ¥
1195 P ), & IIQUTISBZmA il s.ov 5.7:| 548 [ ;rs 534 o 4"
[Mesimam o Love Gt ] o
) Voltage o Py

Wittt g Y €5 S

oyt s4.0 mA =R
. liouri<5.2mA’

- OTuTKICn, «M-u va'usan.-n Vit agt 03\/ = sun0 4 & tne Sigry o
4 ...h\ F“'é" . '{""'“ Y o4 3. '
Viner Vin or Vi, E:

Maximum Input Gurrent (Pins 3.6.9)

ViN=Vcc or GND #

Maximum Input Current (Pin 14) "~ | Viy=Vcc or GND ™
%, | Maximurm TRISTATE Outpuu (i vomgvoc or GND
o Leakage ‘Current v 5 G- Vi - T
: Maxlmum Quuescam Supply L— . “a V.N-Voc or. GNQ i
Current #¥ =134+ ¥ varliwia 1 rng At

,w

:,u

5

’,-

100°C to 125°C.

wNmot: Foupowonwplyol 5V £10% mowommoo\mvomgu Nm.wvoUow!ch at 4.5V,
deagning with this supply. Wontcauvmandvkowuvcc-ssvmtwuwocﬂvory (Thovmvnlu- at ssvhaesvn‘ho vmlmhmu-
‘cc.andloz)ow.!otcuos -:mmwmoomwmermmu

KEE ‘.-l

“Note 1: Mathmmnf\o;anmmwmbcymammdmm(omodwamy

'Note 2: Unless otherwise specified all voltages are referenced lo oromd.,«-—

Note 3: Power- Dissipation tamponmn domﬂng -— plnﬂc "N" puclu
“3) B

qc'- ;—12 mW/'c from 65'(; to SS‘C comnlc:".l" package:., 3
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AL CLu50 pF, 1, = ty= 8 ns (unless otherwise specified)... . ;! 6
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Conditions . BRI

d

T=25°C

Vee
Typ

Guaranteed Limits

C (serles) = 100 pF
fin=500 kHz

2.0V
4.5V
- 6.0V 300

100_
200

200

400
600

- v225 .
450, .
650

.- 250

500
700

2.0V 30
4.5V 9
e.0v 8

75

15 .

12

95
19
15

110
22
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10s Phase Lock Loop; -

Do
ﬁmral Descriptlon

VRUSIHCA046/MM74HC 4046, Is a low powar phase . between them wThis: co
ﬁnp ulilizing . 3.54. slllcon-gate P-well microCMOS5" nolse throwin
1o obtaln high frequéncy Gpération both in the™ 4$:onto harmoniés than the other. two comparators.

cemparator and VCO sections. This device contains ¥4, in a typlcal application all three ¢omparators feed’ an exter-g
wpwet linear voltage controlled oscillator (VCO), a%<%nal fliter network;which-in'turn;feeds:the:VCO.Input.jThls: 1
g1 kfiower, .and. three_ phase comparators. The thrao~£|npm Isza-very- hlgh Impedance CMOS. input which:zlso
g comparators have-a,common. signal input and; 8 “Rqrves the source follower. The VCO's operating frequency:[:
comparator- Input The signal Input has a.self ity set by three external comporients connected to the C1A,
hmﬂﬂer allowing signals to be elther capacitively 58C1{B, A1 and R2 pins, An inhibit pin l8'provided to disablé the,
i ‘“:ogh;‘l’l; °°th:"‘;°"' ‘”’:“’ a l’"“l’" 5:9“{*;"?" :? VCO.and the.source follower, providing a method of putting.J;
 oup standard :input’ loglc" levels,, Thia*Z""the IC In a low power state;m,gwq; Qg iemintd 2t gk
“m"'"d the CD4046 except that the Zener, d‘a“ z"'Z‘The ‘source 1ollower is'8 MOS translstor whosa gatz is eon~5' =

ynv '-.‘.~ "J'

lm comparator._,::.,,.'.'.....,«——- w-»—-‘ mmodulator output.xThis output-normally’ is.used: b;Hying
wéonparator | Is anl 6xclusive OR (XOR) gate' If pro-- Firosistor from pin'10'to ground;-and ‘provides’a‘means . oL
hxdlgltal error signa! that maintains a 90 phaseshift #Z¢looking at the VCO Input without loading down modifying the<
;mtho V'C? s ce)nter trfequenti}/hllmd ;ha Ir&put nlgnlall~ ;(Ehmmgﬂgﬂca ‘of the PLL filter. e -
duty cycle Input) waveforms. This phase’ detector 18%=~ ik "“‘1‘*“
nsuscaptible to locking onto harmonics of the, input !%- “Feat o “"*‘f'&m-‘swdmi 5 ‘”"Pe.m‘“.

s "'4t~ intrpIe s afn‘ AN
gency than phaee comparator I, but provldes better.i . Ve dynamlc power paf vl ptl onif i 4 !

rejection,. TR L ,‘.,.- A A3
. ’ —\O—Js,.'—*‘ L,-.o.~ o -'ny -(~ ; tvi— )-? (Vec-4 SV) _‘“F 4, —Ig-v.u-—o(u 5 > I
ueomparator 1l 1s.an SR flip-flop gata l{ can beu ed,.,u. ‘Maximum=VCO' "'operat ng.- A

frequency 20-
yoide the phase comparator functlons and Is similar to -;( Ll (Veawa sV, -‘a‘r“‘m L mia. ( i
1ist comparator In performance. ;. ¢t lv...ar,? ’?...grpgs' comparalorﬁreaponse time (Vcc- 4 5\,) ‘f
pecomparator {1 Is an edge sensltlvo dlgltal sequan’tlal wﬂ‘i cComparamrl 20 N8 L Far o i 3
wrk, Two signal outputs are provided, a cornparator “'w \:Cbmparator W:425 ns»of*w oy S
maand a phase pulse output. The comparator output ﬁ@-,‘i‘m mdarstar Il|-= 20 n 8
1TRISTATE® output that provides a algnal that lockhq-v" P < i)
1O output signal to the input algnal wnh 0 phase shift 1548 VCO has. high linearity and hlgh temperature, P

ey stabllity =% PERLNY. v SR iy o e AT

(] el t .('i, o

Laere w4 etade 1)

Jock and Connection Dlagrams 2
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i
ioal gato CMOS device has been teplaced with a“s"*nected o the VCO Input and whose drain connects the De:5 [T
higas 3
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el

e RN, TR BTG e S ‘
Electr!ca_l;C_haraqte,r;ist)cs:(Coﬁqnuey; i “ak ,'--_‘;4}‘»;5»\,
erwise specified) ! - T :
T N - c e Y R B . : >
. Symbol ¢ i Parameters . ..« ./Conditions - .|,y Vee! T=25°C ' 74HC l S‘Hc': ¥
. - I ) ) Typ l Guaranteed Limits
Voltage Controlied Oscillator {Specified to operate from Vee™ 3.0V to 8.0V :‘a
TMAX "Maximum |, | "C1=10pF, ' i ' S
* {!* Operating " 1 - Ri=100, I "1 4.8V . 20 i8 15 'K
. Frequency ' R2=00 ! . 6.0V . J 25 23 20« '
VCOin=Vee X
. * Uinearity " . ' B - 9.
: : VCOR=225+1V | 45V 1.0 13
VCOjp=3+1.5V 6.0V 1.0 {1
- . Temperature- - No - g R . R
= = |- Frequency | Frequency ... 45v | . . B B 1
: Stability - Offset 6.0V 3
< Temperature- Frequency o ) "R
A ~Frequency = [ Offset . 4|0 45V : o ;J
Stability : 6.0V . ’ §
Duty Cycle . . .| 50 4
Demodulator Output 2]
f.ee i o .- Ofiset Voitage Reg=1kQ . .. - .1.5 22 27 3.2 ;
' VCOin-Vdem . . 3
Linearlty Rg=5 k" 20v .| : 0.1 02 ] 03 Ix
aven 5 - . -. - ] . J - - - X
Detailed Circuit Description & SEETEE .;
VOLTAGE CONTROLLED OSCILLATOR/SOURCE | L . ) L
FOLLOWER . : : i [7090 e

The VCO requires two or thres external .components to- '
.operate, These are R1, R2, C1. Reslstor 1 and capacitor
C1 are selected to determin® the center frequency of the

" VCO (see typical performance curves). R2 can be used to .’
sot the offset frequency with OV at VCO input. Iif R2 is omit- / . |
ted the VCO range is from 0 Hz; as R2 is decreased, the ' :;::\:(T::,y',_}l:zr? :;is;f::: smel:r:;lg‘:::rle’:x?;?x:n(
offset frequency is increased. The effect of R2 is shownin . % -

the design information table and typical performance . ;

-’
N v
curves. By increasing the value of R2 the lock rangs
PLL is decreased and the gain (volts/Hz) Is
: Thus, for a narrow lock range, large swings on e
input will cause less frequency varlation. )
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Ed Circult Descr\ptlon (Oominued)s

h!oronca the capachor charges up to the thresh- ', oy 'output is approxlmately a square wave, ‘This’ output can |

8 Schmitt Trigger the osclliator logic flips the .- 7 elther directly feed the comparator Input of the phase com-
over and causes the mirror to charge the oppo- parators or feed external prescalers (counters) to onable
ofthe capacitor. The output from the Internal logic | frequency synthesis. . PR
#kon to pin 4. AN
- PHASE COMPARATORS -
fo the VCO s a very high lmpedance CMOS " All three phase comparators have two inputs, Signal In nnd'; o
thus will not load down the loop filter, easingthe  comparator In. The Signal in has & spaciat DC bias network *
#sign. In order to make signals at the VCO Input .= yhat enables AC coupling of input signals. If the signals are
without degrading the loop performance, 8 not AC coupled then this input requires logic levels the
bilower transistor Is provided. This transistor can samo as standard 54HC/74HC. The comparator input is a
idby connecting a resistor to ground and Its drain .standard digltal input. Both Input structures are shown in
pot follow the VCO input signal. Figurs 3. :
signal Is provided to allow disabling of. the VCO
r o follower. This is useful if the internal VCO Is The outputs of these comparators are essentlally standard
; Wigused, but an external one is. A logic high on inhibit , 4, 54HC/74HC voltage outputs (comparator I Is TRI-STATE)..
* st VCO and source follower. v . ‘ . w, i
tw\ of the VCO Is a standard high speed CMOS — : U : e
wih an equivaient LS-TTL tanout of 10. The VCO - - :

N
1 8 . .

e =77 <X\

oty [y

v . N
—p- 70 OTHER COMPARATORS @ \ Y

{2) pHASE COMPARATOR 1"
CUTPUT
> TO OTHER COMPARATORS @ ~
! MPUT CINCUITRY COMMON TO ALL AR i
l_ i COMPARATORS *
: G G GEAD WAED SN D W . W WP sems anag
,i... ‘ TL/F/5382-4

“ FIGURE 3. Logic Diagram for Phaso c::mpamor | and the COmmon Input CIrcult for All Three Comparators
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FIGURE 4. Typlcal Phase Comparator | Wavetorms




;{E";Ti'ﬂl ;.‘r‘“..,o\\'t' .-'~‘bﬂ{*::’.« o O Ty

_‘v,:\.';—_;‘mc.‘s‘nmu:f LRI "f}p%‘m‘ﬂn oY A N e T of ?"-’L\'W
. ;Q-»,-\N e - . T e 35
"fvco wity orrssn W tsiet
AR e :
}1 X S Mape
. +
LA
h .}‘,
. ' N g,
R
i bod
n' - %
. t - e :'_' ;
Voo/2 oo Voo/2 Voo o i
. o VCO INPUT VOLTAGE VCO INPUT VOLTAGE - -5
T L TUF/ss2-s "_3
R - R SRR
: R
Comparator ! Comparatorit  ~ * ' Comparator it ]
) Ry= o . Rotoo ' . Rg= o Ra#t e Rp= oo ’ H;;
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-=Use fo with | -Calculate fmn , | =Calculate fo from | —Use fpy, with " oN
"’ Figure 58" | 1trom the equation the equation Figure 5b to S 3
* todeterming | fmin=1—f, fo=frmax/2 determine R2 and Ct T A
- RiandCt ~Use fmin with Figure 5b | -Use fowith  * | ~Calculate fenax/ tmin ; Lo e
BN I . to determine R2and C1 | Figure 5ato_ Usetmax/tmin . - © “
. 1 &¥ ~Calculate Imax/fmin ;determine..... .| with Fi igure 5¢ ) EC B
e L R tromithe equation ; R1 andC1 i @ il todetermine ratio R2/R1 ) ,
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fo obtain R1 8 it
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mﬁon Ve and ground voltage levels -
Yop fiter. This differs from some phase :
supply a‘current output to the loop filter VCO inputls at OV. Thls requires the phase detector output
boeonsldeud in the design. (The CD4046 to be grounded; hence, the two Input signais must be In
phase. When the input frequency i8 fmax, the VCO input .
,must be Vgc and the phase detector Inputs must be 180' :
out of phase.

The XOR is more 'susceptlble to locking onto harmonics of
the signal Input than the digital phase detector Il. For
instance, a signal 2 times the VCO frequency resuits in the "
same output duty cycle as a signal equal to the VCO fre-
quency. The difference is that the output frequency of the
2f example Is twice that of the other example. The loop
filter and the VCO range should be deslgned to prevent

i » simple XOR gate similar to the 54/

: llopcrlﬂon is simitar to an overdriven bal-

, To_maximize lock range the Input

,' u have a 50% duty cycle. Typical input
orms are shown in Figure 4. The outputof ;

eor foads the loop filter which averages the

The trequency range upon which the PLL alegking on to harmonlcs b L
2iiially out of lock Is defined as the capture ’ ST
boptre range for phase detector | is depen- N PHASE COMPARATOR i v
oo fner employed. The capture range can be * "This detector Is a dligital memory network. It conslsts of .
, Jkelock range, which Is equal to the VCO fre- tour fiip-flops .and some gating logic, a three state output ,
N YRy i

and a phase pulse output as shown In Figurs 6. This com-
parator acts only on the positive edges of the input slgnals

Jp 9 detector operates, refer lo Figure 4. When and is thus independent of signal duty cycle

Inputs are applied 1o this comparator, an
m whose duty cycle is-dependent on the Phase comparator Il operates in such a way as 1o force the
| Jwence betwoen the two signals resuits. As the PLL into lock with O phase difference between the VCO
nce .Increases, the output duty cycle output and the signal Input positive waveform edges. Figurs.
¢ e voliagoe efter the loop filter Increases. 7 shows some typical loop waveforms. First assume that .

fo achleve lock when the PLL input fre- the signal input phase is leading the comparator input. This -
s the VCO input, voltage must Increase

umparator State Diagrams ' v

PHASE COMPARATUR | ' il 3 - .

.
* WPUT STATE
* COMPRRATOR

PHASE COMP L OUT

WPUT STATE

PHASE COMP X OUT [ wewE 1
PHASE PULSES ] AR | ' ]

TLII: 18352-10

AR AT Y



e e

el o tel

4

N

STITE T e e vy

=T
-\

-2

Vo 213 Ay

#Detalled Circult:Descripti
“* means ‘that.the:VCOQO's frequency ‘must.
* bring its leading edge into proper phase alignment. Thus_

.- the phase detactor Ii output is set high: This wlil cause the

loop-filter to charge up the VCO Input, increasing the VCO

» frequency. Once the leading edge of the comparator input -
Is detected, the output goes TRI-STATE holding the VCO
input at the loop filter voltage. If the VCO still lags the sig-
nal then the phase detector will again charge up to VCO

. Input for the time between the leading edges of both wave-
forms. - T :

If the VCO leads the signal then when the leading edge of
the VCO is seen, the output of the phase comparator goes
¢ low. This discharges the loop fiiter until the leading edge of
the signal is detected at which time the output disables
ltself agaln. This has the effect of slowing down the VCO to
' again make the rising edges of both waveforms coinclden-
tal. KIS PR S .

When the PLL Is out of lock, the VCO will be running elther -

i , slower or faster than the signal Input. If it Is running slowaer

the phase detector wliil see more signal rising edges and
80 the output of the phase comparator will be high a major-
Ity of the time, raising the VCO's frequency. Conversely, if
the VCO is running faster than the signal, the output of the
detector will be low most of the time and the VCO's output
frequency wIII‘be decreased. .

"|. -As one.can ses, when the PLL is locked the ‘output of

phase comparator Il wiil be aimost always disabled except’
for minor corrections at the leading edge of the waveforms.
When the detector Is TRI-STATE the phase pulse output Is
high. This output can be used 1o determine when the PLL
I8 In the locked condition. |

. This detector has several interesting characteristics. Over
the entire VCO frequency range there is no phase differ-
ence between the comparator input and the signal input.
The lock range of the PLL Is the same as the capture

FROM IMPUT cmcun®
R (FIGURE 3)

(FIBURE 3

=" FIGUR

4
RN

.

RN A
. ; T R ek T N
0N (Coniuec) “H4 R G E LS GRS REELL R 470 )

be .Increased 10 ;7

v

E 8. Phase Comparator Il Logic Diagram
. s . X

LR AL MR AR AL A in B St AR SRR - T roey 'F"x:-
NI LT Arrr e 1 oe, Ay vr e Ve P ..——"
R AR E S EL T ST TN e B AR Tpr ==

..;l; range. Minimal power is consumed In the ke
7, - In lock the detector output Is a high
when no signal is present, the detector wily :
" leading edges, 80 the comparator outputwis- .
Ing the VCO to fr, operating frequency.

Phase comparator I is more susceptibletons -
the phase lock loop to uniock. if a noise [ T
the signal input, the comparator treats it asx .-
tive edge of the signal and will cause the outy .
until.the VCO Ieading edge Is seen, polnnliny) +
signal input period. This would cause the V00! *. -
"during that time. When using the phase comy”
output of that phase detector would be disi -
the short duration of the noise spike and wod
upset. - 2
¥

o8
A

: p
PHASE COMPARATOR Il #

This comparator is a simple SR fiip-fiop which
as a phase comparator as shown In Figurs J
simliar characteristics to the edge sensitive
see how this detector works, assume input
applied to the signal and comparator Inputs P
Figure 8. When the signal input leads thegq s
input, the flop Is set. This will charge up thebd |
cause the VCO 1o speed up, bringing tha com N
phase with the signal input. When using shot *
“input, this comparator behaves very similarlywot
comparator. But one can see that If the signs':,
long pulse, the output of the comparator willbe{
one no matter how many comparator inputy
receivad, Also, if the VCO Input Is a square ;A.
and the signel Input is pulse, then the VCO W “
! comparator output low much of the time. Then y
Ideal to condition the signal end comparator ey}
]
¥
;
4

v

"y

pulses. This is most easlly done by using,
capacitor.

}

{15 , PHASE COMPARATOR
1 OUTPUT
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National
Semiconductor

LF351 Wide Bandwidth JFET Input dperational Amplifier

General Description

The LF351 1s a low cost high speed JFET input operational
amplitisr with an internally trimmed input offset vollage
(BI-FET I™™ tachnology). The device requires a low supply
current and yet maintains a large gain bandwidth product
and a fast slew rate. In addition, well matched high voltage
JFET inpul devices provide very low input bias and offset
currents. The LF351 is pin compatible with the standard
LM741 and usgs the same offset voltage adjustment circuit-
ry. This feature allows designers o immediately upgrade the
overali performance of existing LM741 designs.

The LF351 may be used in applications such as high speed
integrators, fast D/A converters, sample-and-hold circuits
and many other circuits requiring low input offset vollage,
low input bias current, high input impedance, high slew rate
and widv bandwidth. The device has low noise and offsat
voltagu doft, but {or applications where these requirements
are citlical, tho LFJ56 is recommended. If maximum supply

curtent is important, however, the LF351 is the better
choice.

Features

® Internally trimmed ofiset voltage 10 mv
® Low input bias current 50 pA
® Low input noise voltage 25 nv/yHz
& Low input noise curront 0.01 pA/JHz
™ Wide gain bandwidth 4 MHz
# High slew rate 13 V/ps
® Low supply current 1.8 mA
8 High input impedance 10120}
o Low total harmonic distortion Ay = 10, <0.02%

Ry =10k, Vo 20 Vp-p, BW =20 Hz-20 kHz

B Low 1/{ naise corner S0 Hz
m Fast ssilling time 10 0 01% 2 us

T)_'pical C—c;nnection

Ry veo O

INTERNALLY
INTERNALLY TRIMMED
TRIMMED
Vg O . g >

Connection Diagrams (vop views)

Metal Can Package

113

NON INVERTING
NPUT

v
Nota. Pin 4 connected to cese

Order Number LF3S1H
See NS Package Number HO8C

Simplified Schematic

¢

Vo

Dual-In-Line Package

=

!
eyt — SH
INPQT — P QuTrYT

$
- BALANCE

1
BALANCE —

0P vilw
Order Nuinber LF351J,
LF351M or LF351N
See NS Package Number JOBA, MOSA or NOBE

TL/H/S5648~1



Absolute Maximum Ratings

If Milltary/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales
Office/Distributors for avallabliity and specifications.

Supply Voltage 1+ 18V

Power Dissipation (Notes 1 and 6) 670 mW
Operating Temperature Range 0°Cto +70°C
TimAx) 115°C
Dilterential Input Voltage +30V
Input Voltage Range (Note 2) + 15V
Qutput Short Circuit Duration Continuous

Storage Temperature Range -65°C to +150°C
Lead Temp. (Soldering, 10 sec.)
Metal Can 300°C

o 260°C

DC Electrical Characteristics (ote3)

H Package
6ia 164°C/W (Still Air)
66°C/W
(400 LF/min Air Flow)
OIC 21°C/wW
Soldering Information
Dual-In-Line Package
Soldering (10 sec.) 260°C
Small Outline Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C
See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability”” for other methods of soldering sur-
face mount devices.
ESD rating to be determined

N Package
120°C/W

Symbol Parameter Conditions LRS! Units
Min Typ Max
Vos Input Offset Voltage Rg = 10k, Tp = 25°C 5 10 mv
Over Temperature 13 mv
AVpg/aT Average TC of Input Ofiset Ag=10kN
10 pvre
Volltage
los Input Oftset Current Tj= 25°C, (Notes 3, 4) 25 100 pA
T s70°C 4 nA
Iy Input Bias Current T} = 25°C, (Notes 3, 4) 50 200 pA
T] < $70°C 8 nA
AN Input Resistance Tj=25C 1012 fl
AvoL Large Signal Voltage Gain Vg= £15V, T4 =25C 25 100 vimv
Vo=t 10V, R =2 ki
Over Temperature 15 vimy
Vo Output Voltage Swing Vg= 1 15V, R = 10k 12 £135 v
Voum input Common-Mode Voltage ‘15 v
Range Vg= 115V t11
12 v
CMRR Common-Mode Rejection Ratio Rgs10kQ 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 5) 70 100 dB
Is Supply Current 1.8 34 mA




AC Electrical Characteristics (now 3)

Symbol Parameter Conditions LF3§-‘-—— Units
Min Typ Max

SR Stuw Rate Vg= 115V, T =25°C 13 V/us

GBw Gain Bandwidth Product Vg= 115V, T4=25C 4 MHz

e Eqguivalent Input Noise Voltage Ta=25C, Rg = 10011, —
f= 1000 Hz 25 nv/JyHz

N Equivalent Input Noise Current T)=25'C, 1= 1000 Hz 0.01 pA/YRz

Note 1: For op g at d np: 0, the device musi be derated based on the thermal resistance, 8,

Hote 2: Unioys otherwiso specified the absolule maximum negative Input vollage is equal 1o the negetive power supp'y voltage
Note 3: These spaciticauions apply for Vg = 1 15V and 0°C s To L + 70°C. Vg, ig and Igg are measured at Ve~ 0.

Hote 4 This input bias Custunts are Junclion leakage currants which approximately double for vvery 10°C increase in the juncuon temparature, Ty Due 10 the linmad
producton 1ust time, 1hu nput blas currents moasured are correlated to jJunction tempoeratute In normal operation tha juNCLON tomparature Nses abovu tha amtuant
temperature as a result of internal power dissioation, Pp. Ty=Ta ¢ 8;a Pp where 84 1s the thermal resistance from uncton (0 ambient Use of a8 hoal suth 15

secommended I Inpul Lras current 1$ 10 be kept to a minimum

Nots 6: Supply voliage rujection ratio is measured for both supply magnitudes increasing or decreasing s1MultaNdously iN AcISrUadnCd with common pracuce From
11SVio 25V

Note 6: Max Power Disswpation Is defined by the package characterisics Oparating the part near the Max Power Dissigation may cause the part 10 operate
oulside guaranteed himits %



Typical Performance Characteristics
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Typical Performance Characteristics (Contnuea)

Distortlon vs Frequency
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Puise Response

Small Signal Inverting

QUTPUT VOLTAGE SWING (5D mV/DIV)

TL/HE/SRAR -4

DUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 /D)
TL/H/5R48-6

Current LImit (R

QUTPUT VOLTAGE SWING (1V/DIV)

Small Signal Non-!nverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME {0.2 us/DIV)

TLIHI5648-5
Large Signal Non-Inverting

OQUTPUT VOLTAGE SWING (5V/DIV}

TIME (2 us/DIV)

TL/H/5648-1

10011)

A :
sdeessirteecainy

TIME (5 12/DIV)

Application Hints

The LF351 1s an op amp with an mternally tnmmed inpul
oflset voltage and JFET input devices (BI-FET IIT™M). These
JFETs have large reverse breakdown voltages from gata to
sourca and dran eliminaling the need for clamps across (he
inputs Therelare, large differential input voltages can easily
be accommadated without a large increase in input current.
Tha marimum dilforential inpul voltage is independent of
the supply voltages However, neither of the input voltagos
should ba allowed 1o a@xceed the negative supply as this will

TLU'H/5648 .8

cause large currents to flow which can resull in a destroyed
unit.

Exceeding the negative common-mode limit on either input
will lorce the output to a high state, potentially causing &
reversal of phase (o the output.

Exceeding the negative common-mode limit on both inputs
will force the amplifier output to a high state. In neither case
does a latch occur since raising the inpul back within the



Application Hints (continueq)

conwon-mode 1anye agamn puts the mput stage and thus
the amplifier in & normal operating mode.

Exceeding the positive common-mode fimit on a single input
will not change 4he phase of the output; however, if both
nputs exceed the hmit, the output of the amplifier will be
forced 10 a high state.

The amplifier will operale with a common-mode input voli-
age equal 1o the positive supply; however, the gain band-
widih and slew rate may be decreased in this condition.
When the negalive common-mode voltage swings to within
3V ol the negative supply, an increase in input offset voltage
may occuf.

The LF351 1s biased by a zener reference which allows nor-
mal circuit operation on 1 4V power supphes. Supply volt-
ages lass than those may result in lower gain bandwidth and
slew rate.

The LF351 will drive a 2 kQ load resistance to + 10V over
the tull temperature range of 0°C to + 70°C. i the amplifier
1s forced to dnve heavier load currents, however, an in-
crease in input olfset voltage may occur on the negative
voltage swing and finally reach an active current limit on
both positve and negalive swings.

Prucautions shuuld be tukun 1o ensure that the power supply
for the intugratud circult never becomes reversed in polarty
or hat the unit is nol nadvertently installed back-

Detailed Schematic

Vee O L 4

wards in a socket as an unlimited current surge through the
resulting forward dlode within the IC could cause tusing of
the internal conductors and result in a destroyed unit.
Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling.

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 feedback pole by minimizing the capacitance from the
input to ground. ’

A feedback pole Is created when the feedback around any
amplifier ig resistive. The parallel resistance and capaci-
tance from the Input ot the device (usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pols is much greater than
the expected 3 dB frequency 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 a lead capacitor shoutd
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it paratiels
1S greater than or equal to the onginal feedback pole time
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Typical Applications

Supply Current Indicator/Limiter

Ry
VsupeL Y O——4—A AN~

o TOSYSTEMSUPPLY

v-
 Vgyyt switches high when Rglg ~

Ultra-Low (or High) Duty Cycle
Pulse Generator

1§94 A1

+—Pp—AW—e—0urrur

v
L) %m
% "
v
48 2Vg
- = At —_—
* toutPuT HIGH C/n s Vs
Vg - 1.8
. T R2C fn—=——
touteut Low 2C Ve 18
where Vg V't [V-]

*low leakage capacitor

¥ VOLTAGE CONNECTION

¢ Vour
10 CONTROL CIRCUITRY

Vo

RESET

IMTEGRATE 0 1333y

Hi-Zjy Inverting Amplifier

Parashic inpul cagacltance C1 = (3 pF for LF351
plus any additional fayout capacitance) interacts
with feedback elemants and creates undestrable
high frequency pole. To compensate, edd C2 such
that: R2C2 = RICt

Long Time Integrator N

bl
LOVour' nlc { Vi 01t
'

TL/H/5848. 2"

*Low leakage capacltor

+ 50k pot used lor iess sensitive Vg adjust



MOTOROLA
[ sswcomoucron _ MC1496

TECHNICAL DATA MC1596
BALANCED
BALANCED MODULATOR/ DEMODULATOR MODULATOR/DEMODULATOR

. designed for use where the output voltage is a product of an

input voltage (signal] and a switching function (carrier). Typical

applications include suppressed carrier and amplitude modulation, G SUFFIX v
synchronous detection, FM detection, phase detection, and chopper METAL PACKAGE €€
applications. See Motorola Application Note AN-531 for additional CASE 603

design informa(ion

L] Excellent Carr-er Suppression — 65 dB typ @ 0.5 MHz
-~ 50 dB typ @ 10 MH:

® Adjustable Gam and Signal Handling

® Balanced Inputs and Qutputs

® High Common Mode Rejection - 85dB typ L SUFFIX

CERAMIC PACKAGE
CASE 632

. 0, {Top View}

1 D SUFFIX
@ PLASTIC PACKAGE
S CASE 751A

! (SO-14)

P SUFFIX
FIGURE 1 - PLASTIC PACKAGE
SUPPRESSED CARRIER CASE 646
OUTPUT WAVEFORM 1

PIN ASSIGNMENTS

ORDERING INFORMATION

Oevics Termparsnare Range Pockage

FIGURE 2 — w10 so14
SUPPRESSED CARRIER prpy: e

SPECTRUM oCw - NT
MCreon Caramic DIF
MC1e6P Plagtic O¥
AC1506G el Can
~85C o «125C

OIS Ceramic DIP

e SUdeess
15 10,

FIGURE 3 -
AMPLITUDE MODULATION
QUTPUT WAVEFORM

S00'kMs 501 keer
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\ MC1496, MC1596

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

~ " " “Rating ] Symbol | sLnte 3}
Applied Voltage - £ av vde
(Vg - V7. Vg - Vi. Vg - V3. Vg - Vg, V7 -~ Vo V7 = Vy,
Vg - V4. Vg - Vg. V2 = Vg, V3 - Vs)
Differential input Signal V7 - Vg +5.0 Vde
Vg~ Vy | 2(54+15Re)
Maximum Bias Current ts 10 mA
Thermal Resistance. Junction to Air - RgJa ow
, Ceramic Dual In-Line Package 100
Plastic Dus! td-Line Package 100
Metal Package 160
Operating Temperature Range TA . e
MC 1496 Oto +70
MC1596 -55t0 +125
Storage Temperature Range Tsig -65t0 +150| °C

[

ELECTRICAL CHARACTERISTICS® (VCe = - 12 Vde, VEg = -80Vdc, Is = 1.0 mAdc, R = 39 KL Re = 1.0k Ta = «25C.
all input and outpul characteristics are single-ended, uniess otharwise noted.)

MC1596 MC1496
Characteristic Fig. Note | Symbot | Min | Typ | Max | Min | Typ | Max Unit
Carrier Feedthrough L 1 Vcr’r puVirms)}
V¢ = 60 mVirms) sine wave and fc = 1.0 kHz = 40 - - 40 -
offset adjusted to zero fc = 10 MHz — 140 —_ — 140 —
V¢ = 300 mVp-p square wave: mV{rms)
offset adjusted to zero fc = 1.0kHz - ] 004 )| 02 — {004 ] 04
offset not adjusted fc = LOKHz ) —_ 20 100 _ 20 200
Carrier Suppression 5 2 Ves ds8
s = 10 kHz. 300 mV{rms)
fc = 500 kHz, 60 mV{rms} sine wave S0 -85 _ 40 6 |..—
{c = 10 MHz, 60 mV(rms} sine wave = 50 - et 50 —_ k
Te i Bandwidth (Magnitude] (R = 50 ohms] 8 8 BW3gg ! - MHz
Carrier Input Port, Ve = 60 mVirms} sine wave ~ [7300 | — — | 300 -
fs = 1.0 kHz, 300 mVirms] sine wave .
Signal Input Pont, Vg = 300 mV{rms) sine wave — 80 — - 80 e
V¢! = 0.5 vde .
Signal Gain 10 3 Ays 25.1 35 . 25 35 - N
Vg = 100 mVirms), f = 1.0 kHz; [Vl = 0.5 Vde .
Single-Ended Input impedance, Signal Port. f = 5.0 MHz 6 —_
Paralls! Input Resistance fip — 200 - -~ -7, 200 —_ 1313
Paralle! Input Capacitance Cip —_ 20 —_ -— 2.0 — pF
Single-Ended Qutput Impedance, f = 10 MHz (] =T o
Paratiel Output Resistance fop 40 - - 40 —_ k0
Paratie! Output Capacitance €oo 50 —_ - 5.0 —_ pF
Input Blas Current 7 -_— M ) uA
R A h+lg hs: | = | 12 127 | 30
2 2 e - 12 12 4 30.
Input Offset Current b —_ ’ A
lios = l1-lg: tioC = 17-18 flios! —_ Q.7 0.7 1.0
. tiocl = | oz 07 | 70
Average Temperature Coefficient of input Offset Current 7 e [TCliol — 1 70 20 = nArC
(Ta = —55°Co +125°C) : '
Output Offset Current ? — ool =1 Ya 4 | 80 .| uA
(Ig-1g} 2 . )
Average TamperaluEe Coefficient of Output Otfset Current 7 - MCiool - 90 —_ -— 90 _— nASC
{Ta = ~55Cto +126°C)
Common-Mode Input Swing, Signal Port, fg = 1.0 kHz 9 L CMV — 5.0 - — 5.0 —_ Vp-p
- Common-Mode Gain, Signal Port, fg = 1.0 kHz, 9 — ACM - -85 | — —_ -85 | - d8
Vel = 0.5 Vde - . -
Commion-Mode Quigscant Output Voltage {Pin 6 or Pin 9) 10 - Vout — lao| = |.— | 80} — Vbp
Ditferentisl Output Voltage Swing Cepability 10 - Vout — 8o — | —]80o]| — Vp-p
Power Supply Current 7 6 i I .| made
C g+ lg Ice — |20 30| —|z20] 40,
lig-+ Igg —. 30 |e0™]. — {30 | 50 |
DC Power Dissipation 7 H Pp — {3l -13 — mw

* Pin number relerénces pertain to this device when packaged in 3 metsl can.
To ascertain the corresponding pin numbers for plastc or ceramic packaged

devices refer to the first page of this specificauon sheet.

MOTOROLA LINEAR/INTERFACE DEVICES

8-14




‘ MC1486, MC1596

GENERAL OPERATING INFORMATION *

Carrier Feedthrough
Carrier feedthrough is defined as the output voltage

at carrier frequency with only the carrier applied (sigpal

voltage = 0).

Carrier null is achieved by balancing the currents |n
the differential amplifier by means of a bias trim poten-
tiometer (Ry of Figure 5}.

Carrier Suppression -

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

Carrier suppression is very dependent on carrier input
level, as shown in Figure 22. A low value of the carrier
does not fully switch the upper swnchmg devices, and
results in fower signal gain, 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-
ure. The MC1536 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 maxirnized by operating
with large signal levels. However, a linear operating mode
must be maintained in the signal-input transistor pair —
or harmonics of the modulating signal will be generated
and appear in the device output as spurious sidebands
of the suppressed carrier. This requirement places an
upper limit on input-signal amplitude (see Figure 20). Note
also that an optimum carrier level is recommended in
Figure 22 for good carrier suppression and minirmum spu-
rious sideband generation.

At higher frequencies circuit layout is very important
in order to minimize carrier feedthrough. Shielding may
be necessary in order 10 prevent capacitive coupling
between the carrier input leads and the output leads.

Signal Gain and Maximum Input Level

Signal gain {single-ended) at low frequencies is
defined as the voltage gain,

\ Ry 26 mV
=9 =
Ays Vs = Re+2rg where rg is (mA)

A constant d¢ 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 differentiat ampfifier.

Linear aperation requires that the signal input be
below 4 critical value determined by Rg and the bias
current Ig.

Vg = Ig Rg (Volts peak) .

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

Common Mode Swing

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

Power Dissipation

Power dissipation, Pp. within the integraled circuit
package should be calculated as the summation;of the
voltage-current products at each port, i.e. assummg V9

= Vg. I ='lg = Ig and ignoring base currenl Pp =2
15 (Vg - Vig) + 15 {Vg — Vyg) where subscripts refer
to pin numbers.

Design Equations

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

A. Operating Current

The internal bias currents are set by the conditions at

pin 5. Assume:

I = lg = Ig
Ig<<ic for all transistors
then:

=V- -4 5000 where: R_:_; is the resistor between
pin 5 and ground
& =075VatTa = +25C

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

8. Common-Mode Quiescent Output Voltage
Vg = Vg = V* - Ig R,
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 Vde = {(Vg. Vg) - (V7, Vgl = 2 Vde

30 Vdc = [(Vy, Vgl - (Vq, Vgll = 2.7 Vde

30 Vdc = [(Vy. Vg - (Vg)] = 2.7 Vdc
The foregoing conditions are based on the following
approximations:

Vg = Vg. V7 = Vg, V1 = Vg

Bias currents flowing into pins 1, 4, 7, and 8 are tran-
sistor base currents and can normally be neglected if
external bias dividers are designed to carry 1.0 mA or
more.

Transadmittance Bandwidth

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

ig leach sideband}

: Vo = 0
vg {signal) °e

Yzi€c =

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

. . l |
fgtsignall 1 _ g6 vac, vo = 0

218 = vg (signal} h

“Pin number references pertain to this device when
packaged in 8 metal can. To ascertain the correspond-
ing pin numbers for plastic or ceramic packaged
devices refer 1o the first page of this specification
sheet.
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Couplmg and Bypass Capautors C1 and Cz ’ ~“

Capacitors C1 and Cy (anure 5} :hould “be selecxed for 8 re-
unce of tess | thm 6.0 ohms at'the cuner Irequencv

Output Signal, Vo

The outut signal is taken from pins 6 and.9, either balanced
or single-ended. Figure 12 shows the output levels of each of the
two output sidebands resulting from variations in both the car-
riér and modulating signdl inputs with 3 sirigle-ended ou‘tpu(
connection.

Negative Supply, Vgg

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

..

4.

MC1 496, MC1596

Signal Pdrt Stability
Under certain values of driving source impedance, oscillation
may occur. In this event, an RE suppresuon netwdrk should be

connected directly 10 each input using short leads. This will reduce
the Q of the source-tuned circuits that cause the oscillation.

SIGNAL INPUT

(PINS 1 & 4)

AN
510

c.

10 oF

An alternate method for low-frequency applications is 1o insert
a 1 kOhm resistor in series with the inputs, pins 1 and 4. Inthis
case input current drift may cause serious degradation of carrier
suppression.

TEST CIRCUITS® -

*Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet.

FIGURE § — CARRIER hEJECTION AND SUPPRESSION

vee
1% " 412 Vdc
] :
+ ¢l l fe
s 0.1 uF } 1% } AL RL
o) I,z 3 39kg; 339t
CARRIER Q.1 4F = 19 tg
INPUTVC o3} MC14966 Vo
vs Y} MCI5956 0
MODULATIXG 4L 9 2
SIGNAL
INPUT 10X 10kg 5t 51 10 $
1
50k
< 1“015 (323
/1 v 1
CARRIER NULL 3. 4
VEE

FIGURE 6 — INPUT-QUTPUT IMPEDANCE

Ret 1k
z{ }3
osv, 1
-7 *Vy
;Z:_ MC14366 [ L
—= ol ucissc +_.Z°“‘
Zin —= 4 9 -V
0 s
68k
svee

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

FIGURE 7 ~ BIAS AND OFFSET CURRENTS

FIGURE 8 — TRANSCONDUCTANCE BANOWIDTH

“vee Vi
12 Ve 1k ) LA -‘I:zcvuz
oL
k3 2%
Re=1k l Re
1 0.1,4F Tk Joo
: I z{ %3 of
5 $2* CARRIER ¢, ¢ 5 6 50 850 I
INPYT N
MC14966 e YT ve et 3] Mcwses Vo
MCI5966 - Vse— MC1596G Ve
9 N MODULATING ! 9
SIGNAL ‘4
10 3 INPUT 10K 10k §1 251 10 3
he k
‘ 68k oy * 684
lv- L
* 1
kR CARRIER NULL Ve
\713 VEE
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) MC1496,:MC1596

. i

TEST CIRCUITS {continued)

FIGURE 9 - COMMON MODE GAIN FIGURE 10 — SIGNAL GAIN-AND OUTPUT SWING
vee Vv
cC
1 aava R GRY
W ek - 1%, Rer 1k
o5V - ’{ . }’ 19t3 339% sy 2{ =3
SV g : : 1% v, 19% 18k
Ol - -
" : UCHIEE ‘ Va ‘ i - ? MC16366 —* Ve
n MC15966 Vo MC15966 -V,
Vs 9 4 0
9
LY 5 [t 5
50 68¢ 5 ‘ 68k
1 mA
= Nl
= = 0 log —
3 vde sl Vs ave
VEE Veg
TYPICAL CHARACTERISTICS
Typical characteristics ware obtained with circuit shown in Figure S.fc = 500 kHz (sine wave),
Ve = 60 mV(rms), Ig = 1 kHz, Vg = 300 my(rms), Ta = +26°C uniess otharwiss noted,
FIGURE 12 — SIGNALPORT PARALLEL-EQUIVALENT
FIGURE 11 — SIDEBAND OUTPUT versus CARRIER LEVELS

INPUT RESISTANCE versus FREQUENCY

E 20 1.0M ¥ =]
z g so0 = s
g g & \
<6 = LA \
H] J g A }
2 SIGNAL INPUT = 600 mV. < w0 o
o 1.2 5 123 X
< ‘ @ S0 Y
w ] 2
s 400 mv o AN
w /1 I >
g 08 S N
g P L= = Sow e
3
~
5 ] 100V <
s i 3
= { LY
S o ) 100 150 200 0 5.0 10 50
V¢, CARRIER LEVEL (mV(rms]} f, FREQUENCY (MH2)
FIGURE 13 — SIGNAL-PORT PARALLEL-EQUIVALENT FIGURE 14 — SINGLE-ENDED OUTPUT
INPUT CAPACITANCE versus FREQUENCY IMPEDANCE versus FREQUENCY
50 5 140 i "
g 3
- S o 12
o4 =
2 g h
= Z 100 10
z 0 4 2
(7]
S = % w80 fop. 8.0
pus 2
=3 -
a 2
z & 60 60
=220 = €,
g 8 =
- - E an
: ] 40 \ 4.0
= M
<10 < \
N € 5 20
& g I~
0 _8 [} ]
10 20 5.0 10 2 50 100 0 10 10 100
1, FREQUENCY (MH1} 1, FREQUENCY (MHz}
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MC1496, MC1596

TYPICAL CHARACTERISTICS (continued)
Typical charscteristics were obumed with civcuu shown in anuve 5. fc = 500 kHz (sine wave),
Vg = 60 mVirms), {g= 1 kHz, VS =300 mV(vmi) TA - 025°C uniess otherwise noted.

.FIGURE 15 — SIDEBAND AND SIGNAL PORT
TRANSADMITTANCES versus FREQUENCY

K

10 T .

09— SIGNAL PORT <
Z 08 : N
€ 1 S N U e
£ 07 43 P I
E 3 CE \
o .
2 08 IDEBAND—F | | (bino \\
E s I TAANSADMITTANCE | | U
=0 ! {
z IN 1
] , tout (EACH SIOEBAND . ;
g W m Voo (S1GNALY Vou =9 —
2 t L ; \ !
R SIGNAL PORT : t
= 0 TRANSADMITTANCE ! "
=

0.1 wme ——- lv....-n VE.r 09 Ve

0 iy 1N

6.1 10 i) L loo 1000

C. CARRIER FREQUENCY (MHZ)

FIGURE 17 — SIGNAL-PORT FREQUENCY RESPONSE
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FIGURE 19 — CARRIER FEEDTHROUGH versus FREQUENCY
10 )

VCET. CARRIER OUTPUT VOLTAGE (mV{rmsl}
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FIGURE 16 - CARRIER SUPPRESSION

versus TEMPERATURE
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FIGURE 18 ~ CARRIER SUPPRESSION versus FREQUENCY

0 T
2 | RERRIN
= 0 IRERRI Y
v TR
3z T i C e
ER e i
-} 4 L
z i i 41
§g 0 e M =
w g e v T
25 4 st i P
Se = t 1 v
o w D 9 N
SiE T Rz I
Z% 90 T
a° Pl vl
g 1ic P y 1 !
g i 1 c v
2
2 il — : T
gos 01 THRL) 50 10 50
1. CARRIER FREQUENCY IMHY)
FIGURE 20 - SIDEBAND HARMONIC SUPPRESSION
versus INPUT SIGNAL LEVEL
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: MC1496; MC1596 :

TYPICAL CHARACTERISTICS {continued) .

FIGURE 21 — SUPPRESSION OF CARRIER HARMONIC
.SIDEBANDS versus CARRIER FREQUENCY .-
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FIGURE-22 — CARRIER SUPPRESSION
versus CARRIER INPUT LEVEL
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OPERATIONS INFORMATION

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

This circuit consists of an upper quad differential ampfifier
driven by a3 stancard differential amplifier with duval current
sources, The output collectors are cross-coupled so that fullwave
balanced multiplicauon of the two inpul voltages occurs. That is,
the output signal s a constant times the product of the two input
signals.

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

The tower differential amplifier has its eminters connected 0
the package pins so that an external emitter resistance may be
used. Also, externat load resistors are employed at the device
output.

Signal Levels

.The upper quad differential amplifier may _be operated either
i 3 linear or a saturated mode. The lower differential amplifier
is operated in 2 linear mode for most.applications.

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

For high-level operation at the carrier input port and linear
operation at the modulating signal port, the output signal will
contain sum and difference frequency components of the modu-
fating signa!l frequency and the fundamental and odd harmonics of
the carrier frequency. The output amplitude wiil be a constant
times the modulauing signal amplitude. Any amplitude variations
1n the carrier signal will not appear in the output

FIGURE 23 —~ CIRCUIT SCHEMATIC*

(SR}
[ T j",v. outryt
(N33
[
NPUT M’ O 4 1
H2
iy
SIGRAL e o 2
el et ) envev—4 TUTUE
P ¥ ’
Bas s
"F "-n el
m: 00 00 o G pactmge]
vee
FIGURE 24 - TYPICAL MODULATOR CIRCUIT®
113 L ¢ “12ver
VWA~ lu‘; 20 Re “1x 3 R } L8
1 35k < 38k
v Ohef Q Lo +v,
carAIEn O—)—
WPUT . o MCTS36C
v 9
MODULATING ° o Vo
SIGNAL 1083
INPUT < R
15 3 68t
CARRIER NULL -3 Vie =
VEE

*Pin number references pertain 1o this device when pasckaged ina
metal can, To ascertain the corr ding pin bers for plas-
tic or ceramic packaged devices refer to the first page of this
specification sheet.
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\ MC1496, MC1536

OPERATIONS INFORMATION (continued}

The linear signal handling capabilities of a differential amplifier
are well defined. With' no emitter degeneration, the maximum
input voltage for linear operation is approximately 25 mV peak.
Since the upper differential amofifier has its emitters internally
connected, this vollage applies 10 the carrier input port for all
conditions.

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

v r(ls) (Rg)volts peak.

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

FIGURE 25 —~ TABLE 1
VOLTAGE GAIN AND OUTPUT FREQUENCIES

Carrier Input Approximate Output Signal
Signal (V¢! Voltage Gain Frequencyls!
RV
Low-leve! de L¢ 7T M
2(Rg + 2:,)(—0-)
High-level Bl [
igh-level dc RE + 21, M
v ; R Vgirms) p
- Low-level ac e e fc 2fpm
2J2(51) Re + 20
0.637R
High-leve! ac CESRET fczfm el
RE + 2¢¢ Sic tfm.

The gain from the modulating signal input port 10 the output is
the MC 1596/MC 1496 gain parameter which is most often of interest
to the designer. This gain -has significance only when the tower
differential amplifier is operated in a linear mode, but this includes
most applications of the device.

As previously mentioned, the upper quad differential amplifier
may be operated either in 3 linear or & saturated mode. Approxi-
mate gain expressions have been developed for the MC1596/
MC 1496 for a low-level modulating signal input and the following
carrier input conditions

1) Low-level dc
2} High-level dc
31 Low-tevel ac
4] High-levet ac

These gains are summarized in Tabie 1, along with the fre-
Quency COMponents contained in the output signal.

NOTES:
1 Low-level Modulating Signal, Vi, assumed in ail cases.
v is Carrier 1nput Voltage. |
2 When the output signal conuins multiple frequencies,
the gan expression given is for the output amplitsde of
anch of the two desired outduts, I + fa and fc - fm-
3. Al gain expressions are for 3 single-ended output. For
a differentiat outut connecuon, multiply each expres-
sion by two.
. R = Load resistance.
5. Rg = Emitter resistance between pins 2and 3.
6. (g = Teansistor dynamic emitter resistance, at +25°C;

a

26 mV
g tmA)

Te ™=

7. K = Boltzmann's Constant, T = temperature in degrees

Kelvin, Q = the charge On 3n electron.

KTT 2z 26 mV at room temperature

APPLICATIONS INFORMATION

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

In some applications, it may be Recessary to operate the
MC 1596/MC1496 with 2 single dc supply voilage instead of dual
supplies. Figure 26 shows 2 balanced modulator designed for
operation With a single +12 Vdc supply. Parformance of this cir-
cuit is similar to that of the dual supply modulator

AM Modulator

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

Al that is required 1o shift from suppressed carrier 10 AM
operation is to adjust the carrier null potentiometer for the proper
amount of carrier insertion in the cutput signal.

However, the suppressed carrier null circuitty as shown an
Figure 27 does not have sufficient adjustment range Therefore,
lpe quuluor may be modified for AM operation by changing
two resistor values in the null circuit as shown n Fgure 28

Product Detector

The MC1596/MC 1496 makes an excellent SSB product detec-
tor (see Figure 29},

This product detector has 2 sensitivity of 3.0 mi«crovo!ts and 8
dynamuc range of 90 d8 when operating at an intermediate fre-
quency of 9§ MHz.

The detecior 1s broadband for the entire high frequency range.
For operation 81 very low intermediate frequencies down to 50
xHz the 0.1 UF capacitors on pins 7 and 8 should be increased to
1.0 gF  Also. the output filter at pin 9 can be tailored 10 a
specific intermediate frequency and audio amplifier input 1im-
pedance.

As in all applications of the MC1596/MC1436, the emitter
resistance between pins 2 and 3 may be increased or decreased to
adjust circuit gain, sensitivity, and dynamic range.

This circuit may also be used as an AM detector by introducing
carrier synal a1 the carrier input and an AM signal at the SSB
nput,

The carrier signal may be derived from the intermediate fre-
quency signal or generated locally. The carrier signal may be in-
troduced with or without modulastion, provided its level s
sulficiently hugh 10 saturate the upper quad differentiat amplifiet
I1f the carrier signal 1s modulated, 3 300 mVirms] nput level s
recommended.

MOTOROLA LINEAR/INTERFACE DEVICES
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APPLICATIONS INFORMATION {continued)

Doubly Balanced Mixer

The MC1596/MCi496 may be used as a doubly balanced
muxer with either broadband or tuned narrow band input and
output networks, P )

The local oscitlator signal is introduced at the careier input
POrt with a recommended amplitude of 100 mV(ems).

Figure 30 shows a mixer with a broadband input and a tuned
output, ’

Feequency Doubler

“The MC1596/MC1496 wilt operate as 3 frequency doubler by
ntroducing the same trequency at both wnput ports.

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

Phase Detection and FM Detection

The MC1596/MC 1496 will function as a phase detector. High-
level input signals are introduced 8t both inputs. When both inputs
are at the same ‘frequency ‘the MC1596/MC1496 will deliver an
output which is a function of the phase difference between the
two input signals,

An FM detector may be constructed by using the phase detec-
tor principle. A tuned circuit is added at one of the inputs to
cause the wo input signals to vary in phase 2 a function of fre-
quency. The MC1596/MC 1496 will then prowde an output which
is a8 function of the input signal frequency.

TYPICAL APPLICATIONS

Pin number references pertain (o this device when packaged in a metal can

To ascertain the corresponding pin

nAumbers for plastic or ceramic packaged devices refer 10 the first ©oage of this specification sheet.

FIGURE 26 — BALANCED MODULATOR
(+12 Vdc SINGLE SUPPLY)

FIGURE 27 — BALANCED MODULATOR-DEMODULATOR

vee
1k L] 13 RV
'[._. Tk Ik 1
% 2 1
5y 81 ose
CARRIER INPUT N o
0 mvtims) MC 15960
\ M I496G
uOOULATING _ A _’oJ
"
SGNALINPUT o 10 s
00 mVirmst oy 25.F
sy o
e = =
CARAIER ‘b
Py 0ig M Jwo =
04
FIGURE 28 — AM MODULATOR CIRCUIT
vee
n L3 4 R Ve
[ 'Ln,nl LI 8 R
B T Iand Sanm
- = 1
L .
v 01uF : - Lo v
CaRRIER 0—)}—-——*—-07- MCI596C
eyt o o MC 14966
v§ 4 &
MODULATING © e Yo
St mes [T 5
S04 ]
1g u:
Vee
CARRIER AQJUST v =

vee
It 1 R
-L Re 10 Ry LT}
I : 3 REEY < 35¢
= = 1
v B30F TR 5 1o ov,
CARRIER O—) MC15%G
nput ol UC14966
v ¢ 3
MODULATING [—O——4e v,
SIGNAL
NPyt 10¢ s
50%
1
Rl s 3 84t
VEE
CARRIER WULL 4 Vée =
FIGURE 23 — PRODUCT DETECTOR
(+12 Vdc SINGLE SUPPLY)
vee
” 134 ¢ -2V
Lo
" I >
= 100 2
R n
= L ¢ §
CARRIER 01.f s
INPUT o )
300 mVi(ems) — y | Messes 0‘0“1
P It o 475114 F AF
S8 MPYT n = o 10 gyrpyr
01.¢ & ] _ 47
_L A
w 1)
" o SRO00ST 0005 .F
K o
* 1k I 104 _L_ I

MOTOROLA LINEAR/INTERFACE DEVICES

8-21



Z° EXAR XR-2206

Monolithic Function Generator

GENERAL DESCRIPTION FUNCTIONAL BLOCK DIAGRAM
The XR-2206 is a monolithic function generator inte-
grated circuit capable of producing high quality sine, . X2
square, triangle, ramp. and pulse waveforms of high-stability NPt# 1
1

. 6] ]
and accuracy. The output waveforms can be both amplitude syzmgmy
15

ADJ.
and frequency modulated by an external voltage. Frequency ~~OR A I 2 7 | l j

of operation can be selected externally over a range of 0.01 OUTPUT
MULTIPLIER
AND L] —]
SINE 14 I
SHAPER WAVEFORM

Hz to more than 1 MHz. E |
The circuit is ideally suited for communications, instru- w [Z r— E ’jJ
mentation, and function generator applications requiring ce
sinusoidal tone, AM, FM, or FSK generation. It has a typical E E GROUND
drift specification of 20 ppm/°C. The oscitlator frequency TG N
Vi
SYNC
| 6 [ 11I ouTPUT

MULT OUT

can be linearly swept over a 2000:1 frequency range. with CAPACITOR
an external contro! voltage, having a very smali affect on L_
distortion. l__
SRR et
- [BH s 9] 3%,
FEATURES
Low-Sine Wave Distortion 5%. Typical
£ xcellent Temperature Stability 20 ppm/° C. Typical
Wwide Sweep Range 2000:1, Typical
Low-Supply Sensitivity 0.01%V. Typical
Linear Amplitude Modulation
TTL Compatible FSK Controls ORDERING INFORMATION
Wide Supply Range 10V 10 26V
Adjustable Duty Cycle 1% to 99% Part Number Package Operating Temperature
XR-2206M Ceramic 55°C 1o +125°C
- XR-2206N Ceramic 0°C 1o +70°C
XR-2206P Plastic 0°C'to +70°C
APPLICATIONS XR-2206CN Ceramic 0°C 10 +70°C
) XR-2206CP Plastic 0°C 10 +70°C

Waveform Generation
Sweep Generation

AM/FM Generation SYSTEM DESCRIPTION

V/F Conversion |

FSK Generation The XR-2206 is comprised of four functional blocks; a
Phase-Locked Loops (VCO) voltage-controlled oscillator {VCO)}, an analog multiplier

and sine-shaper; a unity gain buffer amplifier; and a set
of current switches.

ABSOLUTE MAXIMUM RATINGS The VCO actually produces an output frequency porpor-
tional to an input current, which is produced by a resistor

Power Supply 26V from the timing terminals 10 ground. The current switches
Power Dissipation 750 mW route one of the timing pins current to the VCO controlled
Derate Above 25°C 5 mwW/°C by an FSK input pin, 10 produce an output frequency. With
Total Timing Current 6 mA two timing pins, two discrete output frequencies can be
Storage- Temperature -65°C to +150°C independently produced for FSK Generation Applications.

N/ 4
IA EMR Integrated Systems, inc., 750 Palomar Avenue, Sunnyvale, CA 04086 * (408) 732-7970 * TWX 910-339-9233
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XR-2206

ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 1, V¥ =12V, Ta= 25°,C=0.01uF, Ry =100 KQ, Ry =10k, Ry =25 k2

unless otherwise specified. S open for triangle, closed for sine wave.

XR-2206M XR-2206C
PARAMETER MIN. | TYP. | MAX. | MIN. [ TYP. | MAX. | UNIT CONDITIONS
GENERAL CHARACTERISTCS
Single Supply Voitage 10 26 10 26 \%
Split-Supply Voliage <5 £13 £5 213 \
Supply Current 12 17 14 20 mA Ry > 10kQ
OSCILLATOR SECTION
Max. Operating Frequency 0.5 1 0.5 1 MHz C=1000pF, Ry = 1k
Lowest Practical Frequency 0.01 0.01 Hz C=50uF, R =2MQ
Frequency Accuracy L) 4 £2 % of 15 fo = 1/RC
Temperature Stability +10 +50 £20 pom/®C 0°C < Ta < 75°C,
Ry =Ry =20kN
Supply Sensitivity oot 0.1 0.01 %/V Viow = 10V, VHIGH = 20V,
Ry =Rp=20kQ
Sweep Range 10001 2000:1 2000:1 fry = L fH@ R =1kQ
fL@ R =2MQ
Sweep Linearity
10:1 Sweep 2 2 % f=1kHz, fy =10 kHz
1000:1 Sweep . % fL = 100 Hz, fiy = 100 kH2
FM Distortion 0.1 0.1 % +10% Deviation
Recommended Timing
Components
Timing Capacitor: C 0.001 100 0.001 100 uF See Figure 4.
Timing Resistors: Ry & Ry 1 2000 1 2000 k2
Triangle Sine Wave Output See Note 1, Figure 2.
Triangle Amplitude 160 160 mV/k Figure 1, S Open
Sine Wave Amplitude 40 60 80 60 mv/k Q Figure 1, Sy Closed
Max. Output Swing 6 6 Vp-p
Qu1put Impedance 600 600 Q
Triangle Linearity 1 1 %
Amplitude Stability 05 0.5 dB For 1000:1 Sweep
Sine Wave Amplitude Stability 4800 4800 ppm/°C See Note 2.
Sine Wave Distortion
Without Adjustment 25 25 % R =30kQ
With Adjustment 0.4 1.0 0.5 15 % See Figures 6and 7.
Amplitude Modulation
Input impedance 50 100 50 100 k
Modulation Range 100 100 %
Carrier Suppression 55 55 dB
Linearity 2 2 % For 95% modulation
Square-Wave Qutput
Amplitude 12 12 Vp-p Measured at Pin 11.
Rise Time 250 250 nsec C_=10pF
Fall Time 50 50 nsec CL=10pF
Saturation Voltage 0.2 04 0.2 0.6, \ IL=2mA
Leakage Current 0.1 20 0.1 100 HA Vqq = 26V
FSK Keying Level (Pin 9} 08 1.4 24 0.8 1.4 2.4 v See section on circuit controls
Reference Bypass Voltage 29 3.1 33 25 3 35 v Measured at Pin 10.

Note 1: Output amplitude is directly proportional to the resistance, R3, on Pin 3. See Figure 2

Note 2: For maximum amplitude stability, R3 should be a positive temperature coefficient resistor.
L ]
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Frequency-Shift Keying:

The XR-2206 can be operated with two separate timing
resistors, Ry and Ro, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 12. Depending on the
polarity of the logic signal at Pin 9, either one or the other
of these timing resistors is activated. If Pin 9 is open-
circuited or connected 1o a bias voltage 22V, only Ry is
activated. Similarly, if the voltage level at Pin 9 is <1V,
only Ry is activated. Thus, the output frequency can be
keyed between two levels, f; and f2, as:

fy=1/RyCand fy= 1/R,C

For split-supply operation, the keying voltage at Pin 9 is
referenced 10 V™.

Output DC Level Control:

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figures 10, 11 and 12, Pin 3
is biased midway between V¥ and ground, to give an
output de level of =V /2,

APPLICATIONS INFORMATION

Sine Wave Generation

Without External Adjustment:

Figure 10 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
Ry at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V*/2, and the
typical distortion (THD) is <2.5%. If lower sine wave
distortion is desired, additional adjusiments can be provided
as described in the following section.

The circuit of Figure 10 can be converted to spiit-supply
operation, simply by repiacing all ground connections with
V-. For split-supply operation, Rg canbe directly connected
to ground.

With External Adjustment:

The harmonic content of sinusoidal output can be reduced
to =0.5% by additional adjustments as shown in Figure 11.
The potentiometer, Rp, adjusts the sine-shaping resistor,
and Rg provides the fine adjusiment for the waveform
symmetry. The adjustment procedure is as follows:

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

2. With Ry set as above, adjust Rg to further reduce
distortion,

Triangle Wave Generation

The circuits of Figures 10 and 11 can be converted to
triangle wave generation, By simply open-ircuiting Pin 13
and 14 (i.e., Sy open). Amplitude of the triangle is approxi-
mately twice the sine wave output.

FSK Generation

Figure 12 shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be inde-
pendently adjusted, by the choice of timing resistors, Ry
and RZ; the output is phase-continuous during transitions.
The keying signal is applied to Pin 9. The circuit can be
converted 1o split-supply operation by simply replacing
ground with V™,

Pulse and Ramp Generation

Figure 13 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying ter-
minal (Pin 9) is shorted to the square-wave output (Pin 11),
and the circuit automatically frequency-shift keys itself
between two separate frequencies during the positivegoing
and negative-going output waveforms. The pulse width and
duty cycle can be adjusted from 1% to 99%, by the choice
of Ry and Ry. The values of Ry and Ry should be in the
range of 1 k{2 10 2 MQY.

XR-51



Figure 9: Circuit Connection for Frequency Sweep.

1
1=
Ll I

1
'2%Rc

Figure 10: Circuit for Sine Wave Generation without Figure 12: Sinusoidal FSK Generator.
External Adjustment. (See Figure 2 for
Choice of Rs.)

Figure 11: Circuit for Sine Wave Generation with Figure 13: Circuit for Pulse and Ramp Generation.
Minimum Harmonic Distortion. (R3
Determines Output Swing — See Figure 2.)
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Sy = OPEN FOR TRIANGLE
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PRINCIPLES OF OPERATION

Description of Controls

Frequency of Operation:

The frequency of oscillation, fg. is determined by the
external timing capacitor, C, across Pin 5 and 6, and by the
timing resistor, R, connected to either Pin 7 or 8. The fre-
quency is given as:
' f L

° RC

and can be adjusted by varying either R or C. The recom-
mended values of R, for a given frequency range, are shown
in Figure 4. Temperature stability is optimum for 4 k2 <
R < 200 k ). Recommended values of C are from 1000 pF
10 100 uF

Frequency Sweep and Modulation:

Frequency of oscillation is proportional tc the total timing -

current, Iy, drawn from Pin 7 or 8

S 32017 (mA) Hz
C (uF)
Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at +3V, with respect to Pin 12,
Frequency varies linearly with Iy, over 3 wide range of
current values, from 1 pgA to 3 mA. The frequency can
pe controlled by applying a control voltage, Ve, to the
activated timing pin as shown in Figure 9. The frequency of
oscillation is related to Vg as:

1
£z o— 1+i.(1_ e, Hz

ROA\NRES . 3+

where V¢ is in volts. The voltage-to-frequency conversion
gain, K, is given as:

K =MV = - g HalV
c

CAUTION: For safe operation of the circuit, I should be
limited to €3 mA.

Output Amplitude:

Maximum output amplitude is inversely proportional to the
external resistor, R3, connected 10 Pin 3 {see Figure 2). For
sing wave output, amplitude is approximately 60 mV peak
per k§ of Ry: for triangle, the peak amplitude is approxi-
mately 160 mV peak per kQ of R3. Thus, for example,
R3 = 50 k § would produce approximately £3V sinusoidal
output amplitude.

Amplitude Modulation:

Output amplitude can be modu'ated by applying 3 dc bias
and a modulating signa! 10 Pin 1. The internal impedance at
Pin 1 is approximately 100 k Q. Output amplitude varies
linearly with the applied voltage at Pin 1. for values of dc
Dias at this pin, within £4 volts of V*/2 as shown in Figure
5. As this bias level approaches V /2, the phase of the
output signal is reversed, and the amplitude goes through
zero. This property is suitable for phase-shift keying and
suppressed-carrier AM generation. Total dynamic range of
amplitude modulation is approximately 55 dB :

CAUTION: AM control must be used in conjunction with
a well-requlated supply, since the output amplitude now
becomes a function of V¥,

EQUIVALENT
SCHEMATIC

DIAGRAM




HIGH QUALITY FUNCTION GENERATOR]
SYSTEM WITH THE XR-2206 |

INTRODUCTION

waveform or function generators capable of producing
am/fm modulated sine wave outputs find a wide range of
applications in electrical measurement and laboratory in-
strumentation. This application note describes the design,
construction and the performance of such a complete func-
tion generator system suitable for laboratory usage or hob-
byist applications. The entire function generator is com-
prised of a single XR-2206 monolithic IC and a limited
number of passive circuit components. It provides the en-
gineer, student, or hobbyist with a highly versatile laboratory
instrument for waveform generation at a very small fraction
of the cost of conventional function generators available
today.

GENERAL DESCRIPTION

The basic circuit configuration and the external components
necessary for the high-quality function generator system is
shown in Figure 1. The circuit shown in the figure is de-
signed to operate with either a 12 V single power supply, of
with =6 V split supplies. For most applications, split-supply
operation is preferred since it results in an output dc level
which is nearly at ground potential.

The circuit configuration bt Figure 1 provides three basic
waveforms: sine, triangle and square wave There are four
overlapping frequency ranges which give an overall fre-
quency range of 1 Hz to 100 kHz. In each range, the fre-
quency may be varied over a 100:1 tuning range.

The sine or triangle output can be varied from 0 to over
6 V (peak to peak) from a 600 ohm source at the output
terminal.

A squarewave output is available at the sync outpul terminal
for oscilloscope synchronizing or driving logic circuits.

TYPICAL PERFORMANCE CHARACTERISTICS

The performance characteristics listed below are not
guaranteed or warranted by Exar. However, they represent
the typical performance characteristics measured by Exar's
application engineers during the laboratory evaluation of the
function generator system shown in Figure 1. The typical
performance specifications fisted below apply only when all
of the recommended assembly instructions and adjustment
procedures are followed:

) o

750 Palomar Avenue. Sunnyvale. CA Sa4088

(a)

{b)

{c

—

(d

—

(e

—

0

Janug
Frequency Ranges: The function generator
designed to operate over four overlapping fr

ranges:

1 Hz to 100 Hz i

10 Hz 1o 1 kHz
100 Hz to 10 kHz
1 kHz to 100 kHz }

The range selection is made by switching in
tming capacitors.

Frequency Setting: At any range setting, {n
can be varied over a 100:1 tuning range with a{d
tiometer (see Rqg of Figure 1). 8

Frequency Accuracy: Frequency accuracy of i
2206 is sel by the timing resistor R and the;
capacitor C. and is given as: ;

f = 1/RC

The above expression is accurate to within 5 %
range setting. The timing resistor R is the series’8
nation of resistors R4 and R13 of Figure 1. Th
capacitor C is any one of the capacitors Csg throygiy
shown in the figure. '

Sine and Triangle Output: The sine and triangl
amplitudes are variable from 0 V106 Vpp. The amjj
1s set by an external potentiometer, R12 of Figu )
any given amplitude setting. the triangle Qi
amplitude is approximately twice as high &3
sinewave output. The internal impedance of the 4
1s 600 0. %

Sinewave Distortion: The total harmonic distord
sinewave is less than 1 % from 10 Hz to 10 kHz aig
than 3 % ovér the entire frequency range. The se
of a waveform is made by the triangle/sine 2
switch, Sp. +

Sync Output: The sync output provides a 50 %]
cycle puise output with either full swing or uppg
swing of the supply voltage depending on the 0y
sync output terminals on the printed circuit boa§d

Figure 1). E
3

EXAR INTEGRATED SYSTEMS. INC.
(a0@) 732.7970 TWX 910-338-9233
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NOTE:

1. For Single Supply Operation Lift GND Connection Keeping R1

2. For Maximum Output, R may be open. Rx = 68 KQ is Recommended for External Amplitude Modulation

2 Across Terminals R ang B Intact, and Connect Terminal A 10 GND.

FREQUENCY

gure 1. Circuit Connection Diagram for Function Generator. (See Note 1 for Single Supply Operation.)

) Frequency Modulation (External Sweep): Frequency
can be modulated or swept by applying an external

. control voltage to sweep terminal (Terminal | of Figure
1). When ngt used, this terminal should be left open-
circuited. The open circuit voltage at this terminal is ap-
proximately 3 V above the negative supply voltage and
its impedance is approximately 1000 ohms.

) Amplitude Modutation: The output amplitude varies
linearly with modulation voltage applied to am input (ter-
minal Q of Figure 1). The output amplitude reaches its
minimum as the am control voltage approaches the half
of the total power supply voltage. The phase of the output
signal reverses as the amplilude goes through its
minimum value. The total dynamic range is approxi-
mately 55 dB, with am control voltage range of 4 V refer-
enced to the half of the total supply voltage. When not
used, am terminal should be left open-circuited.

et

Power Source: Split supplies: =6 V. or single supply:
+12 V. Supply Current 15 mA (see Figure 3).

XPLANATION OF CIRCUIT CONTROLS:

§Mtches

lange Select Switch, S1: Selects the frequency range of
?‘QEration for the function generator. The frequency is

Mkt i ek

inversely proportional to the timing capacitor connected
across Pins 5 and 6 of the XR-2206 circuit. Nominal
capacitance values and frequency ranges corresponding
to switch positions of S1 are as follows:

Position Nominal Range Timing Capacitance

1 1 Hzto 100 Hz 1 ufF
2 10 Hzto 1 kHz 0.1 uF
3 100 Hz to 10 kHz 0.01 ufF
4 0.001 uF

1 Hz to 100 kHz

If additional frequency ranges are needed. they can be
added by introducing additional switch positions.

Triangle/Sine Waveform Switch, S2: Selects the triangle or
sine output waveform.

Trimmers and Potentiometers

Dc Offset Adjustment, R9: The potentiometer used for ad-
justing the dc offset level of the triangle or sine output
waveform.

Sinewave Distortion Adjustment, R10: Adjusted to minimize
the harmonic content of sinewave output.

Sinewave Symmetry Adjustment, R11: Adjusted to optimize
the symmetry of the sinewave output.

un 4



Amplitude Control, R12: Sets the amplitude of the triangle or
sinewave output. =

Frequency Adjust, R13: Sets the oscillator frequency for any
range setting of S1. Thus, R13 serves as a frequency dial
on a conventional waveform generator and varies the fre-
quency of the oscillator over an approximate 100 to 1 range.

Terminals

. Negative Supply ~6 V

. Ground

. Positive Supply +6 V

. Range 1, timing capacitor terminal
Range 2, timing capacitor terminal
Range 3, timing capacitor terminal

. Range 4, liming capacitor terminal
Timing capacitor common terminal
Sweep Input .

Frequency adjust potentiometer terminal
Frequency adjust potentiometer negative supply
terminal

Sync output (1/2 swing)

. Sync output (full swing)

Triangle/sine waveform swilch terminals

. Triangle/sine, waveform switch terminals

Triangle or sinewave output

. AM input

. Amplitude control terminal

AT IEOMMOO®>

POoVOZZC

PARTS LIST

The following is a list of external circuit components neces-
sary to provide the circuit interconnections shown in Figure
1.

Capacitors:

C1,C2, C7 Electrolytic, 10 uF. 10V

C3 Mylar, 1 uF. nonpotar, 10 %
C4 Mylar, 0.1 uF, 10 %

Ccs Mylar, 0.01 uF. 10 %

Cé Mylar, 1000 pF. 10 %

Resistors:

R1 30KQ, 174 W, 10 %

R2 100 KQ, 1/4 W, 10 %

R3, R?7 1 KQ, 174 W, 10 %

R4 9K, 174 W, 10 %

RS, R6 5KQ, 1/4 W, 10 %

R8s 300 Q, 1/4 W, 10 % :

RX 62 KQ, 174 W, 10 % (RX can be e
nated for maximum output)

Potentiometers:

R9 Trim, 1 MQ, 1/4 W

R10 Trim, 1 KQ, 1/4 W

R1t Trim, 25 KQ, 1/4 W

the circuit of Figure 1 to a complete laboratory instrumey

Potentiometers:

R12 Amplitude control, linear, 50 KQ 3%
R13 Frequency control, audio taper, 1 My
Switches: 3
St Rotary switch, 1-pole. 4 positions 4
S2 Toggle or slide, SPST *
Case:

7" x 4" x 4" (approx.) Metal or Plastic
(See Figures 4(a) and 4(b).)
Power Supply:

Dual supplies =6 V or single +12V
Batteries or power supply unit
(See Figures 3(a) and 3(b).)

Miscellaneous:
Knobs, solder, wires, terminais, etc.

BOARD LAYOUT

Figures 2(a) and 2(b) show the recommended printed-circd
board fayout for the function generator circuit of Figure 1.

(a) Split Supply PC Board Layout

(b) Singie Supply PC Board Layout

Figure 2. Recommended PC Board Layout for Function Generator Circuit of Figure 1.



AMMENDED ASSEMBLY PROCEDURE
£
= alowing instructions and recommendations for the as-
‘y of the function generator assume that the basic PC
layout of Figure 2(a) or 2(b) is used in the circuit

the parts of the generator, with the exception of fre-

Shoy adjust potentiometer, amplitude control poten-

b < eter, triangle/sine switch and frequency range select
ich, are mounted on the circuit board.

A :.a" and solder all resistors, capacitors and trimmer re-
1ors on the, PC board first. Be sure to observe the polarity
k( capacitQrs C1. C2, C7. The timing capacitors C3. C4. C5
°i C6 must be non-potar type. Now install IC1 on the
k- 4. We recommend the use of an IC socket fo prevent
f ssible damage’to the IC during soldering and to provide
of easy replacement in case of a malfunction.

he entire generator board along with power supply or bat-

ios and several switches and potentiometers will fit into a
E: of the type readily available at electronic hobby shops.
will be necessary to obtain either output jacks or terminals
br the outputs and am and frequency sweep inputs.

1all the frequency adjust pot, the frequency range select
itch, the output amplitude control pot. the power switch,
bnd the triangle/sine switch on the case. Next. install the
bC board in the case, along with a power supply.

—
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(a) Zener Regulated Supply
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(b) Battery Power Supply

Tt Fitament Transformer
Primary 115 V/Secondary 126 VCT 05 A
D1-D4: IN40O1 or Similar
5. D6: IN4735 or Similar
R1.R2:51 ), 1/2 W, 10 %

lgure 3. Recommended Power Supply Configurations.

Any simple power supply having reasonable regulation may
be used. Figure 3 gives some recommended power supply
coafigurations.

Precaution: Keep the lead lengths small for the range
selector swilch.

ADJUSTMENT PROCEDURE

When assembly is completed and you are ready to put the
function generator into operation, make sure that the polarity
of power supply and the orientation of the IC unit are cor-
rect. Then apply the dc power to the unit.

To adjust for minimum distortion, connect the scope probe
to the triangle/sine output. Close S2 and adjust the
amplitude contro! to give non-clipping maximum swing.
Then adjust R10 and R11 alternately for minimum distortion
by oberving the sinusoidal waveform. If a distortion meter is
available, you may use it as a final check on the setling ot
sine-shaping tnmmers. The minimum distortion obtained in
this manner is typically less than 1 % from 1 Hz to 10 kHz and
less than 3 % over the entire frequency range.





