lﬁ‘?" m%’ua'\ﬁ'nq an a5 Uﬂﬂﬁ%ﬁ‘i"‘”ﬂﬁ‘ﬂﬂﬁ
(FM TRANSCEIVER SYNTHESIZER)

Ten

WIFUTTLIN ﬂ':wi?tu 34132154

'u'?wmimﬁ‘iftﬂuefwm‘iummsﬁnmwmnﬁnegmqnﬁmwwmam:ﬁmﬁn
aﬂ'un;‘iu‘iaﬁ‘ins'nau’ma
gminunaTu Teinsraasune L%’lgmﬂmsawm'aﬁe
Ims@nw 2535

032737




P aUSYY 1 ERu s

eiandin
L 3
191
ARJIY
6 s
a1a15efUEmen

dnnsfinmn

[ (] 6 ]
Lﬁ%ﬂ@%ﬂﬂﬁ%ﬂg LANLAY  FeUUENLATIEWARAE

(FM TRANSCEIVER SYNTHESIZER)
BILUTS L AN ﬁqesa%m
bvATuTad TnsAsuiAY
Lﬂﬂﬁﬂqﬂaﬁﬂnssm
8. NOAINT  NSNNIS

2535

4 » t 4
AR IRIAINSTURERS anﬂﬁuswﬁiuiaﬁwszqausnaqLQﬂqmwquaqansgﬁa

audidin USggniva sadiuils dusunieaaensdnun ﬂwmﬁﬁngmsﬁ%mmq

qmaﬁﬁnssmﬁﬁamsﬁmﬁn

UTE BIUNTTUNT

NIFUANS

IF34UNT

NFsaANIe

U3273



False N1

USgyrSwusativil éﬁt%qqéaalﬂlgaquﬁ fanwavas n1%
YafunuasaenusenauBuadnann %ﬁﬁaaeﬁauauwszqm 213158 nqhﬁn?
NRBNNTT ﬁ151;%§sﬂ?ﬂﬂﬁﬂ%ﬂéﬁﬂﬂﬂ%ﬂ&%@ﬂﬁﬁuﬁ Sntatieimduusadn
LAEAKAATIAFAUIIU (QC) '

ﬁaﬁﬂsﬁmﬂlaiunqsﬁqeﬁg an ﬁﬂ%ﬂéﬁﬂ@%ﬂ%ﬂé Anenn
NFIUYBUNTE ARl Qmud uasqmﬁa ﬁgﬂnqezuazﬂﬁuﬂgu wjeaﬁunﬁisﬁu
Al wmean ﬁﬂuéLémﬁnﬁﬁquﬁeﬁhL%a'

' Fuamn1sEa R ;aquauauqm Asl qmﬁnsﬁ Horanu #
éﬁuﬁaﬁeﬁuuazL%ﬂqﬁuﬁﬂusa%q

wanani ﬁaﬁauquﬁauqvnnu L durirBelainuaana

USTVAA  WILATY |



LaSpe¥usatng Law L $1E982

USSLAN  NIALASY

2.00AMNS  NagdN1s  81a158USnm

mEann
1uﬂ§mmﬁﬁwuéaﬁu§asnéqqﬁasaéaaév Yusuadnal vaR
®UY FM Narrow Band mwfi 140-160 MH,

LASEUAGENY VHF WUY FM Narrow Band Jun1sis1as
uﬁﬂfﬂﬂM'\mﬁu Azl naiia Frequency Synthesizer WUU Phase
Locked Loop (PLL) Folunrsimeaand 15198 ¢ oied
TUSLNSANTISMTLALYY 16 Bit Wasash¥ IC Prescaler biufamsy
AatuLuAss  Felunnsmnsadnabie NSRRI TLAeARaER19Y
AERIUFIUAIUIUEUY qs%uaéﬁu Parameter %89 vco tfuddy
U TUSIUNTANISINSHER 16 bit 15198243995 counter biluka
fruanisiivfundelivae Fofife n15LUBeL channel %un15Meeuas
\USe channel A¥eaz 10 KH, A9a§3818  Audio Frequency
Amplifier (AF Amp.) §190uN15 mod &% Low Pass Filter
(LPF)  #afAenal 3.7 KH, %@ﬂé%ﬂﬁqeuﬂasém@mgﬁé FIU2995
18l Radio Frequency Amplifier (RF Amp.) qzﬂ,;mqs‘ﬁu{m
IC i Module %efin1s%¥e uurBe (matching) Mmeuluan B
qzliﬁa%&uﬁnﬁmﬂﬁ Harmonic Wag WUWASA Na1ell FUNAL channel
1191995t e e 50 ¥AR  29A5LASENNY FM Narrow Band
§  asldliBue 12 volt %9aefinng Reclifier Bnabawle anu

128z L BuntadlsasBugasnanane lulusiaas L Sanaegs o



BANCHERD PHUANGCHARERN

.KITDAKORN KLOMKARN ADVISER

ABSTRACT

This thesis will be mentioned about VHF Narrow
Band FM transmitter for the 140-160 MH, band.

This transmitter can be devided channel by PLL
Frequency Synthesizer. And frequency setting can be used
IC which is 16 bit programmable counter and IC that is
fixed frequency prescaler.

Frequency setting capacity depends on VCO para
-meter. For 16 bit programmable IC , counter circuit is
used for controling each channel. It means that each
high to low transition of the channel is 10 MH, .

Audio Friquency Amplifier ( AF Amp .) circuit
which is modulated will be cut. off at 3.7 KH, by Low
Pass Filter (LPF)

Radio Frequency Amplifier ( RF Amp. ) circuit
uses module’s IC that have Internal Matching. Moreover,
External Matching in each channel is also inportant for
getting rid of harmonic anc too wide bandwidth that dis-
turbs others channels. The power of this circuit is 50
watt.

The operating voltage range Narrow Band FM
transmitter is 12 volt which has reclifier again. More

details is following.
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MRF233

NPN SILICON RF POWER TRANSISTORS

gmd for 12.5 Volt, mid-band targe- signal ampiifier appli-
uuom in industrial and commereial FM egquipment operating in the :
40 to 100 MHz range, - £t

® Specified 12.5 Volt, 90 MHz Characteristics —
Outpnit Powsr = 15 Watts
Minimum Gajn = 10 d8
Efficiency = 65%
® 100% Tested for Load Mismatch at all Phase Angles with
.30:1 VSWR .

® Characterized with Su-n Equivalent Large-Signal Impedance
Parameters

Y

r

® Characterized with Parallel Equnvalml Large-Signal Impedance
Parameters 4

-~

MAXIMUM RATINGS

Reting Symbet Velus " Unh
Cottector-Emitter Voltage VCED 18 Vde
Cotlecior-Bam Voitage veso 6 Vde
Emittar-Base Veltage Vepo 4.0 Ve
Coltecror Current — Continvous Ic s Adec
Totat Oevice Oissipetion © T = 250C (1) o %0 Waru
Derete Abeve 25°C - 283 mwte

Storsge Temperaturs Range Totg ~65 10 +200 Sc
Stud Torque (21 - ) tnid
THERMAL CHARACTERISTICS

Charectorintic [ Symbot |~ mex | unn
Thermal Resstance, Junction te Case | Resc [ 35 | ®cm

{1) Those devices are denigned for RE operstion. The tote! device di ipation rating
s0phes only when the devices are opirated 53 Clem C AF amplifiers,
{2) For Repested Assembly use 6 In, Lb.

L The RF Line .

1SW -~ 90 MHz

RF POWER

TRANSISTOR

NPN SILICON
T A ‘
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MRF233

ELECTRICAL CHARACTERISTICS(T = 25°C unioss otherwive noted},

Crarsneristie [ oymbst | stin 1 Typ | Mes unit_]
OFF CHARACTERISTICS .
Collector-Emitter Brsakdown Voltsge  * . 8Veeo | " - - Vde
{ic = 100 mAde, g = O . )
Coltecsor-Emitrer Sreskdown Veltage R BVcES % - - Vde
{1 @ 50 mAde, Vgg = OF ~
Emirtsr-Bese Breskdown Voltage BVeno 4.0 - - Vde
{1g = $.0 mAde, Ic = Of -
Coilector Cutait Current \ca0 - - 1.0 mAde
{Vea = 18 Vde, g = O
OMN CHARACTERISTICS
OC Current Gain Mg 80 . - - -
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Programmable Counter MC4016/4316
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qﬁnsmtﬁ%mu LATEINTAY VCM F £

—

LU NE Kg Al1a8 K¢ K

LASaan THila

Tusunsala K,

guﬁ 4.17 W1%18LAA5Y893995 phase locked loop

NI LLNasHInHurle forward Ae

G(s) = KdKf ko
S

wHENTINYL NBTHINFuTavUaunEy (feedback) #Af

H(s) = Kn
Tl K, = 1/N
Zassuimns K, a9t a%avliuL asnuuTuswnsa e

(programmable counter) %ﬁlﬂqqngnsﬁivlqiugﬁanﬂs%ﬂ AN-535

2mauSimaataTsan ﬁe&
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ﬁg_mln ﬁg_mln _2 MHz
N = = = = 20
ﬁg_max 3 MHZ
N = = = 30
max f step 100kHz
K 1 1
n = 1/N = =08 =
20 30

tfavarnaasnisaansuuiniggrurreant durla L wataf $un (phase
coherent output ) b¥RUfURYYIuE1LA1 Fepaatfansesuuried 2

HQﬁmﬁnwaﬁﬂu%ﬁqa a2eAefl  (steady state phase errors)

AMuSuriindngssuLn1gg
F2UU e 1 ofle¥t 2 | iedt 3
A b dudue Alugl AUl Aluel
A213L $2b duliug AgH Aluel Auel
A3 sebtuiug | tRatuaargnaiiing Aaf Arug
*ﬁaﬁmﬂﬂwaqnL%ﬂgmﬁuﬁuaﬁqua &MY LNFIRSHYYIBA L 21289

phase comparator Yu&aedyguaseiisn #3588 phase coherency

‘z'f’a\ams‘jl;{\a'm (operating range) 289 MC4024/4324 VCM
a:%aaﬂqmﬂqqmﬁ%eué 2MHz 19 3MHz Lﬁanéﬁuaeﬁqgaquqa (control
capacitor) ﬂqmngﬁﬁaéiuuduaaﬂaﬁsgaga (data sheet) %849 MC4024
/4324 agla C = 100 DF é%enqs%%eﬁuﬁqzaéﬁenaﬁeﬁaeﬁqeﬂae veM

TSR T BT Lﬁmuﬁuﬁaqmﬁﬂﬁaanﬁuuanqag%ugﬂ
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NFIVELNDSHINTUYBS VCM A8 Ko/S
Vudit K, Anpulaaagve Syl fut 5L Suuna3uinatan

waz K, 1 tateaifuaruniiuzasadnatu (slope)

4 MHz - 1.5 MH=z
K, = 5V -3.6V 2 byLann/Sun/ Taan
K, = 11.2 10° LSRN/ AU/ Taan
» 6 ¢ ¢ 6 é
feflunsudL wasHanuaae vem fa 1.2 10 b 5L AR /U / Taan
S

amnshiedin s du Aanisuuasadnubired vem tdulng dufe
bASLiNAINNISEURLNSYARMAT  A1Asiianerinfaaaneaee MC4044/4344

phase detector u@s

Ky o DEHigh - UF low _ 5 3v.09.9v = 0.111 Tosm/i5sfem

2(2) 4

vaganseuudiladl 2 Hidulle  second order PLL

wsquﬁuwgs%enﬁuﬁaaﬁﬁﬁa

G(s) H(s) = KgK¢ Ko K, K(s+a

S S

[ 4 4 8 6 1 (] 1 4
aziu wsquﬂswmsﬁen%uuaeLﬁ%ﬂ@ﬂﬁﬂﬁﬁqqmﬁazﬁ§uuuuﬁeﬁ
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vH2%la  poles wsr zerces Haedlu LHenla G(s) H(s)
ANAARINIS qeasﬂuaﬁe%ugﬂuweaqeqziwwaﬂqaﬂaenﬁs

Eﬂﬁ 4.19 N1¥9ONUUY active filter

Ke = RoCS+1 ¥y A ffean
R CS
1

Wl A Aeddvzeauseduaest ATR9ALBLUY  operation

amplifier R,,R, WA C Lﬁuﬁquusﬁ%nﬁnumzamﬁﬁﬂaegﬁﬁnaenﬁs

LinganriSersiaee39ass ASaenTaead 1l sAindy MC4044
/4384 SardrfeSednifunnelyaeausenaunisun tar Senene K. Vi
N K¢ pae el i leEnuae sutiBananaents K, a1 LA
annIsyaseenItiu 0.5

= 0.5 ( RpCS+l,
R CS
1

Kee = Ke Kg

TunsifitrHazaasiaiun fun1sa19anly e tan Tanaed
agAUTeENauUNIsun LafaSansne
2935989 PLL ﬁuaﬁe%ugﬁaqeaﬁeuasaﬁuaﬁﬁMsﬁuﬁwas&

(Laplace transform) ﬁﬂgiﬂﬁﬂﬁﬂlﬂ
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{1 Ko
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Ky =0.mv/d K= Beocs = x10 vacys/v a,
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SUM 4.21 weuiivradnNIsuEAIaIUaNwAas PLL
L
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ﬂ%ﬁ%ﬁkﬂﬂ?ﬁ@ﬂ%ﬂﬁﬂﬁ@ﬂﬁﬂ

G(s) H(s) = K3 Kgo Ky K,

G(s) H(s) = Kq(0.5) (BE8+l) (Ko) (1

R CS ] N
1

MIN1sEnwe a8 (characteristic equation) azﬁgﬁuuu

C.E.

1+G(s) H(s) = 0

2 4 9.5 KgK Ry o , 0.5 KgKo

R N R CN
1 1.

LFrusgunasateauiussini sa19an el

ag 1a

52+ LSKGKGRy .\ QSKGKs - 62 4 3 w sew

2 [ ] i 4 [ 24 t 4
Lla L FaudsUse B L Navaa L aN U NS 9Au Az La

O.5KgK Ry =2 w_
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! TunsiifiteivasLaTaansaerlnabineafinfisiniarane (a) §an

N (K, =1) FIN1sheaavas 1a

KakoRy = 2w
| R, CN
i
K -
Eglo = 2
R1CN n

] » 1 4 ] [ []
A1RdalisssaYna W, F1U150M1 AN L UaS L HUAR1UTAY

(percent overshoot) anﬁnqsaﬁﬁq (settling time) Quuuﬁe%qﬁs
289 PLL la¥ 2 FwaReNIsRausueeravPLL ¥larnHeame (second

order)
13
19
19 /\6 =0\
' | "3 / \ 01
s@ T AT
‘; 5 o
a \\ AT 7
o 1 =
NG /
o 1.2 /
a A AR
? 14 7N
10
E“ 09 boaheo = T
'05 0% \9 / /
& o 1/
g 0b \/{
26 05 \L/
& o
é 0.3
04
0.4
OO 10 2.0 30 40 60 B0 70 20 A0 1.0 14 1L L3 {4
Wt

fﬂﬁ 4.22 step response %8¥second order PLL ia¥iaav

70



AMNFU  damping ratio = 0.8 Az ML Uas L AR Tag
(overshoot) UBRN3T  20% uazﬂzagﬁq (settle) Malw 5% # w,t

= 4.5 lock-up time #naen1giniiu 1 ms

wy = %2 42 45 x 103 Lo B/ 3und

t 0.001
%nEﬁamnﬁs azla

R C = L5K5Ky

w2N
n

= (0.5) (0.111) (11.2 x 108)

(4500)2 (30)

R,C 0.00102

aqqmiéqmqnﬁqn (maximum overshoot) \finfl Nax Fav i
_éﬁﬁ%%ﬁqﬁeuuquuaeguiaﬂﬁqn
W C =0.5 F

R

0.00102 = 2.04 K
0.5 x 102
‘A R; = 2K

Teamly adsL8anan Ry 4MNN21 1 K

LNSUNIS  asla
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R, = A¥gRyN - 5
K3K, (0.5) Cw,
- 2(0.8)
(0.5 x 10~%) (4500)
= 711
WA R, _ (g0

LA S1EL ADTEDIATLANINNALSR UWAEEINNSASEIS  PLL
1A Lﬁaeaﬂnﬁq5eﬂﬂqmﬁae§ﬂLﬁuﬁeﬁ%uﬁaaﬁnsﬂémunﬁsﬁﬁs (divide
ratio) K, closed loop poles qzwﬁlmﬁﬁumi\mw K, 5'1 K,
L‘Uﬁ'am root locus ﬁﬁgﬁuﬂﬂﬁﬂﬁ%kﬂﬁlﬂuuﬂa\wﬂ\‘l closed loop pole
azuulasn  PLL  feanwuuthuiu programmable counter N = 30
NMFABURUDYYANSEUU (System response) &N5U N = 20 AgIMLOU

AU (band width) N31934 WA: damping factor #A1sndu

15w
; s.?‘amc
e N.h
¢ a
- >
k =l ol 13 -9 k=0

NISLURLULUAYERDY root locus
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PUILILNA : L5 LARSAINIFEBNMLY second order PLL ¥afl 2 Lws1e
pLL #RadfSHanasanTatuntseui oy Seustusevud
LuRBsUINTg NPT Hemseia (phase coherency)  PLL
o3a 2 4 ﬁﬁe%&nwaanwﬁﬁagj

—-—n
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[ [] »
nisRuantauiuatle

$aumigal L (inductor) %?ﬂﬁQLﬁuﬁ333 C (capacitor)
LﬂuqﬂnsﬁﬁwuL%uuaz%%ﬁumﬂn%uqeqsgu rr. flofl L uas ¢ eIy
Lﬁ%ﬁ@ﬁ??ﬂ qzﬂaqqmﬁévﬁeﬁkstﬂuuu%ﬁuqeasgué A3t STERUU YR
qeasgunﬁlaqwngms F = 1/(6.28/LC)

oML smMsuAEaLviaadn v éﬁﬁqtﬁvﬁszQ§Q1aﬁaﬁﬁe fi
aﬁaqsmnﬁéﬁuaeqﬁnsﬁﬁnﬁ%ﬂﬁeﬁlimsﬁuéqlaﬂﬁngﬁs C = 1/(39.5 F2L)
Wie L = 1/(39.5 F2C)

§hsﬁenéﬂqﬁe 3 §AS Suan L wimLEu§ (henry) wuam C
vfunn¥a (farad) wasaAd L fuL B (hertz)

InﬂﬁqqluﬁqLﬁuﬁs:3Lﬁuqunsﬁﬁﬁﬁ%alaéﬁﬂiuéqéqeq Fafin
LBanannangmansan  wadheiuiaLaiaalieas uneates s lamansonnEe
AnuAFineen1ste  duumarnafiFesfuiinasiuesuautuanla  Liiadnlaan
ABLARNATRE N 519N

AsUNAwanE2L Wil nSaassaUFuAn taas L fuia L wilain oia
fflunuiwaslen wle unuueswénsﬁuﬁqu%uﬁuéﬂ faubaL Wiz oauny
gne (Laifunu) qsaﬁﬁﬂnﬁsﬂ%uﬁuéﬁIQQﬁnnﬁsﬂu-ﬁﬂﬁﬁQﬂﬂnauéﬁéaﬁn

t 4 '] [
38aqan19L Ranasumianeganniarags
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%ugﬂﬁ 5.1 uanenssuanﬁaﬂéﬁﬁuﬂuaﬁnguuﬂuﬁqu§uéquuuﬁu
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%SaL 15180 ﬁqunuaﬁnguﬁaéaﬁﬂiunssuﬂnaaaéazﬁéaevqn sh¥u fust
u§u§u5%ﬂ1ﬁaqeﬁﬁnuuu n58 aﬁaqzﬁﬂkﬂugwnsﬂgﬂu éﬁw%u%%%éﬁ%uguﬁ%ﬂ‘
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A1519M 5.1 ﬂﬂ%ﬁk%ﬂﬁ&ﬂﬂ@ﬂ?&ﬂﬂﬂﬁﬁﬂa AMIDON

Part Frequency
Number Ranfe (MHz) A, Value Ratio Qmax
P2 AUADLA AUANUE (MHZ) a1 a | Basaan éﬂQﬁﬁ@h
L-33-1 0.30-1.0 75 1.0:1 80
L-33-2 1.00-10 68 1.5:1 90
L-33-3 0.01-0.5 80 1.8:1 70
L-33-6 10-50 60 1.5:1 100
L-33-10 25-100 54 1.4:1 120
L-33-17 50-200 48 1.3:1 130
L-43-1 0.30-100 115 1.6:1 110
L-43-2 1.00-10 98 1.6:1 120
L-43-3 0.01-0.5 133 1.8:1 90
L-43-6 10-50 85 1.4:1 130
L-43-10 25-100 72 1.3:1 150
L-43-17 50-200 ' 56 1.2:1 200
L-57-1 0.30-1.0 175 3:1 -
L-57-2 1.00-10 125 2:1 -
L-57-3 0.01-0.5 204 3:1 -
 L-57-6 10-50 115 2:1 -
L-57-10 25-100 100 2:1 -
L-57-17 50-200 67 1.2:1 -
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SHIELD CAN: PLATED COPPER
PROVIDES MAXIMUM
ELECTROSTATIC SHIELDING

Tadnizdawatou:

HF UMD wANYu
o e}

v ndasanstiih

CUP CORE: SAME
MATERIAL AS ’

TUNING SLUG. ‘
PROVIDES MAXIMUM
MAGNETIC SHIELDING =
TUNING CORE:
MATERIAL SELECTED FOR
OPERATING FREQUENCY.
v
& -
. BOBBIN: SUPPORTS
WINDING
SIX PIN BASE:
MOULDED PLASTIC,
PLATED COPPER PINS.

L-57 COIL FORM - - TYPICAL ASSEMBLY

unugning :
o M [ -t .~ 4
v iaaduaaimnusens

P L IS I
mwmwiiaﬂmqunman

wnusu 2
«

lﬁa'faqlﬁan‘lﬁmumwﬁ'lﬁ'\nu
. ANl Yo, s s dd
vmhidudniueun/suusaoud

nTsdan
WAuauIu
v iumIvusses

U 6 U
AFuhmuaain
FAUIIEMDWAIYY

i'ﬂ‘ﬁ 5.2 AN A LAAYAINWUBIEA AN B LEASFUUTENAUNTEUBNARELA

BUU L-57 289US¥M Amidon Associate, Inc.
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nssuanﬂauéﬁﬁﬁmﬁ%%ﬁunaﬁéﬁau
AnaEaBen eI HuABLE 15%§nssuannauééhL%qiuﬁaeuéﬁm
Amidon Associates, Inc. (aw¥gaLusnn) ¥ eHan8nsTuIANTEUBNABEA
A199 3 M1AYEeUSEM Amidon HENTEUSNABLAMINELEY L-33-X Az
runamndafniuaniuae 0.31 %%uasgw 0.40 i NTLUBNABKIRLUSY
L-43-% Swwiamindefndanntuss 0.44 équasgv 0.40 7 svunseusn
AREALLEY L-57-X  Swwramindediwizantues 0.5687 §4 0.05 i
ASaemnarxr lubUasNssUanABLAATsE 8a e ET L g T UL sRIEaL arRs
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e Faazdhinlaan nQw ANNLABS ("Q" factor) ﬂﬂﬁﬂﬂﬂﬂﬂégﬂﬂﬁmlﬂ
o %alaséaniéﬁqﬁquﬁuﬁssguuu NPO A1 56 PF W29359u AMNA
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Qﬂﬁﬂﬁmﬁaenﬂsﬁunﬂﬂéﬂ§uéﬁ15 5%ﬂ$%nqsﬁqumeﬁn§msﬂﬂ&i
L%ﬁﬁs;ﬂﬁwiﬁﬂ;ﬂ§aﬁm§ﬂﬁmzﬁwﬁﬁLﬁﬂﬂt (specification) %¥84NTEUAN
asaafinandiuntsiuaets  dabulutius i Liufimsrutufiaanseuan
ﬂﬂﬂéﬁht%ﬁiﬁﬁQﬂlu ﬁﬂqqeuﬁﬂﬁumﬁm%quuﬁna:ﬂﬁuﬁﬁuwﬁamﬁeéﬁqﬂazldﬂ
SﬁuasLﬁﬂﬂﬁaenssuﬂnnané%;ﬁué%@  Feffunnsiuasaainlanrnunaenis
WUUEIE aqunqsaaeémdﬂuquﬁaaqnﬁuaeuunssuanﬂaﬂé wa%nATABEA
amiaSagsaanBulinemt (Ruans3aan RLC 1AL ANSIAT LafiRuU Y2
ﬁuwaqngqu%udﬁuﬁﬁunia) RanaLUfruduusaurafesawlARIARLAR"Y
fraents nSeuneauanasstvindiaes L fudmesaumatadnads sTuY

4893935 LC fas19¥u

nisiuannainlen) L A1uABENIT
fndNHiRunsatafutdureas finasleludrvasiisiarnaf tnsdu

ﬁﬁﬁuﬁﬂuﬁuﬁqﬁﬂﬂ%ﬁtﬁnﬁuﬁaunuﬁﬂuqeasssqL%ﬂnqunsqunﬁaﬂﬁuﬁﬂsnas

(incuctor) 38urefiSuna1  T¥a (choke) wSamesafile  wNuYeS
SulaLpasifiefinarnansuaivdn Lo wnuendn wSeunuinaslen wSaana
A enudi Suausu 1dﬁqmamﬁﬁﬁaeaﬁsuésvén L wansEn ASaLuLAlan
(bakelite) aw¥uifuiasedazaarntunsifiunte.suadacdng  wfaan
Viuaaieulag AfuiiuargTaetanaeflunuBaisniSanan  BulaLaasiila
olrasusendne Suanuimandan  BulALARSLNNEINAA ( air core
inductor )

ﬁuﬁﬁLmﬂéﬁéﬁﬁﬁﬁaééqﬁﬁeﬁvLsﬁL%unﬁuéﬁ SueuAud (in-
ductance) b3IwmANEALENYY L AMBuSALARY Lﬁuéqﬁsﬁﬂqqnnﬂsquﬁq
LAEND T8 9N HLIL HANTUBUNAL AR TTRE N 99T LN ARy ﬂﬁ%%ﬁqmamﬁﬁ
ﬁﬂeqeaslwﬁﬂﬁwuqﬁwaqzéaﬁﬁunﬂsLuémuuﬁaﬁﬁaenssuaﬂlva%uqeqs

arznBulaunutiuiiurBouas tunntaauny  soatelnsaenis

6 »

FURDLIA WRe ANUMAAANAAYARHE  Aodafluwnut duaisuut»dn azflan

é s 6
fudawaurainniastaflunus fuaudn wSas1ndin  wazesuafifeiuiy

2na30d1NazM InflaSudananguindua s liae

80



wﬁ%uﬁugﬂuﬁaeéwﬁuﬁnuﬂuﬁ A2 vmus (henry) L $1%0AN
dnfinmnutaemanimiiel  Hulvieasuas  asflanBufAunut 1 Lo
fnalfafinnsiuiuuuasrnenseusluinsn 1 wosuusas 1 Sundl wawhin
\RALseluAMMNEY (vemE) 1 Toem
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1,000
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latasious () - ot H
1,000, 000

%$8 1 H = 1,000,000 uH
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=17.6 uH

82



H288N9W 2 ANSAUIANITIUIUTAUIDGABHA  FNAR  ABIN1SHUABLIAY
nATBuNALAUY = 10 uH TﬂﬂﬁﬁﬂﬁéﬁLéﬂdﬁﬁ%ﬂnaqe 1 83 wasAdnamnn
nagmsnaiyniy 1174 2 Heflu a = 0.5, b= 1.25 uwae L = 10
uwuéq%ughsﬁeﬁ RIAUINTAU n = L/ (9a+10b)

a2

10/(4.5+12.5)
.5x.5

I

/680 =26.1 F81

UM aUdiif L sauna 26 sau  Feidharinas Basiuafidruqa

1 1f09annalnsenitadnaainaenns 1.25 §7 L9139n1A19UUSAY

pefln = 26.1 _20.9 sauAedn
1.25
v dunsaunedafila 1ﬁsﬁﬁugﬁunqsﬁeﬁ 1 itfeman
LB TARFTIN AN HUARLAAE L IUINAINLLES  AWG 17 WER SWG 18 %
Ans19fl 1 sansatalauwsieiulaBe 21.2 %auém&q(aﬂnniﬂﬁdhuqmla
vinuay) Lfuaniing Ausiunasiiuae wSaae¥adns vestudi dnnanfile
(aénguaéﬁgwﬁu)
NS IMHLAulASINIUSEY 26 FEUANMTRARENNT  wande

USUTE R 458 MIN €5AUIM NS ABLAARNEINRSINTRRREALINTY 1,25
s |

§mséh%%uﬂﬂéﬂ§uﬁﬁumu% wagdrususauinuuy  Fevndauftu
gmsﬁau uéaé%ugﬂunnﬁéﬁeﬁuLﬁﬁﬁu An

» WAnBuNALANY  L(uH) = _d2p—
18d+401
* M1AUUSTAY n = /L(184+401
N d
e’ L = arBudataes wmiuLduluTass ous
d = L%udwguénaqenaﬂé wiiag L duila
T R e,
n = ANUNUTAUVRIRBEIA

83



Eﬂuﬁhﬂﬁ?ﬁﬂﬁﬂﬁﬂﬁﬂﬂ 1 usz 4
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mogma IUD:H‘M SWG m‘m‘mugnmq inpumulﬁa TImToy fl1 0/1000 vfn
AWG indinve () ap 1.3 1 P’y
1 1 7.348 - - 0.1264
2 3 61544 - - 0.1593
3 4 N 5.827 - - 0.2009
4 5 5,189 ; - - 0,2533
5 7 4,621 - - 0.3195
6 '8 4.115 - - 0.4028
7 9 3.665 - = 0.5080
8 10 3,264 7.6 57 0.6405,
9 1L 2.906 8.6 .12 0.8077
10 12 2.588 9.6 90 1.018
11 13 2,305 10.7 113 1.284
12 14 2.053 12.0 141 1.619
13 15 1.828 13.5 177 2,042
14 6 - T2 1.628 15.0 221 2,575
15 17 1.450 16.8 } 277 3.247
16 18 1.291 18.9 348 4,094
17 18 1.150 2102 437 5.163,
18 19 1.024 23.6 548 6.510
19 20 0,912 26.4 681 8.210
20 21 0.812 29.4 852 10.35
21 22 - 0.723 33.1 . 1065 13.05
22 23 0.644 37.0 1340 16.46
23 24 0.573 41,3 1665 20.76
24 25 0.511 46.3 2100 26,17
25 26 0.455 51,7 2630 33.00
26 27 0.405 58.0 3320 41.62
27 § 29 0.361 64.9 4145 52,48
28 30 0.321 72.7 5250 66.17
29 31 0.286 81.6 6510 83.44
30 33 0.255 9%0.5 8175 105.2
31 34 0.227 101 10, 200 132.7
32 36 0.202 113 12,650 167.3
33 37 0.180 127 16,200 211.0
34 a8 0.160 143 19,950 266.0
35 38-39 0.143 158 25,000 335
36 39-40 0.127 175 31,700 423
37 41 0.113 198 39,600 533
38 42 6.101 224 49,100 673
39 43 0.090 248 62,600 848
40 44 0.080 282 77,600 1070
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N15AIU

fmatn (A3ALUed1289 Data Motorola)

£ = 145 MHz (locol oscillator frequency)

h
i

10 KHz (channel spacing)
= 0.01f, (loop bandwidth)

Hh
(o
|

frc = 20fy, (filter cut off frequency)
= 0.8 (loop damping factor)
VDD = 5 v (PLL supply voltage)

KVog = 2rAfvco (VCO gain, measured on VCO)
AVvco
Cq = 0.1 4F (active integrator component)
K¢ = VDD (Phase detector gain)
27
w, = 27fb (Natural frequency)

véa?+1+/l(24?¥1)2+1}

Nt = f£fo (Total Division ratio in feedback loop)
fs
Rl = KQK]LQQ
2 B
CywL Nt
R, = 24
YnC1
Ce = 4
2lerc

AMNFUNITAMWUL  Fufeniaaetuleasde R,, R,,
wyniRn avlusanasan

K§ = VDD = 0.796
27
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2/afyco = 62.832x10° rad/v (laannnisia)

KVeo =
AVvco
- - 3 _
£, = 0.01fg = 0.01x10x10° = 100 H,
w, = 2 fb = 2 %100 _
\[2&2+1+\/[(242+1)2+1] \/2(.82)+1-H/[(2(.82)+1)2+1
= 628.31 = 287.69 rad/sec
2.184
Nt = fo = 145x10% - 14500
£s 10x10°
R = KfKVco = 0.796x62.832x108 = 416.75 K52
c;w ?Nt  0.1x107%x(287.69)%x14500
R, =24 = 2x0.8 = 55.61 K
WnC1  287.69x0.1x10°°
c, = 4 = 2 = 0.0024_«F

2R4frc 416.75x103%20%100

arudnuedn In Ry pustdu 2 H2 [elaAyseanm 88 200 K wae

217 K #1888 R, U288 56 K

AMMNISAINIE sLFU31 A7 Nt = 14500  Beudn LSy
§UN1Y Nt = NP + A
a N As HeTusunss Np-Ng = 10 Bit TR 3-1023
6 Bit MsHLA 0-63

A Aa HITUsUNT Ay-Ag
P fia A9M19Y849 prescaler #W15 64 L@e 65

aztfuan Nt = 14500 alaAn
N = 226
P = 64
A = 36
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Foan N waz A sfun1siiuwuy binary Ae
N = 226

(MSB) 0011 1000 10 (LSB)

A = 36 (msp) 10 0100 (1gm)

Fadnan s Faunafule Hef
(Mgs) 0011 1000 1010 0100 (1cp)
-N -A

AMNAUNTS Nt= NP+A aztfudn A azdiulefieifiug 63 fAn
n11 1111 anin N astfulaiiuee AalRuedn r1iv Feludmedn A
Azl "o" @8 "00 0000"

aziiufitanatdgiwgry A0 -N wae -a  dasqs Inueaiiv
vfunasiiuiuy binary 855307 BFeaA1501%393% counter siubiQ
TUsUNTANITRIS LA

nanafielusuainutianeie  asly crytal 10.24 MH,
uEan1eBe LaesnTantsatataesnTaafimaan RA,, RA;, RA,
W Gushudlafivua RA,, RA; W&t RA, tilu "1 0 1v Faumiy
nMsws 1024 asfiuaslnpanafateBene’udia 1c A8 10.24 MH, -
1024 = 10 KH, (£fR) %ﬁﬁzﬁﬂaﬂLﬂ%mnLﬂmuﬁuéwﬁlaaﬂnnwsiﬁsunsm

Aa fvco - Nt Beazimiu 10 KH, (£v) Ve LNSI2A Nt
HaustiuAn £vco B8R0 Nt LRaumEurin aghn fvco  LHsumifu
10 KH, (Fadegdnzaedndg) Lo 145 MH, = 10 KH, ke
) 14500
145.010 MH, = 10 KH,
14501
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\ MOTOROLA
' @ SEMICONDUCTOR
TECHNICAL DATA

Parallel-input PLL Frequency
Synthesizer
. P SUFFIX
interfaces with Dual-Modulus Prescalers PLASTIC
. CASE 710
y The MC145152-2 is programmed by sixteen parallel inputs for the N and A counters and
three input lines for the R counter. The device features corsist of a reference osciliator,
selectable-ralerunce divider, two-output phase detector, 10-bit programmable divide-by-N
counier, and 6-bit programimable -+ A counter.
The MC145152 2 is an improved-performance drop-in replacement {or the MC145152-1.
Power consumption has decreased and ESD and fatchrup poerformance have improved. FN SUFFIX
® Low Power Consumption Through Use of CMOS Technology : c :;2(;7‘
& 3.010 9.0 V Supply Range
8 On- or Ot-Chip Relarence Oscillator Operation
© Lock Detect Signal .
¢ Dual Modulus/Paralle! Programming ORDERING INFORMATION
o 8 User-Solectable -+ R Values: 8, 64, 128, 256, 512, 1024, 1160, 2048
& -+ N Range =3 to 1023, + A Range=0to 63 ] MC145152P2 Plastic DIP
e Chip Complaxity: 8000 FETs or 2000 Equivalent Gates MC145152FN2  PLCC Package

BLOCK DIAGRAM
:“ 12 x 8 ROM REFERENCE
n:‘ DECODER
oscm} 3 ixz )
¥
osty — —{ >0 12817 + 8 COUNTER Locx 10

DETECT
) MODULUS
, £ % 1 CONTROL
3 CONTROL ba-i  PHASE [V
{ ' >4 Lo6IC -~ DETECTOR L4 N
bS04
61T + A COUNTER > 10-8it - N COUNTER
FTTTT] [TITTITIT]
AS A3 AZ  AD NO N2 N& NS sN? NG

NOVE. NO through N3, AO through AS, and RAO through RA2 have pullup resistors not shown,

MC145151-2 Series, Page 5
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MC145152-2

PIN ASSIGNMENTS

wite  afl 2885088

vssl] 2 27 {1 osc;, ';' ';- '; T 'Z-BL'; 'z-g

vopl] 3 26 1 0SComy parll's . 25 ()t

AAG} 4 25[Ia4 mell 6 i

R aflas w07 . 2l

ra2] 6 23 {1a0 oils 20

erlf? 2 fin Moo conTAoL {] 8 21 fln

svile 2 g a5 10 20 [ xg
Moo contaoL(] s 20 {Ing ol 11 ™

aslf 10 19 [Ing 1213 14 15 15 17 18

ol 1 10 {lnr ER R A A

N1 12 171N

w2} 13 16 [IN5

NIl 14 15 [IN4

PLASTIC DIP PLCC PACKAGE

PIN DESCRIPTIONS

INPUTS
fin—Frequency Input

Input to the positive edge triggered + N and + A counters.
fin is typically derived from a dual-modulus prescaler and is
ac coupled into the device. For larger amplitude signals (stan-
dard CMOS logic lavels) dc coupling may be used.

RAD, RA1, RAZ—Refsronco Address inputs-

These thrae inputs establish a code defining one of eight
possible divide values for the total refarence divider. The total
raferance divide valuos are as follows:

Roference Addross Code Total
Divide
RAZ | RA1 | RAD Valus
0 0 0 8
0 0 1 64 :
[} 1 0 128
0 1 1 256
1 0 0 512
1 0 1 1024
1 1 Q 1160
1 1 1 2018

N Inputs— N Counter Programming Inputs

The N inputs provide the data that is preset into the + N
counter when it reaches the count of zero. NO is least signif-
icant digit and N$ is most significant. Pullup resistors ensure
that inputs left open remain at a logic one and require only a
SPST switch to alter data to the zero state.

A inputs—A Counter Programming Inputs

The A inputs define the number of clock cycles of fiy that
require 2 logic zero on the modulus control output. {See Nual-

N
Modulus Prescaling section.) The A inputs all have internal
pullup resistors that ensure that inputs left open will inmain
at a logic one.

0SCin, 0SCoyt—Rofarence Oscillator Input/Output

Thesa pins form an on-chip reference oscillator when con-
nected to terminals of an external parallel resonant crystal,
Frequency setting capacitors of appropriate value must bn
connected from OSCip to ground and OSCqyy to ground.
OSCin may also serve as input lor an externally-generated
reference signal. This signal is typically ac coupled to 0SCin,
bu? for larger amplitude signals (standard CMOS logic levels)
de coupling may also be used. In the oxtarnal referance modo,
no connection is required t0 0SCqyy-

OQUTPUTS
fR, dy—Phaso Detoctor OQutputs

These phase detector outputs can bo combinad externally
for a loop error signal.

If frequency-fy is greater than I or if the phase of fy is
leading, then error information is provided by &y pirlsing law,
¢R remains essentially high.

I the froquency fy is less than IR or if the phasn of ty is
lagging, then arsor information is provided by op pulsing fow,
@y :emains essentially high.

If the frequency of by = fg and both are in phase, then both
by and ¢R remain high except for a small minimum time pariad
when both pulse low in phase.

Modulus Control—Dual-Modulus Prescata Contro!l
Output

Signal genarated by the on-chip contro! logic citquilry tor
contralling an external dual-modulus prescater. The miodulus
control level will be low at the beginning of a count cycle and
will remain low until the + A counter has counted down from
its programmad value. At this time, modulus controt gans high

MC145151-2 Series, Page 6
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and remains high until the -+ N counter has counted tha rest
of the way down from its progrommaed value (N — A additiona|
counts since both + N and + A are counting down during
the first portion of the cycle). Modulus control is then set back
low, 1he counters preset to their respective programmed val-
ues, and the above sequence repeated. This provides for a
total programmable divide value (NT) = N+P + A where P and
P+ } represent the dual-modulus prescaler divide values re-
spactively for high and low modulus control levels, N the
number programmed into the -+ N countar, and A the number
programined into the + A coumer.

LD —tock Detector Output

Lock detector signal. Essentially a high level when loop is
locked ({R, ty of same phase and frequency). Pulses low when
loop is out of lock,

POWER SUPPLY

Vop
The positive power supply potential, This pin may range
from +3 to +9 V with respect to V§s.

Vss
The most negative supply potentiai
ground.

. This pin is usually

TYPICAL APPLICATIONS

KU CONNECTS

[ I " 1 ' 150- 175 Mtz
[0 . z : » LUK BETECT SIGNAL w2 c S Wi STEPS
T 24 Mk :I: | | I" !
- 1 | l |
0SC A2 AAL AAD 10 a1
T-———- GsE,, dut o ™~
e R | VLo
K Gy {+
= MC145152.2 oo a2 MCINTY
\ ¥ - ———1¥p CHTRL
—1Vss tia 4
Ny NO A5 —e &0 1:

[ B P ehal Pt HANRY

l

CHANNEL PROGRAMMING

YOIt ctup osedtutor optional.

ME12017
-+ GAIGS PRESCALEN

Synthesizor for Land Mobile Radio VHF Bands

MC145151-2 Series, Page 7
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MC145152-2

RECEIVER
REF. 0SC. S~ OLO
15.360 Mz . -
NG CONNECTS .720 MH;
{ON.CHIP OSE. e 30.720 M
OPTIONAL) ey
LOCK BETECT ¢ RECEIVER FIRST L0,
. SIGNAL R2 825.030 — B44.980 M
130 kHz STEPS)
0SCoy  RAZ Al RAD ) Al
b ostin o >
dy Y e
MC145152:219) MOD
+v Voo CNTAL
A2
TRANSMITIER

MODULATION

L Yttt

CHANNEL FROGRAMMING

} TRANSMITTER SIGNAL

BZ5 030 — 844380 MH:
MC1201716) 130 ¥Hr STEFS!
< §4/65 PRESCALER

NOTES:
1. Rnceiver 1st. LF. =45 MHz, low side injoction; Recelver 2nd. 1.F. = 11.7 MMz, low side injection.
2. Duplex operation with 45 MHz rocaiver/ transmit separation.
3. tg=7.5 kHz, + R=2048.
4, Nigtal == N+64 + A = 27501 to 28166; N =429 1o 440; A=0to 63.
5.
6.

. MC145158-2 may be used where serial data entry is desired.
. High frequency prescalers—e.g., MC12018 {520 MHz) and MC12022 {1 GHz) — may be used for higher frequency VCO and frg( implemeantations,

.

§66-Channe!, Computer-Controlled, Mobile Radiotalephone Synthesizer {or
800 MHz Celiular Radio Systems

MC145151-2 Series, Page 8
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MC145151-2¢MC145152-2¢MC145155-2
. MC145156-2eMC145157-2°MC145158-2

FAMILY CHARACTERISTICS

MAXIMUM RATINGS* {Voltages Referenced to Vss)

Symbol Paramoter Veiue Unit These devicas contain protection cir
Vpp DC Supply Voltage _0.510 +10.0 v cuitry to guard against damago dus to high
- static voltages or electric fie'ds. Howeavar,
Vin» Vout | InPut or Output Voltags (DC or Transient}, -05to Vpp+05| V precautions must be taken to avaid ap
axcopt SW1, SW2 plications of any voltaga higher than max-
Vout | Output Voltage {OC or Transient), ~05t0 415 v imum rated voltagas. to those high-
S'W1 or SW2 (Rpu“qg= 4.7 k) impadance circuits. For pioper opnarstion,
lin, lout | Input or Output Current (DC or Transient), 110 mA Vi 8nd Vot should be constrainad 1o te
per Pin range Vgg 5{Vip of Vg, el sVp except
Swa2.

Ipp. 'ss | Supply Current, Vpp or Vss Pins +30 mA ‘0;3‘,“'”‘_’:3"5“)226“" be tind throngh ax-
Pp Powoer Dissipation, per Packaget . 500 mW ternal resistors to voltages as high as 16
Ts!q Storage Temperature -651t0 + 150 °C V dg, independent of the supply vo}lane.
T Lead Temperature, 1 mm from Case for 260 °C Unused ir\puls n.“m always ba tied to
10 seconds an sppropriate logic voltage tevel {3 g..
either Vgg or Vpl, excrpt for inputs with
¥ *Maximum Ratings are those values beyond which damage to the device may occur. pultup devices. Unused outputs must be

Functional aporation should ba restricted to the limits in the Electrical Charactaristics loit open.

tables or Pin Descriptions saction.

tPower Drssipation Temperature Derating:
Plastic DIP: ~ 12 mW/9C from 65°C to 85°C
PLCC Package: —12 mW/°C from 65°C to 85°C
SOG Package: —7 mW/°C from 65°C to 85°C

i
i ELECTRICAL CHARACTERISTICS (Voltagos Refatencod to Vgsi
v
-40°C - ‘C
Symbo! Paramster Test Condition Voo ¢ & Unit
V | Min | Max | Min | Max | Min | Max
Vpp |Power Supply Voltage Range - 3 9 3 9 3 9 v
les Dynamic Supply Current fin = 0SCj = 10 MHz, 3 - 35 - 3 - 3 mA
1 Vp-p ac-coupled sine wave 5 - 10 - 75 - 1.5
R=128, A=32, N=128 9 - 0 - 24 - 24
*lIss Quisscent Supply Current {not Vin=Vpp or Vgs 3 - 800 - 00 - 1600 | A
including pullup current component) {'oyy= 0 pA 5 —- 11200 -~ [1200] - | 2400
g - 1600 - 1600 - 3200
. Vin input Voltage —fin, 0SCin Input ac-coupled sine wave - 500 - 500 - 500 - {mVpp
ViL Low-Level Input Voltage — Voutz2.1V  Input de- 3 - 0 - 0 - 0 A
tine OSCin Vour 235V coupled 5 - 0 - [ ~ ]
Voutz6.3V  squarewave | 9 - 0 - 0 -- 0
VIH High-Level input Voltaga— Vouts0.8V Input de- 3 3.0 ~ 3.0 - 3.0 - v
fin. OSCin Vouts1.5V  coupled 5 5.0 — 6.0 - 5.0 -
Vours2.7V square wave | 9 9.0 - 9.0 9.0 -
ViL Low-Level Input Voltage —excupt 3 - 0.9 - 0.9 - 0 v
fin, OSCin 5 - 1.5 - 1.5 - 1.5
9 - 2.7 - 2.7 -
Vi |High-Lovel input Voltega — oxcapt 3 |27 - 2] - 2.1 TV
fin, OSCin 5 35 - 3.5 - 5 -
9 6.3 - 8.3 - 6.3 -
lin Input Current {l;n, OSCin} Vin=Vpp or Vss 8 +2 | £50 ) $2 | £25| %2 | £22 | pA
LTS input Leakage Current (Data, Clock, [Vjn=Vsgs 9 - -03f - -0.1 - ~1.0] pA
Enablg —without Pullups)
¥} Input Leakage Current {all inputs Vin=VDo 9 - 0.3 - 2.1 - 1.0 pA
except i, OSCip)
I Pultup Current {all inputs with Vin=Vss 9 | -20|-400| -20 | -200{ - 20| ~170) pA
Pullups) .
Cin input Capacitance - - 10 - 10 - 10 pF
Caontimiad
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t

MG145151-2¢MC145152-2°MC145155-2
MC145156-2¢MC145157-2°MC145158-2

FAMILY CHARACTERISTICS

.

-

FLECTRICAL CHARACTERISTICS {Continved)

Voo -40°C 25°C 85°C
Symbol Purameter Test Condition Unit
V | Min | Max | Min | Max | Min | Max
VoL  [Low-Level Output Voltaga—0SCoyy [lgut =0 #A 3 - ] 09 - 08| ~ | 09 v
Vin=VDD 5 - 1.5 - 1.5 - 1.5
9 - 22 - 27 - 27
VOH High-Level Output Voltage — 0SCout {lout =0 A 3 2.1 - 2.1 - 2.1 - v
Vin=Vsyg § | 35 - 35 - 35 -
9 8.3 - 6.3 - 6.3 -
. VoL Low-Level Output Voltage— Other 1o, =0 pA 3 - 005 | — 005 | - 0.05 v
Outputs 6 - 0.05 - 0.05 - 0.05
9 ~ j005| — [006) — | 005
Vo tligh Level Output Voltsye — Other {lgu¢~0 pA 3 |29 = 2.95 - 295 = v
Quiputs 5 | 4.95 - 4.95 - 4.95 -
9 |895] ~ j895| ~ |895] -
Y(8RIDSS |Drain-to-Source Breakdown Rputiup = 4.7 k0 - 15 - 15 - 15 - A
Voltage — SW1, SW2
oL Low-Level Sinking Curront— Vour=03V 3 130} ~ 110 ~ | 0.66 - mA
Modutus Control Vout=0.4V 5 | 1.90 - 1.20 - 1.08 -
. Vour=0.6V 9 |38} - 1330 - 210 —
oy High-Levet Sourcing Current— Vout=2.7V 3 j-080] ~ }-050} - |-030 - mA
Modulus Control Vour=4.6 V 5 [|~-090] -~ [-075] - [-050f —
Vout=8.5V 9 |-180] - |-1.28) -~ |-080} -
t oL Low-Level Sinking Current—Lock  [Vgut=0.3 V 3 {02y - {020f - j016]| - mA
Detact Vout=0.4 V s |oss| — jos1 | — J036)| ~
Vout =05V 9 | 130 | - .00 —- | 0720 ~
10H High-Level Sourcing Cusrent—Lock [Voyut=2.7V 3 |-025) - |-020f ~ 1-0.15f - mA
4 Datect Vout=4.6 V 5 [-0684] — |-051 - }-036] ~—
Vout=8.5V 9 |-130f - |-100] ~ |-070] -
oL Loww-Lovel Sinking Current—SW1,  [Vo1=03V 3 ]080 - 0.48 - 0.24 - mA
& Sw2 Vout=0.4 V 5 |w80] — {090 —~ [045) —
Vout=0.5V 9 |3so} - f210f - 105} -
oL Low-Lovel Sinlung Current—Other [Vt =03 V 3 (04| — JO3B}| ~ JO2] - mA
Outpuls Vour=0.4 V 5 os4| — JobI| — | 036} -
Vout=0.6V 9 {130| - jwoo] - (070} —
lon High-Leval Sourcing Current—Other [Vou=2.7 V 3 |-044f ~ |-035] - [-022] - mA
Outputs Vour=4.6V 5 [~064) -~ |-051 -~ |-038 -—
Vout=8.6V g |-130{ - {-100] - |~070] —
oz Output Leskags Current—PDoyt Vout=VpD of Vss g — | £03] — }J 03] ~ [210] pA
Output in Off State
102 Output Leakage Curront—SWI, Vout=VDD of VS5 9 — {403} — ]£03| — | 230] A
Sw2 Output in OHf State
L Cout  |Output Copacitance —PDgyy PDgyut—3-State - = 10 - 10 - 10 pF
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MC145151-2*MC145152-2°MC145155-2
MC145156-2°MC145157-2¢MC145158-2

FAMILY CHARACTERISTICS

AC ELECTRICAL CHARACTERISTICS (C_ =50 pF, Input t,=1y=10 ns)

Vpp | Guaranteed Limit | Guaranteed Liit .
Symbol Parametor v 2%°C ~40°C to 85°2 Unit
tPLH. tpHL | Maximum Propagation Delay, f;, to Modulus Control 3 110 120 ns
{Figures 1 and 4) 5 60 70
9 35 40
tPHL, Maximum Propagation Delay, Enable to SW1, SW2 3 160 180 : ns
[Figures 1 and 6} 5 80 95
9 50 60
tw Output Puise Width, épn, ¢y, and LD with fg in Phase with fy 3 25 to 200 25 to 260 ns
{Figures 2 and 4) 5 20 10 100 20 t0 125
9 01070 10 10 80
tTLH Maximum Qutput Transition Time, Modulus Control 3 115 116 ne
{Figures 3 and 4) 5 60 75
' 9 40 60
tTHL Maximum Output Transitipn Time, Modulus Controt 3 80 70 ns
(Figures 3 and 4} 5 34 45
9 30 g
tTLH. tTHL | Maximum Output Transition Time, Lock Detect 3 180 200 ns
{Figures 3 and 4} 5 90 120
9 70 9
tTLH. tTHL | Maximum Qutput Transition Time, Othor Outputs 3 160 175 ns
(Figures 3 and 4) 5 80 100
9 60 65

SWITCHING WAVEFORMS

' Yoo
INPUT  50% 1 .
—_—

< 1
— Vss " |
Py o #R. By. LD*® 50% //

*{R in phasa with fy,

OUTPUT 50% Figurn 2
Figure 1
L B lrm—»{
ANY 90% X
QUTPUT 210%
Figure 3
TEST POINT T TESTRONT v
ouTeyT ouTPYT 15k ;
DEVICE ' DEVICE b e e A A
UNDER . UNDER .
TEST I & TEst I ]
- . . ==
*Includos all probe and jig capacitance. *includes at proba and jia capacitance,

Figure 4. Teat Circuit Figure 5. Test Circuit
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MC144,51-2¢MC145152-2sMC145155-2
MC145156-2¢MC145157-2¢MC145158-2

FAMILY CHARACTERISTICS

TIMING REGUIREMENTS (input t;=t; = 10 ns unless otherwise Indicated)

Vpp | Guaranteed Limit | Guarentoed Limit
Symbol Paramater v %%C —40°C 1o 85°C Unh
fei Seriat Data Clock Froquency, Assuming 25% Duty Cycle 3 de to 5.0 dcto 3.5 MHz
NOTE: Refer to Clock 1,44 below 3 dcto7.1 dcto7.1
(Figure 6) ] dc t0 10 de to 10
tsu Migiinum Setup Time, Data to Clock 3 30 30 ns
(Figure 7) 5 20 20
9 18 18
ih Mnimum Hold Time, Clock to Data 3 40 40 ns
{Figuee 7} 5 20 20
9 15 15
by Minimum Setup Time, Clock to Enable 3 70 70 ns
(Figuty 7) 5 32 32
9 25 25
trec Minimum Recovery Time, Enable 1o Clock 3 5 5 ns
{Figure 7} 5 10 10
9 20 20
twiH) | Mmnimum Pulse Width, Clock, Enable 3 50 70 ns
{Figure &) 5 35 kLY
9 5 25
te, 4y Maximurn Input Rise and Fall Times— Any Input 3 5 5 us
{Figure 8) 5 4 4
9 2 2
SWITCHING WAVEFORMS
—Voo
. OATA 50%
~ fwih) o
Ciocx, — VoD
ENABLE 4{505 —\
oy | —Vss
F CLocK
* Assumies 25% Duiy Cytie
Figure 6
ENABLE
v
PREVIOUS s
. DATA
Y el e " LATCHED
. '* — Voo
ANY INFUY Figure 7
Vss : .

Figure 8
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MC145156-20MC145157-2+MC145158-2

FAMILY CHARACTERISTICS

FREQUENCY CHARACTERISTICS {Voliages Reforenced to Vs, Cp =50 pF, Input ty =ty =10 ns unless otharwise indicated)

-40°C 25°C &5 C
Symbol Parametor Tent Condition Voo Unit
V | Min | Max | Min | Max | Min | Mex
1 Input Frequoney (fj, OSCin! R28, A=0N=8B 3 - 6 - ] - 6 Mitz
. Vin =500 mVp-p sc-coupled 5 - 15 - 15 - 15
sine wave g - 15 - 15 - 15
Rz8, An0, N28 3 - 12 - 12 - 7 MHz
Vin =1 Vp-p ac-coupliad sina 5 - 2 - 20 - 0
wave 9 - 25 - 22 - 2
Rz8, A20, N=8 3 - 13 - 12 - 8 MHz
Vin=Vpp to Vgg de-coupled} § - 2% - 2 - 2 |
|squere wave 9 - 25 - 25 - 25
fa .
REFERENCE
(0SS -+ R) |
ly
FEEDBACK
hy =M

R

Moy

by

L]

LA

NOTE: The Pp output state is agual to sither Vpp or Vgg whan active. When not
sctive, the output is high impedance and the volinga at that
pin is detormined by the low pass filter capacitor.

Flgure 9. Phase Detoctor/Lock Dotector Output Waveforms
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DESIGN CONSIDERATIONS

PHASE-LOCKED LOOP —LOW PASS FILTER DESIGN

Al POy ————wv—r——- veo Xokveo
Mo = e

PR
ov— :'I:- g.___——uu"
« 2 5KyCo
1
3 . Fhl—m
)
B Py ——ANA———gp——VCO
#
o8~ By
w— wp= Kvca
c NC(Ry +A2)
= ;=05 (n c+_ﬁ—)
= e 2T Rgkvco
RosC+ 1
"’"m|+n2ucn
c | 41 AT
) "L e B8 S
1 n i
1T fornonry o B NCRy
Py ———— A 1t
Ry r=°’—"—L“2c

ASSUMING GAIN A IS VERY LARGE, THEN:

= Fis) =R"SC +1
RysC

NOTE: Sonwtimes Ry is spiit into two series 1osistors wuch Ry - 2. A capacitor Cc is than placed from the midpoint 16 grouna to further filter
Sy and &, The vatue of Cc shoutd ba such that the comer frequency of this neiwork does not significantly affect wp.

DEFINITIONS:
N = Totut Daviston Radio in teedback loop
Ky tPhuse Detector Guin) =Vpp/4x for POgyy
Ky (Phusy Datscior (::,nin)' *Vpp/2r fur ¢y and e
&
Ky (o (VEO Gainl = S7veo
aWCo

. . 2xd .
for @ typica) design wyy (Naturat Frequoncy) a—"al {at phase detector input),

Dumping Factor: =1

HLCOMMENNDED FOR HEADING:
Gunlier, Floyd M., Phaseiock Techniques Isecomd edition), Nuw Yaork, Wiley-Intarscience, 1979.
Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley-Intersclonce, 1980,
Blanchard, Alain, Phsse-Lucked Loops: Application to Coherent Receiver Design. New York, Wiley-Interscience, 1976.
Egun, Witiam F., Frequency Synthesis by Phase Lock. New York, Wiley-intarscience, 1931,
fiohde, Ulich L., Digital PLL Frequency Synthesizers Theory and Design. Englewooa Clilts, NJ, Prentice-Hall, 1963.
Berim, eaviard M., Design of Phase-Locked Lovp Circuits, with Experiments. indianapolis, Howsrd W. Sams and Co., 1978.
Kinlay, 1iarold, The PLL Synthesizer CovAbook. Blue Ridge Suninit, PA, Tab Baooks, 1980,
ANE3E, Phase-tucked Luop Design Fundamenrals, Motorols Semiconductor Producis, Iac., 1870
ARZGY, Phase-Locked Loup Design Articlus, Motoruts Semicunductor Products, Inc., Reprinted with parmission fiom Electronic Design, 128).
BAS04: D, Etschionic Tuning Address Systems, Motorota Semiconductor Products, Inc., 1986.
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DESIGN CONSIDERATIONS

CRYSTAL OSCILLATOR CONSIDERATIONS

The following options may Le considered to provide a ref-
erence frequency to Motorola’s CMOS {frequency synthesizers.
The most desirable is discussed first.

USE OF A HYBRID CRYSTAL OSCIiLLATOR

Commercially avsilabie temperature-compensated crystal
osciflators {TCXOs) or crystal-conirollod data clock oscillators
provide very stable referenca frequenciss. An oscillator capable
of sinking and sourcing 50 ;A at CMOS logic levels may be
direct or dc coupled to OSCin. In general, the highest fro-
quency capability is obtained utilizing a direct-coupliad square
wave having a rail-to-rail {(VpD to Vgg) voltage swing. If the
oscillstor dces not have CMOS logic lave's on the outputs,
capacitive or ac couping to 0SCin may be used. OSCoyt. en
unbulfered output, should be left floating.

For additiona! information atout TCXOs and data clock os-
ciltators, please consult the latest version of the eem Electronic
Engineers Master Catslog, the Gold Book, or similar
publications.

DESIGN AN QFF-CHIP REFERENCE

The user may design an off-chip crystal oscillator using ICs
specifically developed for crysial oscillator applications, such
as the MC12061 MECL device. The reference signal from the
MECL device is ac coupled to OSCin. For large amplituds
signals (standard CMOS logic !svels), dc coupling is usad.
0SCout. 3n unbuffared output, should be left floating. In
general, the highest froquency capability is obtained with a
direct-coupled square wave havirg rail-to-rail voltage swing.

USE OF THE ON-CHIP OSCILLATOR CIRCUITRY

The on-chip amplifier (a digital inverter) along with an ap-
propriate crystal may bo used to provide a reference source
frequency. A fundamental mode crystal, paraliei resonant at
the desired operating frequency, should be connected as
shown in Figure 10.

For Vpp =5V, the crystal should be specified for a loading
capacitance, C|, which does not exceed 32 pF for frequencies
to approximately 8 MHz, 20 pF for frequencies in the area of

T T T T TR T T Trmenuency |
! AN SYNTHESIZER)
' !
D
! ]
[N SR N

85C;y 0SCout

R
L—(D;—i—-fvw—-
3 €2
T I

*May ba deletad in cortain cases. San taxt.

Figure 10. Pisrce Crystal Oscilintor Circuit

8 to 15 MHz, and 10 pF for higher frequencirs. These are
guidelines that provide a reasonable compromise between IC
capecitance, drive capability. swamping variaticns in stray and
IC input/ output capacitance, and realistic Cy values. The shunt
load capacitance, Ci, presented across the crystal can be
estimated to be:

CinC, C1.C2
,‘.._ID__QU.L
Cin+ Cour” 21 OO T2

where
Cin=5 pF {see Figure 11)
Cout =6 pF (see Figure 11}
Ca =1 pF (see Figure 11}
Co = the crystal's holder capacitance (ser Figura 12)
C1 and C2 = axtarnal capacitors (sea Fiquie 10}

"
-t
i
=
)
N
‘,,._..._.._

'.é.—

Figure 11, Porasitic Capncitances of tha Amplifier

Rs ts Cs
1 2 1 by 2
o—lD}——o = D
I
Co

¥ Ry X g
= o MA—{ -0

NOTE: Values are suppliad by crystal manufactuier
{paralle! resonant crystall,

Figure 12. Equivalant Crystal Networks

The oscillator can be “trimmad’ on-frequency by making a
portion or all of C1 variable. The crystal and associated com-
ponents must be locatad as close as possibin to the 0SCj,
and OSCoyt pins to minimize ‘distortion, stray eapacitanco,
stray inductance, and startup stabilization time. In some cases,
stray capacitance should be added to the values for Cjn and
Cout.

Power is dissipated in the effective serins resistance of the
crystal, R, in Figute 12. The drive level s specified by the crystal
manufacturer is the maximum stress that a crystal can with-
stand without damage or excessive shift in frequency. i1 in
Figure 10 fimits the drive lavel. The usa of R1 may not be
necessary in some cases; i.e., R1=0 ohms.

To vorify that the maximum dc supply voltage don; not
ovordrive the crystal, monitor the output {reauency as a fune-
tion of voltaga at OSCeyt. (Care should be taken to minimire
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- DESIGN CONSIDERATIONS

loading.} The frequency should increase very stightly as the
de supply voltage is increased. An overdiiven crystal will de-
crease in froquency or become unstable with an increase in
supply voltage. The operating supply voltage must be reduced
or R must be increased in value if the overdiven condition
exists. The user should note that the oscitlator start-up time
is proponicnal 1o the value of RY.

Through the process of supplying crystals for use with
CnOS inverters, many crystal manufacturers have developed
expentsa in CMOS oscillator design with crystals. Discussions
with such manulacturers can prove very helpiul. See Table 1.

RECOMMENDED FOR READING

Technical Note TN-24, Statek Corp.

Technical Noto TN-7, Statek Corp.

E. Hafnar, “The Piezoelectric Crystal Unit— Definitions and
Mathod of Measurement”, Proc. IEEE, Vol. 57, No. 2; Feb.,
1969.

D. Kemper, L. Rosins, ‘Quarz Crystals for Frequsncy Con-
trol”, Electro-Technology, June, 1969,

P. J. Ottowitz, A Guide 1o Crystal Selection”, Electronic
Design, May, 19686,

Table 1. Partial List of Crystal Manufncturers

Name

. Addroas Phone

United States Crystal Corp.
Crystek Crystal
Siatak Corp.

3605 McCart St., Ft. Worth, TX 76110
2371 Crystal Or., Ft. Myars, FL 33907
612 N. Main St., Orange, CA 92668

(817) 921-3013
{813} 835-2109
(714) 639 7810

NOTE: Motorola cannot recommand one supplier over anothor and In no way suggests that
this is 8 complete listing of crystal manufacturers.
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DESIGN CONSIDERATIONS

DUAL-MODULUS PRESCALING
OVERVIEW

The technique of dual-modulus prescaling is well established
as 3 method of achieving high performance frequency syn-
thesizer operation at high frequencies. Basically, the approach
aliows relatively low-frequency programmable counters to be
used as high-frequency programmable counters with speed
capability of several hundred MHz. This is possible without
the sacrifice in system resolution and performance that results
if 5 fixed {single-modulus} divider is used for the prescalar.

In dual-modulus prescaiing, the lower speed counters must
be uniquely configured. Special control logic is necnssary to
select the divido value P or P + 1in tha prescaler for the required
amount of time (see modulus contrnl definition}. Motorola's
dual-modulus frequency synthesizers contain this feature and
can be used with a variety of dual-modulus prescalers to allow
speed, complexity and cost to be tailored to the system re-
quirements. Prescalers having P, P+ 1 divide values in the
range of + 3/ -+ 4 to -+ 128/ + 129 can be controlled by most
Motorola frequency synthesizers.

Several dusl-modulus prescaler approaches suitable for use
with the MC145152-2, MC145156-2, or MC145158-2 are:

MC12009 +5/+6 440 MH2
MC12011 +8/+9 500 MHz
MC12013 -+ 10/ <+ 11 500 MHz
MC12015 +32/+33 225 MHz
MC12016 =+ 40/ + 41 225 MHz
MC12017 + 64/ + 65 225 MHz
MC12018 + 128/ <129 520 MHz
mcrzo22a <+ 64/65 or + 128/129 | 1.1 GHz
MC12032A =~ 64/65 or < 128/129 | 2.0 GHz

DESIGN GUIDELINES

The system total divide value, Nygia (NT) will be dictated
by the application,i.e.
f
frequency into the prescaler

N
frequency into the phase detector R

NT=

N is the number programmed into the + N counter, A is
the number programmed into the + A counter, P and P + 1
are the two selectable divide ratios available in the dual-mod-
ulus prescalers. To have a range of NT values in saquence,
the -+ A counter is programmed from zero through P~ 1 for
a particular value N in the + N counter. N is then incremented
to N4 1 and the + A is sequencad from zero through P -1
again.

Thero are minimum and maximum values that can be
achieved for NT. These values are a function of P and the siza
of the + N and ~+ A counters. The constraint N2 A always
apples. W Amax=P-1, then NpinzP~1. Then
NTmin=(P~1) F+A or (P~1] P since A is Iree to assuma
the value of zero.

NTmax = Mmax-P + Amax

-~

To maximize system frequency capability, the dual moculus
prescaler output must go from low to high after each group
of P or P+ 1 input cycles. The prescaler should dividn by P
when its modulus control fine is high and by P4 1 whan iis
modulus control is low,
For the maximum frequency into the prescaler {hycomavy,
the valve used for P must be large anough such that:
A. fyco max divided by P may not excead the frequency
capability of fi, (input to the + N and + A coumnters).
B. The perind of fyco dividad by P must ba greater than
tho sum of the times:
a. Propagation delay
prescaler,
b. Prescaler selup or release time ralative to itg mod-
ulus control signal.
¢. Propagation tima lrom liy 10 the modulus coateet
output lor the frequency synthesizer davica.

through the dual.-medutus

A somatimes useful simplification in the programming corle
can be achieved by choosing the values for P of 8, 16, 32, or
64. For these cases, the desired value for N results when Ny
in binary is used as the program coda to tha + N aned -+ A
counters treated in the following manner:

A. Assume tha + A counter contains “a” bits where

2%zp.

B. Always program aft highar order = A counter bits
above “'a’ to zero.

C. Assume the + N counter and the + A counter {with
all the highaer order bits above "'a”" ignored) combinad
into a single binary counter of n+a bits in lenyth
{n = number of divider stages in tha -+ N counter), Tha
MSB of this “hypothetical” counter is to corresponed
o the MS8 of + N and the LSB is to conaspond to
the LSB of + A, The system divida valua, Ny, now
resuits when tha value of Nt in binary is usad to pio.
gram the “new’’ n+ a bit counter,

By using two devices, several dual-mociulus vahies are
achievable:

r A MODULUS
TONTROL
DEVICE A DEVICE B }«» o
nEvice
i
DEVlEE\A MC12009 MC1201)
MCIBIY| <+ + 21 + 32+ 33 b4y
MCIBIIBY -+ 50+ 5) + 80/ + 91 =100 - 101
A0+ A1 = 64 + 65 + poie+ g1
MC1D154 o uR
+ 80! + §! + 1280+ 129 )

NOTE: MC12009, MC12011, and MC12013 aie pin equivalent.
MC32015, MC12016, and MC1Z017 are pin anuivatene,
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FIGURE 5 — AC COUPLED NOMINVERTING AMPUIFIER FIGURE 10 — AC COUPLED INVERTING AMFLIFIER
WITH SINGLE +5.0 V SUPPLY WITH SINGLE +5.0 V SUFPLY

2.2% 510 { "%C L

3.6 Vp-p 100k2 Voo 3.8 Vp-p
—r } 4 —T
Vo N 'A()Ao .k 3 Co
10k —oV,
100 1 _._L r.v - —1—ovo
Ry = -
i \ ) 10k
100 k
RL

Cin . |
Vin
Ay = 101 Ay = 10
BW {-~'3.0 dB) = 20 kHz

= BW(-30dB) = 200kH: =

FIGURE 11 — DC COUPLED INVERTING AMPUFIER
MAXIMUM OUTPUT SWING WITH SINGLE

FIGURE 12 — OFFSET NULUNG CIRCUIT
+5.0 V SUPPLY
. 100 k
) ——p——o Ve
50 k
47 k ).
v “* 1 RL
IW Vo
100 & 1.0 M
Vo Rz
(V2 25V 4.2 Vp-p
in
Ay = 10 l Offsat Nulting range is approximately + B0 my
BW (~3.0 48) = 200 kHz

with a 10 X potentiometer, MC33171:MCI5171 only,

FIGURE 13 — ACTIVE HIGH-O NOTCH FILTER FIGURE 14 2~ ACTIVE BANDPASS FILTER

Vin = 0.2 Vde
in S C R3
R R R 0.047 2.2k
16k 16 k —0 Vo 1.0k
Vin O-—p—AAA AAA Vin O— A A
: . I ——0Vo
c | 4, v
' A2 0.047 cc
o0 5.6k fo ~ 30 kHz
Q=10
-1 TO04vee Ho = 10
2C | 2R o 2C | lo = 1LOXH2 -
0.02°T 32k 0.02T 1 [ N . N
fo = e Giver iy = Contor Freousncy 21y, T a02n.n3
s i A = Gain at Certer Frequancy 0 Qo !
o lo
7 —t— —— - g1
Ch:::se Vatue fg, Q. Aq, C R e Gaw  °
n
. For less than 10% error from operational araplifier
, Whera 1p and GBW are orpressec in M,
~ %
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VIOTOROLA MC33171, MC35171
#= SEMICONDUCTOR mwwersmrmmmesn | M(C33172, MC35172
TECHNICAL DATA MC33174, MC35174

R LOW POWER, SINGLE SUFPLY
LOW FOWER, SINGLE SUPPLY OPERATIONAL AMPLIFIERS
OPERATIONAL AMPLIFIERS

Quality hipolsr fabrication with innovative design concepts are
- employed for the MC33171/2/4, MC35171/2/4 series of monolithic N
H . ’ R . s ¥ 1d
operational amplifiers. This series of operational amplifiers oper- l 1,‘ , ?
ates at 180 A por amplilier and offers 1.8 MHz of gain bandwidth ab ! {‘ t
product and 2.1 Vius slew rate without the use of JFET device

technology. Although this series can be opersted from split sup- P SUFFIX U SUFFIX
plies, it is particularly suited foi single supply operation, since the PLASTIC PACKAGE CERAMIC PACKAGE
common mode input voltage range includes ground potential CASE 626 CASE /93
{Vgg). With a Darlington input stage, this series exhibits high input D SUFFIX
resistance, low input offset voltage and high gain. The all NPN a PLASHIC FACKAGE
output stage, characterized by no deadband crossover distortion CASE 751

and large output voltage swing, provides high capacitance drive : {S0-8}

capability, exceilent phase and gain margins, low open-loop high

frequency output impedance and symmetrical sourcelsmk AC fre- PIN ASSIGNMENTS

quency response. Ofiset Null {1} (8] NC

The MC33171/2/4, MC35171/2/4 series of devices are specified
over the industrialivehicular or military temperature ranges. The
complete series of single, dual and quad operational amplifiers Noninvt Input {3
are availsble in the plastic and ceramic DIP as well as the SOIC Vee [F 1] Oftset Nyt
surface mount packages.

¢ Low Supply Current: 180 A (Per Amplifier)

* Wide Supply Operating Range: +3.0Vto +44Vor 215V Outoput * {7}
to +22V

Wide Input Common Mode Range Including Ground (Vgg)
Wide Bandwidth: 1.8 MHz

High Slew Rate: 2.1 V/us

Low Input Offset Voltage: 2.0 mV

Large Qutput Voltage Swing: —142V 1o +14.2V
{with +/~15 V Supplies)

gvee
7} Ouiput ¢

» & © o =

* Large Capacitance Drive Capability: 0 to 500 pF
& Low Total Harmoni¢ Distortion: 0.03%
® Excellent Phase Margin: 60° P SUFFIX L SUFFIX
¢ Excellent Gain Margin: 15 ¢B PLASTIC PACKAGF CERAMIC PACKAGE
N, - . CASE 646 CASE 637
* QOutput Short Circuit Protection
D SUFIX
. PLASTIC PACKAGE
' CASE 7517
{G0O-14)

ORDERING INFORMATION
PIN ASSIGNMENTS

Op Amp . Temperature
Fancﬂon Dovice Rangn Fockage Output 1 [if———1 (=14 Output 4
Single MC331710 - 40 to +85°C s0-8 s VG ] [/ -
MC35171U -5510 +125°C Ceramic DIP Inputs ok e Q}_ | tnputs 4
MC33171P -40 10 +85°C Plastic DI .
V, il Ve s
Dual MC331720 —40t0 +85°C $0-8 cc i vee
MC38172U -85 10 +125°C . Ceramic DIP g S -L3y 3
MC33172P -40 1o +85°C Plastic DIP trputs 7, . -/J g e
Qued MC33174D -40 10 +85°C $0-14 Outpt 2 [ e T Ortin 3
MC35174L -65to +125°C Ceramic DIP
MC33174P -4010 +85°C Piastic DIP Quad, Tap View

MOTOROLA LINEAR/INTERFACE DEVICES
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MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vee VEE *22 Volis
i input Ditiurential Voltage Range VIDR {Note 1) Volts
| Input Voraye Kange VIA {Note 1) Volis
Oupot Shon Circuit Duration (Nute 2§ 1S Indefinite Seconds
Operating Ambicnt Temiperature Range Ta °C
MU3LIT71 MCI5172 MC35174 -5510 +125
MC33171 MC33172 MC33174 40t0 + 85
Opsating Junchion Tempet sture T +150 °C
Starage Temperae Range | Tsg °C
Ceramic Paukage -65to »150
Practic Puckuye 55to + 125

Rutes 1 Edbes or butt inpaat volages sntst 1t exceed the magtutic ol Ve or VEg.
2 Posyur aesipation stiast ba consitered 10 ensure maximum junction termperatuse (T3) 15 no1 excesded.

i
EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER)
lo]
Vee
Q18
[ mh o Output
inputs R8
'O 2
—3} Q18
‘013 Q14 Q157016 1
Q12
1 Current
D1 Limit
4 § e
f Aa % Ra
< & . } -0
l l Veg/Gnd

Olfser Nul
{MC3317), MC3E17Y)

MOTOROLA LINEAR/INTERFACE DEVICES
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B

DC ELECTRICAL CHARACTERISTICS (Voo = +15V, VEg = =15V, R connected 10 ground, Ta = Tigw to Thigh INate 3}
unless otherwise noted.)

Characteristic Symhot Klin Typ —F—N-';x— *Il_r;i‘(—“
Input OHset Voltage (Vem = 0 V) vio my
p 58 Veg = +15Y,Vgg = -15V,Tp = +25C - 2.0 a5
4 Vee = +5V, VEg = 0V, Tp = +25°C - 25 5.0
Vee = +15V, VEg = —15 V. TA = Tigw 10 Thigh - - 6.5
Average Temperature Coallicient of Offset Vohage AVipaT — 10 — nvee
Input Bias Currant (Vo = O V) g PA
Ta = +25°C — 20 100 .
TA = Tiow 10 Thigh — —_ 200
Input Offset Current (Ve = 0 V) ho nA
Ta = +25°C - 5.0 20
TA = Tiow 'e Thigh 2 | - —_ 4Q
Large Signal Voltage Gain (Vg = 10V, R - 10k) AvoL Vimv
Ta = +25°C 50 500
TA = Tlow 10 Thigh 25 — —
Qutput Voltage Swing VOH v
Vee = +5.0V. VEg « OV, R = 10k, To = +257C a5 43 -
Veg = +15V, Ve = 15V, B = 10k Ta = +25C - 13.6 14.2 -
vee = +15V, Vgg = =15V, R = 10k TA = Tigw to Thigh 13.3 — -
Vee = 5.0V, VEg = OVLRL = 10k Tp = +25C VoL - 0.05 015
Veg = +16V, Vgg = —15V, R = 10k, Ty = +257C - -2 1 -136
Vee = +15V.VEg = ~15V, A = 10k. TA = Tgw to Thigh — . 13.3
Quiput Short Circuit Current (Tp = +25°C) Isc mA
Input Overdrive = 1.0 V, Output to Ground
Source ' : KX 5.0 -
Sink 15 27 -
Input Common Mode Voltage Range VICR ) v
Ta = +25C \ Vgg to (Vgg - 1.8
Ta = Tiow 0 Thigh VggtolVee 22
Common Mode Rejection Ratio (Rg = 10 k) CMRR 80 0 - a8
Power Supply Rejection Ratio (Rg = 100 1) PSRR 80 100 -— a3
Power Supply Current {Por Amplifier) Ip phA
Voo = +5.0V. Vg = 0V, Tp = +25C - 180 250
Veg = +15V.VEg = - 15V, Tp = +257C - 220 250
Voo = +15V, VEg = ~15 V. TA = Tigw 10 Thigh Y 4 I B
Notas: {continued}
3. Tiow *  55°C for MCI5171:MC35172:MC36174 Thigh = * 125 € for MCIS179:MC3I5172:MCI51 /4
= -40°C for MC23171:MC33172 MC3T174 ~ + 85 Tor MCIZNT7LMCIIITZMCIINTA
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AC ELECTRICAL CHARACTERISTICS IVee = +15V, Vgg = - 15V, R connected to ground, Ta = +25°C unless otherwise

noted.}
[ Characteristic Symbol Min Typ Max Unit
Slew Raiz (V;, W0V r10V, R = 10k, CL = 100 pF) SR Vius
Ay £ 1 1.8 2.1 —
Ay 1 —_ 2.1 -—_
1 Gain Bandwidth Product {f = 100 kH2) GBW 1.4 1.8 — MH;
Power Bandwidth 1 Bwp - 35 —_ kHz
Ay * t1G.Ry - 10k Vp + 20 Vp.p THD = 5% :
Phase Margin ¢m Degrees
. 10k - 60 -
R« 10k CL 100 pf — 45
Gain Margin Ay dB
A : 10k —_ 15 —
Ryt 10h C 100 pF = 5.0 —
Equivatent Input Noiso Voltage eq —_ 32 - n\_ﬁ-
Rs 1008t + LOKHe vHz
Equivalent Input Nuise Cunent (1 1.0 kHz) In — 0.2 — pAY
: \Hz
Dufferential Inpu: Resistance Rin - 3u0 — M}
vem = 0V
Input Capacitance | G — 0.8 — pF
Futat Harmonic Distortion THD el 0.03 —_ Y%
Ay = P10.Ri = 10k 2.0 Vo, 5 Vo % 20 Vp . f = 10 khz
Crannal Separation {f = 10 kitz) - —_ 120 - das .
Ogen-Loop Output Impedance {f = 1.0 MHz} 2o — 100 — 1]

TYPICAL PERFORMANCE CURVES

FASURE 1 — INPUT COMMON-MODE VOLTAGE RANGE
versus TEMPERATURE

) v
z VCC“F(VC(;NEE = +]-15Vio +/-2V
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g -03p—— o fomm SR S
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£ T AN
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FIGURE 2 — SPLIT SUPPLY OUTPUT SATURATION
versus LOAD CURRENT

[
Voo — T T T
VeOVEE = +1-50Vi0 +/-2V
N ] Ta = 5°C
Source
\ —
Sink
ped
/ Vee N

10 20 30 40
I, LOAD CURRENT { = mA}
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FIGURE 3 — OPEN-LOOP VOLTAGE GAIN AND FIGURE 4 —. PHASE MARGIN AND PERCENT OVERSHOOT
PHASE versus FREQUENCY versus LOAD CAPACITANCE
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FIGURE 7 — OUTPUT IMPEDANCE versus FREQUENCY FIGURE 8 — SUPPLY CURRENT versus SUPPLY VOLTAGE
14 T —rT 11 e e - oy ey
0 VeoVee = +4- 15V, [ I / a 1—-Tgq = S5C [ [ ;'
ok Av= *10 Ay = 150 HHHH— E AN Bf i i ]
S I TN 1 4 = gofd-Tawuse | L -
Sl co=topr Ll T A g L1 BN I
w 10 e 1// By = 100 TH p5 £ ?1, ] s rean e S
Z = 1 =] —"1
< — A T - - S
g wf-HA 7‘_ SR - 5 07 é/ ,
= / ] — - —] -~
= . %] Dual g1
g b '"’” ¥ T ) E o5 — =1 B S
" A 3 o=
3 4=t ay = 10 {1 ay = 10 1 = P e s
R A LA O “1 11 . r
LA 203 Single \ —
0 4 - A~ E ] !
L1 E "
0 LY 11 ol _FH] |
200 200 0 M0k WM I3 +) T <0 A
!, FREQUENCY (1) Vee/ Vee- SUPPLY VOLIAGE (V)

MOTOROLA LINEAR/INTERFACE DEVICES



MC12015
MC12016

@ MOTOROLA
- ' MC12017

MECL PLL COMPONENTS
* LOW-POWER TWO-MODULUS PRESCALER

The MC12015, MC12016 and MC12017 are two-modulus pre- LOW-POWER
scalers which will divide by 32 and 33, 40 and 41, and 64 and 65 TWO-—MODULUS
o PRESCALER

respectively. An internal regulator is provided to allow these
devices to be used over a wide range of power-supply voltages.
The devices may be operated by applying a supply voltage of 5.0

Vdc =10% at pin 7 or by applying an unregulated vditage source

from 5.5 Vdec to 9.5 Vdc to pin 8.

® 225 MHz Toggle Frequency

® Low-Power — 7.5 mA Max at 68V

e Control Input and Output are Compatible with Standard CMOS
e Connecting Pins 2 and 3 Aliows Dri'vlng One TTL Load

® Supply Voltage 4.5V to 9.5V

P SUFFIX
PLASTIC PACKAGE
CASE 626

D SUFFIX
PLASTIC SOIC PACKAGE %
CASE 751 :

MAXIMUM RATINGS

PRESCALER BLOCK DIAGRAM

Charactaristic Symbol Range Unit
Regulated Voltage, Pin 7 Vreg 80 Vdc
Power Supply Voltage, Pin 8 Vee o 10.0 Vde
Operating Temperature Range TA -40 10485 °C
Storage Temperature Range Tsig -6510+175 °C Conl!ol
ELECTRICAL CHARACTERISTICS (v =6.5108.5V(g5=4.51055V ln:g::

Ta =-40°C1o +85°C)

To Vreg

Signal 0.001 uF
Chnrac(eris(ic Symbol Min Typ Max Unit Input (}i (__0

AL

Toggle Frequency fmax 225 — —_ MHz Signal H £N/N+1

{Sine wave inpul) [ —_ - 35 MHz Gnd e_o_ Outnul
Supply Current Ice — 6.0 78 mA 0.001 uF
Control Input High 20 - - \ 4
+32,40 or 64
{ ) Vreg 7
Control Input Low — — 0.8 \Y —EO-—4 [

{+33.41 or 65) 0.1 uF
25 | - | = | v T

2 Active
P ultup

Output Voltage High* Vou
llsource = 50 #A)

Output Voltage Low* Vo — — 0.5 v vee
(Isink = 2 mA) t Voltage
Input Voltage Sensitivity Vin B 8 Regutator
35 MHz 400 — 300
50-225 MHz 200 - 800 mVPP
PLL Response Time PPLL — —_ tour -70 ns I 0.1 uF

{Notes 1 and 2}

Hotes:

1. tpyL = the period of time the PLL has rom tha prascaler rising gutput trensition (50%)
10 the modulus control Input edge trangitron {50%) 1o ensure proper modulus selsction.

2. toyy = period of output wavetorm. ‘

*Pin 2 connected to Pin 3

1. \V’wq @ pin 7 is not guarantead 1o be betwaon
4.5 and 5.5 V when Vcc Is being applied to pin @

2. Pln 7is not to be used as a source of regitoing
output voltags.
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APPLICATIONS INFORMATION
CIRCUIT DESCRIPTION/PERFORMANCE FEATURES

Although the bandwiath, slew rate, and settling time
of the MC33171172/74 amplifier family is similar to low
power of) amp products utilizing JFET input devices,
these amplifiers offer additional advaniages as a result
of the PNP wransistor difierential inputs and an all NPN
wansistor output stage.

Becaust: the input common mode voltage range of this
input stagie includes the Vgg potential, single supply op-
eration is feasible 1o as low as 3.0 volts with the common
mude input voltage ar ground potenltial.

The input stage also allows differential input voliages
up to =41 volts, provided the maximum input voitage
range s hot exceeded. Specifically, the input voltages
must ranie between Voo and VEE supply voltages as
shown by the maximum rating table. In practice, although
notrecontmended, the input voltages can exceed the Vo
voltage by approximately 3.0 volts and dgcrease below
the VEE vuhnge by 0.3 volis without causing product
danage, lI\hough output phu:-(: reversal may occur. It is
a150 poss:hle o source up to 5.0 A of current from Vgg
through cither input’s clamping diode withoutl damage
oriatchindy, but phase reversal may again occur, If at least
one input is within the common mode inpul voltage
range and the other input is within the maximum input
voltage rahge no phase reversal will occur. If both inputs
exceed the upper common mode input-voltage limit, the
cutput will be forcud to its towest voliage state.

Since tie inpul capascitance associated with the small
yeomelry input device is substantially lower {0.8 pF) than
that of o f,«plcal JFET (3.0 pF), Lhe [requency response for
a given inpul source resisiance is greatly enhanced. This
becomes evident in D-10-A cuirent to voltage conversion
applications where the feedback resistance can form a
pole with the input capacitance of the op amp. This input
pole creates a 2nd order system with the single pote up
amp and'is thercfore derimental to its settling time. In
this context, lower input capacitance is desirable espa-
cially for higher values of feedback resistances {tower
current CAC's). This input pole can be compensa(ed for
by creating a feedback 2ero with a capacitance across the
feedback resistance, if necessary, to reduce overshoot.
For 10 k(! of leedback resistance, the MC33171/72:74 famn-
ity can typically settle to within 1/2 LSB of 8 bits in 4.2
ps, and within 1/2 LSB of 12 bits in 4.8 us for a 10 volt
step. In g standard inverting unity gain fast settling con-
figuration, the symmetrical slew rote is typically 271
volts/us. In the classic noninverting unity gain configu-
2tion the typical output positive slew rate is also 2.1
volts'ps, and the corrcsponding negative slew rate will
usually exceed the positive sfew rate as a lunt.uon of the
fall time of the input wavelorm,

The atl NPN output stage, shown in its basic form on
the equitalent circuit schematic, offers unique advan-
tages over the more conventional NPN/PNP transistor
Class AB ocutput stage. A 10 k!} load resistance can typ-
cally swing within 0.8 volt of the positive rai! {(Vce) and
negative 1all (Vgg), providing a 28.4 Vp-p swing from r 15
volt supplivs. This farge oulput swing becomes most no-
ticeable &t lower supply voitages.

The politive swing is limited by the saturation voliage
of the cuirent source transistor Q7, the Vgg of the NPN
pull up vansistor Q17, and the voltage drop sssociated
with the short circuit resistance, Rg. For sink currents less
than 0.4 mA, the negalive swing is limited by the satu-
ration vellage of the pull-down transistor Q15, and the
vohage drop across Ry and Rsg. For small valued sink
currents, the above vohage drops are negligible, allowing
the negative swing voltage to approach within millivolts

of Vgg. For sink currents (> 0.4 mA), diode D3 clamps
the voliage across Rq. Thus the nagative swing is limited
by the saturation voltage of Q15, plus the foiward diode
drop of D3 (=Vgg +1.0 V). Therefore an unprecedented
peak-to-peak oiitpul voltage swing is possible for a given
supply voltage as indicated by the output swing
specifications,

If the load resistance is referenced to Vg instead of
ground for single supply applications, the maximum pos-
sible output swing can be achieved for a given supply
voltage. For light load currents, the load resistance will
puli the output to V¢ during the positive swing and the
output will pull the load resistance near ground during
the negative swing. The load resistance value should be
much less than that of the feedback resistance to maxi-
mize pull up capability.

Because the PNP output emitter follower transistor has
been eliminated, the MC33171/72/74 family offers a 15
mA minirmum current sink capability, typically to an out-
put vohige of (Vgg + 1.8 V). In single supply applications
the output can direcily source or sink base current from
a common emitter NPN transistor for high current switch-
ing applications.

In addition, the all NPN transistor output stage is inher-
ently faster than PNP types, contributing to the bipolar
ampilifier’s improved gain bandwidth products. The asso-
ciated high frequency low output impedance {200 () typ
G 1.0 MHz) allows capacitive drive capzbility from 0 10
400 pF without oscillation in the noninverting unity gain
configuration. The 60° phase margin and 15 dB gain mar-
gin as well as the general gain and phase characteristics
are virtually independent of the source/sink output swing
conditions. This allows easier system phose compensa-
tion, since output swimg will not be a phase consideration,
The ac characteristics of the MC33171/72/74 family also
aliow excellent active filier capability, especially for low
voltage single supply applications.

Although the single supply specification is defined at
5.0 volts, these amplifiers are functional 1o at least 3.0
volts @ 25°C. However slight changes in parametrics such
as bandwidth, slew rate, and dc gain may occur.

If power to this integrated circuit is applied in reverse
polarity or if the IC is installed backwards in a socket,
large untimited current surges will occur through the de-
vice that may result in device destruction.

As usual with most high frequency amplifiers, proper
lead dress, component placement and PC board layout
should be exercised for optimum frequency perfor-
mance. For example, long unshielded input or output
leads may result in unwanted input output coupling. In
order to preserve the relatively low input capacitance
associated ‘'with theseramplifiers, resistors connected to
the inputs shoutd be immediately adjacent to the input
pin to minimize additional stray input capacitance. This
not onty minimizes the input pole for optimum frequency
response, but alsoninimizes extraneous “pick up” at this
node. Supply decoupling with adequate capacitance
immediately adjacent 10 the supply pin is also important,
particularly over temperature, since many types of
decoupling capacitors exhibit great impedance changes
over temperature.

The output of any one amplifier is current limited and
thus protected from & direct short to ground. However,
under such conditions, it is important not to atiow the
device to exceed the maximum junction temperature rot-
ing. Typically for =15 volt supplies, any one output can
be shorted continuously 1o ground without exceeding the
maximum temperature rating.
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