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Abstract

A Phase Locked Loop Synthesizer is a circuit used for generating a signal at desired
frequencies by digital programming. The thesis describes the design and construction of the PLL
Synthesizer of 30 MHz to 120 MHz with resolution of 10 KHz per step. The PLL chip is
MC145152-2, parallel input PLL frequency synthesizer. This project uses microcontroller to
control the desired frequencies and devided by prescaler circuit (o convert veo's frequencies.

since the PLL chip can be used with the maximum frequency of 20 MHz.
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aunsorgiilames1d 1R v, uaznistlautiavesques iifinaes Isde lufans

' v
a LY

wasumladla 9 melugl eniynTaadinsves 35Te sxidegfinnudnisuds duiy ,

g 1

uay &, wiidniudaszedauysalie o, uaz 0, ya'ldiglbiegluaninzien udd:
[ ' ' A& o a
® - O, =t ddfesniuuudiatvesguieimunldTasmafinesvesgiuaznisile

o @ 1 <3
uinvedraduldssuudigannzion’ld

4 1 [~
v, Weszuudganzien (.= M,

Ao aas =} { a LY a o
lunsdiidrananeiyn 33Te Taawddslas ludfudoygasuyn v, dyao
winn v, sxdinuily
Vg B, cos (@, $ PN5) (2.7)

o Wy 1Y 4 d aa o Ju W &
wennnuumMveuavesdyguemun siludiiiosHedduiuna Fedauiu

Dy = (©,- WYt +\, O 8)

Jd A

@ o o o [ aa =
uazdyanmeinnveurladimanesusedaanueesessznatoiiy WYIUAT 1]
AUNINY

V, = K,cos (0, - y,) (2.9)

gUawmes vz lidannudd v, riulduaziduimy

V, = K,eos(0, - ) (2.10)
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qusﬁ"ﬂmq
COins[ = d (a)Ot * ¢0_) = a)o +K0Vd
dt
d\g (2.11)
agt - =KJ

A [~ s P =< o S J
e K0 Lﬂuﬂeunas‘nuﬂaummuwﬁwmammm"lﬂumsua@m%umm ’J“])’I’E] UNUATY

M3 (2.10) aslu (2.11) 9218
®, - ©,= K,K, cos (en -y

Wy = 0,~cos '[(@, - ®,)K,K,] (2.12)

v
[ Y

o o = 4 = Y g
wuTynemymvslatmames v, munsoen 1disly
V, = (®,- ®)/K, (2.13)

dansznevAdveunafimamesiowiyn v, ezdisesnsesnimadrin iy
Jd Yo a ad
aoulnsaliadme Idfudunnves 35 1o

nnauns 2.13) sz lddanud fyauis v, oz lliidanuiiSasves 351s

q

1 a

Newaoulnngudnarwes 35Te Ao @, lhiunnudidauvesdyanudum o,

=}
UMD

e-

®,,, = (’00+K0Vd =, + ((Dg - @Oy = , (2.14)

' { a a Y 1 1 1
5’1m1mmnmwmmmﬁmqmamu ®, - Odnesninaguues K, K, 8814

WINFUNIT (2.13) Aty

0.- Y, Zcos™ 0=T12 (2.15)
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1T wiisnioniiogy luegludanzden uazdygin 38Te seiimladiudyaindunn

q
¥
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90° iieguegluannzaeanisntantennsivesizasnndediu ®, = ©, AIumaWadise

1 9 J d [ 3
w1, aremulaeviyn 0, dariy

0.= vy, - mr (2.16)

= = 1 g
iy adinveurlaimainesidon 13 niidy

vV, = chos(ei -\Y,)
K, cos (0. - 6,)- T2
K, sin (0. - O,) (2.17)

HAZINAUMS 2.15 Uaz 2.16 92 laadeaisesiiy

0,- 0, =sin"" (®,- @)/ K,K, (2.18)
A ' a0y ~ Y1
LN@NEWIN‘UENL‘WET MﬂTH@EJL‘WENW@i]SVlﬂ'ﬂ
v,=K,0,-0,)=k,0, (2.19)

y VA EZ = Y A 1 g
e 0, = 0,- 0, uatewnguanidvewlafimamesiuuiidieglithgmsien

° A0[0,-0,+ M) dnvuzues

doyanaveddsle sxlimaaa llvndyanadunn 90
¢ v & - ¢ y ¢ ¢ A o 1w '

wanleaasmes Ay admamesvz e minn adwefiiudaduduanudana

senindyaudunn v, (v dyapaeninnues 33Te fe v, Tudnyazves ateaniued

=

)
V,= K, [(0,-6,)- 12

= K, (0,- 1) (2.20)
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1

®, +K,V, (2.21)

MINAUMST (1.17) uaz (1.18) aemaveunadoases 185y
0,= M2+, 0 /KK, (2.22)

nNAuMs 2200 sxdunaldiuiie ©, = ©, Tadinveninues 35T 1w

]
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ArvAns RS elmads lusnwlaveadyanasunmladian 90° e ®, waoulinig

3 ¥ 1
QN ©, yweurmvziiniunn 90° ligaigega 180° fegimilegavesiiiamsion

U

uazd @, indeulimeing o, yuaszanaann 90° ldga0° faegavesiidanis
g
aon

a =
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fanudvesdyaasunmlasuulasldededh N 5$UULWﬁﬁ@ﬂﬁﬂ%$ﬁmﬁﬂﬂﬂ

qQ
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ostioy aundtszuumadonqUiiasuynedvuasdivadl vhdy Ag - , - O,
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N1

[ v
doamanouTnsalradiaudle liu 3370 Miamddeuluhiy Aw  gui V. 328
Tu

V. =A® /K, (2.23)

a A a J o

A Y 1 A o 1w as °
LN@Qﬂ!ﬂJTgﬁﬂTJgﬂﬂﬂ e ﬂ@@@ﬁ'ﬁlﬂ']ﬂﬂ@ﬁﬂ]ﬂﬂmﬂ‘ﬂﬂl@qaﬂﬂalﬁﬂﬁ qauI 3EM

vy U v

v
Y

Tigudhdannzfeadudu dnfunlaessesazdeuiiy
0- 12 =v,K,
= A®/KK, F(s) (2.24)
emlmooisesiinuituugues mmmﬂsummﬂwmmm@mwmmsﬂmmms

Lﬂaﬂuuﬂawmauwﬂﬂmmu
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A ' I3 a d a Y [
weszyveylumnzien mnseszdnziszuumadengy 1 ludnsugszuy

Youndundudifies Tavldmainnsinnzissuudounduuuuin 18 ealarsmsud

Wosuuazaumsarivlosudea

212 msnmsmdesilaiduvesszuumadongyl

Y

Pi | e

F(s) » Kols radfsec—volt

L 4

Kd Vfrad

(bOSC

Uil 2.4 uansvdenlaozunsuveansiudilesiledduvoamadongy

1IN31 2.4

K, = noudesiluiduveurafmames (Thadnsidon)
Fs) = nawudesilaiduvesgliames
K, = nswdmesilaiiuvesisle (sivuliadn)

0

N3 mﬁ L‘V\laf K| ﬁ‘ﬁuﬂlﬁ)dqﬂﬂﬂ (Closed-loop transfer function)

___ G(s)
T 1+G(S)H(S)
__k,F(s)
S+ K,F(S)

(2.25)

on31v010' 1081910 (Forward Gain)

Taofi  G(S)

H(S) 903519819 ouUndy (Feedback Gain)
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2.2 1500 ATAUAADS (oscilator)

]
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1ITRRATAIRADT Lﬂuaq%iﬁugmﬁﬁmmawwﬁq c?agﬂﬁmﬂ%’qmﬁﬂus:wéa
masuluszunineads uay nSeedy Tumsimuadyanawing (Carrier frequency) %50
ﬁ%’niaﬁaa@ﬁ%mma{(Local Oscillator) SM5UMSTNIHDS wermstmadyana wenn
ummm“l‘xmu°1u’msasnﬁmm1mmm e L TL VRGN PRYIoFoe 9 waziludiu
Usznovdesve91995sy q 8ndusmauinn

1500 aFaInes v n sy N%saaﬁmammasﬂausﬂmﬂu Ha¥INITeRaATA
es i T lendumo gy iﬂamaau Wad Wudu NIseeaFaamesdaulnaiziiuniy
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ﬂausﬂmau% zua Idigy

1. LC Oscillator

2. RC Oscillator

3. Crystal Oscillator

Fumazuuuasidnusns i uazdod-Yaidoiiaraiu e aldvnmsed 2.1

GHSN‘V] 2.1 uﬁmmsnﬂsanmamaﬂiaaﬁmammamuvma T

a4 = o £ 4
JUuvuvedases Uod-Yorde anvazmslFau

poaT AN

a1 ' 4 v a ==t d
LC Oscillator 1. anwanasunlasldde L Wdluedessuing,  #3evidy
2. desnmneanyd ludees 999
3. Houi 1150 Taeia 1a) 2. Wiludreeadiaimeslunisia
4, Gl%clufhummﬁqq maﬁ'mmmﬁqq
. Y Ao Yo o a 7 W
RC Oscillator 1.l 1. 1dudeeaFaameslunissa
2. anudawsalaeuntlaqld MIAUAIND A
3. @nesnmvednud lua
. = da g £ A 1 a a &
Crystal Oscillator | 1. tadosninuennudasiy 1 1lunTesdedng wiiim 3o
N lioiAe14 9 409
9 1 za' o d’l
2.1 lugmanudgensii 2. e ld s wiuaesiva
Tasmdn/Aouuassihlden dorg a1 1den

3199219
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2.2.1 HANNTUBI1ITOOTAANDT
a A a 2 o ' g a o
VIVVABAIALADS AID WITVNTHANTIIUBS uAT sVt ounguiLy
s o = a0 4 '
UIN (positive  feedback) vadndyansueinnesnmfinnudsmis  Iaglideanms
14
TyaaBNYMATILe 1IN 13 1491 1seeaTaamesiszneuday 3 diude
1. 29959818 (Amplifier)
2. 2vsfloundunununn (Positive feeback)

3. 2995 lasuuey (Resonance)

; . ® » - 1 d .
lavfl Amplifier iHureesiannsovnedygrmuniuiiedenis positive feedback

3 v @ A o a 4? Y [~ @
hasfleundudyanaiierinnnomiyiy Tagvzdvaiiumsilounduuuuuinuaziees

= E~ v A =
3 Lyt uduionnud

Vin Yout
= Amplifier

Feedback

319 2.5 uEA92993 positive feedback

U

a ]
Wi]'lim"lfl]'mzﬂ 2.5 llﬁﬂﬂﬁ\iﬂﬁ@ﬂ‘lﬂ@gllﬂiu‘l‘@\i positive feedback (51011150

Y
v oA

BAT1VIIULTIAUTINVDI905 1A eaT]

PR (2.26)
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(] k4
Tafvzlvnalvajmu T iielimsfeunduiaiundeziint Idiowiynauanaduly
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1700 9 1iufie #1904 loop gain AB > 1 Suiamseeadamn  Tavidnfnsdivinyes
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AYYIUILYNVINANUTIAUAINUG 118 loop gain = 1 Auwlenanstleunduiiaiioun
~ vy [ @ A

floundudvausaduiingdi sl niynil Idseduussduadonfuniiine myseasa

' v
LNDYABIIBI UL

o3| 4 a a @ dy
enayUidludenlumsiasoagaanls 2 7o dail
1. 9519818983 loop gain ADATAININATINT IR 1
o g 1 =
2. wasmveunanielu loop doudludaudumimes 210 oy uie 0360° &

NANIANT 2 wioufuuazI99sT9vianIseedTaan

lmq%saeafvammafﬁu"lﬂmﬁﬂmiaaﬁc“nma*n”115'@’1’3&97’3&@@Tﬂa"laiﬁ’mﬁmiﬁau

9y ¥ ]
Tgaouymdr il ldumies  Wellmsedyapaivonsedulfifamsosadimanly

2y ¥4 o AHali P o vy {] Y,
VUSLIUAUUUAD ﬁiyfg“u5Uﬂ3u‘ﬂll@ﬂﬂ’lﬂclua‘ﬂﬂimuu!@q INGAUUAVEADIUNITUDULITIAY

Y

dy Y v J q’:
"h_lmaﬂw UNITADANIAUNTIUY

I#,ﬂ——ﬂh/\‘

e \ /‘\ ‘ Ve, |

“‘\\/ \/ \/ \/
.

\.._..__‘V___..J‘ L.
A1geadfian NMs8adBlaNYaIsTR VAR
VMIIH HTEA Y

;Ui 2.6 uamsnisiineeaFaan
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2.3 ﬁullﬂiﬂﬂ ( pin diode )

]
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v Y v 1
wula ToaihulaToadiii Tnser$as 3 daw Gotay p wag ¥u N asnadninldeedlugs

@ o

' ~ o3| & & = Y v a aa ; .. A ::
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Y
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U
'
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kSN0 AN T N (Y Y
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L 1] \« [ "/j, 75um
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FLOW CHART

/ Input Data /

NO

YES

J=Dx 100

NO YES

J >=6000

4

ON Lo-VCO ON Hi-VCO

Convert
BCD to Binary

N =J DIV 64

L/

A =JMOD 64

Y

OUT AandN




COUNTDIGIT EQU 30H
POINTPOS EQU 31H
DISBUF EQU 32H;-39H
KEYBUF EQU 42H;-49H
BUF1 EQU 4AH;
BE CONV EQU 4BH;-52H
;FLAG
ONEWAY EQU O0O0OH
TYPE EQU 01H
DATA _OUT EQU 02H
FIRST EQU 03H
;OUTPUT PIN
CLK EQU P1.0
DIN EQU PI1.1
ADIN EQU L1R172
ENB EQU P13
CONT _DELAY EQU P14
SEL_OUTPUT EQUJTIBL S
;SYSTEM CALL
CLEAR EQU 003CH
SCANK EQU  0099H
ORG 8100H
MAIN:
CLR ENB
CLR CLK
CLR DIN
CLR ADIN
CALL CLEAR
SETB FIRST



MAINO:

MAINI:

MAIN2:

MOV
MOV
MOV
MOV
MOV

CLR
SETB
MOV
MOV
MOV

PUSH
CALL
POP

CJNE
JMP

INB
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
CLR

DISBUF+1,#76H
DISBUF+2,#79H
DISBUF+3,#38H
DISBUF+4,#38H
DISBUF+5,#3FH

TYPE

ONEWAY
COUNTDIGIT #1
POINTPOS,#0
RO#KEYBUF

00H
SCANK
00H

A#OFFH,MAIN2
MAINI1

FIRST,MAIN21
DISBUF,#0
DISBUF+1,#0
DISBUF+2 #0
DISBUF+3,#0
DISBUF+4,#0
DISBUF+5,#0
DISBUF+6,#0
DISBUF+7,#0
FIRST



MAIN21:

CINE A#9,MAIN3
IMP MAIN4
MAIN3: JNC MAING
MAIN4: MOV BUF1,A
MOV A,COUNTDIGIT
CINE A#1,MAINS
JMP MAIN]1
MAINS: MOV A,BUFI
MOV @RO,A
MOV A,RO
CLR C
SUBB A#16
MOV R1,A
MOV A,BUFI
CALL FIND_SEG
MOV @R1,A
INC RO
INC COUNTDIGIT
IMP MAIN1
MAING6: CJNE A #OAH,MAINS :DOT_KEY(A)
JBC ONEWAY,MAIN7
JMP MAIN1
MAIN7: MOV POINTPOS,COUNTDIGIT
DEC POINTPOS
MOV ARC
CLR C
SUBB AH#1T
MOV BUF1,A
MOV ARO

DEC A



MOV
MOV
CALL
MOV
MOV
JMP

MAINS: CJNE
CALL
MOV
MOV
CJNE
MOV
IMP
MAIN9: CINE
MOV
MOV
CINE
SETB
IMP
MAIN91: JC
SETB
MAIN92: JMP
MAIN10: CJNE
MOV
SETB
MAINI1: MOV
DEC
MAIN12:MOV
MOV
INC
INC

R1,A
A@RI
FIND SEGX
R1,BUF1
@R1,A
MAINI

A#0BH,MAIN14
CLEAR_BE_CONV
RO,#KEYBUF
A,POINTPOS
A#1,MAIN9
R1,#BE_CONV+2
MAIN11
A#2,MAIN10
R1#BE CONV+1
A,@RO
A#6,MAIN91
TYPE

MAIN92
MAIN92

TYPE

MAIN11
A#3MAIN14
R1,4BE_CONV
TYPE
R2,COUNTDIGIT
R2

A,@RO

@RLA

RO

R1

;ENTER KEY(B)



DINZ R2,MAINI2
CALL BCD2BIN
INB TYPE,MAIN 13
CALL DIVIDE2
MAIN13: CALL SEND OUT
SETB FIRST
IMP MAINO
MAIN14: JMP MAIN
FIND SEG:
INC A
MOVC A@A+PC
RET
DB 03FH,06H,5BH,4FH,66H,6DH,7DH,07H,7FH,6FH
FIND_SEGX:
INC A
MOVC A,@A+PC
RET
DB 0BFH,86H,0DBH,0CFH,0E6H,0EDH,0FDH,087H,0FFH,0EFH

b

CLEAR_BE CONV:

MOV
MOV
MOV
BECONVLOOP:
MOV
INC
DINZ

R2,#6
RO,#BE_CONV
AH#0

@RO,A
RO
R2,BECONVLOOP



BCD2BIN:
MOV
MOV
MUL
MOV
MOV
ADD
MOV

MOV
MUL
MOV
MOV
MOV
MOV
MOV
MUL
ADD
MOV
MOV
ADDC
MOV

MOV
MOV
MUL
MOV
MUL
CALL
MOV
MOV

A,BE_CONV
B,#10

AB

B,A
A,BE_CONV+]
A,B

R2,A

B,#10H
AB
RS,A
R6,B
R7.#0
A,R2
B,#27H
AB
A,R6
R6,A
AB
AR7
R7,A

A,BE_CONV+2
B,#4

AB

B,#250

AB

ADD NUMBER
A,BE_CONV+3
B,#100



MUL AB

CALL ADD NUMBER
MOV A,BE_CONV+4
MOV B,#10
MUL AB
CALL ADD NUMBER
MOV A,BE_CONV+5
MOV B,H#0
CALL ADD_NUMBER
RET

ADD NUMBER:
ADD AR5
MOV R5,A
MOV AB

ADDC AR6
MOV R6,A
MOV AHO
ADDC A,R7

MOV R7,A
RET
DIVIDEZ2:

CLR C
MOV AR7
RRC A
MOV R7,A
MOV ARG
RRC A
MOV R6,A
MOV ARS



MOV R5,A

RET
SEND_OUT:

MOV R4,#3AH :SEND CONTROL I

MOV R3,#00H

MOV R2,#80H

MOV R1,#32

CALL SEND BITC

JB TYPE,SEND_OUT2

CLR SEL_OUTPUT ;SELECT OUTPUT FOR 30-59 MHz

CLR CONT _DELAY

MOV R4,#941 :SEND CONTROL II

;CLR DATA_OUT

MOV R1,4#8

CALL SEND BITC

MOV A,R6 :SEND DATA I

MOV R4,A

MOV AR5

MOV R3,A

MOV R1,#16

CLR DATA_OUT :OUT TO DIN

CALL SEND BITD

RET
SEND_OUT2:

SETB SEL_OUTPUT ;SELECT OUTPUT FOR 60-120 MHz

SETB CONT _DELAY

MOV R4,#92H ;SEND CONTROL III



MOV R1,#8

CALL SEND_BITC

MOV AR6 ;SEND DATA 1

MOV R4,A

MOV AR5

MOV R3,A

MOV R1 ,#1‘_6

SETB DATA’ OUT ;OUT TO ADIN
CALL SEND_BITD

RET

;INPUT = RI(COUNT BIT) , R4:R3:R2 = DATA , DATA_OUT(0=DIN,1=ADIN)

SEND BITC:

CLR CLK

CLR ENB

SETB ENB ;SEND_BIT CONTROL
SEND_BITCO:

MOV AR2

RLC A

MOV R2,A

MOV AR3

RLC A

MOV R3,A

MOV AR4

RLC A

MOV R4,A

MOV DIN,C

SETB CLK

SETB CLK



CLR CLK

DINZ R1,SEND_BITCO
NOP
CLR ENB
RET

SEND_BITD:
CLR ENB ;SEND_BIT DATA
CLR CLK

SEND_BITDO:
MOV AR3
RLC A
MOV R3,A
MOV AR4
RLC A
MOV R4,A
B DATA_OUT,SEND BITDI
MOV DIN,C
IMP SEND_BITD?2

SEND_BITDI:
MOV ADIN,C
SEND_BITD2:

SETB CLK
SETB CLiE
CLR CLK
DINZ R1,SEND BITDO
NOP
SETB ENB
SETB ENB
CLR ENB
RET

END



MOTOROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by MC145151-2/D

MC145151-2

PLL Frequency Synthesizer MC145152-2
Family 9 y Sy MC145155-2

CMOS MC145156-2
The devices described in this document are typically used as low—power, MC1 45 1 57-2

phase—locked loop frequency synthesizers. When combined with an external =
low—pass filter and voltage—controlled oscillator, these devices can provide all Mc 1 45 1 58 2

the remaining functions for a PLL frequency synthesizer operating up to the
device's frequency limit. For higher VCO frequency operation, a down mixer or
a prescaler can be used between the VCO and the synthesizer IC.

These frequency synthesizer chips can be found in the following and other
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Parallel-Input PLL Frequency

Synthesizer
Interfaces with Dual-Modulus Prescalers

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 consist of
a reference oscillator, selectable—reference divider, two—output phase detector,
10-bit programmable divide-by-N counter, and 6-bit programmable + A
counter.

The MC145152-2 is an improved—performance drop—in replacement for the
MC145152—-1. Power consumption has decreased and ESD and latch—up
performance have improved.

Operating Temperature Range: — 40 to 85°C

Low Power Consumption Through Use of CMOS Technology

3.0t0 9.0 V Supply Range

On- or Off—Chip Reference Oscillator Operation

Lock Detect Signai

Dual Modulus/Parallel Programming

8 User—Selectable + R Values: 8, 64, 128, 256, 512, 1024, 1160, 2048
+N Range = 3 to 1023, + ARange = 0 to 63

Chip Complexity: 8000 FETs or 2000 Equivalent Gates

See Application Note AN980

® © 0 © o ©o o o o ¢

REV 1
8/95

MC145152-2

28

P SUFFIX
% PLASTIC DIP
CASE 710

1

L

DW SUFFIX
SOG PACKAGE
CASE 751F

1

ORDERING INFORMATION

MC145152P2 Plastic DIP
MC145152DW2 SOG Package

PIN ASSIGNMENT
fin{ 10 20D
Vss (] 2 21 [10SCip
vppl 3 26 [1 0SCqyt
RAOL] 4 25 [1 A4
RA1[] 5 24 1A3
rA20 6 23 Ao
or0 7 2 A2
oyl 8 21 0
mcl 9 20 [ N9
As[] 10 19 [IN8
No] 11 18 [IN7
N1 12 17 N6
N20 13 16 [ N5
N3 [ 14 15 [1 N4

© Motorola, Inc. 1995
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MC145152-2 BLOCK DIAGRAM

RA2 —»
RA1—> 12x8 ROM REFERENCE DECODER
OSCOUt RAO " 12
/]
LOCK 0
0SCip > 12-BIT + R COUNTER DETECT
f MC
CONTROL PHASE [— ¢v

LOGIC ‘l DETECTOR [— gg

fin < D(\,-
4

6-BIT + A COUNTER <=

> 10-BIT + N COUNTER

| Ll |
A5 A3 A2 AO

LT T T TTINGN]
NO N2 N4N5S N7 N9

NOTE: NO - N9, A0 — A5, and RAO — RA2 have pull-up resistors that are not shown.

PIN DESCRIPTIONS
INPUT PINS
fin
Frequency Input (Pin 1)
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
(standard CMOS logic levels) dc coupling may be used.

RAO, RA1, RA2
Reference Address Inputs (Pins 4, 5, 6)

These three inputs establish a code defining one of eight
possible divide values for the total reference divider. The
total reference divide values are as follows:

Reference Address Code Total
Divide
RA2 RA1 RAO Value
0 0 0 8
0 0 1 64
0 1 0 128
0 1 1 256
1 0 0 512
1 0 1 1024
1 1 0 1160
1 1 1 2048

NO - N9
N Counter Programming Inputs (Pins 11 - 20)

The N inputs provide the data that is preset into the + N
counter when it reaches the count of 0. NO is the least signifi-
cant digit and N9 is the most significant. Pull-up resistors en-
sure that inputs left open remain at a logic 1 and require only
a SPST switch to alter data to the zero state.

A0 - A5
A Counter Programming Inputs
(Pins 23, 21, 22, 24, 25, 10)
The A inputs define the number of clock cycles of fin that
require a logic 0 on the MC output (see Dual-Modulus

Prescaling section). The A inputs all have internal pull—up
resistors that ensure that inputs left open will remain at a
logic 1.

OSCin, OSCout
Reference Oscillator Input/Output (Pins 27, 26)

These 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 be
connected from OSCip, to ground and OSCgqyt to ground.
OSCjn may also serve as the input for an externally—gener-
ated reference signal. This signal is typically ac coupled to
OSCin, but for larger amplitude signals (standard CMOS
logic levels) dc coupling may also be used. In the external
reference mode, no connection is required to OSCoqut-

OUTPUT PINS

¢R, OV .
Phase Detector B Outputs (Pins 7, 8)

These phase detector outputs can be combined externally
for a loop—error signal.

If the frequency fy is greater than fR or if the phase of fiy is
leading, then error information is provided by ¢y pulsing low.
9R remains essentially high.

If the frequency fy is less than fR or if the phase of fy is
lagging, then error information is provided by ¢R pulsing low.
¢V remains essentially high.

If the frequency of fy = fR and both are in phase, then both
¢v and ¢6R remain high except for a small minimum time
period when both pulse low in phase.

mcC
Dual-Modulus Prescale Control Output (Pin 9)

Signal generated by the on—chip control logic circuitry for
controlling an external dual-modulus prescaler. The MC
level will be low at the beginning of a count cycle and will
remain low until the + A counter has counted down from its
programmed value. At this time, MC goes high and remains
high until the + N counter has counted the rest of the way
down from its programmed value (N — A additional counts
since both + N and + A are counting down during the first

MC145151-2 through MC145158-2
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portion of the cycle). MC is then set back low, the counters
preset to their respective programmed values, and the above
sequence repeated. This provides for a total programmable
divide value (NT) =N« P + Awhere Pand P + 1 represent the
dual-modulus prescaler divide values respectively for high
and low MC levels, N the number programmed into the + N
counter, and A the number programmed into the + A counter,

LD
Lock Detector Output (Pin 28)

Essentially a high level when loop is locked (fr, fy of same
phase and frequency). Pulses low when loop is out of lock.

POWER SUPPLY
VbD
Positive Power Supply (Pin 3)
The positive power supply potential. This pin may range
from + 3 to + 9 V with respect to Vsg.
Vss
Negative Power Supply (Pin 2)

The most negative supply potential. This pin is usually
ground.

TYPICAL APPLICATIONS

NO CONNECTS
L L : [ —= LOCK DETECT SIGNAL 150 - 175 MHz
[ 10.24 Mz T 5 kHz STEPS
NOTE 1 = Rz C
0SCout RA2 RAT RA0 LD R1 I '
0SCip R . 3
4 R1 V€O
V +
MC33171
= MC145152-2 2 B st 4
+V "))
. c
Vs fin P
= | Ng= NO A5<—— AQ I =
LIIIIIIII[IIII/IT !
CHANNEL PROGRAMMING MC12017
+64/65 PRESCALER
NOTES:

1. Off—chip oscillator optional.

2. The ¢R and ¢y outputs are fed to an external combiner/loop filter. See the Phase—Locked Loop — Low-Pass Filter
Design page for additional information. The 9R and ¢\ outputs swing rail-to—rail. Therefore, the user should be careful
not to exceed the common mode input range of the op amp used in the combiner/loop filter.

Figure 1. Synthesizer for Land Mobile Radio VHF Bands

MOTOROLA

MC145151-2 through MC145158-2
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RECEIVER 2ND L.O.

REF. OSC.
NO CONNECTS
15.360 Mz l 30720 MHz
(ON-CHIPOSC. | | xo e ol B RECEIVER FIRST L.0.
OPTIONAL) ' ™ LOCK DETECT SIGNAL 825.030 — 844.980 MHz
t ‘ l ‘ R C (30 kHz STEPS)
0SCow  RA2 RAT RAO LD R1 T
¢R \
F osciy - x4
R1 VCOo
MC145152-2 v “NOTE 7 —
+V v &
VDD NOTE 5 Me R2
LVvss
= fn T TRANSMITTER | [ x4
Ng=- NO A5 <= A0 = ‘ MODULATION NOTE 6
I — |
+64/65 PRESCALER TRANSMITTER SIGNAL
CHANNEL PROGRAMMING NOTE 6 825.030 > 844.980 MHz
NOTES: (30 kHz STEPS)

-

7.

- Receiver 1st |.F. = 45 MHz, low side injection; Receiver 2nd I.F. = 11.7 MHz, low side injection.
2. Duplex operation with 45 MHz receiver/transmit separation.
3. fR =7.5kHz; + R = 2048.

4.
5
6

Ntotal = N 64 + A = 27501 to 28166; N = 429 to 440; A = 0 to 63.

- 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 fref

implementations. ;

The ¢R and ¢y outputs are fed to an external combiner/loop filter. See the Phase—Locked Loop — Low-Pass Filter Design page for
additional information. The ¢R and ¢y outputs swing rail-to—rail. Therefore, the user should be careful not to exceed the common mode
input range of the op amp used in the combiner/loop filter.

Figure 2. 666—Channel, Computer-Controlled, Mobile Radiotelephone Synthesizer
for 800 MHz Cellular Radio Systems

heet Continued on Page 15

MC145151-2 through MC145158-2 MOTOROLA
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MC14515X~2 FAMILY CHARACTERISTICS AND DESCRIPTIONS

MAXIMUM RATINGS* (Voltages Referenced to Vss)

Symbol Parameter Value Unit
VbD DC Supply Voltage -0.5t0+10.0 \Y
Vin. Vout | Input or Output Voltage (DC or Transient) -0.5toVpp +0.5 \
except SW1, SW2
Vout Output Voltage (DC or Transient), -05to+15 \%
SW1, sSw2 (Rpull-up = 4.7 kQ)
lin: lout | Input or Output Current (DC or Transient), +10 mA
per Pin
IDD. Iss | Supply Current, Vpp or Vgg Pins +30 mA
Pp Power Dissipation, per Packaget 500 mwW
Tstg Storage Temperature —-65to + 150 °C
TL Lead Temperature, 1 mm from Case for 260 °C
10 seconds

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the limits in the Electrical Characteristics

tables or Pin Descriptions section.
tPower Dissipation Temperature Derating:
Plastic DIP: — 12 mW/°C from 65 to 85°C
SOG Package: — 7 mW/°C from 65 to 85°C

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss)

These devices contain protection circuitry to
protect against damage due to high static
voltages or electric fields. However, precau-
tions must be taken to avoid applications of any
voltage higher than maximum rated voltages
to these high—impedance circuits. For proper
operation, Vi and Vgt should be constrained
to the range Vss < (Vin or Vout) < Vpp
except for SW1 and SW2.

SW1 and SW2 can be tied through external
resistors to voltages as high as 15 V, indepen-
dent of the supply voltage.

Unused inputs must always be tied to an
appropriatelogic voltage level (e.g., either Vgg
orVpp), exceptforinputs with pull-up devices.
Unused outputs must be left open.

Yos —-40°C 25°C 85°C
Symbol Parameter Test Condition v Min Max Min Max Min Max Unit
VDD Power Supply Voltage — 3 9 3 9 3 9 \
Range
Iss Dynamic Supply Current fin = OSCj, = 10 MHz, 3 — 3.5 —_— 3 — 3 mA
1V p—p ac coupled sine 5 — 10 — 7.5 — 7.5
wave 9 — 30 — 24 — 24
R=128,A=32,N=128
Iss Quiescent Supply Current | Vi = Vpp or Vss 3 — 800 — 800 — 1600 LA
(not including pull-up lout =0 pA 5 — 1200 — 1200 — 2400
current component) 9 — 1600 — 1600 — 3200
Vin Input Voltage — fi,, OSCjp, | Input ac coupled sine wave | — 500 — 500 — 500 — mV p—p
ViL Low-Level Input Voltage Vout22.1V Inputde | 3 — 0 — 0 — 0 v
—fin, OSCjpy Vout23.5V coupled | 5 — 0 — 0 — 0
Vout>6.3V square wave | 9 5 0 - 0 — 0
VIH High-Level Input Voltage | Vout< 0.9V Inputdc | 3 3.0 — 3.0 — 3.0 — \
— fin, OSCin Vouts 1.5V coupled | 5 5.0 — 5.0 — 5.0 —
Vout$2.7V squarewave | 9 9.0 — 9.0 — 9.0 —
ViL Low-Level Input Voltage 3 — 0.9 — 0.9 — 0.9 \Y
— except fiy, OSCjp, 5 — 1.5 — 1.5 - 1.5
9 — 2.7 — 2.7 — 27
VIH High-Level Input Voltage 3 24 — 2.1 — 2.1 — \
— except fiy, OSCip 5 3.5 — 3.5 — 35 —
9 6.3 — 6.3 — 6.3 —
lin Input Current (fin, OSCip) | Vin =Vppor Vss 9 +2 +50 +2 +25 +2 +22 HA
iL Input Leakage Current Vin =Vss 9 — -0.3 — -0.1 — -1.0 HA
(Data, CLK, ENB —
without pull-ups)
IIH Input Leakage Current (all Vin =VbD 9 — 0.3 — 0.1 — 1.0 HA
inputs except fin, OSCin)
(continued)
MOTOROLA MC145151-2 through MC145158-2
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DC ELECTRICAL CHARACTERISTICS (continued)

-40°C 25°C 85°C
Vbp
Symbol Parameter Test Condition \ Min Max Min Max Min Max Unit
L Pull-up Current (all inputs | Vin = Vss 9 —-20 [ -400 | -20 | =200 | =20 | -170 pA
with pull-ups)
Cin Input Capacitance — — 10 — 10 — 10 pF
VoL Low-Level Output lout= O pA 3 — 0.9 — 0.9 — 0.9 \
Voltage — OSCqt Vin = VDD 5 — 1.5 — 1.5 — 1.5
9 — 27 — 2.7 — 2.7
VOH High-Level Output lout= 0 pA 3 24 — 2.4 — 2.1 — \
Voltage — OSCqt Vin=Vss 5 3.5 — 3.5 — 3.5 =
9 6.3 — 6.3 — 6.3 —
VoL Low-Level Output lout= 0 pA 3 — 0.05 — 0.05 — 0.05 \%
Voltage — Other Outputs 5 — 0.05 — 0.05 — 0.05
9 — 0.05 —_ 0.05 — 0.05
VoH High-Level Output lout= 0 pA 3 2.95 — 2.95 — 2.95 — \Y
Voltage — Other Outputs b 4.95 — 4.95 — 4.95 —
9 8.95 — 8.95 — 8.95 —
V(BR)DSS | Drain-to-Source Rpull—up = 4.7kQ — 15 — 15 — 15 — \Y
Breakdown Voltage —
SW1, SW2
loL Low-Level Sinking Vout=0.3V 3 1.30 — 1.10 — 0.66 — mA
Current — MC Vout= 0.4V 5 1.90 — 1.70 — 1.08 —
Vout=0.5V 9 3.80 — 3.30 — 2.10 —
IoH High-Level Sourcing Vout=2.7V 3 |[-0.60 - 50 — | -0.30 — mA
Current — MC Vout=4.6V 5 |-080| — ([-075| — [-050 —
Vout=8.5V 9 |-180| — [-125| — [-080| —
loL Low-Level Sinking Vout=0.3V 3 0.25 = 0.20 — 0.15 — mA
Current— LD Vout =04V 5 0.64 — 0.51 — 0.36 —
Vout=0.5V 9 1.30 — 1.00 — 0.70 —
IOH High-Level Sourcing Vout=2.7V 3 [-025 — |-020| — [-015| — mA
Current — LD Vout=4.6V 5 [(-064]| — [-0.51 — |[-036| —
Vout=8.5V 9 [-130| — ([-100| — |[-070| —
loL Low-Level Sinking Vout =0.3V 3 0.80 — 0.48 — 0.24 — mA
Current — SW1, SW2 Vout = 0.4V 5 1.50 — 0.90 — 0.45 —
Vout=0.5V 9 3.50 — 2.10 — 1.05 —
loL Low-Level Sinking Vout=0.3V 3 0.44 — 0.35 — 0.22 = mA
Current — Other Outputs [ Vot = 0.4V 5 0.64 — 0.51 — 0.36 —
Vout=0.5V 9 1.30 — 1.00 — 0.70 —
IOH High-Level Sourcing Vout=2.7V 3 [-044( — [-035| — [-022]| — mA
Current — Other Outputs | Vot = 4.6 V 5 [-064| — [-0.51 — |-036| —
Vout=8.5V 9 [-130| — [-100| — |[-070] —
loz Output Leakage Current— | Vot = Vpp or Vss 9 — +0.3 — +0.1 — +1.0 HA
PDout Output in Off State
loz Output Leakage Current — Vout = Vpp or Vss 9 — +0.3 — % 0.1 —- +3.0 HA
SW1, SW2 Output in Off State
Cout Output Capacitance — PDoyt — Three-State — — 10 — 10 — 10 pF
PDout
MC145151-2 through MC145158-2 MOTOROLA
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AC ELECTRICAL CHARACTERISTICS (C|_ =50 pF, Input t, = tf = 10 ns)

VbD Guaranteed Limit | Guaranteed Limit
Symbol Parameter \ 25°C —40 to 85°C Unit
tPLH. tPHL | Maximum Propagation Delay, fi to MC 3 110 120 ns
(Figures 1 and 4) 5 60 70
9 35 40
tPHL Maximum Propagation Delay, ENB to SW1, SW2 3 160 180 ns
(Figures 1 and 5) 5 80 95
9 50 ' 60
tw Output Pulse Width, ¢R, ¢y, and LD with fg in Phase with fy/ 3 25t0 200 25 to 260 ns
(Figures 2 and 4) 5 20 to 100 20to 125
9 10to 70 10 to 80
tTLH Maximum Output Transition Time, MC 3 115 115 ns
(Figures 3 and 4) 5 60 75
9 40 60
tTHL Maximum Output Transition Time, MC 3 60 70 ns
(Figures 3 and 4) 5 34 45
9 30 38
tTLH, tTHL [ Maximum Output Transition Time, LD 3 180 200 ns
(Figures 3 and 4) g 90 120
9 70 90
tTLH. tTHL | Maximum Output Transition Time, Other Outputs 3 160 175 ns
(Figures 3 and 4) 5 80 100
9 60 65
SWITCHING WAVEFORMS
VDD
INPUT  50%
5 VSS ty
PLH {PHL 0R, Oy, LD* SI; 50% ,1(
ouTPUT 50% '
*fR in phase with fy/.
Figure 1. Figure 2.
1TLH {THL =
OUT'ILZ\’NY e
. 10%
Figure 3.
VoD
TEST POINT TEST POINT
OUTPUT OUTPUT
DEVICE DEVICE
UNDER c” UNDER Cr*
TEST I L TEST I L
*Includes all probe and fixture capacitance. *Includes all probe and fixture capacitance.
Figure 4. Test Circuit Figure 5. Test Circuit
MOTOROLA MC145151-2 through MC145158-2
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TIMING REQUIREMENTS (Input tr = tf = 10 ns unless otherwise indicated)

Vpp Guaranteed Limit | Guaranteed Limit
Symbol Parameter Vv 25°C —40 to 85°C Unit
folk Serial Data Clock Frequency, Assuming 25% Duty Cycle 3 dcto 5.0 dcto 3.5 MHz
NOTE: Refer to CLK tw(H) below 5 dcto 7.1 dcto 7.1
(Figure 6) 9 dcto 10 dcto 10
tsu Minimum Setup Time, Data to CLK 3 30 30 ns
(Figure 7) 5 20 . 20
9 18 18
th Minimum Hold Time, CLK to Data 3 40 40 ns
(Figure 7) 5 20 20
9 15 15
tsu Minimum Setup Time, CLK to ENB 3 70 70 ns
(Figure 7) 5 32 32
9 25 25
trec Minimum Recovery Time, ENB to CLK 3 5 5 ns
(Figure 7) 5 10 10
9 20 20
tw(H) Minimum Pulse Width, CLK and ENB 3 50 70 ns
(Figure 6) 5 35 35
9 25 25
tr. tf Maximum Input Rise and Fall Times — Any Input 3 5 5 us
(Figure 8) ) 4 4
9 2 2
SWITCHING WAVEFORMS
—VoD
L) — DATA 50%
—Vpp Vss
CLK, T\
50%
ENB
14 =L Vss —Vop
4 ek
. 3 Vss
Assumes 25% Duty Cycle.
—VpD
Figure 6. ENB 50%
Vss
PREVIOUS
t ; DATA
t f LATCHED
outPUT 0% k.
10% Vss Figure 7.
Figure 8.
MC145151-2 through MC145158-2 MOTOROLA
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FREQUENCY CHARACTERISTICS (Voltages References to Vgg,

CL =50 pF, Input t; = tf =10 ns unless otherwise indicated)

g Vo —40°C 25°C 85°C

Symbol Parameter Test Condition \ Min Max Min Max Min Max | Unit
fi Input Frequency R28,A>0,N>8 3 — 6 — 6 — 6 MHz

(fin, OSCin) Vin =500 mV p—p 5 — 15 — 15 — 15

ac coupled sine wave 9 — 15 — 15 — 15
R>8,A>20,N>8 3 — 12 — 12 — 7 MHz

Vin =1V p-p ac coupled 5 — 22 — 20 — 20

sine wave 9 — 25 — 22 — 22
R>8,A20,N>8 3 — 13 — 12 — 8 MHz

Vin=Vpp to Vsg 5 — 25 — 22 — 22

dc coupled square wave 9 — 25 — 25 — 25

NOTE: Usually, the PLL's propagation delay from fi to MC
The upper frequency limit is found with the followin
modulus prescaler ratios, tp is the fin to MC propagation delay in
For example, with a 5V supply, the fi, to MC delay is 70 ns. If the M
ratio is utilized, the upper frequency limitis f = Pl(tp + tset) = 64/(

fR
REFERENCE
0SC +R

fy
FEEDBACK
(fin+N)

PDoyt

4R

ov

LD

plus the setup time of the prescaler determines the u
tp +tget) where fis the upper frequency in Hz, P is the lower of the dual

pper frequency limit of the system.

seconds, and tget is the prescaler setup time in seconds.

70 + 16) = 744 MHz.

|

VH = High Voltage Level.
VL = Low Voltage Level.

* At this point, when both f,
NOTE: The PDqyt generat

R and fy are in phase, the output is forced to near mid—supply.
es error pulses during out-of-lock con
and the voltage at this pin is determined by the low—pas

ditions. When locked.in phase and fre
s filter capacitor.

Figure 9. Phase Detector/Lock Detector Output Waveforms

VH

VL
VH

VL
VH

HIGH IMPEDANCE

Vi
VH

Vi
VH

VL
VH

VL

quency the output is high

C12028A prescaler is used, the setup time is 16 ns. Thus, if the 64/65

MOTOROLA
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DESIGN CONSIDERATIONS

PHASE-LOCKED LOOP — LOW-PASS FILTER DESIGN

' KK
A)  PDgy AAA—— Veo o = —ﬁ&%%%l
Ry _L 1
oR— c I Neon
oy — = h 2KyKvco
1
Pl R1sC +1
B) PDoy Aﬁy\ g veco . KoKvco
1 n = NC(R7 + Ry)
oR— R2
ov— o (= 050 <R2C+ )
T . Kgkvco
> RpsC + 1 '
F8) s R
(R1 + R)SC + 1
R2
C) PDoy— o= | Kekvco
R1 & NCRq
%R A =
- wpR2C
o A —Be A vCo ey
R1 2
Ry ASSUMING GAIN A IS VERY LARGE, THEN:
(3 Es) R2sC +1
I R1sC

NOTE: Sometimes R1 is split into two series resistors, each Rq + 2. A capacitor Cg is then placed from the midpoint to ground to further
filter ¢y and ¢R. The value of Cc should be such that the corner frequency of this network does not significantly affect wp,.
The ¢R and ¢\/ outputs swing rail-to—rail. Therefore, the user should be careful not to exceed the common mode input range of the
op amp used in the combiner/loop filter.

DEFINITIONS:
N = Total Division Ratio in feedback loop
K¢ (Phase Detector Gain) = Vpp/4n for PDoyut
K¢ (Phase Detector Gain) = Vpp/2n for ¢y and 0R
2nAfyco
AVyco
for a typical design wy, (Natural Frequency) = %r (at phase detector input).

Kyco (VCO Gain) =

Damping Factor: { = 1

RECOMMENDED READING:
Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley-Interscience, 1979.
Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley—Interscience, 1980.
Blanchard, Alain, Phase-Locked Loops: Application to Coherent Receiver Design. New York, Wiley—Interscience, 1976.
Egan, William F., Frequency Synthesis by Phase Lock. New York, Wiley-Interscience, 1981.
Rohde, Ulrich L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice~Hall, 1983.
Berlin, Howard M., Design of Phase—Locked Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978.
Kinley, Harold, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA, Tab Books, 1980.
ANS535, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1970.
AR254, Phase—Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic Design,

1987.
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CRYSTAL OSCILLATOR CONSIDERATIONS

The following options may be considered to provide a ref-
erence frequency to Motorola’s CMOS frequency synthe-
sizers.

Use of a Hybrid Crystal Oscillator

Commerecially available temperature—compensated crystal
oscillators (TCXOs) or crystal—controlled data clock oscilla-
tors provide very stable reference frequencies. An oscillator
capable of sinking and sourcing 50 pA at CMOS logic levels
may be direct or dc coupled to OSCjp. In general, the highest
frequency capability is obtained utilizing a direct-coupled
square wave having a rail-to—rail (Vpp to Vss) voltage
swing. If the oscillator does not have CMOS logic levels on
the outputs, capacitive or ac coupling to OSCjp may be used.
OSCout, an unbuffered output, should be left floating.

For additional information about TCXOs and data clock
oscillators, please consult the latest version of the eem Elec-
tronic Engineers Master Catalog, the Gold Book, or similar
publications.

Design an Off-Chip Reference

The user may design an off—hip crystal oscillator using
ICs specifically developed for crystal oscillator applications,
such as the MC12061 MECL device. The reference signal
from the MECL device is ac coupled to OSCin. For large am-
plitude signals (standard CMOS logic levels), dc coupling is
used. OSCgqyt, an unbuffered output, should be left floating.
In general, the highest frequency capability is obtained with a
direct—coupled square wave having 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 be used to provide a reference source
frequency. A fundamental mode crystal, parallel resonant at
the desired operating frequency, should be connected as
shown in Figure 10.

l_— Re FREQUENCY

AM SYNTHESIZER

0SCiy D e | OSCou

*May be deleted in certain cases. See text,

Figure 10. Pierce Crystal Oscillator Circuit

ForVpp = 5.0V, the crystal should be specified for a load-
ing capacitance, C|, which does not exceed 32 pF for fre-
quencies to approximately 8.0 MHz, 20 pF for frequencies in
the area of 8.0 to 15 MHz, and 10 pF for higher frequencies.
These are guidelines that provide a reasonable compromise
between IC capacitance, drive capability, swamping varia-
tions in stray and IC input/output capacitance, and realistic

CL values. The shunt load capacitance, C|, presented
across the crystal can be estimated to be:

CL= _CinCout +Ca+co+w
Cin+Cout C1+C2

where
Cin = 5 pF (see Figure 11)
Cout = 6 pF (see Figure 11)
Ca = 1pF (see Figure 11)
Co = the crystal's holder capacitance
(see Figure 12)
C1 and C2 = external capacitors (see Figure 10)

Oo— T = T O

:L,: Cout
|

ek
L

Figure 11. Parasitic Capacitances of the Amplifier

<o = [

$

NOTE: Values are supplied by crystal manufacturer
(parallel resonant crystal).

Figure 12. Equivalent Crystal Networks

The oscillator can be “trimmed” on—frequency by making a
portion or all of C1 variable. The crystal and associated com-
ponents must be located as close as possible to the OSCip
and OSCqyt pins to minimize distortion, stray capacitance,
stray inductance, and startup stabilization time. In some
cases, stray capacitance should be added to the value for Cin
and Cout.

Power is dissipated in the effective series resistance of the
crystal, Re, in Figure 12. The drive level specified by the crys-
tal manufacturer is the maximum stress that a crystal can
withstand without damage or excessive shift in frequency. R1
in Figure 10 limits the drive level. The use of R1 may not be
necessary in some cases (i.e., R1 =0 Q).

To verify that the maximum dc supply voltage does not
overdrive the crystal, monitor the output frequency as a func-
tion of voltage at OSCqyt. (Care should be taken to minimize
loading.) The frequency should increase very slightly as the
dc supply voltage is increased. An overdriven crystal will de-
crease in frequency or become unstable with an increase in
supply voltage. The operating supply voltage must be re-
duced or R1 must be increased in value if the overdriven
condition exists. The user should note that the oscillator
start—up time is proportional to the value of R1.

Through the process of supplying crystals for use with
CMOS inverters, many crystal manufacturers have devel-
oped expertise in CMOS oscillator design with crystals. Dis-
cussions with such manufacturers can prove very helpful
(see Table 1).

MOTOROLA
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Table 1. Partial List of Crystal Manufacturers

Motorola — Internet Address http.//motorola.com (Search for resonators)

United States Crystal Corp.

Crystek Crystal

Statek Corp.

Fox Electronics

NOTE: Motorola cannot recommend one supplier over another and in no way suggests
that this is a complete listing of crystal manufacturers.

RECOMMENDED READING

Technical Note TN-24, Statek Corp.

Technical Note TN-7, Statek Corp.

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

D. Kemper, L. Rosine, “Quartz Crystals for Frequency
Control”, Electro—Technology, June, 1969.

P. J. Ottowitz, “A Guide to Crystal Selection”, Electronic
Design, May, 1966.

DUAL-MODULUS PRESCALING
OVERVIEW

The technique of dual-modulus prescaling is well estab-
lished as a method of achieving high performance frequency
synthesizer operation at high frequencies. Basically, the
approach allows 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 per-
formance that results if a fixed (single—modulus) divider is
used for the prescaler.

In dual-modulus prescaling, the lower speed counters
must be uniquely configured. Special control logic is neces-
sary to select the divide value P or P + 1 in the prescaler for
the required amount of time (see modulus control 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 requirements. Prescalers having P, P + 1 di-
vide values in the range of + 3/+ 4 to + 128/+ 129 can be con-
trolled by most Motorola frequency synthesizers.

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

MC12009 +5/+6 440 MHz
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
MC12028A +32/33 or + 64/65 1.1 GHz
MC12052A + 64/65 or + 128/129 1.1 GHz
MC12054A +64/65 or + 128/129 2.0 GHz

DESIGN GUIDELINES

The system total divide value, Ntota| (NT) will be dictated by
the application:

frequency into the prescalér
frequency into the phase detector

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-modu-
lus prescalers. To have a range of NT values in sequence,
the + A counter is programmed from zero through P — 1 for a
particular value N in the + N counter. N is then incremented to
N + 1 and the + A is sequenced from 0 through P — 1 again.

There are minimum and maximum values that can be
achieved for NT. These values are a function of P and the
size of the + N and + A counters.

The constraint N > A always applies. If Amax = P - 1, then
Nmin2P - 1. Then NTmin =(P=1)P + A or (P - 1) P since A
is free to assume the value of 0.

NT= =NeP+A

NTmax = Nmax ® P+ Amax

To maximize system frequency capability, the dual-modu-
lus prescaler output must go from low to high after each
group of P or P + 1 input cycles. The prescaler should divide
by P when its modulus control line is high and by P + 1 when
its MC is low.

For the maximum frequency into the prescaler (fvCOmax),
the value used for P must be large enough such that:

1.fvCOmax divided by P may not exceed the frequency
capability of fin (input to the + N and + A counters).

2.The period of fyco divided by P must be greater than
the sum of the times:

a. Propagation delay through the dual-modulus pre-
scaler.

b. Prescaler setup or release time relative to its MC
signal.

c. Propagation time from fin, to the MC output for the
frequency synthesizer device.

A sometimes useful simplification in the programming
code can be achieved by choosing the values for P of 8, 16,
32, or 64. For these cases, the desired value of NT results
when NT in binary is used as the program code to the + N and
+ A counters treated in the following manner:

1. Assume the + A counter contains “a” bits where 28 > P.
2. Always program all higher order + A counter bits above

a"to 0.

MC145151-2 through MC145158-2
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3. Assume the + N counter and the + A counter (with all the
higher order bits above “a” ignored) combined into a
single binary counter of n + a bits in length (n = number
of divider stages in the + N counter). The MSB of this *hy-
pothetical” counter is to correspond to the MSB of + Nand

the LSB is to correspond to the LSB of + A. The system

divide value, NT, now results when the value of NT in

binary is used to program the “new” n + a bit counter.
By using the two devices, several dual-modulus values
are achievable (shown in Figure 13).

MC

4—[ DEVICEA J<—F)EV!CE BJ‘—

DEVICE

B
DEVK:ER MC12009

MC10131|  + 2021

MC10138 | +50/+51

MC120M1 MC12013
+32/+ 33 +40/+ 41
+ 80/+ 81 +100/+ 101

NOTE: MC12009, MC12011, and MC12013 are pin equivalent.
MC12015, MC12016, and MC12017 are pin equivalent.

Figure 13. Dual-Modulus Values
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Dual Modulus Prescaler

The MC12015, MC12016 and MC 12017 are dual modulus prescalers
which will drive divide by 32 and 33, 40 and 41, and 64 and 65,
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 5.0Vdc £10% at Pin 7, or by
applying an unregulated voltage source from 5.5Vdc to 9.5Vdc to Pin 8.

e 225MHz Toggle Frequency

e Low-Power 7.5mA Maximum at 6.8V

e Control Input and Output Are Compatible With Standard CMOS
e Connecting Pins 2 and 3 Allows Driving One TTL Load

e Supply Voltage 4.5V to 9.5V

MAXIMUM RATINGS

MC12015
MC12016
MC12017

MECL PLL COMPONENTS

DUAL MODULUS

¢
PRESCALER
P SUFFIX
PLASTIC PACKAGE
8 CASE 626-05
1

D SUFFIX \

PLASTIC SOIC PACKAGE &g
CASE 751-05 1

Symbol Characteristic Range Unit
Vreg Regulated Voltage, Pin 7 8.0 Vdc
Vee Power Supply Voltage, Pin 8 10.0 Vdc
TA Operating Temperature Range —40 to +85 °¢
Tstg Storage Temperature Range -6510 +175 °C

ELECTRICAL CHARACTERISTICS (Voo =5.5109.5V; Vigg=4.510
5.5V, Ta = —40 to +85°C)

Symbol Characteristic Min Typ Max Unit
fmax Toggle Frequency 225 MHz
fmin (Sine Wave Input) 35
lcc Supply Current 6.0 7.8 mA
VIH Control Input HIGH 2.0 \%
(+32, 40 or 64)
ViL Control Input LOW 0.8 "
(+33, 41 or 65)
VOH Output Voltage HIGH1 2.5 %
(Isource = S0pA)
VoL Output Voltage LOW1 0.5 Y%
(Isink = 2mA)
Vin Input Voltage Sensitivity mVpp
35MHz 400 800
50-225MHz 200 800
tpLL PLL Response Time lout-70 s
(Notes 2 and 3)

. Pin 2 connected to Pin 3

2. tpLL = the period of time the PLL has from the prescaler rising output tranistion
(50%) to the modulus control input edge transition (50%) to ensure proper
modulus selection

3. tout = period of output waveform

7/33

PRESCALER BLOCK DIAGRAM

Control
Input r—'-; ~~~~~ l
el *
|2 l
0.001uF | |
S;gna:o_l o-H | 2 Active
B S| eNinet T Pullup
Signal 6 | Output
GND ( O |3
0.001F | |
— | |
Vieg| ) | 4
A |
0.1pF =
T "I | anD
—= | |
vee | [
Voltage |
8 || Regulator i
|

0.1uF
7o ]

1. Vrgg at Pin 7 is not guaranteed to be between 4.5 and
5.5V when Ve is being applied to Pin 8

2. Pin7is not to be used as a source of regulated output
voltage

© Motorola, Inc. 1996 19
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Voltage Controlled Oscillator
Consider MC12148 for New Designs

The MC1648 requires an external parallel tank circuit consisting of the
inductor (L) and capacitor (C). For Maximum Performance QL 2100 at

Frequency of Operation.

A varactor diode may be incorporated into the tank circuit to provide a
voltage variable input for the oscillator (VCO). The MC1648 was
designed for use in the Motorola Phase—Locked Loop shown in Figure 9.
This device may also be used in many other applications requiring a fixed
or variable frequency clock source of high spectral purity. (See Figure 2)

The MC1648 may be operated from a +5.0Vdc supply or a —=5.2Vdc
* supply, depending upon system requirements.
NOTE: The MC1648 is NOT useable as a crystal oscillator.

Pinout: 14-Lead Package (Top View)

Vec NC TANK NC

BIAS NC Vg

[14] [1s] [re] [4r] [io] [o] [e]

L] L] BT T ] o] 2

Vcc NC OUT NC AGC NC Vgr

Pin assignment is for Dual-in-Line Package.
For PLCC pin assignment, see the MC1648 Non—Standard Pin Conversion Table below.

MC1648 NON-STANDARD PIN CONVERSION DATA

MC1648

VOLTAGE
CONTROLLED
OSCILLATOR

=

L SUFFIX
14—-LEAD CERAMIC PACKAGE
CASE 632-08

P SUFFIX
14-LEAD PLASTIC PACKAGE
CASE 646-06

&
D SUFFIX

8-PIN PLASTIC SOIC PACKAGE
CASE 751-05

W.

FN SUFFIX
20-LEAD PLCC PACKAGE
CASE 775-02

® Input Capacitance = 6.0pF (TYP)
® Maximum Series Resistance for L (External Inductance) = 50 (TYP)

Package | TANK | V¢ Vcc | OUT | AGC | VEg VEE | BIAS
8D 1 2 3 4 5 6 7 8
14L,P 12 14 1 3 5 7 8 10
20FN 18 20 2 4 8 10 12 14
*NOTE - All unused pins are not connected.
Supply Voltage GND Pins Supply Pins
+5.0Vdc 7.8 1,14
-5.2Vdc 1,14 7,8
LOGIC DIAGRAM
BIAS POINT 10
TANK 12

1/97

® Power Dissipation = 150mW (TYP)/Pkg (+5.0Vdc Supply)
© Maximum Output Frequency = 225MHz (TYP)

Vee1=Pin1
Veez = Pin 14

VEE=Pin7

© Motorola, Inc. 1997
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MC1648

Vee2 Vet
14 %
Q9 Qf
(e IY)
3
VI ©——o0 OUTPUT
W o > Q4
Qi Q10 Q7 Q6
D1
Q5
g D2 Q8

lgg%a;"

7 10 12
VEE1 BIAS TANK VEE AGC
POINT

Figure 1. Circuit Schematic

TEST VOLTAGE/CURRENT VALUES

@ Test (Volts) mAdc
Temperature ViHmax ViLmin Vce I
MC1648
-30°C +2.0 +1.5 +5.0 -5.0
+25°C +1.85 +1.35 +5.0 -5.0
+85°C +1.7 +1.2 +5.0 -5.0

Note: SOIC “D" package guaranteed —30°C to +70°C only

ELECTRICAL CHARACTERISTICS (Supply Voltage = +5,0V)

-30°C +25°C +85°C
Symbol Characteristic Min Max Min Max Min Max Unit Condition
IE Power Supply Drain Current - - - 41 - - mAdc | Inputs and outputs open
VoH Logic “1” Output Voltage 3.955 | 4.185 | 4.04 4.25 4.1 4.36 | Vdc | ViLmintoPin 12, I @ Pin 3
VoL Logic “0” Output Voltage 3.16 3.4 3.2 3.43 3.22 3.475 | Vdc | ViHmax to Pin 12, IL@Pin3
Vpias! | Bias Voltage 1.6 1.9 1.45 1.75 1.3 1.6 Vdc | V|Lmin to Pin 12

Min | Typ | Max | Min | Typ | Max | Min Typ | Max | Unit Condition

Vp_p Peak—to—Peak Tank Voltage - - - - 400 - - - - mV | See Figure 3
Vdc Output Duty Cycle - - - - |50 | - - - - % '
fmaxz " | Oscillation Frequency - 225 - 200 | 225 - - 225 - MHz

1. This measurement guarantees the dc potential at the bias point for purposes of incorporating a varactor tuning diode at this point.
2. Frequency variation over temperature is a direct function of the AC/A Temperature and AL/A Temperature.

MOTOROLA 2 HIPERCOMM
BR1334 — Rev 4



MC1648

L: Micro Metal torroid #T20-22, 8 turns #30 Enameled Copper wire. L=40nH
C =3.0-35pF C=10pF
+5.0Vdc

SIGNAL
UNDER
TEST

B.W. = 10 kHz

Center Frequency = 100 MHz
Scan Width = 50 kHz/div I
Vertical Scale = 10 dB/div =

* The 1200 ohm resistor and the scope termination impedance constitute a 25:1
attenuator probe. Coax shall be CT-075-50 or equivalent.

Figure 2. Spectral Purity of Signal Output for 200MHz Testing

TEST VOLTAGE/CURRENT VALUES

@ Test (Volts) mAdc
TRpsraiute ViHmax ViLmin VEE I
MC1648
-30°C -3.2 -3.7 -5.2 -5.0
+25°C -3.35 -3.85 5.2 -5.0
+85°C -3.5 —4.0 -5.2 -5.0

Note: SOIC “D" package guaranteed —30°C to +70°C only

ELECTRICAL CHARACTERISTICS (Supply Voltage = —5.2V)

-30°C +25°C +85°C

Symbol Characteristic Min Max Min Max Min Max Unit Condition
IE Power Supply Drain Current - - - 41 - - mAdc | Inputs and outputs open
VoH Logic “1” Output Voltage -1.045 [ -0.815 | -096 | —-0.75 | —0.89 | -0.64 | Vdc ViLmin to Pin 12, I @ Pin 3
VoL Logic “0” Output Voltage -1.89 | -1.65 | 185 | -1.62 | -1.83 | -1.575 | Vdc VIHmax to Pin 12, I @ Pin 3
Veias! | Bias Voltage -3.6 -3.3 | =375 | -3.45 -3.9 -3.6 Vdc | ViLmin to Pin 12

Min | Typ [ Max | Min | Typ | Max | Min Typ | Max | Unit + Condition
Vp_p Peak—to—Peak Tank Voltage - - - - 400 - - - - mV | See Figure 3
Vdc Output Duty Cycle - - - - 50 - - - - %
fmax2 Oscillation Frequency - 225 - 200 | 225 - - 225 - MHz

1. This measurement guarantees the dc potential at the bias point for purposes of incorporating a varactor tuning diode at this point.
2. Frequency variation over temperature is a direct function of the AC/A Temperature and AL/A Temperature.

HIPERCOMM 3
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MC1648

Vee

I'_7| o [5m 5 W
'”:DO-“J'F -
:—l': = QL2100

* T VEE

* Use high impedance probe (>1.0 Megohm must be used).

** The 1200 ohm resistor and the scope termination impedance constitute
a 25:1 attenuator probe. Coax shall be CT-070-50 or equivalent,

***Bypass only that supply opposite ground.

PRF = 1.0MHz {
Duty Cycle (Vdc) - t_a
b

Figure 3. Test Circuit and Waveforms

OPERATING CHARACTERISTICS

Figure 1 illustrates the circuit schematic for the MC1648,
The oscillator incorporates positive feedback by coupling the
base of transistor Q6 to the collector of Q7. An automatic gain
control (AGC) is incorporated to limit the current through the
emitter—coupled pair of transistors (Q7 and Q6) and allow
optimum frequency response of the oscillator.

In order to maintain the high Q of the oscillator, and
provide high spectral purity at the output, transistor Q4 is
used to translate the oscillator signal to the output differential

VEE (=1.4V for positive supply operation).

When the MC1648 is used with a constant dc voltage to
the varactor diode, the output frequency will vary slightly
because of internal noise. This variation is plotted versus
operating frequency in Figure 5.

; p g " ; Output
pair Q2 and Q3. Q2 and Q3, in conjunction with output e
transistor Q1, provides a highly buffered output which
produces a square wave. Transistors Q9 and Q11 provide
the bias drive for the oscillator and output buffer. Figure 2
indicates the high spectral purity of the oscillator output
(pin 3).

When operating the oscillator in the voltage controlled A 11
mode (Figure 4), it should be noted that the cathode of the Figure 4. The MC1648 Operating in the
varactor diode (D) should be biased at least “2" VR above Voltage Controlled Mode

£ 10 e
2 hi-sve
4 cc* < Oscillator Tank Components
= (Circuit of Figure 4)
Z —F1T f L
>
Q 1.0-10 MV2115 100
§ 10-60 MV2115 2.3
P 60-100 MV2106 0.15
w
Ty
1 10 100
f, OPERATING FREQUENCY (MHz)
Signal Generator
20kHz above MC1648 Frequency *T 300mV HPBO8 or Equiv
MC1648 Aeratér omv___ Product 20kHz BW=1.0kHz Frequency Voltmeter RMS
Under Test MC1648 Detector Meter HP5210A or Equiv HP3400A or Equiv
Frequency (f)
Frequency Deviation = (HP5210A output voltage) (Full Scale Frequency)
1.0Volt
Figure 5. Noise Deviation Test Circuit and Waveform
MOTOROLA HIPERCOMM
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MC1648

64 L: Micro Metal Toroidal Core #T44-10,
4 turns of No. 22 copper wire.
= 56
T ? Vin
= L=0.13uH
> 48
S A
u v
= 40 A
g /
: 32 A
2 /
s 4
3 4 A4
- /
5 i ' MV1401 12 5
—= 16 5.0uF =< ** 0.1uF
. — T \</cc1 = \\//ccz = ESN%WC . T
0 2 4 5 8 m = EEA = VEE2= =
. * The 1200 ohm resistor and the scope termination impedance consti-
PUT VOLTAGE (V! '
Vin INPUT VOLTAGE (VOLTS) tute a 25:1 attenuator probe. Coax shall be CT-070-50 or equivalent.
Figure 6 NOT used in normal operation.
** Input resistor and cap are for test only. They are NOT necessary for
normal operation.
18 L: Micro Metal Toroidal Core #T44-10,
20 turns of No. 22 copper wire.
- N Vi
L 15 in Q> 100
s - -
%, ] C =500pF
& //
3 14 S0 AZZ I OINCTY ] AN \T Lo/ 1282878 1%0 A\ ~"a= BN
Iﬁl:J / 1.0k 1200*
w
-
2 12 fout
=
2
S
3 10 MV1401
- 50uF =< ** 0.1pF
7 T Vect=Veca=+5.0vde T
8 = VEE1 = VEE2 = GND =
° 2 ¢ g : { The 1200 oh istor and th termination imped. i
* The onm resistor and the scope termination impedance consti-
Vin. INPUT VOLTAGE (VOLTS) tute a 25:1 attenuator probe. Coax shall be CT-070-50 or equivalent.
Figure 7 NOT used in normal operation.
** Input resistor and cap are for test only. They are NOT necessary for
normal operation.
L: Micro Metal Toroidal Core #T30~12,
6 turns of No. 22 copper wire.
190
2100
F 170 aL
= L
% 150 -
) A2 1 .. <.. - w0 _____
& 1200*
3 130
& f
x - out
-
2 /
[
3 9% /
[}
= /| Vet = Ve = +5.0Vde 0.1uF
< 70 VEE1 = VEE2 =GND :_E
¥ =
50 * The 1200 ohm resistor and the scope termination impedance consti-
0 2 4 6 8 10 tute a 25:1 attenuator probe. Coax shall be CT-070-50 or equivalent,
Vin, INPUT VOLTAGE (VOLTS) NOT used in normal operation.
. ** Input resistor and cap are for test only. They are NOT necessary for
Figure 8 normal operation.
HIPERCOMM 5
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MC1648

Typical transfer characteristics for the oscillator in the
voltage controlled mode are shown in Figure 6, Figure 7 and
Figure 8. Figure 6 and Figure 8 show transfer characteristics
emploving only the capacitance of the varactor diode (plus
the input capacitance of the oscillator, 6.0pF typical).
Figure 7 illustrates the oscillator operating in a voltage
controlled mode with the output frequency range limited. This
is achieved by adding a capacitor in parallel with the tank
circuit as shown. The 1.0kQ resistor in Figure 6 and Figure 7
is used to protect the varactor diode during testing. It is not
necessary as long as the dc input voltage does not cause the
diode to become forward biased. The larger—valued resistor
(51kQ) in Figure 8 is required to provide isolation for the
high-impedance junctions of the two varactor diodes.

The tuning range of the oscillator in the voltage controlled
mode may be calculated as:

fmax _ v Cp(max) + Cg

fmin — /Cotmin) + Cs
1

where fmin =
2n/ L(Cp(max) + Cs)

CS = shunt capacitance (input plus external capacitance)
CD = varactor capacitance as a function of bias voltage

Good RF and low—frequency bypassing is necessary on
the power supply pins. (See Figure 2)

Capacitors (C1 and C2 of Figure 4) should be used to
bypass the AGC point and the VCO input (varactor diode),
guaranteeing only dc levels at these points.

For output frequency operation between 1.0MHz and
50MHz a 0.1uF capacitor is sufficient for C1 and C2. At
higher frequencies, smaller values of capacitance should be
used; at lower frequencies, larger values of capacitance. At
high frequencies the value of bypass capacitors depends
directly upon the physical layout of the system. Al bypassing
should be as close to the package pins as possible to
minimize unwanted lead inductance.

The peak—to—peak swing of the tank circuit is set internally
by the AGC circuitry. Since voltage swing of the tank circuit
provides the drive for the output buffer, the AGC potential
directly affects the output waveform. If it is desired to have a
sine wave at the output of the MC1648, a series resistor is
tied from the AGC point to the most negative power potential
(ground if +5.0 volt supply is used, 5.2 volts if a negative
supply is used) as shown in Figure 10.

At frequencies above 100 MHz typ, it may be desirable to
increase the tank circuit peak—to-peak voltage in order to
shape the signal at the output of the MC1648. This is
accomplished by tying a series resistor (1.0kQ minimum)
from the AGC to the most positive power potential (+5.0 volts
if a +5.0 volt supply is used, ground if a —=5.2 volt supply is
used). Figure 11 illustrates this principle.

APPLICATIONS INFORMATION

The phase locked loop shown in Figure 9 illustrates the
use of the MC1648 as a voltage controlled oscillator. The
figure illustrates a frequency synthesizer useful in tuners for
FM broadcast, general aviation, maritime and landmobile
communications, amateur and CB receivers. The system
oOperates from a single +5.0Vdc supply, and requires no
internal translations, since all components are compatible.

Frequency generation of this type offers the advantages of
single crystal operation, simple channel selection, and
elimination of special circuitry to prevent harmonic lockup.
Additional features include dc digital switching (preferable
over RF switching with a multiple crystal system), and a
broad range of tuning (up to 150MHz, the range being set by
the varactor diode).

The output frequency of the synthesizer loop is
determined by the reference frequency and the number
programmed at the programmable counter; fout = Nfref. The
channel spacing is equal to frequency (fref).

For additional information on applications and designs for
phase locked-loops and digital frequency synthesizers, see

Motorola Brochure BR504/D, Electronic Tuning Address
Systems, (ETAS).

Figure 10 shows the MC1648 in the variable frequency
mode operating from a +5.0Vdc supply. To obtain a sine wave
at the output, a resistor is added from the AGC circuit (pin 5)
to VEE.

Figure 11 shows the MC1648 in the variable frequency
mode operating from a +5.0Vdc supply. To extend the useful
range of the device (maintain a Square wave output above
175Mhz), a resistor is added to the AGC circuit at pin 5 (1.0
kohm minimum).

Figure 12 shows the MC1648 operating from +5.0Vdc and
+9.0Vdc power supplies. This permits a higher voltage swing
and higher output power than is possible from the MECL
output (pin 3). Plots of output power versus total collector
load resistance at pin 1 are given in Figure 13 and Figure 14
for 100MHz and 10MHz operation. The total collector load
includes R in parallel with Rp of L1 and C1 at resonance. The
optimum value for R at 100MHz is approximately 850 ohms.
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MC4044 MC1648 fout = Nief where
N=NpeP+A
Modulus Enable Line 1
Counlt-e;rg (ilcontrol MC12012
MC12014 Hha{P)
r T——I Zero Detect Line
fout N A
Programmable |- Programmable
Counter MC4016 Counter MC4016
f Counter Reset Line f
N=NpeP+A
Figure 9. Typical Frequency Synthesizer Application
+5.0Vde +5.0Vdc
1 14 = 1
10 10
3 —O Output Output
I 1.0k min
12 5 12
7 8 7
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Figure 10. Method of Obtaining a Sine—Wave Output

Figure

{

11. Method of Extending the Useful Range
of the MC1648 (Square Wave Output)
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MC1648

Output

+9.0V
0.01uF
+5.0V
0.1uF 1.0nF
QU2 100 L 7 4t
Figure 12. Circuit Used for Collector Output Operation
7 14 V ]
6 12 A
2 TN 2 / \
X 5 x 10
= \ =
£ \ E P
5 4 N 5 8 /, \
a. o
3 / 5 il
o 3 74 S 6 »
@ x "
w w
= 9 A = 4
e / \ e \
/ N
1 > 2
0 0
10 100 1000 10,000 10 100 1000 10,000
TOTAL COLLECTOR LOAD (OHMS) TOTAL COLLECTOR LOAD (OHMS)
See test circuit, Figure 12, f = 100MHz See test circuit, Figure 12, f = 10MHz
C3 = 3.0-35pF C3 =470pF
Collector Tank Collector Tank
L1=0.22uH C1=1.0-7.0pF L1=27uH C1=24-200pF
R = 50Q-10kQ R =50Q-10kQ
Rp of L1 and C1 = 11kQ @ 100MHz Resonance Rp of L1 and C1 = 6.8kQ @ 10MHz Resonance
Oscillator Tank Oscillator Tank
L2 =4 turns #20 AWG 3/16” ID L2=2.7uH
C2=1.0-7.0pF C2 =16-150pF
Figure 13. Power Output versus Collector Load Figure 14. Power Output versus Collector Load
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High Input Impedance . . . JFET-Input Stage
Latch-Up-Free Operation

Low Power Consumption

Wide Common-Mode and Differential
Voltage Ranges High Slew Rate . .. 13 Vius Typ

Low Input Bias and Offset Currents Common-Mode Input Voltage Range
Output Short-Circuit Protection Includes Vg4

® | ow Total Harmonic
Distortion ... 0.003% Typ

description

The TLO8x JFET-input operational amplifier family is designed to offer a wider selection than any previously
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates
well-matched, high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature
high slew rates, low input bias and offset currents, and low offset voltage temperature coefficient. Offset
adjustment and external compensation options are available within the TL08x family.

The C-suffix devices are characterized for operation from 0°C to 70°C. The I-suffix devices are characterized
for operation from —40°C to 85°C. The Q-suffix devices are characterized for operation from —40°C to 125°C.
The M-suffix devices are characterized for operation over the full military temperature range of —=55°C to 125°C.

symbols

TLO81 TL082 (EACH AMPLIFIER)
TL084 (EACH AMPLIFIER)

OFFSET N1
IN+ IN+ +
ouTt ourt
IN- . S IN- S 4

OFFSET N2

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

Copyright © 1999, Texas Instruments Incorporated

PRODUCTION DATA information is current as of publication date. .

Products conform 1o specifications per med:)eer;ns ‘:’ eXas ln_strpmlel:jls Y/ On products compliant to MIL-PRF-38535, all parameters are tested

testing of ol parasseren, Pr 9 nol Y include IEXAS unless otherwise noted. On all other products, production
ng P - l processing does not necessarily include testing of all parameters.

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1
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TLO082Y, TL084, TLO84A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS
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TL081, TLO81A, TL081B, TL082, TL082A, TL082B
TL082Y, TL084, TLO84A, TL084B, TL084Y
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schematic (each amplifier)

Vce+ ° ‘T

N\

, 1080 Q

64 Q

128 Q

64 Q

Vee- i ® <

OFFSET N1 OFFSET N2

TL081 Only

Component values shown are nominal.

ouT

“5‘ TexAas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TL081, TLO81A, TL081B, TL082, TL082A, TL082B
TLO082Y, TL084, TLO84A, TL084B, TL084Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSO081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

TL08_C

TLO8_AC TLO8_I TLO84Q TLO8_M UNIT

TL08_BC
Supply voltage, Ve + (see Note 1) 18 18 18 18 \Y
Supply voltage Ve — (see Note 1) -18 -18 -18 -18 \Y
Differential input voltage, V|p (see Note 2) +30 +30 +30 +30 \
Input voltage, V| (see Notes 1 and 3) +15 +15 +15 15 \
Duration of output short circuit (see Note 4) unlimited unlimited unlimited unlimited
Continuous total power dissipation See Dissipation Rating Table
Operating free-air temperature range, Ta 0to 70 —-40t0o85 | -40to 125 | —55t0 125 °C
Storage temperature range, Tgtq -65t0150 | —65t0 150 | —65to 150 | — 65to 150 °C
Case temperature for 60 seconds, T FK package 260 °C
!s.zsgntg:perature 1,6 mm (1/16 inch) from case for 60 Pa IO Padkge 300 oc
Is_zsg:s;r\perature 1,6 mm (1/16 inch) from case for 10 g\,NN;,):égge 260 260 260 oc

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltage values, except differential voltages, are with respect to the midpoint between Vo + and Ve —.

2. Differential voltages are at IN+ with respect to IN—.

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.

4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the
dissipation rating is not exceeded.

DISSIPATION RATING TABLE

PACKAGE __ TAS25°C DERATING  DERATE Ta =70°C TA = 85°C ' TA=125°C
POWERRATING  FACTOR  ABOVETA POWERRATING POWER RATING POWER RATING
D (8 pin) 680 mW 58mWFC  32°C 460 mW 373 mw N/A
D (14 pin) 680 mW 76mWFC  60°C 604 mw 490 mw 186 mw
FK 680 mW 1.0mWeC  88°C 680 mW 680 mwW 273 mw
J 680 mW 11.0mWPC  88°C 680 mw 680 mW 273 mW
JG 680 mW 8BAMWFC  69°C 672 mW 546 mW 210 mw
N 680 mW 92mwWrc  76°C 680 mW 597 mW N/A
P 680 mW BOMWSC  65°C 640 mwW 520 mW N/A
PW (8 pin) 525 mw 42mWPC  25°C 336 mw N/A N/A
PW (14 pin) 700 mW 56mWFC  25°C 448 mw N/A N/A
u 675 mwW 54mWPC  25°C 432mw 351 mw 135 mwW
w 680 mW 8.OMWPC  B5°C 640 mW 520 mW 200 mW

‘*ﬂ’ TEXAS
INSTRUMENTS
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electrical characteristics, Vgg + =+15 V (unless otherwise noted)

" TLO81M, TLO82M TL084Q, TL084M Gl
PARAMETER TEST CONDITIONS TA MIN _TYP MAX | MIN _TYP MAX
\Y | ff | Vo =0 Rg=50Q 25°C 2 6 3 9 mv
t offsetvolt =0, =
10 pH ATSCTVRTagR a = Full range 9 15
Temperature
[*iVile} coefficient of input Vo=0 Rg =50 Q Full range 18 18 nvreC
offset voltage
T 25°C 5 100 5 100 pA
llo Input offset current o= 125°C 20 20| A
) " — 25°C 30 200 30 200 pA
B Input bias current o= 125°C 50 50 -
c de input +12 +12
VICR e 25°C +11 to +11 to v
voltage range 15 15
RL =10 kQ 25°C +12 £13.5 +12 £13.5
Vo Maximum peak 0 e ™40 kg £12 £12 v
output voltage swing Full range
RL22kQ 10  +12 +10 +12
Large-signal Vo =210V, R 22kQ 25°C 25 200 25 200
AvD differential voltage VimV
. amp]iﬁcaﬁon VO =+10V, RL >2kQ Full range ] 15
Bq Unity-gain bandwidth 25°C 3 3 MHz
f Input resistance 25°C 1012 1012 Q
Common-mode Vic = VIcrmin, b
GMBR rejection ratio Vo =0, Rg =50 Q Y ® ® i po a8
Supply voltage )Y
KSVR rejection ratio xCC: 74 P tgii\é'o i 25°C 80 86 80 86 8
(&Vcc+/avio) o %
Supply current ) R
Icc (per amplifier) Vo =0, No load 25°C 1.4 2.8 1.4 2.8 mA
Vo1/Vo2 Crosstalk attenuation | Ayp = 100 25°C 120 120 dB

1 All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified.
% Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in
Figure 17. Pulse techniques must be used that maintain the junction temperatures as close to the ambient temperature as is possible.

operating characteristics, Vgc+ =15 V, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vi=10V, RL =2kQ, CL =100 pF, See Figure 1 8* 13
SR Slew rate at unity gain V=10V, R =2kQ, Cp =100 pF, - Vius
TA =-55°Cto0 125°C, See Figure 1
i HIse timg Vi =20mv RL=2kQ  C_=100pF, See Figure 1 i =
=20mV, = : = ., See Figure
Overshoot factor ! L L P g 20%
Vi, Equivalent input noise Rg=20Q f=1kHz 18 nVAHz
voltage f=10Hz to 10 kHz 4 pnv
ln  Eduivalentinputnoise | po-apq f=1kHz 0.01 pANHZ
THD  Total harmonic distortion | /IS = 6V Ap=1 Rss1kQ  R_22kQ, 0.003%
*On products compliant to MIL-PRF-38535, this parameter is not production tested.
%3 13
EXAS
INSTRUMENTS
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electrical characteristics, Voc+ =115V, Ta = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONST L A ) UNIT
MIN TYP MAX
Vio Input offset voltage Vo =0, Rg =50 Q 3 15 mV
[*3ViTe) Temperature coefficient of input offset voltage Vo =0, Rg=50Q 18 uv/ec
o Input offset current¥ Vo =0, 5 200]| pA
B Input bias currentt Vo =0, 30 400 pA
-12
VICR Common-mode input voltage range +11 to \
15
VoM Maximum peak output voltage swing RL =10kQ, +12  +13.5 \%
AvD Large-signal differential voltage amplification Vo=%10V, RL 2 2kQ 25 200 VimV
B4 Unity-gain bandwidth 3 MHz
] Input resistance 1012 Q
CMRR Common-mode rejection ratio NIC = MCRgin—v0 = 0, '\ 2 dB
Rs=50Q 70 86
kKSVR Supply voltage rejection ratio (AVcc+ /AV|Q) xgc:ziﬁ Vot %\; =R ;8 Z: 4B
Icc Supply current (per amplifier) Vo =0, No load 1.4 2.8 mA
Vo1/Vo2 Crosstalk attenuation Ayp = 100 120 dB

1 All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified.
% Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in
Figure 17. Pulse techniques must be used that maintain the junction temperature as close to the ambient temperature as possible.

operating characteristics, Voc+ =115V, Tp = 25°C

PARAMETER TEST CONDITIONS MIN TYP  MAX | UNIT
SR Slew rate at unity gain V=10V, RL.=2kQ, CL=100pF, See Figure1 8 13 Vips
tr Rise time ! 0.05 us
Vi=20mV, RL=2kQ, C| =100pF, SeeFigure 1
Overshoot factor 20%
, , _ f=1kHz 18 nVAHz
Vn Equivalent input noise voltage Rg=20Q
f=10 Hz to 10 kHz 4 nv
In Equivalent input noise current Rg=20Q, f=1kHz 0.01 pA/\/T-i—
THD  Total harmonic distortion QR o D=1 TReITHQ  RLZ2UR 0.003%
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