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ABSTRACT

~ ~ This paper presents phase lock loop frequency synthesizer, generated frequency range 735
to 745 MHz, end mix with 60 MHz center frequency by mixer. The required output frequency
is RF. The synthesizer is applied by phase lock loop, it consists of VCO circuit, prescaler two
modulus, loop filter end phase detector. The VCO is designed by using the colpitts oscillater

and the .frequency changes by reverse ‘input voltage. EPROM is used to store the divider of
prescaler which can be selected by sssigning the eddress. The good synthesizer must generste
required frequency without any undesired, and the good VICO must oscillate at any frequency

correctly.
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= r, /(1 +j®C,r, )

Vo o= iXe, fXLH{Xe,+Z,)

Alsl = VoNin = (aiXe, #XLJXe +Z0) /iR
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(r, /1 14j@C,r, 1) /{141, joC, /[ 1+j@Cr, 11} 1/joC, +jool )
@ = 140,J00C, /{ 1+ joCyr, ) + {j@C,, /ij.) (1/jeC, + r,jexC, /1 1+jaCy,r, eC,
+, J1+@Cr, 11 (1 /j0C, + joL)

= 14r,joC, /{ 1+jCr, 1+ 1 /jc:)Cp +r,joC, /[ 1+ j@C,r, ]j(z)Cp +r, 1+ joC r 1)1/

joL + joC,, )
= 1+ r,joC, /[ 1+j0Cr, 1 + 1 /j0Cjol + joC, /joC, + rjoC, /
[ 1+joC,r; lioC oL + rjoCjeC, /[ 1+ j®C.r, JoC, +re /{ 1+, ol + rjoC, /
[1+ joC, ]}
J d‘ Q o : -_ o a'l’
WeRiarniAtas o Muud ARl

rd®C, /[ 1+jCr, | + rjoC, /1 1+ joC,r, oC ol + rjd0C,joC, /[ 1+ jwC,r, JOC, +r, /[ 1+
JOCr, oL +rjoC 1+ joC,r,1=0

joC, + C, /CjoL + CljwC, /C + 1/jol + oG, =0
j(C+CC fC +C )+ (1/j@}{C/CL+1/L)=0

@ =(C/CL+ 1/LIIC, + Gl /C, + G

C#C, 1/ CU/IC,C, + C\Cy + C,Cye ) /G,

(C+CHLIGE + GG+ GG

@ =(C, +C ) /LICC, + C,Gy + GG ) 3.27)



71t 38 2. uamanaiiouraseasidie
sangd 3.6 7. amaraATR MmN LA

R = r,/f 140G,

= (r, . 1jwC, ) /{r, + 1fjoC,)
= /U1 +jeG,,)

(3.18)

Vo o= otiXe, JXLH(Xe,+2,) (3.19)
Als) = VoMn = [atiXe, JfXL#Xe +Zo) /iR

= {{ X, # X H Ke, + Zolt Ri (3.20}

Zo = X, /R (3.21)

AF, = AL1-Af) (3.22)

Vo = Volo /Xc, +Zo) {3.23

f = Zo/{Xe,+Zo} (3.24)

Af = {{oXey, /XL # Xep + Zo ) }. Zo/ Ril Xe +£0 }

= { /R M Xey XL/ { Xy, + XLNH ( Xe +Z0 ). Zo f{ Xe, +Z0)

={{ R ). Xe XL /{1 Xey, + XUt {{Xe, +Z0 ) /[ X, X/ { Xe#xl ) #Xe +Zo }. Zo /

(Xgpto)

= {o/R ) [ Xeyy XL/ Xep, +XL1 1. Z0 /1t Xep, XL ) +{ Xe, +Z0 X Xe,, +XL )} /{ Koy +XL )

=( /R [ Xy, XL Zo [/ { Xey Xi + (X, +Z0 ) Ky, +XL 1) ] (3.25)
dlasaan  Af = 1 dufuazll
[{oyr, )/ 14§@Cy,r, 11 /j0C,, 1oL [ 1/jeC, ] {r/t 1+ jCyr, 1}/ {146C, +r/(1+
iG] = Xep XL+ Xe, +Z0 ) (Xe + XL) 326
al(1/jme, ) jobL {1/jC, 117{01/jeC, i, /1 4o g1t = (Xe, XL1+ Xe, +20) Key, +

' XL

o {1f @, ) il /T+ 7, jo ¢, /(1+oCr, )}

= {1/joC ) i U + [ 1/j®Cp ) + [1fC, i, 7 114i® Cr, ) /{10C,) +r, /1+( Copr, N (1 /j0Che
+ ol }

= (1/j@C ) (joL) +{1/ joC, +{r, /{ 1+ @C ) /[ 1+ r,j @, A+ joCr, NH 1 /joC,, + jol )



al1/j@C, ) / [ 1+r,joC /L 14j®C,r, 1] = ( Vj@C ) + (1 jol) [ VjoC, ) + (re / 1+joCr, ) /
{1+ [ r,jdC, /{ 1+j@Cy,r, M} (1 /jodC, + joL )

o /{ 141,j@C, f[1+jeC,,r, 1) = 1+ {joC, /joL ) {{ 1/j0C, ) + re / 1+ j@Cur, } /1 1+ [ rejdC1 |
£ 1+ jCr, 11 /joC  Hol )

& = 1+ J@C, /L 1HOC,r, |+ j0C, /i@l ) { 1+rjedC, /[ 1+ j@Cyr, 11 1/i0C, +
(1, /1 1HOC,,f, 1} /1 147j@dC, /T 1+jeCyr, 1111/ joG, +HolL )
@ = 141,J60C, /1 1+ j@C, 1, ) + {i@Cy /i ) (1 /j0C, + rjedC, /[ 1+i0Cyr, wC,
+r, [ 1+C,r, 111 1 /jeC,, + joL)

= 14r,j@dC, /{ 1+HOC,,r, 1+( 1 /jeoC + rjoC, /[ 1+ joCr, | i(x)Cp +r, /{14 j@Cr, 111/

joL + joC, )
= 1+ 1,joC, /[ 1H®Cr, | + 1/joCjoL + joC, /joC, + rjoC, /
[ 1HOC,f, liC oL + rjoCioC,, /1 1+ j0C,F, iwC, + re /1 1+jmC,,r, ool + rjoC./
[1+ joC,r])
o dl ‘' ~ : = I a‘l’
WRefisnArey o Adudsldaunieiil

rjoC, /1 140C 1, 1 + rjoC, /[ 1+ jC,,1, liwC joL + rJoC,joC, /1 1+ joC,r, joC, +, / {1+
j®C,r, il +r,joC, /[ 1+j@C 1= 0

C, + C, 1 CjoL + CoC,, /C, + 1/jL + @Gy, = 0
6 (C, + CiCoo /C, + Cood + 1 1/j@@ ) (Cy/CL+1/L 1 =0
@ =(C/CL+1/LI/IC, +CGulC,+ G

= (GG, 1/ U /T C,C, + Ciy + 0o 1 G,

= (€, + C 1 /LICC, + C;Cop * GG
® = UG, + G, 1 /L IC,C, + CyCoo +C,Co N | B2



3.1.4 mslusunsutnyaadluinsau

TumsWasanmng N Taeldlad MC145152 Avdaunsfiisn sz Eviavun 16 Tn Ae
Fauie N 10 in uszsauns A 6 1in wavsia P windu 84 lumsTsunsudnsiaunesyldmeda
Hayasaludnrenlaumefinmumiasninud faus 735.00 MHz B4 745.00 MHz uaznuamuA N

U A dviuwsacsaudinenmsAiuatusInaunIg

Ny = fsynth/ fr
Ny = PN+A
N = fsynth/fr *P
A = B*P

B A8 Al N

Wed P =64

fr PR AMNEEN9AY Ay 20 kHz

f

synth

N fa #dauis N dAsaud 3-1023

A AudnldRnnrsuuduiaszmanuil

A P8 FIMns A HPNAUs 0-127

A1 N fiu A TlEanm AU azenst ludnsan uasmAIAn 191 3.1

AP 3.1 waRIAFEINN? N uas A WuusasANE

daepand AT { MHz ) uamIaTH N- A
1 7360 00000 1000111110 001110
2 7365 00001 1000111111 100111
3 736.0 0001 0 1000111111 000000
4 7365 00011 1000111111 | 011001
5 7370 00100 1001000000 110010
6 7375 00101 1001000000 001011
7 7380 00110 1001060000 100100
8 7385 0011 1001000000 111101
9 739.0 01000 1001000001 010110°
10 7395 01001 1601000001 101111
11 7400 01010 1001000010 001000
12 7405 01011 1001000010 100001
13 7410 01100 1001000010 111010




Taepr N AT { MHz ) wammeR N A
14 7415 01101 1001000011 010011
15 7420 01110 1001000011 101100
16 7425 01111 1001000100 000101
17 7430 10000 1001000100 011110
18 7435 10001 1001000100 110111
19 7440 10010 1001000101 010000
20 7845 10011 1001000101 101001
21 745.0 10100 1001000110 000010

L8 [
3.2 mMsEanULLNNsLUUaIAl atnas
aaruAamaiinnulg  azdanldosssuanimafRawes ( Ladder fiter ) 2ionin

wfnads { Butterworth ) Inanasrimua
- AN PNENANa ( £)
- WLWAIAS (BW )
v o - .« nl' dl - ;1 - ; ]
- qemaiimasema udtygn e nuuuiasinnne tafissiwusdtygrode@enil
fiaanireaniy
AN siasde naF eI asm S datwesueds (0.1 dB ripple ) dusuil 5 Tauiidd

unfuaalad &l (gArsanmrzaluntanuan)

C1 = 06180F
12 = 16180 H
C3 = 2000F
4 = 1618 H )
Ch =0618 F
Rs = RL = 1Q
1 L2 (4 '
i
Vi C1 C3 C5

l 1

717 3.7 uaswaeariannafamas

L




bw = BW/f

ymaudsannaesr lanarame fluifuasasuuusmiafame flaon

b to/bw b\\‘/vgl.b
T, o o g WY = o——m—ﬂ——o
be/(:om2
Co
° A" = $——o0
j—
Co/tw
gaqsnudasudaldily
0 2 C2 4. C4
v
(5 o1 30 Lcs

;ﬂﬁ' 38 uamguuunnsFpaes TuLUANI ARG T
ARt uaTiian fMHz unsiimandinumuiisadisn 50 T Fofuden
mranalaeasifon
Lnew = [ Km/Kf)Lold
Crnew ={1/KmKf) Cold
e Km = 50

Kf = 2nf
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mamasevinlFlbemsiiaudygraddnssuansedl v, vl 10 Taar v, inriu -10 Toarl ufarin

a a’a‘ - - d' J ‘- d'u b & J L o
mrdpauinfinnseeataeanA U ireInts idusduAIuan ( voltage control ) ARNRULTIY

I
naALN 42



Vbilas(V)

—— Vbias(V)

freq(MHz)

= . - . il - Y o . o
zﬂﬂ 42 uﬂmﬂﬂ'\Nﬁ'uWUﬁ?L’HQ'lQHQ'INﬂﬂﬂﬂﬂ'ﬂﬂlﬂﬁﬂﬂQWNﬂﬁ']\i']ﬂUlLNﬂuﬂ'lUQN

P(dBm)

0.5

736.5
739.5
741
742.5
744

dl -~ - 1 d'J e d' A r -~ 1 o -
gﬂﬂ 43 uﬂmﬂ’ﬂNfﬁlWUﬁ?Z“']'Nﬁ"l'mﬂﬂﬂﬂﬂ‘nﬂtﬂﬂﬂﬂ'ﬂuﬂﬂ'N']ﬂUﬂ']‘Dﬂ‘!ﬂ']ﬁ\i\"]u
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42

2UT 4 4 WABN ANULIDIRTYRIIIAIINT 740 MHz_AlFS1ATT 1R

91 lugi 45 inmstioudyqmalW@ei v, wadu 10 Taed v, winfu -10 Taad a9y

vimsneanadnduanuasa udgeanutinaanuidissiiupan i linie liluwesuasadug

134 0
i e L LD
o r
05 RA2 RA1

MC145152 BY
Sy V¥ MODCtr!
Vas fin
4InfF

E> Eq Eg

ADDA

1

ik
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—— BPF |—rF

800 MHz
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Tredletlouluiainmemraaaaudtynio o qesnepall

prameLAtyU e MIWmIRINstad s ifgndieanield  sanuailddianthudygiu
AINTIIAAL 735.00 MHz iamsasseufiqa@1inmentoeasnasazlfaonuiiaiu 1159 MHz wanaanas
SIuNIAeAn 64

al' « o o nﬁ‘ °© o al'u o a;a‘ ol

frnervinnenad ampsteataawe s dudygaumutangs  ANtneanuINAY
Winfiu 10.23 MHz

waniwitmmagaudn afeagUanisofaanutbinely naainnemasasilsngdn

sruudNNTaderANT LA g nanyusdyqi e R uay OV fauamlugy 46

U7 46 uamdtyryraues OR uae OV ARIANG 740 MHz Tuamazéen



21l 47 uamansodggnaminldannmsessne (LD luamazfaalifianud 740 Mhz

4.3 MSNARDILLUAWIAN aLnad
InearuuLsnaanawmduddlFannneanuaas sr M uLusnaaR 2 e § 800 MHz

AauanalugLlii 48

2117 4.8 UAPNIISTULUANIANABIRTANINT 800 MHz
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uamamaneeiifannsdyantaeldlusunsa PSPICE uasdagylii 49

1.06H2

0.86Hz

0.66Hz

Mz

LN ]
2.4
w

Quiez:2)

Frequency

71 49 uANASIINM MY ANNATULUANIARAGIR S 800 MHz
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—ry

119410 usee AN TR IATY QAR WLLLFM s ARSI T 800 MHz

A TULUAN AR ABRIMASUTURIIND 60 MHz 2935 IARnm Ay uuamAsgLi 4.11

L2 C2 L4 ¢7
11p 64370 O L5 R)

10v

g1 68,35 L Is 355 A3 P
”;[ l7154n 318.380T ’22.104n 1 b
) | "L - &

98.359

$UR 411 usnaTuLUANNARSBRFAINT 60 MH:z
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AYTNT 4.1 URASHRMTNARBINATNNAIAN

52

A (MH2) findeemuiildann | ndsenufieen finfeauiiaan e
HNAFTl8 (dBm) | aandinugef (@Bm) | <N BPF (dBm) 41N PA (dBm)

7350 02 355 430 -36.0

- 7355 02 355 430 -36.0
7360 05 -5 435 -358
7365 05 -355 -435 -35.8
7370 05 -355 435 -358
7375 05 -366 422 -366
7380 05 -366 -425 -36.6
7385 05 -35656 428 -3586
7390 05 365 428 352
7395 05 -355 -428 -350
7400 05 -35.6 422 -350
7405 05 -355 -422 -348
7410 05 -356.5 420 -34.2
7415 05 -355 420 342
7420 05 3855 418 -34.1
7425 05 -355 418 -341 A
7430 05 -364 418 -34.1
7435 05 -354 418 -34.1

" 7440 05 354 412 340
7445 05 -35.4 -412 -340
7450 05 -354 412 -340




RYNT 4.2 URAINANTNARBINATIRNATL

ARuE (MH2) fndesuiiléanney | fndsemuiisansan
953818 (dBm) BPF (dBm)
7350 02 -200
7355 02 -205
7360 05 -205
7365 05 -205
7370 05 -205
73715 05 -205
7380 05 -205
7385 05 -205
739.0 05 -21.0
7385 05 210
7400 05 210
7405 05 210
7410 0.5 -215
7415 05 -218
7420 05 220
7425 05 220
7430 05 -220
7435 05 220
7440 05 220
7445 05 -21.8
7450 05 -218

53



—&— P(VCO)

LLLBLLL

—E&— P(mixer)

~—A— P(BPF)

—¥— P(PA)

freq{MH?2)

H - + > - H J 1 -
7171 4.18 usmanHANRRTIEWINIRLRRNER N AIRTY
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4.6 Awaum s lutia (THD)
anm e fuialaelfannafu e ud lame s ldan

gafluilaf 1 0wl 740 MHz Avfnfeufidmld 4 dBm

anfluiiaf 2 Aanuidl 1480 MHz ANANAIIUNIRLH -16 dBm

sziud iz fluilage (A &nuazane
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BFR90 @ MOTOROLA

| The RF Line |
fr=50GHz@ 14 mA
NPN SILICON HIGH FREQUENCY TRANSISTOR H'i‘;:gggggg”
...designed primarily for use in high-gain, low-noise, smali-signal
amplifiers. Also used in applications requiring fast switching times. NPN SILICON
® High Current-Gain —~ Bandwidth Product —
fT=5.0GHz (Typl @ Ic= 14 mA
e Low Noise Figure —
NF =24dB (Typ) @ f=0.5 GHz
=3.0d8B (Typ) @ f=1.0GHz
® High Power Gain —
Gmax = 1848 (Typ) @ f=05GHz
=12¢B (Typ) @ f = 1.0 GHz
MAXIMUM RATINGS
Rating Symbol Vatue Unit
Collector-Emitter Volitage Vceo 15 Vde A,
Cotlector-Base Voltage Veso 20 Vde I L
Emitter-Base Voltage VEBO 3.0 Vac 1 "’_1
Collector Current — Continuous Ie 30 mAdc A 2 e S
Total Device Dissipation @ T4 = 66°C Po 180 mw 3 L _f
Derate Above 60°C 20 mw/ C l - K
Storage Temperature Range Tng -6510 +150 ‘c 1. i
THERMAL CHARACTERISTICS U
Characteristic Symbol Max Unit F G
Thermal Resistance Junction to Ambient Ra A 500 ‘cw ] i
E};=‘_f—]
c
FIGURE 1 - POWER DERATING STYLE 1
250 PIN 1. COLLECTOR
] LBAS8- £
3 SMTTER Y
! >
£ 00 4
£ + ~\ !
=
2 N { MILLIMETERS] _ INCHES
F i 1 1l WIK | WAX | WIN | WAX |
a A 3 ¥] 175 | 6,205
a C 1 1801 254 10075 )0.100 |
W C | 09¢ | 098 |0.033 | 0.039 ]
‘s .20 | 0,30 | 0.008 [ 0.00
W 5 16 14 100 45
3 ' i K[ 2.2¢ | 813 10285 0320
£ 5 \\ [t {7054 {1143 [0.415 0450
0 ! : CASE 317A91
e ° 50 00 150 200
Ta, AMBIENT TEMPERATURE (°C)

MOTOROLA RF DEVICE DATA
6-90



BFR90

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

Charsctaristic l Symbol l Min l Typ J Max I Unit J
OFF CHARACTERISTICS
Coll Emitter Braakdown Voltage V(BRICEO Vde
{lc» 1.0 mAde, 1g = 0} 15 - -
Collector-Base Breakdown Voltage V(BRICBO Vde
{ig= 0.1 mAde, 1g = 0) 20 ~ -
Emitter-Base Breakdown Volia,e V(BRIEBO Vde
{ig = 0.1 mAdc, Ic=0) 30 - -
Collector Cuto!f Current iceo nAdc
(Vea = 10 vde, 1g = 0} - - $0

ON CHARACTERISTICS
DC Current Gain heg -
{ic = 14 mAde, Vg = 10 vde) 25 - 250

DYNAMIC CHARACTERTISTICS

Curcent-Gain Bandw:dth Product [E3 GHz
{1c = 14 mAde, Veg = 10 Vde, { = 0.5 GHa) - 5.0 -

Collector-Base Capacitance Ceb pF
{(Veg =10 Vde, 1g = 0.1+ 1.0 MMz} - 05 1.0

FUNCTIONAL TESTS

Noise Figure NF dB
{lc = 2.0 mAde, Vg = 10 Vde, f = 0.5 GHz) - 24 -
{1 = 2.0 mAde, Vg = 10 Vde, f = 1.0 GHz) = 30 -

Power Gain st Optimum Noise Figure GNE dB8
{ic = 28 mAdc, Vg = 10 Vde, t = 0.5 GHa2) - 15 -
(1c = 20 mAdc, Veg = 10 Vde, = 1.0 GHz) - 10 -

Maximum Avaiabie Power Gain (1) " Gmax dB
{ic = 14 mAdc, Vo = 10 Vde. £ = 0.5 GH2) - 18 -
{1 = 14 mAde, Vcg = 10 Vde, { = 1.0 GHz) - Coa2 .

2
(1N Gmax = o2

11-1S1 112 11159212}

FIGURE 2 - POWER GAIN AND NOISE FIGURE 3 — POWER GAIN AND NOISE
FIGURE versus FREQUENCY FIGURE versuz COLLECTOR CURRENT
10 2 0
B N BN Vee= 10V A
- max
\\ \G". PRy 1=05GMz

M 80 % 10
: Gergn 20 w8 ] = s g
g - g T >
c
Y AN w0 2 ?, ] T ! —is &
: \\ » = - =
£ he & £ g
"0 “w 3 e w w
H N £ i s 3
S WE20ma | L 1] N T & 1= =

¥ L 4 T + 1

i
° i o ] [ I !
02 03 a4 08 [%} 19 8 1 20 i 4
1. FREQUENCY (GHY) I¢. COLLECTOR CURRENT (mA)
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FIGURE 4 — Sqq PARAMETERS
Frequency (MHz) 200 500 800 1000 1500
VcE Ic
(Voltsf (mA) | S11 ) $11 Le S11 19 s11 L9 $11 te
2.0 0.77 45 0.48 20 0.33 1125 027 -160 0.28 170
5.0 5.0 0.52 50 0.25 110 0.18 150 0.18 170 0.21 145
10 0.33 75 0.18 128 0.13 78 0.15 150 0.20 130
20 0.20 95 - 0.12 -155 0.14 165 Q.17 145 0.22 130
30 0.17 116 0.14 170 0.17 160 0.21 145 0.26 130
20 0.79 40 0.50 80 0.33 118 0.26 150 0.25 175
5.0 0.56 55 0.27 95 0.16 135 0.13 178 0.7 150
10 10 0.39 &5 0.16 105 0.10 150 0.10 165 0.15 140
20 0.25 75 0.10 120 0.09 175 0.12 150 0.18 130
30 0.25 75 0.10 120 0.08 4178 0.2 150 0.18 130
FIGURES — S22 PARAMETERS
Frequency {MHz) 200 500 800 1000 1500
Vee L
(Voits)| (mA) | S22 Lo s22 Lo $22 Lo $22 Lo 522 L0
2.0 0.89 20 0.69 -30 0.61 -35 0.55 35 0.52 45
5.0 0.75 .25 0.55 _ -30 0.50 -30 0.47 .30 0.43 40
5.0 10 0.64 25 0.49 25 0.45 25 0.43 .30 0.40 -35
20 057 25 0.47 -20 0.44 25 0.43 25 0.40 .35
30 0.55 20 0.47 20 0.46 -20 0.44 25 0,42 -35
2.0 091 -15 0.74 -2 0.66 .30 0.62 35 0.59 40
5.0 0.79 -20 0.61 25 0.56 -25 0.54 -30 0.51 -35
10 10 0.70 20 0.56 20 0.53 -25 0.51 25 0.48 .35
20 0.63 -20 0.54 .25 0.53 20 0.51 -25 0.49 35
30 0.63 -15 0.56 15 0.55 -20 0.54 25 0.52 -35
FIGURE 6 ~ S1 PARAMETERS
Frequency (MHz) 200 500 800 1000 1500
Vee | ¢ ’
(Volts)| (ma) | s21 Lo s21 Lo s21 Lo s21 w s21 Lo
20 5.76 140 3.81 105 2.713 90 2.20 75 1.70 60
5.0 9.92 125 5.24 95 3.50 80 2.80 70 2.10 60
5.0 10 12.33 115 5.82 90 3.79 75 2.90 65 2.20 55
20 12,62 108 6.00 85 3.38 75 295 65 2.25 55
30 13.41 105 5.80 80 3,74 75 2.85 65 2.18 55
20 5.77 145 3.88 110 2.80 90 225 5 1.75 §0
5.0 10.05 130 5.42 95 3.60 80 2.85 70 2,10 60
10 10 12.56 115 6.00 90 390 80 208 20 2.25 55
20 13,77 110 6.13 85 392 75 3.08 5 2.20 55l
30 13.23 105 5.79 85 3.70 75 285 65 2.15 55 ‘3
FIGURE 7 - $S12 PARAMETERS
Frequency (MHz} 200 500 800 1000 1500
Vce ic
(Voitsh (mA} | s12 Lo St12 Lo s12 Lo $12 Lo $12 L0
2.0 0.06 65 0.10 - 55 0.12 S5 014 55 0.17 60
5.0 0.05 65 0.08 65 0.12 65 0.1 65 0.19 65
5.0 10 0.04 65 0.08 70 012 70 015 70 0.20 65
20 0.04 75 0.08 7% 0.2 75 0.15 70 0.20 0
30 003 75 0.07 75 0.11 75 015 75 0.19 70
2.0 0.05 70 0,03 55 0.11 55 012 5§ 0.15 60
5.0 0.04 65 0.07" 65 0.10 65 c13 65 017 70
10 10 0.04 65 0.07 20 0.10 70 0.13 70 0.17 70
20 0.03 70 0.07 75 .10 75 213 75 Q.17 70
30 0.03 75 0.06 75 0.10 75 313 25 0.17 70
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National

Operational Amplifiers/Buffers

Semiconductlor
LM741/LM741A/LM741C/LM741E Operational Amplifier

General Description

The LM741 series are general purpose operational
amplifiers which feature improved performance
over industry standards like the LM708. They are
direct, plug-in replacements for the 709C, LM201,
MC1439 and 748 in most applications.

The amplifiers offer many features which make
their application nearly foolproof: overioad pro-

tection on the input and butput, no latch-up when
the common mode range is exceeded, as well as
freedom from oscillations. -

The LM741C/LM741E are identical to the
LM741/LM741A except that the LM741C/
LM741E have their performance guaranteed over
a 0°C to +70°C temperature range, instead of
-55°C to +125°C.

Schematic and Connection Diagrams (top views)
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Order Number LM741H, LM741AHN,
LM741CH or LM741EH
See NS Package HOBC
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Order Number LM741CN or LM781EN
See NS Package NO8BB
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See NS Package JOSA
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Order Number LM741CN-14
See NS Package N12A
Ordes Number LM741J-14, LM741AJ-14
or LM741CJ-14
See NS Package J14A
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LM741/LM741A/LM741CILM741E

Absolute Maximum Ratings |

- - R

hd

LM741A LM741E LM781; . LM7sC
P or ;
Supply Voltage *22v 22V 22V : - sigv
Power Dissipation {Note 1) 500 mwW 500 mwW 500 mwW 500 mW ,
Differential Input Voltage - 230V . 230V 3oV - A 30V
- * .. L -
Input Voltage (Note 2) *15V 315V 311" > $15v
Output Short Circuit Duration Indefinite Indefinite Indefinite - ~.."- ' JIndefinite
Operating Temperature Range -55°C to +125°C 0°C to +70°C -55°C 10 +125°C . 0°Cto+70°C
Storage Temperature Range —65°C 1o +150°C —65°C to +150°C —65°Cto +150°C-  —65°Cto +150°C
Lead Temperature 300°C 300°C - 300°C © Tt C 300°C
(Soldering, 10 seconds) v R . :
(] . » ' - ’ .
Electrical Characteristics note 3) :
. LM741A/LM741E LM741 LM241C
PARAMETER CONDITIONS MIN_ TYP MAX { MIN _TvP  Max | miN_ Tvs max | UNITS
Ingut Offset Voltage Ta=25°C
Rs <1002 10 50 20 60 my
Rs <5002 0.8 3o mv
Tamin € Ta £ Tamax A
Rg < 5002 - 40 mv
Rs< 10k 6.0 15 mvV
Average Input Offset = 15 uvi e
Voltage Drift
Input Otfset Voltage Ta = 25°C, Vg = 220V 210 215 2185 mV
Adjustment Range
Input Offset Current Ta=25°C 3.0 30 20 200 20 200 nA
TAMIN S TA < TAMAX 70 85 500 300 nA
Average input Offset 0.5 nASC
Current Drift
tnput Biss Current Ta=25°C 30 80 80 500 60 500 nA
TAMIN S TA € TAMAX . o210 1.5 08 | pA
Input Resistance TA = 25°C, Vg = 220V 1.0 6.0 03 20 03 20 MQ
TAMIN S TA S Tamax. 05 MO
Vg = 220V
nput Voltage Range Ta=25°C 12 413 v
TAMIN S TA < Tamax 12 =13 v
Large Signal Voltage Gain | Ta = 25°C, R > 2%Q .
Vg =220V, Vo = 15V 50 . VimV
Vg =215V, Vg » 210V 50 200 20 200 VimV
TAMIN S TA S Tamax.
R >240,
Vg =220V, Vg = 215V 32 ‘Vimv
Vg = £15V, Vo = £10V 25 16 VimV
Vg =28V, Vg =22V 10 -VimV
Output Voltage Swing Vg =220V
RL>10kQ 216 v
RL22k02 215 v
Vg = £15V
RL > 10kQ 12 =4 212 14 v
AL 2k : =13 10 3 v
Output Short Circuit TA=25°C 10 25 35 s 25 mA
Current TAMIN S TAS Tamax 10 40 mA
Common-Mode TAMIN S TAS Tamax
" *Rejection Ratio RS S 10K, Vop = 212V 1 9% 7 90 a8
RS <50k, Ve = 12V 80 95 d8
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Electrical Characteristics (continuea) .

LM741A/LM741E LM741. . - LM241C

[TION: UNITS
PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
Supply Voltage Rejection | TAMIN STA S TaMAX.
Ratio Vs-.':ZUV lo)/s- 8V . . i . . - . - . .-
‘Rggson : T R T A S - . : .| - a8
Rg <10kt -7 -] 77 e . . dB
Transient Response Ta = 25°C, Unity Gain ’
Aioe Time 025 08 03 . 03 L s
Owershoot 6.0 20 5 ) - . 8 - %
Bandwidth {Note 4) Ta=25c * 0437 15 MMz
Stew Rate TA = 25°C, Unity Gain 03 07 05 05 Vi
Supply Current Ta=25°C . : s 1.7 28 1.7 28 mA
Power Consumption Ta=25°C . .
Vg = 220V 80 150 mw
Vge= $15V ? 50 85 50 85 mw
L7414 Vg = 220V .
Ta=Tamin 165 . mw
Ta = TAMAX 135 ~ mw
LM741E Vg =220V 150 mw
Ta*Tamin . 150 ’ mw
Ta = Tamax 150 mw
Ln741 Vg =218V
Ta=Tamin 60 100 mw
Ta = Tamax : 45 75 mw
Note 1: The i e of the LM741/LM741A is 150°C, whils thet of the LM741C/LM741E is 100°C. For operation st
eisvated temperstures, d-vueos in the TO-6 package must be derated based on 8 thermal resistance of 150'CIW junction to ambient, or 45°Cw
junction to case. The thermal resi ot the dual-in-li L is 100° C/W junction to smbient.

Note2: For supply voitsges less than 215V, the absol input voltage is equs! 10 the supply voltage.

Note 3: Unless otherwise specified, these specifications spply for Vg = 216V, —55°C < Tp < +125°C (LM741/LM741A). For the LM741C/
LM741E, these specifications are limited 10 0°C € T4 € +70°C.

Note 4: Calcuiated value from: BW [MHz) = 0.35/Rise Timelus). ~ v ¥
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most economical

- Frequency Mixers wodes

LEVEL 7 (+7aBm LO, up to +1cBm RF) 8Lt

)

) computer-automated performance data
¥ typical production unit / for data of other models consult factory

mixer conversion loss and isolation

Conversion Loss Isolation L-R Isolation L-{
(dB) (dB) (dB)
RF [Ke] Lo Lo Lo LO Lo LO Lo LO Lo

MHz MHz +4d8m  +7dBm  +10dBm +4d8m +7dBm  +10dBm +4dBm  +7d8m  +10dBm

1.000 3100 6.99 6.67 6.45 62.73 >67.00 68.01 61.88 65.64 >70.00

2.000 3200 6.50 6.24 6.05 6186  >67.00 67.46 61.93 >67.00 >70.00

5000 3500 5 96 5.74 5 60 6173 64.84 66 12 62.43  >67.00 >70.00
10 00 40 0O 5.85 5.58 5.48 61.35 64,19 65.15 61.72 64.84 66.04
20.000 50 00 5.96 5.67 5.51 60.14 62.22 62.01 60.33 61.49 61.30
32.188 462 19 586 5.60 5.51 58.85 59.04 58.99 58.27 57.74 57.090
50.000 80 00 584 5.60 5.49 56,98 56.74° 55.75 54.84 54,39 53.61
78.970  48.97 5.83 5.56 5.44 54.05 52.24 50.75 51.16 49.67 48.53
100.000 70 00 5.74 5.52 5.43 51.39 49 a4 48.33 48.54 45.90 46 10
156 940 126 94 5.69 5.53 5.47 45.18 44.20 43.99 Q.2 41.66 41,58
200 CO0 170 20 5.85 5.68 560 41.88 41 56 41.75 39.00 38.98 39.65
23720 17372 5.83 5.67 $ 56 41.46 41.05 44.34 38.460 38.52 39.23
250.500 226 %0 5.80 5.63 5.47 40,14 40.04 40.21 37.24 372 3777
297,290 267 29 577 5.64 S &8 36.89 36.90 37.90 33.86 33.97 34.98
344.070 3¢ 07 5.93 5.81 5.72 36.80 7 u 37.44 3.4 33.88 34.36
375.260 345 26 528 6.13 507 34.83 36 22 37.25 31.69 32.79 34.20
406 420 376.44 6.27 6.15 607 33.09 34 30 36.66 29.68 34.05 32.79
437.630  407.63 638 6.08 588 32.48 33 79 35.38 20.38 30.39 31.84
448.820 438 82 6.48 6.00 5.73 32.24 32.80 34.05 2.7 30.12 30.9¢
500.000 470 € 4.90 6.3 5.9 32.48 2% 33.04 30.19 30.37 30.45

mixer VSWR \ ¢ detection

freq. VSWR, RF port VSWR, LO port VSWR, IF port
LO Lo LO Lo Lo LO LO. Lo LO Freq. max. DC DC oftset

MHz +4d8m +7d8m +10d8m +4dBm +7dBm +10dBm +4dBm  +7dBm +40d8m (MHz) output mv mv
1.004 1.83 1.80 1.86 2.45 3.75 5.47 1.67 1.44 1.30 10.000 -233.19 +0.00
16,4214 107 1.14 1.20 1.92 2.81 3.95 1.48 1.45 1.34 20.000  -230.80 -.01
20 000 1.06 1.14 120 1.94 2.89 3.95 1.68 1.44 1.34 38.000 ~225.55  +0.00
31,242 1.06 1.4 1.20 1.93 2.83 3.88 1.68 1.24 1.32 §0.000 —-225.92 +0.00
50.000 107 1.15 1.20 1.83 2.9 3.54 1.69 1,46 1.33 66 000  —226.43 +0.00
76.605 1.08 1.16 1.2t 1.84 2.72 3.70 1,71 1.48 1.36 80 000 ~230.22 +.01
100.000 1.09 1.47 1.2z 1.82 2.62 3.38 1.74 1.52 1.3 100.000  -231.28 +.03
121.970 1,14 1.18 1.24 1.82 2.62 3.53 1.79 1.55 1.42 136.000 —229.89 +.08
152.210 L] 1.20 1.25 1.88 2,66 3.42 1.85 1.62 1.50 178.000 ~223.93 +.47
182 250 1.15 1.22 1.27 183 2.62 3.2 1.93 1.60 1.57 200.000  —223.43 +.15
200.0C0 1.12 1.26 1.27 1.87 2.58 3.22 1.98 1.77 1.62 234.000  ~-223.86 +.23
242.940 1.9 1.26 1.32 1.89 2.5 3.19 2.41 1.88 1.74 262.000 —=229.64 +.25
273.180 1.2 1.28 1.34 1.90 2.59 3.1 2.21 1.99 1.86 304.000 —-248.66 +.32
318.50 123 1.30 1.35 1.99 2.64 3.25 2.35 2.14 1.95 360.000 —194 94 +.72
u8.730 124 1.314 1.36 2.01 2.50 3.18 2.38 2.45 2.03 402,000 —179.58 +.97
379 030 124 1.30 1,34 2.03 2.40 3.15 2.45 2.24 2.09 444,000 -183.75 +.88
409.270 123 1.28 1.32 2.12 2.72 3.19 2.46 2.24 2.1 458.000 —160.12 +.78
424 390 1.21 1.27 .0 220 2.77 3.27 2.50 2.30 2.6 472.000  —~155.46 +.60
454 620 119 1.24 1.28 2.3 2.82 1M 2.48 2.32 2.4 486.000  —150.45 +.39
500 000 1.16 1.24 1.25 2.40 3.01 3.54 2.43 2.23 2.12 500.000  —1442.53 +.23

Measurements at RF & LO Power +7 cBm

- - - L] -
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nost widely-used

Frequency Mixers

LEVEL 7 (+7 dBmLO, up fo +1 dBm RF)
case style selection

cur~a drawings Table of Ceortents

SRA
FREQUENCY CONVERSION LOSS LO~RF ISOLATION, d8 LO-IF ISOLATION, dB | PRICE |DISTRIBUTOR
MHz dB $ .
A
C L
LO/RE IF Mid-Band Total 5 2
MODEL m Ronge L M U L M u Qty. R A
NO. fi-fy X o0 Mox Max. Typ. Min.  Typ. Min. Typ. Min. |Typ.Min. Typ. Min. Typ. Min.| (1-9) Y L
GQA GRA-1 5-500 OC-5¢0 50 9 70 8s 50 a5 a5 30 35 25 45 35 40 25 30 20 1405 . .
s@ VI GRA-] 925-230 DC-200 478 07 7.5 35 0 50 45 35 35 25 45 35 <40 0 30 20 18 45 3 .
GRA-4 363-:0C  DC-CC 470 14 1.8 8.5 40 50 45 30 35 25 60 45 40 25 30 20 2895 3 .
GRA-3 0005-10 bC-10 603 .08 7.5 8.5 60 SO 50 40 45 35 60 50 SO 40 45 35 3195 3 e
SRA esrA-1 5-500 0C-500 511 .09 7.0 a5 S0 45 45 30 35 25 45 35 40 25 30 20 1345 . °
@ A0t  SRA-1TX 5-500 DC-5C0 548 04 70 85 50 4% 45 30 35 25 45 35 40 25 30 20| 59.95 .
SRA-1W 1-750 DC-750 530 .4 75 85 50 45 a5 230 35 25 | 45 30 40 25 30 20 15.95 . .
SRA-1-1 1-500 DC-500 481 1 2.5 8.5 50 45 45 30 35 25 45 3¢ 40 25 30 20 14.95 . .
3RA-2 4=4000) .5-500 566 .07 7.5 35 45 30 5 20 30 20 45 30 30 20 30 20 1595 . .
SRA-2CM| 5-4000 DC-*Q00| 527 04 70 8.5 40 S0 35 30 30 25 §0°45 30 25 25 20 1495 ° .
SRA-1 025-200 DC-200 461 06 75 8.5 40 50 45 35 35 25 45 35 40 30 30 20 15.95 [ .
SRA-2 5-1250 .5-500 574 08 75 85 50 40 40 20 20 S0 20 40 20 30 20 17.95 . .
*SRA-S 5-1800 10-6CC 569 07 80 8.5 50 45 35 30 30 20 45 &0 30 25 25 15 2495 3 *
SRA-6 003-1C0 DC-100 483 05 75 8.5 40 SO 45 30 3$ 25 eC 45 42 25 30 20 2495 . .
SRA-8 .C00s-10 oC-10 56° 41 75 85 60 50 50 40 45 35 40 57 30 40 45 35 29.95 . [
2 30h  SRA-11 5-2000 10-400 072 07 88 90 50 45 - 35 25 30 20 <5 40 30 20 25 15 2095 . .
SRA-12 8C0-1250 50-9C S22 W13 75 75 ‘32 25 35 25 35 25 30 20 30 20 30 20 2095 . [
SRA- 149 5-800 DC~300 S8t 07 8.5 80 40 850 85 45 53 40 80 a0 35 25 30 24 995 ° 3
SRA-2200 100-2000 DC-400 360 .15 .5 ?Ss 37 (tye) 20 (™) 30 (tyer) 20 (rmwn ) 2495 . [
13RA-2400} 750-2400 DC-400 £95 2% 9.0 90 30 26 30 20 30 20 30 8 30 8 I 8 2295 e .
* ';SRA-JSOO 500-3300 DC-1000 728 ¥ 5 95 3 17 30 47 3 17 20 3 20 38 20 8 28.95 . 3
BL SBL-1 1-5C0 DC-5C0 S60 09 70 8.0 ¢0 35 45 38 40 25 45 35 &0 25 30 20 4.75 . .
@ A% SBL-1X 10-49G0 5-500 588 .10 7.5 3.0 50 a0 40 3 0 20 80 45 30 35 35 25 6.45 ° .
$BL-12 10-4230  DC-500 | 827 75 90 50 40 38 25 25 20 | 40 25 25 18 19 45 7.45 . .
SBL-1-1 0 1-250 OC-200 434 Q4 70 8.0 50 45 445 ¢ 35 25 45 3C 40 23 30 20 7.45 . 3
S8L-3 025-200 DC-200 481 .05 78 8.5 55 80 45 30 38 25 45 35 4 X 30 20 745 3 °
aSal-1t 5-200u 10-6C0 708 1t 8.5 90 50 45 ass °5 30 2 45 43 30 2 25 45 19.95 . v
IMA  sma-s 2-%500 DC-1660 | 7¢* 08 80 90 65 44 44 23 31 22 | 5438 30 18 25 11| 2495 . .
» A74
L=low range (f_ to 10 f) M=mid range (10 f_to f,/2) - U=upper range (fy/2 to f,)
m=mid band (2 f_ to f,/2)
NOTES:
t+ Phcse Detection, Polarity Positive g = Standard deviation,
° SRA-5 cose style is AQS, 1. For quaiity control proceciuras, environmental specifications, and
® HIRE tested, S-yeqar guarantzse Hi-Rel, M. and TX cescription see Table of Contents.
** Conversion toss 10 ¢B max. at F = 1000 MHz. 2. Absolute Maximum Ratings: RF power S0 mW, peak F current 40
O Pin conrections same as the SRA-11 mA, see Table of Contents,
O NON-HERMETIC 3. Prices and specifications subject to change without notice.
X = Average ¢f conversion loss at center of mid-band frequency
(fL + fu/9).
pin conNections see case style outine drawing
Series GRA SRA SBL SIMA
att -1 -2 -6 -1w -5 -1 -4X ~-1Z -5
models | -1TX -4 -8 ~-2CM -14 -1-1
models -4-1 -12
-3 ~2000 -3
-2400:
-3500 -149°°°
10 1 8 8 8 8 8 8 8 8 1 8
RF 6 1 3.4° 1 1 1 2 1 3.4° 8 1
IF 4 3.4° 1 3.4° 3.4° 3 5.6° 3.4° 1 3 3
GND ¢ 2.3.5 2.5.6,7 25.6.7 2567 2567 2567 1 2.5,6.7 256.7 256.7 |4
CASEGND | — 2 2.5.6.7 — 25.6.7 2567 3.47 - 2.5.6.7 2567 12567

* Pins must be connected together externally O = LRF =8 F3
°** Bue becdis pin #4
# Ground externclly. Al measurements made with GND pin(s) grouncad externglly.

- - - - ™~
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National
Semiconductor

Voltage Regulators

LM78XX Series Voltage Regulators -~ -

General Description

Tne LM78XX series of three terminai regulators s
svailable with several fixed output voltages making them
useful in a wide range of applications. One of these is
tocal on card reguiation, eliminsting the distribution
problems 2ssociated with single point regulation. The
voltages available aliow these regulators to be used in
logic systems, instrumentation. HiFi, and other solid
state electronic equipment. Although designed primarily
as fixed voltage reguiators these devices can be used
with exvernal components to obtain adjustable voltages
and currents.

The LMTEXX series is available in an aluminum TO-3
package which will allow over 1.0A load current if
adequate heat sinking is provided. Current limiting is
included to limit the peak output current 1o a safe value,
Safe area protection for the outout transistor is provided
to limit internal power dissipation. If internal power
dissipation becomes too high for the heat sinking
provided, the thermal shutdown circui® takes over
- preventing the IC from overheating.

Considerable effort was expended 1o make the LM78XX
series of regulators easy 10 use and minimize the number

of external components. It is not necessary to bypass the
output, although this does improve transieni_response.
“Input bypassing is needed only if the regulator is located
far from the filtercapacitor-of the-powersupply,

For output voftage other than 5V, 12V and 15V the
LM117 series provides an output voltage range from
1.2V to 57V.

Features

® QOutput current in excess of 1A

® Internal therma! overload protection

® No external components required

# Output transistor safe area protection

B Internal short circuit cyrrent iimit

B Available in the aluminum TO-3 package

~Voltage Range

. Lm7805C sV .
“.LM7812C 12v —
“LM7815C 15V

~ .

), -

Schematic and Connection Diagrams f

Matal Can Package
T0-3 {K)
Aluminum

e

1
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o
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n

SOTIOE vuw

U ® Order Numbers
LM780S5CK
LM7812CK

. ‘mrsisck
See Packags KCO2A

Plastic Package
TO-220(T} -

. i D outer
Chb —=| cxp
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W
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Order Numbers:
LM7805CT
m7B12CT
LM781SCT

See Package TO3B
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LM78XX Series

Absolute Maximum Ratings

Input Voltage (Vo =5V, 12V and 15V)
Internal Power Dissipation (Note 1)
Operating Temperature Raage (Ta)

35V
intarnally Limited

0°Cto +70°C §
Maximum Junction Temperature 3
(K Package) 150°C 3
(T Package) 125°C
Storage Temperature Range ~65°Clo+150°C
Lead Temperature (Soldering, 10 seconds)
TO-3 Package K 300°C
TO-220 Package T 230°C .
3
y
, — ‘ 3
Electrical Characteristics LM78XXC (Note 2)0°C < T < 125°C unless otherwise noted. ]
OUTPUT VOLTAGE sV 12v 15V
INPUT VOLTAGE (unless otherwise noted) - 1ov 19V 23v g
PARAMETER CONDITIONS MIN TYP MAX|MIN TYP MAX!MIN TYP MaAX ]
Ti=25°C.5mA < g€ 1A 48 5 52|15 12 125144 15 156 v
Vo  Output Voitage Pp < 15W, 5 mA K ig € 1A 475 $.25 | 1.4 12,6 {14.25 %75 v
VMIN € VIN & VMAX (TEVINC20) | (145€ ViN<27) | (17.5< Vi < 3) v
Tj=25°C 3 50 4 120 4 1% m K
aVviN (T V<25 |(145€ Vin< 30) | (17.5€ Vi € 30) vy
[ A
0 = 500 mA I < 125G 50 120 150 w
&V  Line Reg on avin {8 <& Vin € 20) (5K VINK 27} [ (185K Vi< 0 \
. Tj=25°C 50 120 150 my
LYY aAViN (7AC V)N € 20) | (146€ ViNS 2N | (17.7€ Vi € 30) L4
Q 0 < Tj<<125°C 25 %) 75 m
AVIN 8¢ N 12) (16 < Vi€ 22) | (20€ Vipg< 26) v
L w2l SmA < Igs 1.5A 0 50 12 120 12 150 o~
&£Vo  Load Regutation } 250 mA € I € 750 mA 25 60 75 v
SMA < Ig & 1A,0°C < Tj< +125°C 50 120 150 mv
. Tj=25'C 8 8 8 mA
[[s] Quiescent Current o€ 1A 0°C € Tj < +125°C 85 85 85 ok
SmA & 1o & 1A 0.5 0.5 05 mA
) Ti=25°C.10 < 1A 1.0 10 10 m ¥
alg g:':n‘::"' Current |/ N < VIN € VMAX (7.5< Vi< 20) | (14.8< Vin< 27) [(17.9 € Vin € 303 v ¥
10 € S00mMA, 0°C € Tj < +125°C 1.0 1.0 10 mA
VMIN € ViN € VMAX (TE VNG 25) [(14.5€ ViN € 30) | (17.5€ VN € 30) v
VN Oulput Noise Voltage| Ta = 25°C, 10 Hz < 1 € 100 kHz 40 75 20 iy
10¢ 1A, Tj=25"Cor 62 80 s5 72 54 70 d8
AVIN Rioole Rerection - |1=120H2  { lo € 500mA 62 s5 . 54 ot
avoyr ' Ppie Retection 0°C < Tj< +125°C - ]
VMIN € VIN € VMAX B VN 18) (15 € V)€ 251 (185 < Vi < 28.5) v
Dropout Voltage Tj=25°C. loyt = 1A 20 20 20 v
Output Resisiance {21 kHz 8 - 18 19 mo
Ro  Short-Circuit Current | Tj = 25°C .28 15 12 A
Peak Output Current | Tj=25°C 24 2.4 24 A
Average TC of VouT [0°C € Tj < +125°C. lo =S mA 0.6 15 1.8 mvIC .
input Voltage - ;
Vin  Required to Maintain | Tj=25°C. 10 € 1A 73 R AT Y : wt T Y.
Line Reguilation
NOTE 1: Thermal vasisunce( ol the TO-3 package (X, KC) is typically 4°C/W junction to case and 35°C/ W case to ambient. Therma! resis of the- .

T0-220 package (T) is typically 4°C/W junction to case and 50°C/W case to ambient.

NOTE 2: All characteristics are maasured with capacitor across the inut of 0.2 4F, and a capacitor across the output of 0.1 uF. AN characteristics e
cept noise voltage and ripple rsjection ratio are measured using pulse techniques {ty & 10me, duty cycle € 5%). Output voitage ch-npn duet ¢

changes in internel temperature must be taken into account separately.
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27256
256K (32K x 8) UV ERASABLE PROM

® Software Carrier Capability ® Industry Standard Pinout ... JEDEC
@ 250 ns Maximum Access Time Approved
® Low Power
" Two-Line Control —100 mA max. Active
8 intgligent Identifier™ Mode — 40 mA max. Standby

—Automated Programming Operations ® intgligent Programming™ Algorithm
= TTL Compatible —Fastest EPROM Programming

The intel 27256 is a 5V only, 262,144-bit ultraviolet Erasable and Electrically Programmable Read Only
Memory (EPROM). Organized as 32K words by 8 bits, individual bytes are accessed in under 250ns. This is
compatible with high performance microprocessors, such as the Intel BMHz iAPX 186, allowing full speed
operation without the addition of performance-degrading WAIT states. The 27256 is also directly compatl-
ble with Intel's 8051 family of microcontrollers.

The 27256 enables implementation of new, advanced systems with firmware intensive architectures. The
combination of the 27256's high density, cost etfective EPROM storage, and new advanced microproces-
sors having megabit addressing capability provides designers with opportunities to engineer user-
friendly, high reliability, high-performance systems.

The 27256 large storage capability of 32K bytes enables it to function as a high density software carrier. Entire
operating systems, diagnostics, high-level language programs and specialized application software can reside in
a 27256 EPROM directly on a system's memory bus. This permits immediate microprocessor access and
execution of software and eliminates the need for time consuming disk accesses and downloads.

Several advanced features have been designed into the 27256 that allow for fast and reliable programming
—the intgligent identifier™ mode and the inteligent Programming™ Algorithm. Programming equipment
that takes advantage of these innovations will electronically identify the 27256 and then rapidly program it
using an efficient programming method.

Two-line control and JEDEC-approved, 28-pin packaging are standard features of all intel high-density
EPROMs. This assures easy microprocessor interfacing and minimum design efforts when upgrading,
adding, or choosing between nonvolatile memory alternatives.

The 27256 is manufactured using Intel’s advanced HMOS °lI-E technology.

*HMOS is a patented process of Intel Corporation.

DAYA OUTPUTS 27256
Vg r——u 0--0-

T tittttt e

'
2
_— - . 3 D Ay
OF —f OE, e A, (s @) Ay
—  |anoPROGRAM
- e OUTPUT BUFFERS As (s D A,
A, (e D A
=] Y 7] vcan A Qr D 68
NG
) ~=] oecooer L= A de D) a PIN NAMES
Ac-A-, e 0 —
ADORESS } —~7 . A, a3 rA\, Ay ADDRESSES
T :
""U'sl e x : 762,144 01T Ae D o, CE _cue ENABLE
—] DECODER : <ELL MATRIX 0, 3 0, 0€ {OUTPUT ENABLE |
3 . 2 o2 e
1 ' P 0 SoutPuTs |
02 D o.
Figure 1. Block Diagram AND Do, & !, Pin Configuration

-

intel Corporation Assumes No Responsibility for the Use of Any Circuitry winer Than Circuitry Embodied in an lntel
Product. No Other Circuit Patent Licenses are Implied.
OCTOBER 1983

INT P |
€ INTEL CORPORATION, 1983 $64 ORDER NO. 210827008



tel

27256

PRELIMINAKY

ABSOLUTE MAXIMUM RATINGS®

Temperature Under Bias ....... -10°C to +80°C
Storage Temperature ......... —-65°C to +125°C
All Input or Output Voltages with

Respect to Ground ......... +6.25 Vto ~-0.6V
Voltage on Pin 24 with

Respectto Ground .......... +13.5V to ~0.6V
Vep Supply Voltage with Respect
toGround .............e.tt +14.0V to 0.6V

*NOTICE: Stresses above those listed under
"Absolute Maximum Ratings” may cause per-
manent damage to the device. This is a stress rat-
ing only and functional operation of the device at
these or any other conditions above those indi-
sated in the operational sections of this specifica-
ionisnotimplied. Exposure to absolute maximum
ating conditions for extended periods may affect
device reliability.

D.C. AND A.C. OPERATING CONDITIONS DURING READ

27256 27256-3 27256-4 27256-25 | 27256-30 | 27256-45
Operating Temperature
Range 0°C-70°C | 0°C-70°C | 0°C-70°C | 0°C~70°C | 0°C~70°C |0°C-~70°C
Vcc Power Supply1 2 SV*5% | 5V=5% | 5V=5% | 5V = 10% | 5V = 10% {5V = 10%
READ OPERATION
D.C. CHARACTERISTICS
Limits
Test
Symbol Parameter Min. Typ.a Max. Units Conditions
(K] Input Load Current 10 nA Vin = 5.5V
o Output Leakage Current 10 pA | vour =585v
Ipp12 | Vipp Current Read Standby 5 mA | Vpp = 55V
iec1? | Viee Current Standby 20 40 mA | CE =V
Icczz-‘ Ve Current Active 45 100 mA | CE =OE =Vy_
Vpe =Vce
ViL Input Low Volitage -.1 +.8 \'
Vin input High Voitage 20 Véct+1 v
Vou Output Low Voltage .45 v loL = 2.1 mA
VoH Output High Voltage .24 v lon = -400 pA
Vpp? | Vpp Read Voltage 38 Vee V  |Vge=5.0V £0.25V

565
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READ OPERATION
A.C. CHARACTERISTICS
27256-25 & | 27256-30 & | 2725645 &
27256 Limhs | 27256-3 Limits 272564 Limits Tost
Symbol Parameter Min. [ Max. { Min. | Max. | Min.| Max. | Units!{ Conditions
tacc | Address to Output Delay 250 300 450 | ns | CE=OE=V_
tce CE to Output Delay 250 300 450 | ns [ OE=yV
toe OE to Output Delay 100 120 150 | ns | CE=V,
tor' | OE Highto OutputFloat| 0 | 60 | 0 | 105 | 0 | 130 | ns CE=V,,
ton [ Output Hold from 0 0 0 ns | CE=OE=Vy_
| Addresses, CE or OE >
Whichever
Occurred First
NOTES:

1.

2.
3.
4

Vee must be applied simultaneously or before Vep and removed simultaneously or after Vpp.
Vs may be connected directly to Vec except during programming. The supply current would then be the sum of
lce and lppy. .
Typical values are for 4, =25°C and nominal supply voltages.
This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer
driven—see timing diagram on the following page.

566




lnter 27256 PRELIMIMANY

\
CAPACITANCE (Tp = 25°C,t = 1 MHz)
Symbol Parameter Typ.'| Max. | Unit | Conditions
C.n? Input Capacitance 4 6 pF Vin=0V
Cour Output Capacitance 8 12 pF Vour=0V
A.C. TESTING INPUT/IOUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
1.3V
24 e
2.9 as [}
> TEST POINTS < 33
o8 . os 3§‘g§§ our
: TEST
c 100t
AC TESTING INPUTS ARE DRIVENAT 246 £00 4 (OGIC ' ANC 0 45V FOR I
ALOGIC 0 TrMnG MEASUREMENTS AQE MAJE AT 20V #CR 4 LOGIC 1
AND OBV FOR A LOGIC O -
€, = 100 pF
€L INCLUOES 211G CAPACITANCE
A.C. WAVEFORMS
Vin l coee
~ >
AooResses i
Yo case —]
. |
53 —\‘(
sasee -J

Yu
‘ I

.
e

. L_ 7
s08 e 2a
}- 06

Vie
L—ux' =]

z \b .

4 Yin pee 0 0 8 ®
NG 2 /; ;;; ; \ L
ouTPuT: YVALID OUTPUT Nz
N /

Yo

NOTES:

1 Typical values are for Ty = 25°C and nominal supply voitages. -
2 Ttus parameter is only sampled and s not 100" tested. _

3. OE may be delayed up 10 tycc—Ilgg after the falling edge ot CE without impact on tacc.

4. tpe is specihied from OF or %% whichever occurs first.
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DEVICE OPERATION

The eight modes of operation of the 27256 are listed in
Table 1. A single 5V power supply is required in the
read mode. All inputs are TTL levels except for Vpp
and 12V on A9 for intgligent identifier mode.

Table 1. Opersting Modes
PINS:CE | OE | A, |Vpp|Vec [OUTPUTS

(20)|(22)| (24)} (1) |(28)| (11-13,
MODE 15-19)
Read Vig| V| X IVeefVee] Dour
Output
Disable Vie | Viml X VeelVee Hith
Standby Vinl X | X |Vee Veel HighZ
intgligent
Programming{ V)L | Vis| X [Vep[Vee Din
Verity Vin{ Vi | X {VepiVecc| Dour
Optional
Verify Vi | Vi X |VeriVee! Dour
Program
Inhibit Vi | Vil X |VepiVee| HighZ
intgligent

Identifier Viel Vil Vi [VeelVee Code

NOTES:
1. Xcanbe Vi or V.
2. Vy = 12.0V = 0.5V

READ MODE

The 27256 has two control functions, both of which
must be logically active in order to obtain data at
the outputs. Chip Enable (CE) is the power control
and should be used for device selection. Output
Enable (OE) is the output control and should be
used to gate data from the output pins, indeper-
dent of device selection. Assuming that addresses
are stable, the address access time (lacc) is equal
to the delay from CE to output (tcg). Data is avail-
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able at the outputs after a delay of togfrom the
falling edge of OE, assuming that CE has been low
and addresses have been stable for at least

tacc—toe-

STANDBY MODE

The 27256 has a standby mode which reduces the
maximum active current from 100 mA to 40 mA.
The 27256 is placed in the standby mode by apply-
ing a TTL-high signal to the CE input. When in
standby mode, the outputs are in a highimpedance
state, independent of the OE input.

Two Line Output Control’

Because EPROMs are usually used in larger

memory arrays, Intel-has provided 2 control lines
which accommodate this multiple memory con-
nection. The two control lines aliow for:

a) the lowest possible memory power dissipation,
and

b) complete assurance that output bus contention
will not occur.

To use these two control lines most efficiently, CE
(pin 20) shouid be decoded and used as the pri-
mary device selecting function, while OE (pin 22)
should be made a common connection to all
devices in the array and connected to the READ

. line from the system control bus. This assures that

all deselected memory devices are in their low
power standby mode and that the output pins are
active only when data is desired from a particular
memory device.

System Considerations

The power switching characteristics of HMOS HI-E
EPROMs require careful decoupling of the
devices. The supply current, lcc, has three seg-
ments that are of interest to the system designer
—the standby current level, the active current
level, and the transient current peaks that are pro-
duced by the falling and rising edges of Chip
Enable. The magnitude of these transient current
peaks is dependent on the output capacitive and
inductive foading of the device. The associated
transient voltage peaks can be suppressed by
complying with Intel’s Two-Line Control and by
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properly selected decoupling capacitors. It is rec-
ommended that a 0.1 uF ceramic capacitor be
used on every device between Vcc and GND. This
should be a high frequency capacitor of low in-
herent inductance and shouid be placed as close
to the ddvice as possible. In addition, a 4.7 uF bulk
electrolytic capacitor should be used between Vce
and GND for every eight devices. The bulk
capacitor should be located near where the power
supply is connected to the array. The purpose ot
the bulk capacitor is to overcome the voltage
droop caused by the inductive effects of PC board
traces. .

PROGRAMMING

Caution: Exceeding 14Von pin 1(Vpp)wiil perma-
nently damage the 27256.

Initially, and after each erasure, all bits of the 27256
are in the “1" state. Data is introduced by selec-
tively programming “0s" into the desired bit loca-
tions. Although only “0s” will be programmed,
both “1s" and “0s” can be present in the data word.
The only way to change a “0"” to a “1" is by ultra-
violet light erasure.

The 27256 is in the programming mode when the
Vpp inputis at 12.5Vand CE isat TTL-low. The data
to be programmed is applied 8 bits in parallel to the
data output pins. The levels required for the ad-
dress and data inputs are TTL.

intaligent Programming™ Algorithm

The 27256 inteligent Programming Algorithm
rapidly programs Intel 27256 EPROMS using an
efficient and reliable method particularly suited to
the production programming environment, Typical
programming times for individual devices are on
the order of five minutes. Programming reliability
is also ensured asthe incremental program margin
of each byte is continually monitored to determine
when it has been successfully programmed. A
tlowchart of the 27256 intgligent Programming Al-
gorithm is shown in Figure 3.
3

The intgligent Programming Algorithm utilizes
two different pulse types: initial and overprogram.
The duration of the initial CE puise(s) is one mil-
lisecond. which will then be followed by a longer
overprogram pulse of length 3X meac. X is an itera-
tion counter and is equal to the number of the
initial one millisecond pulses app'‘ied to a particu-
lar 27256 location, before a correct verity occurs.
Up to 25 one-millisecond pulses per byte are pro-
vided for before the overprogram pulse is applied.
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The entire sequence of program pulses and byte
verificationsis performed atVec =6.0VandVepp =
12.5V. When the intgligent Programming cycle has
been completed, all bytes should be compared to
the original data with Vee = Vpp = 5.0V.

Program Inhibit

Programming of multiple 27256s in parallel with
different data is easily accomplished by using the
Program Inhibit mode. A high-level input in-
hibits the other 27256s from being programmed.

Except for CE and OE. all like inputs of the paralie!
272565 may be common. A TTL low-level pulse
applied {0 the CE input with Vep at 12.5V will pro-
gram the selected 27256.

Verify

A verify should be performed on the programmed
bits to determine that they have been correctly
programmed. The verify is performed with OE at
Vi.. CE at Viy and Vpp at 12.5V.

Optional Verity

The optional verify may be performed in place of the
verify mode. It is performed with OE at Vy_, CE atVy,
(as opposed 1o the standard verify which has CE at
Vi), and Vpp at 12.5V. The outputs will tri-state
according to the signal presented to OE. Therefore, all
devices with Vpp=12.5V and OE=V); will present
data on the bus independent of the state. When
parallel programming several devices which share a
common bus, Vpp should be lowered to Vce (=6.0V)
and the normal read mode used to execute a program
verify.

inteligent Identifier’™” Mode

The intgligent identifier Mode allows the reading
out of a binary code from an EPROM that will
identity its manufacturer and type. This mode is
intended for use by programming equipment for
the purpose of automatically matching the device
to be programmed with its corresponding pro-
gramming algorithm. This mode is functional in
the 25°C = 5°C ambient temperature range that is
required when programming the 27256.

To activate this.mode, the programming equip-
ment must force 11.5V to 12.5V on address line AS
(pin 24) of the 27256. Two identifier bytes may then
be sequenced from the device outputs by toggling
address line AD (pin 10} from Vi  to Viy. All other
address lines must be held at Vy_ during intgligent
Identifier Mode.
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START

ADOR = FIRST LOCATION

Vce =~ 8.0V

Vpp = 12.5V

PROGRAM ONE t msec PULSE

FAIL

PROGAAM ONE PULSE
OF 3X msac DURATION

COMPARE
ALL DYTES

TO ORIGINAL
: QATA

FAIL DEVICE
FAILED

DEVICE
FAILED

Figure 3. 27256 Intgligent Programming’™ Flowchart
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Byte 0 (AO0. = V) represents.the manufacturer
code and byte 1 (A0 = V,4) the device identifier
code. For the Intel 27256, these two identifier bytes
are given in Table 2. All identifiers for manufac-
turer and device codes will possess odd parity,
with the MSB (07) defined as the parity bit.

ERASURE CHARACTERISTICS

The erasure characteristics of the 27256 are such
that erasure begins to occur upon exposure to
light with wavelengths_shorter than approxi-
mately 4000 Angstroms (A). It shouid be noted that
sunfight and certain types of fluorescent lamps
have wavelengths in the 3000- 4000 A range. Data
show that constant exposure to room level fluores-
cent lighting could erase the typical 27256 in ap-
proximately 3 years, while it would take
approximately 1 week to cause erasure when ex-
posed to direct sunlight. If the 27256 is to be ex-

posed to these types of lighting conditions for
extended periods of time, opaque labels should be
placed over the 27256 window to prevent uninten-
tional erasure.

The recommended erasure procedure for the
27256 is exposure to shortwave ultraviolet light
which has a wavelength of 2537 Angstroms (A).
The integrated dose (i.e., UV intensity x exposure
time) for erasure should be a minimum of 15
Wsec/cm?. The erasure time with this dosage is
approximately 15 to 20 mmutes using an ultra-
violet lamp with a 12000 xW/cm? power rating. The
27256 chould be placed within 1 inch of the lamp
tubes during erasure. The maximum integrated
dose a 27256 can be exposed to without damage is
7258 Wsec/cm? (1 week @ 12000 ;xW/cm ). Expo-
sure of the 27256 to high intensity UV light for long
periods may cause permanent damage.

Toble 2. 27256 intgligent Identifier™ Bytes

Pins Ao 07 05 05 04 03 Oz 01 00 Hex
identifier (10) | (19) | (&) | (17 | (18) | (15) | (13) | (12) | (11} | Data
Manufacturer Code ViL 1 0 0 0 1 0 0 1 89
Device Code . . VIH 0 0 0 0 0 1 0 0 04

NOTES:
1. Ag =12.0V = 0.5V
2. Av-Aq. Ayg-Agy, CE, OE =V,

3. A“ =Vm or V||_

intgligent Programming™ Algorithm
D.C. PROGRAMMING CHARACTERISTICS:

Ta =252 5°C, Ve = 6.0V = 0.25V, Vpp = 125V = 0.5V

Limits Test Conditions
Symbol Parameter Min. Max. Unit (seeNote 1)
u - Input Current (All Inputs) 10 nA Vin = Vig or Vi
Vo Input Low Levzi (All Inputs) -0.1 0.8 v
Vst \ Input High Level 2.0 Vee v
Vou Output Low Voltage During Verify 0.45 v lor= 2.1 mA
Vou Output High Voltage During Verity 2.4 v lon= -400 uA
2 Vee Supply Current (Program & Verify) 100 mA
br2 Vpp Supply Current (Program) 50 mA CE-=-v,
Vip Ag intgligent Identifier Voltage 1.5 12.5 v

NOTES:

1 Ve must be applied simuitaneously or before Vpp and removed simultaneously or alter Vep.
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—

A.C. PROGRAMMING CHARACTERISTICS: ’
Ta =25 = 5°C, V¢ = 6.0V = 0.25V, Vpp = 12.5V = 0.3V

Himits Test Conditions®

Symbol Parameter Min. | Typ.| Max. | Unit (see Note 1)

tas Address Setup Time 2 ns

toes OE Setup Time 2 us

tos Data Setup Time 2 ns

tan Address Hold Time 0 us

tom Data Hol¢ Time 2 us

tors' | OE High to Output Fioat Delay 0 130 | ns

tves Vpe Setup Time 2 1S

tvcs Vee Setup Time 2 Hns

tow CE Initial Program Pulse Width 0.95 1.0 1.05 ms (see Note 3)

torw | CE Overprogram Pulse Width 2.85 78.75 | ms (see Note 2)

toe Data Valid from OE i 150 ns
*A.C. CONDITIONS OF TEST NOTES:
Input Rise and Fall Times (10% t0 90%) ... 20 ns 1 xgg S;m;?:‘m:x:r;"xxzv’:‘m’ Ver
Input P.u ls.e Levels,................ 045V to 2.4v 2.. The length of the overprogram pulse may vary from
Input Timing Refefence Level... .. 0.8V and 2.0V 2.85 msec to 78.75 msec as a function of the iteration
Output Timing Reference Leve! ... 0.8V and 2.0V counter value X_

3. Initial Program Pulse width tolerance is 1 msec =5%.
4. This parameter is only sampled and is not 100%
tested. Output Float is defined as the point where
data is no longer driven—see timing diagram on
the following page.
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27256 PRELIRINARY
intgligent Programm!ng™ WAVEFORMS
- * o “vewry |
ADODAESSES } ADORESS TABLE
Vo, Q P
t,
[ ) " —_— tax
1l
- 2 X i 2 N
BATA DATH N STABLE { ﬁ—-] DATA OUT YALID
ie ot tos
-‘-—-'l‘;—- k"‘;q — jo—[a+3]
Voo <
/4
Yoo [
an meng
v -
Veo
v
s
m ™
v, ;“‘
a \
Vo
o
X — et f— -‘1 =
Vin mand L ST e ——
5 ax, 4
rw s
v —“ {206 maj [0
NOTES:
1 ALLTIMES SHOWN IN | | ARE MINIMUM AND IN sSEC UNLESS OTHERWASE SPECIFIED.
2. THE INPUT THAING REFERENCE LEVEL IS 8V FOR A Vi AND 2V FOR A Vjy.
3. tog AND torp ARE CHARACTERISTICS OF THE DEVICE BUT MUST BE ACCOMODATED BY THE PROGRAMMER.
4

R

. WHEN PROGRAMMING THE 27258 A 0.1uF CAPACITOR IS R
VOLTAGE TRANSIENTS WHICH CAN DAMAGE THE DEVICE

EQUIRED ACROSS Vpp AND GROUND TQ SUPRESS SPURIOUS
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i = SEMICONDUCTOR

i

MOTOROLA
TECHNICAL DATA

Paral'lel-lnpﬁt PLL Fréquency -
Synthesizer

B A CS AR D e o vt

Interfaces with Dual-Modulus Prescalérs

The MC145152-2 is programmed by sixteen parallel in

three input fines for the R counter, The device features consist of
selectable-reference divider, two-output phase detector, 10-bit pro
counter, and 6-bit programmable + A counter. -
The MC145152.2 is an improved-performance drop-in replacement for the MC145152-1.
Power consumption has decressed and ESD and laich-up performance have improved,

® Low Power Consumption Through Use of CM
® 3.0t0 9.0 V Supply Range

® On- or OH-Chip Reference Oscillator Opesation

® Lock Detect Signal

® Dual Modulus Parzlle! Programming
® 8 User-Seiectable + R Values: 8, 64, 128, 256, 512, 1024, 1160, 2048
® + N Range=310 1023, + A Range =010 63
® Chip Complexiry: 8)00 FETs or 2000 Equivalent Gates

0S Technology

puts for the N and A counters and

8 reference oscillator,
grammable divide-by-N

P SUFFIX -
PLASTIC
CASETI0

pPLCC
CASE 776

ORDERING INFORMATION

MC185152P2 Plastc DIP
MC145152F N2 PLCC Pazhage

FN SUFFIX

BLOCK DIAGRAM ... .. . .

NOTE NO through NS, AC through. A5, ans BAD

- 12> £ ROW RITIRENCE
Bt DICODER
RiD =3
12 i
A Locx i
B 1287 + R LOUNTER - Lore
4 ;7 DETECT P .
k 4 MODULUS
§ 1 CONTROL
_ CONTRY, —>1  PHRSE L-—W
106iC -.l DITECTOR Lo,
TR = I_J-_ pe ST e e el o -—
6-BIT < & COUNTER "1C&n + N COUNTER

LT I

&3 A2

I H)

AD i)

MC145151-2 Series, Page 5

IIIZIJGJSINL[NB

through RAZ have pullup resistors no: shown,
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MC145152-2

”
PIN ASSIGNMENTS __ __ 5 -
— - .‘. == - -t -
Goe vdei——le e ubu . -
2 27 Jose, — v > - -
- e 26[]08Caq e m "
5 4 sl - Mz 1143
qi 2¢ JA]"‘::__ - Pl J‘o
- §°5 . o fa2
. wl77 s nufaz; 2D CONTROL I
e .¢,,f 'j3~ 21041 45 %9
o T Te———moncoNtaof 97 20 ns 0 i
) SRR 1 RTRRANRTY T3
Cmln | wpw -
(131 R} 17 {1 us
x2{}13 16 [INS
- %3 1 15 {Jne p
2 PLASTIC DIP - PLCC PACKAGE
PIN DESCRIPTIONS Modulus Prmz'ﬁng section.] The A inputs all have internal
_ f pullup resistors that ensure that inputs lek open will remain *
INPUTS .- - N ] at a logic one.

fin—Frequoncy Input
Input to the positive edge triggered + N and + A counters.
fin is typically derived from & dual-modulus prescaler and'is
ac coupled into the device. For larger amplitude signals (stan-
dard CMOS logic levels) de coupling may be used. p

RAO, RA1, RAZ2- Refermcn_Ag!dng: Inputs ABAL

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

N Inputs~ N Counter Prog:amming Inputs

The N Inputs provide the cata that is presat into the + N
counter when it reaches the count of zero. NO is least signif-
icant digit and N9 is most significant. Pullup resisiors ensure

that inputs lef& open remain at 3 logic one and require only a _

SPST switch to alter data to the zero state.

A lnputs— A Counter Programming Inputs

The A inputs define the number of clock cycles of £, that
require a logic zero on the modutus control output. (See Dual-

Refersnce Addrems Code Total
Divide
RA2 | Ra1 | mao vl
[} -] 0 8
(] 0 1 (]
0 1 [} 8
0 1 1 255
1 [} [ 512
1 o 1 1024 ooy
1. 1 ] 1160
1 1 1 208

OSCin. OSCoyt— Refsrence Oscillator Input/Output .. -..
These pins form an on-chip reference oscillator when con-
nected to terminals of an external parallel resonant crystal.”

’ Frequency senting capacitors of appropriate value must be

connected from OSCj, to ground and G5Cpy; to ground. _

—OSCin may also sarve as input”for anexrernally-generated

reference signal. This signal is typically ac coupled to OSCin,
but for larger amplitude signals {standard CMOS logic levels)
de coupling may also be used. In the external reference mode,
no connection is required tc 0SCoys.

OUTPUTS
¢R. ¢y —Phase Detector Outputs i

These phase detector outputs can be combined extamslly
for & loop error signal.

I frequency fy is greater than fg cr if the phase of fy is
feading, then error information is provided by ¢y pulsing low.
&g remains essentially high.

H thetrequency fy is less than fg or if the phase of fy is
lagging, then érror information is provided by &R pulsing low.
&y remains essentially high.

If the frequency of fy = fg a~d both are in phase, then both
oy and og remain high except for a small minimum time period

when both pulse low in phase. .

Modulus Control— Dusl-Modulus Prescale Control
Output

Signal generated by the on-chip control logic circuitry for
controlling an external dual-modulus prescaler, The modulus
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 programmed value. At this time, mocdutus control goss high

- MC145151-2 Series, Page 6
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4C145152-2

. 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 portion of the cycle). Modulus control is then set back.
fow, the 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+ 1 represent the dual-modulus prescaler divide .values re- .
spectively for high and low modulus control levels, N the '
number programmed into the <+ N counter, and A the number

programmed into the + A counter.

NO COMNECTS

TYPICAL ARPPLICATIONS

Voo

Vss

LD~Llock Detector Output

Lock detector signal. Essentially a high leve! when loop is -~ "
locked {fR, fy of same phase and freguency). Pulses low when
loop is out-of lock.

POWER SUPPLY

L

The posfﬁve'po;ver;supply potential. This pin may range
from +3 1o +8V with respect to Vss.

The most negative supply potential, This pin is usually

ground.

n e » -
: L LLEX DETECT SIGNAL
3024 w ~T , ’ , ,'_' ¢ \
[ 05Cout RA2 [T} [TT) 10 LY
§ .05 OB AAA -
8 1
= — MC151522 “wggtt - R
-v ——*00 - . ViR
I £ T

IENRRREEREEER

R2 [4

MCINTY

133175 Wa;

L 2
4
!

\ %]

*0# chep oscillator optional.

CHANKE. PROGRAMMING

Synthesizer for Land Mobile Radic VHF Bands

MC145151-2 Series, Page 7
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!

MC145152 2

. RECENVER LY
REF. OSC. —~ 280 L. R .
15.360 Mz MO CONNECTS 30.720 W2 ~
{ON-CHIP OSC. Y ——————— e e e e R 1 )
OPTICZAL I e L0£R DETECT . ) mecoven FasT Lo,
ot ‘§25.010 — 221580 Mt

R 0

: 3 no v 779, ©
R IRV I . c—— -

BSCot RAZ _ TAT RAD _ L0 a1
]'_' 0SCa _ . . . .. opl Iy ...
. L3
- - ’ o oy A A -
MT15152 219) oo

-V—TVpp CaZaL
= 1,
AJ A5 ——— 1]

fll]lIHTHIllHl

CHANKEL PnOGEt MMING

1

T
2 -
Z.

. TRANSWITTER SIGRAL
825.010 — 844,580 Mig

° uL1201716
+ 64 £S PRESCALEA

NOTES:, i .
1. Receiver 152, LF. = 45 MHy, low side injection; Receivar 2nd. L.F. s 11.7 MHz, low side injection.
2. Duplex operstion with 45 MHz receiver ‘transmit separation, A
3. fR=7.5LHz, + R=2048. . .
4. Nygrar =N-64 + A = 27501 10 28166; N = 429 10 420; A =0 10 63. .

5. MCI45i:5-2 may be used where serial data entry is desired.

6

1232 kHz STEPS)

. Highlrziuency prescalers —e.g., MC 12018 {520 MHz) and MC 12022 11 GHz) — may be used for higher fraquency VCO and %,p implementations.

£66-Channel, Computer-Cantrolled. Mobils Radiotelephone Synthesizer for .
800 MHz Cellular Redio Systems

MC145151-2 Series, Page 8
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MC145151-2°MC145152-2¢MC145155-2
MC145156-2¢MC145157-2¢MC145158-2

- -

. FAMILY CHARACTERISTICS

TIMING REQUIREMENTS (Input 1, =ty = 10 ns unless otherw'se indicsres-

Vi Guarsnieed Umit [ G d Limi
- -| Symbol - Ce e e Pararneter 30 3..:: m.' . :::;.’;.‘: EE‘T:“ Unit _
fow | Senal Data Clock Frequancy, Assuming 25% Duty Cycle .3 de 10 5.9 decto 3.5 MHz .
. | NOTE. Refer to Clock t,(H) below s dcto 7.1 dcto 7.1 -
{Figure 6] 9 dc to 10 dcto 10 -
- 5, | MinifGf Setup Time, Dau to Tlock . 3 0 - 30 ns -
{Figure 7) ’ 3 2 20
.e . 8. 18 18, .
th Minimum Hotd Time, Clock to Data 3 9 & ns
IFigure 7) ~ 5 20 20
9 15 15
gy | Mrmimum Setup Time, Clock to Enable 3 20 . 70 ns _
tFigure 7) S X k)
3 25 25
trec Mimimurn Recovery Time, Enable to Clock 3 5 5 ns
iFigure 7} H] 10 10 _
.8 20 20
to (M) Lt.~mum Pulse Width, Clock, Enable™ — " =" == = = -3 -50 - 70 ns -
tFigure 6} 5 35 35
9 25 25
T U Maximum Input Rise and Fafl Times —Any Input 3 s S »
L {Figure 8} 5 4 4
9 2 2
. SWITCHING WAVEFORMS
Fwiki
clock; / N —Yoo _
ENABLE. 50%
— A\ "L ST, ~
& ey
. fAssymes29% DutyCyce” 0 DT ;
Figure 6§
. 0 v
- N d PREVICUS s
0ATA
el e - y =] - A LTCHED
— Y00 -
ANY INPUT 0% . - Figure 7 —
10% -
vss
. Figure 8

MC145151-2 Se-ws, Page 25
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,151-2+MC145152:2°MC145155-2
(5156-2°MC145157-2+MC145158-2

MAXIMUM RATINGS® (Voltages Referenced to Vss)

FAMILY CHARACTERISTICS

Velue . |Unit].

Symbol | . _ Psramster . . —.-]
-0.5t -10.0 v

Voo OC Supply Voltage
Input of Output Voitage (DC or Transientl, ~-05t0Ypp+05| V

Vin. Vout
except SW1, SW2 -
- © T Vo | Dufut Votiage 10T of Transient), : - =05t «15 v s
SW1 or SW2 (Rp,up = 4.7 k0 - . o
kn. lout | nput or Output Current {DC or Transient), 210 mA
per Pin
1pp. 1ss | Supply Cumrent, Vpp of Yss Ping +X mA |- T
. Pp Power Dissipation, per Packaget 500 mw .
Tsig Storage Temperatute - 65 to = 150 °c
260 *C

Y Lead Temperature, 1 mm from Case fo
10 seconds .

* Mauimum Ratings are those values beyond which damage to the device may occur.

cuitry to gua- against damage due to high |
suatic voltages o¢ iectric folds. However,
precautions must be taken tc avoid 8p-
pﬁurior_u of any voltage higher Shan max-
imum rated vokages 1o thess high-
impedance circuits. For proper cperation,
Vin 3nd Vigy; should be constained to the
range Vg g S (Vi of Vour) SVpo except
for SW1 ang SW2.

SW1 snd SW2 can be tied tvough sx-
ternal resision to voltages as high 33 15
V de. independent of the supp’y vohage.

Unused inputs must always be tied to
an appropriate logic voltage lewel le.g.,
either Vg g or Vo', except for inputs with
pullup devices Unu.seq outpuls mus: be

. Funciional aperation should be restricted to the fimits inthe Electrical Chasacieristies = — —- | fefl open. e s -
tatles or Pin Descriptions section. /
tPower Dss'pation Temperature Derating:
Plastic DIP: = 12 m\W/°C from 65°C 1o 85°C -
PLCC Package: ~ 12 mW./°C from £5°C to 85°C,
SOG Pszhage: -7 mW/°Cdrom 65°C to 85°C
ELE;{'RZ{'-}-L CHARACTERISTICS {Voltages Referenced to Vgs)
Ve — 1 .
{ il - ~40°C =°C 5°C
Spiubet Parsmoeter Test Condition Unit
- e - Min | Max | Min { Max | Min | Max
Y50 f'?‘ova Supply Voltage Rangs 3 9 3 ] 3 L] v
F3ynamic Supply Current Ty = OSCi = 10 MMz, - las| - 3 = 3 | ma
’ L 1 Vp-p ac-coupled sine nave —Jw}] - |15 =128
i =R s i1 R=128, A=22, N=128 - T X - 24 = 24
R s Duiescent Supply Current {not Vin=Vpp o V55 - a0 - &0 | - 1600 | #A
- 2 - tnetuding pullup current component] [Toyy =0 pA 73 - - 1200} = |20, - ] 2400
. 1600 - 1600 - 200
. ¥in "linput voitage=tin, 0SCAZ " . Tinput ac-coupled sine wave _ 500 | - |.500 | = | 50| ~ {mvpp
80 [Kow-Level Input Volage— Vourz21V  Input dc- - ] - 0 - 0 v
. Pin. OSCin Vout235V  coupled - (4 - ] - [
Voutz83Y  square wave 0 - 0 - 0
S
ViH High-Level Input Volage— . Vour 0.9V Input de- 3.0 - 3.0 - 3.0 - v
‘ine OSCin Vouts1.5V  coupled 5.0 - $.0 - 5.0 -
VoutS2.7V  squire wave 8.0 - 9.0 - 9.0 -
= L’ ~ Jos | - |os]| - o8] V¥

. TR Low-Level Ingut Voltage - except
i, OSCin

Vid Migh-Leve! input Voltage — except

These desices contain proceciion cir-.|.

wl w| olelovwlvnwlenw vnwllTjonwlvewl]| <o<
=]
!

fin. 0SCin 35 - 35 - 35 -
6.3 - 63 | ~- 63 -

fin Input Cuszent I, £S8in) Y= VYD0 & VsS 22 [ £0)] 221 =225] +2 | 22| »A

T8 Input Leakage Current (Dawa, Clock, |Vig=Vsg L= | =03] ~ | -03] ~ J-10| sA
Enable — without Puilups]

hH input Leakage Current (all inputs Vin=VpD . .. . - 0.3 - 0.1 - 1.0 Y
excopt f;n. 0SCip) . -

he Puliup Current (all inputs with Vin=Vss -20 ] -400] -20]-200] ~20| -170] ,A
Pultups)

Cin Inpu: Capacitance - - 10 ~ 07 - 10 oF

Continued

MC145151-2 Series, Fage 22
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MC145151-2¢MC145152-20MC145155-2 . .. .
MC145156-2eMC145157-2-MC145158-2

FAMILY CHARACTERISTICS
ELECTRICAL CHARACTERISTICS (Continued) ’
—— — - B - VDD' -80*C zoc ﬁlc -
Symbol Parameter Test Condition T Unit
. V [‘Min | Max | Min | Max | Min | Max
VoL [Low-Level Output Volrage ~ 05 Cout [lout =0 #A 3| - |09 — |[p9] - o8} v
. N . . [Vin=VRO M 5 - 1.5 - 1.5 - 1.5
S o - . ' 9° | - 27| - 27 | - 237
- Vor  |High-Level Output Volage— OSCous [loyr =0 wA . s 2] -T2 - 23| - v
Vin=Vssg 5 35 - 35 - 35 -
9 ]63] - |63 - 6.3 -
Vor  [Low-Leve! Output Voltage—~Other  Jlg 4 =0 4A 3 - {005} — 005 — 1005 V
_ [Outputs 5 - joos5| — j00OS| ~ 005
) o o 55 9 | — joos| — foos| — | 005
VoH  |High-Level Output Voliage — Other  |lg, =0 A 3 {295| — (285 ~ | 2985 - v
Outputs 5 Jagss) — |a9s] - Jass| -
9 1895 | - (89| - |89 -
VigR)0SS |Orain-to-Source Breakdown Rputiyp = 4 7 k0 - 15 - 15 - 15 - v
.. .. Vologe — SWI, SW2 - . ~
lot Low-Level Sinking Current— Vout= 0.3V 3 |130)| - {10 - 066 - mA
Modulus Control Vour=0.8 V 5 1190] - f1ro} - |18} -
Vout =0.5 V 9 |38 - {33 - J210] -
! IoH  |High-Level Sourcing Cument— . |Voug®2.7V 3 |-080f - [-0.80] -~ [-03 — | mA
i Mo#ulus Control Vout=4.6V § }-090 - |-0.75f -~ }~050] -
! Vout=8.5V 9 |-150] = |-128] - |-080{ -
ot Low-Level Sinking Current—Lock |V = 0.3V 3105| - }jo2} - 035 - mA
Detect . Vour=04 V 5§ Joss| — |ost| >~ |03 —
Vout=0.5 V 9 |t30] - 100} - JOO} ~
ioH High-Level Sourcing Current—Lock V=27V _ | . 3 {~025] - |-020f - {~0.15/ — mA
Detect Vour=4.6 V 5 1-064] ~ [-051] = [|-035 -
Vour=8.5V 9 {~-10] - |-100] — {-070] -
lov Low-Level Sinking Current—SW1, Vg, =03V 3 ]os0}l — |048| ~ JO2¢4 - mA
sW2 Vour=0.4 V 5 |10] - Joso| - [045]| ~
. - . . D . ce e L. VW‘-O.SV" - e e=. o] 9-1 3150 - -1 2304 - 1.05 —
lor  |Lew-Level Sinking Current—Other [V 4 =03V 3 i084) — |03| - J022| - | mA
Outputs Vour=0.4 V = 5 |osa] -~ jos1| -~ (03] - -
Vour=0.5 V- 9 f12| - |1oo| - jow| —
- - IoH- - |[High:Level.Sourcing Current—Other {Voe=2.2V . 3 )-044f - |-035) - |-022] — mA
. ' Outputs ©~ = I~ " {Vour=46V . s 1-064] ~ |-0.51f - [-035] -
Vout™8.5V s |-tx] - |-t00f - =020 -
toz Output Leakage Current—PDg,,0 Vout= VDD o Vss 9 - 203} - 0.1 - $1.0[ pA
. f _ Output in OH State
loz Output Leakage Current—SWI, Vout™ VDO o V55 9 ~ | 203] = {200} ~ | 230f pA
sw2 Output in Off State
o Cout |Output Capacitance — PDoyq PDoy~3-State - = Tw]~1]1wwi -—1]1w0]|or
. -

MC145151-2 Series, Page 23
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(-2° MC145152-2°MC145155-2
(562 MC145157-2¢MC145158-2
/’ - -

FAMILY CHARACTERISTICS i

AC ELECTRICAL CHARACTERISTICS (€ =50 pF-input 4y = ty = 10 ns)
- Vpp | Guarsnteed Limit | Guarsntsed Limit
Symbol Parameter v =c ~40°C to BS°C Unit
tpLH. PHL | Mazimuem Prcpagmon Dclay, fin to Modulu: Conuol e .3 10 1% ns
i R (Figures 1 and 4) - A 5 4] 7 -
. 9 35 . [
tPHL Maximum Propagation Delay, Enabh to SW1, SW2 3 160 180 . ns
tFigures 1 and 5) 5 ' —— 0"
i - 3 50 [}
| Output Pulse Width, ég. ¢y, and LD with lﬂ in Phass with fy 3 25 10 200 25 10 260 ns
< - {Fgures 2 and & -~ s . s 20 to 100 20 to 125
. 9 10 to 70 10 10 80
TLH Mzaimum Ouzput Transition Time, Modulus Control 3 15 15 ns
(Figures 3 and &) 5 60 75
9 40 &0
TTHL Maximum Oumut Transmcn Tirne, Modulus Control .3 - €0 70 ns
I TFigures 3 and 4) : L3 M 45
r 9 X 38
| tTLH. tTHL [ Maximum Oumut Transition Tims, Lock Detect 3 180 200 ns
(Figures 3 and 4) 5 €« 120 .
e 9 70 90
TLH. $THL | Mazimum Ouzput Transition Time, Other Outputs * J 3 160 175 ns
{Figures 3 and &) 5 0 100
9 & ('3
4

outeuT’

Figure

DEVICE
- UMDER
TEST

SWITCHING WAVEFORMS -

1
s
ANY
DUTPUT
TEST POINT

ouTPUT I

T

“inchides all probe and fig capaciance.

Figure 4. Test Circuit

[c—-

'fR in phase with fv
- . Figure 2

$0%
10%

Figure 3

=] : )

TEST POINT - "y
o oo

15k

::[Cl

*Includes all probe and jig casecitance.

Quteyt

CEVICE

UNDER
TisT

Figure 5. Test Circuit
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45151-20MC145152-2¢MC145155-2
51451 56-2-MC145157-2-1C145156-2 _

FAMILY CHARACTERISTICS -

FREQUENCY CHARACTERISTICS {Voltages Referenced to Vss. C =50 pFrinput t, = ty = 10 ns unless Sthérwise indicated) &
~40°C %°C B°C
Symbdol Parameter Test Cohdition Voo Unit
- s V | Min | Max | Min | Max | Min | Max
_fi Iiput Frequancy tfi,, 05Ciq) . |R28.A20Nx8 . _.1 3| <. | 6 | =] 6. —] & |mm
. . V,n =500 mVp-p ac-coupled s I — 15 - 15°] ~ 15
- sine wave 8 - 15 - 15 - 15 |-,
Rz8 A20, Nz8 3 - 12 - ¥ - 7 | MH2
Vin =1 Vp-p ac-coupled sine 5 - 2 - 20 - 20
wave 9 - % - 2 = 2
R>8 A20, N28 3 - 13 - 12 - 8 MHz
Vin=Vpp to Vgg de-coupled| 5 - 25 - 2 - 2
{square wave 9 - i) = 25 - 25
R
REFERENCE 4
0SC + 8
4 !
ty
FEEDBACK -
e +K )

g OUT .

* NOTE: The Pp output state is aqual ta sither Vo o VSS when active. When not
active, the cutput is Nigh impedance and the voltage at that
pin is determined Dy the kow pass filter capacitor,

Figure 9. Phase Detector/Lock Detector Qutput Waveforms
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MC145151-2¢MC145152-2¢MC145155-2
._MC145156-2¢+MC145157-24MC145158-2 - o

DESIGN CONSIDERATIONS

PHASE LOCKED LOOP LOW PASS FILTER DESIGN o

X
e l/ KXveo .
SIS 87 TR ]

L]
=05 o (R s ——
e n(Z ‘9“50"

fysC+1

ket Tey T

B T A
“ NCRy

&0 f._z_“"’ ¢
2

ASSUMING GAIN A IS VEAY LA3GE, THEN:

IZ.IC¢.|
vy RisC

NOTE: Sometimes Ry s split into two series resistors each Ry + 2. A capacitor C¢ i then placed from the midpoint 10 ground to turther filter
oy and ég. The value of Cc should be such that the corner frequency of this network does not significantly atfect up,

DEFINITIONS: %

N = Toul Division Ratio in Ieed‘..od toop

Kg (Phase Detector Gain) = Vpp4r for POgye -

Kg (Phase Dezector Gainla Vpp/2r for 4y and og
27N CO
. AVyco — 3

i
for a typical design wp (Natural anwn:yl:zl-o— {at phase detector input),

Kyco IVCO Gain) =

Damping Factor: 1. .

RECOMMENCED FOR READING:
Gardner, Floyd M., Phaselock Technig (second edition). New York, Wiley-Intersciencse, 1973,

Manassewitsch, Vadim, Frequency Synthesizirs: Theory and Desrgn {second edition). New York, Wiley-interscience, 1960,
Blanchara, Alain, Phase-Locked Loops: Apphication to Cokerent Recever Design. New York, Wiley-Interscience, 1976.
Egan, Witkam F., Frequency Synihesis by Phase Lock. Naw York, Wiey-interscience, 1981,

Rohde, Uinch L., Digital PLL Freguency Synthesiters Theory and Design. Englewood Clitfs, NJ, Prentice-Hall, 1963,

Berfin, Howard M., Design of Prase-Locked Locp Circuits, with Experiments. lndnan:pol‘ s, Howard W. Sams and Co., 1978.
Kintey, Harold, The PLL Syr:tesizer Cookbook. Biue Ricge Summit, PA Tab Books. 1980,

ANS3S, Phase-Locked Locp Design Fund. i, Motorcia Semiconducior Producss, Inc., 1570.
AFIS4, Phase-Locked Loop Design Arucles, Semi tor Prod: Inc., Reprinted with permission from Electronic Design, 1587,

EASS D, Electronic Tuning Address Sysiems, Motorola Semiconductor Products, Inc., 1986,
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CRYSTAL OSCILLATOR CONSIDERATIONS™

The following options may be considered to provide a fel-
erence frequency to Motorola's CMOS lrequency synzhes:z:rs.
* The mosi desirable is discussed first.” - -
USE OF A HYBRID CRYSTAL OSCILLATOR

Commercially availablé temperature-compensated crystal
oscillators {TCXOs) or crystal-controlied data clock oscillators
provice very riable reference frequencies. An oscilator capable
of sire.ig ard! sourcing 50 xA 2t CMOS fogic levels may be
direct ¢: dc coupled to OSCip. In general, the highest fre-
quenc < apctility is obtained utilizing 3 direct-coupled square
wave s ving 1 rail-to-rail [Vpp to Vsg) voltage swing. if the
oscillytz® dems not have CMOS “logic levels on the outputs,

" capachi 2 o ic coupling to OSCin may be used. 0SCoyt. 8N

unbufic ed output, should be leht floating.

For additional information about TCXOs and data clock os-
cillators, please consult the latest version of the sem Electronic
Engireers ifaster Catalog, the Gold Book, or similar
pubiications. . i

LEPMSM AL OFF-CHIP REFERENCE
¥ir eser .2y design an off-chip crystal oscillator using ICs

.aosdgslly «veloped for crystal oscillator applications, such

¥ % WiC17.51 MECL device. The reference signal from the
t -ELY Cevice is ac coupled to OSCjn. For large amplitude
iy istan’ard CMOS logic levels), dec coupling is used.

Tlgps.. 80 ynbutfered, output,_ should be left floating. In
evowvel, the Lighest frequency capability is obtained with a
ekar:-ﬁ\up:t:.' squars wave having rail-to-rail voltage swing.

Ut £ THT ON-CHIP OSCILLATOR CIRCUITRY
" e wa-chip amplifier (a digital inverter) slong with an ap-

pio;e . cry=tal may be used to provide a reference source
frisper y. A fundamental mode crystal, parallel resonant at
thes v ed operating frequency, should be connected as
s'.ox-r 1 Figure 10.

" V20 =5V, the crystal should be specified for 2 loading
a-pu-c-s ce, €L, which does not exceed 32 pF for frequencies
to _l;:prct..imately 8 MHz, 20 pF for frequencies in the area of

®May be delernd in certain cases. See tert.

Figure 10. Pierce Crys:al Oscillator Circuit

MC145151-2 Seri

.ot {paralte! resonant crystal),

DERATIONS

8 10 15 MHz, and 10 pF for higher. frequencies. THese”are
guidelines that provide a reasonable compromise besween IC
capacitance, drive capabll‘ry. swamping variations in stray and -
ICinput/output capaditance, and reafistic CLvalues The shunt

foad capacitance, Cy, presented scross’ the crystal can'be ™ T

estimated to be: ..

C1.C2
Cl+C2

cmcnm
CL= Cin+ Cout *Ca+Co+
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 {see Figure 12

Cl and C2 = external capacitors {see Figure 10)

€ \
o N T it L
1 :
:'?: Ca :}-,: Cont
d h oo
Figure 11. Parasitic Capacitances of the Amplifier
j !

~t

L R |
M s ﬁ*‘i} -
] - .. - - co -
o0 . .”'.,.;'_ & ; Fy . ..

= o—"W—{J)—o !

NOTE: Values are suppied by crysaal rnanuf»mm

Figure 12. Equivslent Crystal Networks

The oscillator can be “trimmed™ on-frequency by making »

portion or all of C1 variable. The crvstal and associated com-
ponents must be located as close ss possible to the OSCi,
and OSCgy pins to minimize distortion, stray capacitance,
stray inductance, and startup stadilization time. In some cases,
stray capacitance should be added to the values for Cj and
Cout- .
Power is dissipated in the eflective series resistance of the
crystal, Rg, in Figure 12. The drive leve! specified by the crystal
manulacturer is the maximum stress that a crystal can with-
stand without damage or excessive shift in frequency. Riin
Figure 10 fimits the drive level. The usa of R1 may not be
necessary in some casas; i.e., R1=0 ohms,

To verity that the maximum dc supply voltage does not
overdrive the crysial, moritor the output fraquency as » func-
tion of voliage at OSCyyy. (Care should be taken to minimize

ies, Page 28
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DESIGN CONSIDERATIONS

loading.} The frequency should increase very sfightly as the
d¢ supply voltage is increased. An overdriven crystal will de-
crease in frequency of become unstable with an increase in
supply voltage. The oparating supply voltage musi be reduced
or R1 must be increasad in value if the overdiven condition

exists. The user should note that the oscillator start-up time

is proportional to the value of R1.

Through the process of supplying crysia
CMOS inverters, many crystal manufacturers have developed
expertise in CMOS oscillator design with crystals. Discussions
with such manufacturers can prove very helptul, See Table 1.

Table 1. Partial List of Crystal Manufacturers

ts ior use”w'n.h ’

RECOMMENDED FOR READING

- Techni_cal Note TN-24, Sta}ek Corp.

Technicat Note TN-7, Statek Corp.

€. Hafnet, “The Piezoelectric Crys:al Unit—Definitions and
Method of Measurement”, Proc. IEEE, Vol. 51, No. 2; Feb.,
989 oL . .

D. Kemper, L. Rosine, ™
trol”, Etectro-Technology, June, 1959. .

P. J. Ortowitz, A Guide t0 Crystal Selection™, Electronic

Design, May, 1956,

Statek Corp.

Name Address Phone
United States Crystal Comp. 3605 McCan St., Ft. Worth, TX 76110 {8171 921-3013
Crystek Crystat 2371 Crystal Dr., Ft. Myers, FL 33907 1813) 936-2109
512 N. 82an St., Orange, CA 92663 (714) 633-7810 -

NOTE: Motorola car.not recommend one supplier over anot

her and in no way suggests that

this is a compete listing of crysial manufacturers.

MC145151-2 Series, Page 29
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To maximize sysiem frequency capability, the dual-modulus

. DUAL-MODULUS PRESCALING
. -t . - prescaler output must go from low to high atier each group
OVERVIEW of P or P+ 1 input cycles. The prescaler should divide by P
when its modulus controf line is high and by P+1whenits
The technique of dual-modulus prescaling is well established - modulus control is low. . - -
.o as 3 method of achieving high performance frequency syn- For the maximum frequency into the peescaler {fycomax),
the value used for P must be large enough such that: -

thesizer operation at high frequencies. Basicafly, the approach.. .
" alows relatively low-frequency programmable counters to be
used as high-frequency programmable counters with speed

A. tyco max divided by P may not exceed the frequency
*_capability of f, {input to the + N and + A counters),

capability of several hundred MHz. This is possible without B. The period of fpcQ divided by P must be greater than

the sacrifice in sysiem resolution and performance that results - * «- the sunrof the times:

if a fixed {single-modulus) divider is used for the prescaler. a. Propagation delay through the dual-modulus
tn dual-modulus prescaling, the lower speed counters must prescaler,

b. Prescaler setup or release time relative to its mod-
ulus control signal,

c. Propagation time from fiy to the modulus contral
output for the frequency synthesizer device.

be uniquely configured. Special control logic is necessary to
select the divide value P or P + 1in the prescaler for the required
amount of time {see modulus control definition). Motorola’s

-modulus frequency-synthesizers contain this feature and
can be used with a variety of dual-modulus prescalers to allow A sometimes useful simplification in the programming code
speed, compiexity and c°s‘, to be tailored to the system re- “can be ach?e\;ed by choosing the values for P of B, 16, 32, or
quirements. Prescalers having P, P+1 divide values in the g4 £y these cases, the desired value for N results when NT
range of 3/ -+ 410 + 128/ + 129 can be controlled by most in binary is used as the program code to the < N and + A

Motorola frequency synihesizers. ) counters treated in the following manner:
Several dual-modulus prescater approaches suitable for use \ L
with the MC145152-2, MC145156-2, or MC145158-2 are: A. Assume the + A counter contains “'a” bits where
) | ’ I 222p.
i B. Always program all_higher order -+ A counter bits
A MC12009 - : 55 : 6 40 x”‘ above 8" to zero.
Mc1zgil ol o g0 C. Assume the = N counter and the + A counter {with
MC12013 +10/ + 1) 500 MHz J S - .
MC12015 +m+3 296 MHz 2il the higher order bits above “a” ignored} combined
MC12016 + 407 + &) 225 MMz into a single binary counter of n+a bits in length __
‘- - MC1201?7 [t 6/ + 65T 225 MHz 4 {n = number of divider stages in the + N counter}. The
MC12018 + 1287 + 129 520 MH2 MSB of this “hypothetical” counter is to correspond
MCI12022A “+ 64 65 or + 128129 | 1.1 GHz to the M5B of + N and the LSB is to correspond to
MC 12024 + 854 E50r =123 129 | 2.0 GHz the LSB of + A. The system divide value, NT, now
B 1 results when the value-of N7 in binary is used to pro-

gram the “new” n +a bit counter,

-t T " " pesibN GUIDELINES i
) The systern total divide value, Nigeai (NT! will be d-czated B'y using two devices, saveral dual-modulus values are
by the application,i.e. ach-evable.:
frequency into the prescaler MOOULUS
NeP+A CONTROL

- Nr= frequency into the phase dctec:or

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 avaiable in the dual-mod- "{E‘ A oevice 8
ulus 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
B N+12and the +A is sequenced from zero through P =1 = Dewce
. N . . pevice & “MC12009 MC12010 NC12013
. There are minimum 2nd meximum values ‘that can be wann| ++n + 32+ 33 <+ 401+ 41
achieved for NT. These values are a function of P and the size -
MC -+ §0; + + §0i + + 100 +
of the + N and =+ A counters. The constraint N2 A atways c10138 Sai+ 51 e 101
applies. M Amax=P~-1, then Nmin2P-1. Then “"g!n'-"" +5;!R+ 65 +an+n
gy _ _ ~ P MCI0IS4
NTmin=(P—-1} P+ A or {P—-1) P since A is free to assume ey 128+ 129

e value of zero.
NOTE: MC12009, MC12011, an¢ MC12013 are pin equivalent.

: NTmax = Nmax-P + Amax MC12015, MC12616, and MC12017 are pin equivalent.
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