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ABSTRACT

Frequency synthesizer circuit is several frequency oscil

later circuit at one output. It .use only referance inside circuit by
oscillater circuit. So, it is popular now. Example Television ,
Receiver , Transmitter or the other telecommunication system.

because frequency synthesizer have wvery hign stabiltty of signal
circuit. and wuse convenient working control., Direct and Indirect

=~ /4

coherent synthessizer are method of frequency synthesizer.

Indirect coherent synthesizer wused for this project. In
order that to bring phase lock loop circuit use to frequency synthe-
sizer for carrier frequency obscillator, is <called F.M. Broadcast

Carrier.
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TECHNICAL DATA

MRF553

The RF Line

NPN SILICON RF LOW POWER TRANSISTOR

. . . designed primarily for wideband large signal predriver stages
in the VHF frequency range.

15w

RF LOW POWER
TRANSISTOR

NPN SILICON

175 MHz

® Specified @ 12.5 V, 175 MHz Characteristics

Output Power = 1.5 W
Minimum Gain = 11,5 dB
Efficiency 60% (Typ)
® Cost Effective PowerMacro Package
¢ Electroless Tin Plated Leads for Improved Solderability

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 16 Vdc
Collector-Base Voltage Veso 36 Vdc
Emitter-Base Voltage VEBO 4.0 Vdc
Collector-Current — Continuous Ic 500 mAdc 1
Total Device Dissipation fa Tc = 75°C {1,2) Po 3.0 Wotts
Derate above 75°C 40 mwWrC
Storage Temperature Range Tng -6510 +150 °C
THERMAL CHARACTERISTICS
Charscteristic Symbol Max Unit
Thermal Resistance, Junction to Case RaJc 25 Cw

1) Tc. Case d on coll lead i y adj to body of packag

(2} The MRFS53 PowerMacro must be properly mounted for reliable operation. AN938,
"Mounting Techniques tor PowerMacro Transistor,” discusses methods of mounting and
heatsinking .

STNE?
N1 COLLECTOR
2 EMITER
3 BASE
4 EMITTER

NOTES.
1 DIMENSIONING AND TOLERANCG M0 NS
Y14 5m, 1982
2 CONTROLLING DIMENSION INCH
3 LEAD DIMENSIONS UNCORTROLLED W™

DIMENSION N AND R

WMLUWETERS | hows_ ]

MIN | MAX | MM | MAL Y
*pf‘ ¢ T sm Tom]em?
3 METRITATN
0 | o8t | 0% [ow Jecm!

& o6 Tom Tow !
[RETRETRETYN
4 o2 ] ox [aoeuey!
K | 230 [ 812 |oms {omn
w | - | - Te)
R — [ ax [ - fem;
T | et | 100 | 0% | tom

CASE 317D-02




MRF553

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.}

[ Cherstteristic I Symbol I Min I T;p l Max I Unit J
OFF CHARACTERISTICS
Cofiector-Emitter Breakdown Voltage V(BRICEQ 16 - - Vde
{ic = 10 mAdc, Ig = 0)
Coll Eminter Breakd: Voltage V(BRICES 36 - - Vdc
fic = 5.0 mAdc, Vgg = 0)
Collector-Base Breakdown Vottage V(BRICBO 36 - - Vde
{ic = 5.0 mAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(gmgad 4.0 - — Vde
{lg = 1.0 mAdc, Ic = 0)
Coltector-Cutoff Current ICES — - 5.0 mAdc
{Vcg = 15 Vdc, Vpg = 0, Tc = 25°C)
ON CHARACTERISTICS
DC Current Gain hgg 30 - 200 —_
{ic = 250 mAdc, Vg = 5.0 Vdc)
DYNAMIC CHARACTERISTICS
Output Capacitance Cob — 12 20 pF
{Vcg = 10 Vdc, Ig = 0,1 = 1.0 MH2)
FUNCTIONAL TESTS
Common-Emitter Amplifier Power Gain Figure 1,2 Gpe 115 13 - dB
(Vee = 125 Vde, Poyp = 1.5W, f = 175 MH2)
Collector Efficiency Figure 1,2 ] 50 60 — %
{Vee = 12.5 Vde, Poyp = 1.5 W, f = 175 MH2)
Load Mismatch Stress v No Degradation in -
Vce = 128 Vde, Poyt = 1.5 W, f = 175 MHz, VSWR = 10:1 All Phase Output Power
Angles} .

FIGURE 1 — 140-175 MHz BROADBAND CIRCUIT SCHEMATIC
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5" ARC6 9 COAR FRCI0
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4
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1 €2 = i¢ o SF
RF utput
Input o L2
~C1 ~~C3
€1 — 36 pF Mini Underwood L1 — 3 Turns, #1B AWG, 0.210" ID, 3'16" Length
C2 — 47 pF Mini Underwood 12,14, L7 —'0.62", #18 AWG Wire Bent into ""V"
C3 — 91 pF Mini Underwood L3, L6 — 60 x 125 x 250 Mils Copper Pad on 27 Mils Thick Alumina Substrate
€4 ~ 68 pF Mini Underwood L5 — 12 uH Molded Choke
€S, C9 — 1.0 uF Erie Red Cep Capacitor L8 — 7 Turns, #18 AWG, 0.170" ID, 7/16" Length
€6, C10 — 0.1 wF, 35 V Tantulum L9 — 1,07, #18 AWG Wire with 5 Ferrite Beads
C?7 — 470 pF Chip Capacitor B — Ferrite Bead
€8 — 2200 pF Chip Capacitor Board Material — Glass Teflon, ¢, = 2.56, t = 0.0625" (See Photomaster, Figure 3)

Rl — 4.7k, 174 W
R2—100 01, 1/4 W
D1 — 1N4148 Diode



FIGURE 4 — TYPICAL PERFORMANCE IN
BROADBAND CIRCUIT
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f Voo = 15V P Vee = 125V; Py Yoo = 15V Poy Voo = 125V; Py
Fraguency
W | 0omW | 200mW | 300mW || SomwW | 100 mW | 150 mW 19W Hw 22W W 20W uw
W} ree-a6 | 2026 | 2312 [} 140 1831 | 1927 || et | 06-m1 | wo-ws [} 83-8Y 16205 | 163-es
5 | 2556 | 23-j58 | 28-440 || 23-j46 | 24-n2 | 2450 || 12149 | 7298 | 8154

308-233 | 114-j209 | 11.0-43

ZQO
Ohms

Voo = 125V, By

Veg = 15V Poy

Voo = 125V, Poyy

[ SimW | 100mW | 200mW || mW .| B0mW | 100 mW 125W _l_l.!l_ 9w !}W zgsw ow |
%0 25-83 | 25-64 | 25-M44 } 1.6-107 | 2520 | 2212 318-92 32-98 | 302-107 458-47.2 452-128 0-145
Ly = € gate of the load i into which the device operates at & given output power, voftage and frequency




MRF553
FIGURE 6 — POWER OUTPUT versus POWER INPUT FIGURE 7 — POWER DUTPUT versus POWER INPUT
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D58629

National
Semiconductor
Corporation

DS8629 120 MHz Divide-by-100 Prescaler

General Description Features

The DSB629 is 2 fixed ratio counter combining ECL and Low B High Fraquency, dc—120 MHz—small input amplitude

Power Schottky technology .on a single monoclithic sub-
strate. This provides high frequency capabilily and TTL
compatbility. A single 5.2V = 10% supply is needed.

The device can be cperated in a single-ended or ditferential
input mode, with the signa! source typically capacitively cou-
pled to the input An input amplifier is included 10 aliow use
of extremely small amplitude, high frequency signals. The
output of the device is a square wave of ‘requency foyt =
fin/ 100 for the DS8629. The output is standard Low Power
Schottky. . ..

Sine wave input 30 MHz < fiy < 120 MHz
TTL compatible output .

May be used with TTL input

Single supply operagon 5.2V, £ 10%

Single ended or criferental input modes
Positive cr negative-edge triggered

Count down sequence avoids broadcast FM IF harmonics

Logic and Connection Diagrams
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Absolute Maximum Ratings mote 1)

Operating Conditions

specifications for Military/Aerospace products are not Min Max Units
contained in this datasheet Refer to the associsted Supply Voltage (Veo) 458 5.72 v
reliability electrical test specifications document. . Temperature (Ta)’ +70 °C
Sucply Voltage v .
Input Vltage T8V
QOutput Voitage 5.5v
Siorage Temperature Range ~65°Cto +150°C
Lead Temperature (Soldering, 10 sec.) 300°C
flectrical Characteristics (votes2and 3)
symbol Parameter X Conditions Min | Typ | Max | Units
Yntiopr | Input Voitage (Peak-To-Feak) Single-Ended 2720 MHz 220 1000 | mv
Fangizet ] Irput Voitage (Peak-To-Pezx) Ditterential § 120 MHz 100 1000 | mv
‘e Inout Frequency with Sina Wave | Vi, = 660 mve-p 20 120 | MHz
L Inout Fracuency with TTL Input -0 120 | MHz ,
N Mirvmum Slew Rats of Vin = 600 mViz-p 100 | V/us
Square Wave Input
You Logical 1" Qutput Voltags Veg = Min,lgy = —10 uA 29 v
Vez = Min loy = 400 pA 24 v
Voo = Min, lcw = — 1.6 mA 20 v
s Outcut Short-Creuit Current Vee = Max =10 . -0 | mA
VoL Legicar “0” Outsut Voitage Vee = Min lc. = 8 mA DS3629 ] 05 | v
e Suzply Current Vee = Max DSa€29 [ 20 | 135 | ma
N ‘aput impedance ViIN= 0.1V, 501V,
Freq, = 120 WHz 100 | 200 { 350 n

Note 2 Uniess cThorwrse $00fec, mwn/imas LTS ACDHy aTess e OO o

TR £F RN ON AD30wE VEIUe Baws.

Mote 1: "ATsowne Masmum Raongs” ire 21034 vanes Deyond which T STy Gf I8 Gevice cannct Se SUAINIE0G. They e ATI medst 12 WDy That e dence
£7°0.C D¢ 0D3IC 3t e3e hTuS. The e of "Eectiuar CRraciensics” Sroviaes CONGBONS 10r BCTLA! SEVICS DOIFRON.

7O°C range ARl rypacal vawes ace lor Ty = 25°C 27 Yor = S2V.
Note 3: Al 2.Tenzs 10 CENICe (s SAOWN 2S SOBING, it O CEVICe DS mecatve, all VYOIAGE 7918r 81CeT (D §TOUNC LSS CTNE w38 NOMC. Al VAL SAOWN as




DS8A29

B3

Application Hints

OPERATING NOTES

Two ground and two Ve connections are provided separat-
ing the ECL and butier/amplifier stages from the TTL sec-
tion, isolating the noise transients inherent in the TTL struc-
tre. In most cases, shorting the two grounds externally to a
good ground plane and the Vcc's 10 a wide Vg bus will
provide sufficient isolation. All crmponents used in the cir-
cuit layout should be suitable for the frequencies involved
and leads shouid be kept short 1o minimize stray induc-
tance. A well by-passed voltage source should be used.

The signal source is usually capacitively cgupied to the in-

pul. At higher frequencies a 0.01 uF input capacitor (C1) is

usually sufficient, with larger values used at the lower fre-
Quencies. If the input signal s likely to be interrupted, it may
be desirable to connect 2 100 kil resistor between one in-
put and ground to stabilize the device. In the single-ancled
mode, it is preferable to connect the resistor to the unused
input In the citferential mode, the resistor can be connected
to erther input. The addition of the 100 kN pull-down resistor
causes a lgss of input sensitivity, but prevents circuit oscilla-
tions under no signal (open circuit) conditions. In addition, in
the single ended mode, a capacitor of 0.01 uF (C2) shouid

Input Conflguration

—_—

be connected between the unused input and the groung
plane to provide a good high frequency bypass. The capag.
tor should be made larger for lower frequencies. k3
The input waveform may be sinusoidal, but below about 3
MHz the operation of the circuit becomes dependent on the
siew rate of the input rather than ampiitude. A square wave
input with @ slew rate of greater than 100 V/us will permit
comrect operaton down (o lower frequencies, provided the
proper input coupling capacitor is provided. It it is desirad to
use a TTL input signal source, the unused input should have
a 10 kM resistor added to ground and the input coupling
capaciior should be efiminated with the TTL source de cou-
pled to the input.

The device can be used in phase-locked loop apphcahom
such as FM radio or other communications bands to pre-
scale the input frequency down 5 a more usable level, A
cigital frequency display system can also be derived sepq-
rately of in conjuncson with a phase-iocked loop, and It can
extend the useful range of many inexpensive frequency
counters 10 160 MHz (typically).

Output Contiguration
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TC-9122P (BCD PROGRAMMABLE COUNTER)

MAXIMUM RATINGS (Ta = 25°C)

MC-3357 (LOW POWER FM IF)

MAXIMUM RATINGS (Ta = 25°C)

it

PIN CONNECTION

GND
POUT
o2

g qTIan e
> &

BLOCK DIAGRAM

NN‘

VDO GND

( 100 ~ S00K 03

BCD Programmabile Countar

Al A2 A3 A DY

X110

22 53 8 CY C2C3 C4 DY D2

X300 X1000

J

SYMBOL DESCRIFTION RATINGS UNIT SYMBOL DESCRIPTION |,
Vop Supply Voltage 10 v VCC . | Supply Voltage (MAX) '
Vin Input Voltage ~0.3~Vbo +0.3 v vce Operating Supply Voitage
Torn Openting Temperature -3~ 78 °c VIN Input Voltage
Tste Storage Temperature -55~128 °c Torr Operating Temperature ; ;

TsTG Storage Temperature l
!

BLOCK DIAGRAM

YrouT

PIN CONNECTION

4B3xM2
FiLTER
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2N5109

The RF Line

200 mA,

NFf = 3.00d8 (Typ)

® Low Noise Figure — € { = 200 MH;

® High Current-Gain — Bandwidth Product —
17 = 1200 MHz (Min) @ iC = 50 mAdc

NPN SILICON HIGH-FREQUENCY TRANSISTOR

. designed specificatly for broadband apphications requiting good
Linearity. Usesble as a high tfrequency currert mode switch to

1.2 GHz € 50 mAdc

HIGH FREQUENCY
TRANSISTOR

NPN SILICON

*MAXIMUM RATINGS

Rating Symbo! Value Unn
Cottector-Emitrer Vohege Veeo 20 vdc
Cotiector-Base Vottage Veso 40 Voc
Emitter-Base Vohaot VesD 30 Voc
Bese Current — Continuous tp 400 mAdc
Coliector Current = Continuous e 400 mAdc
Tots! Device Drsipetion @ T = 75°C 11 fo 25 want

Derste sbove 25°C 20 o °C
Siorage Temperature Range Tag €5 10 +200 %€

(1} Tore! Device Drmination o1 T4 = 25°C 0 1.0 wart.

JEDEC &

Dse

FIGURE 1 — RF AMPLIFIER FOR VOLYAGE

GAIN TEST CIRCUIT
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2N5109

17, CURRENT GAIN RANDWINTH PRONUCT (G
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FIGURE 3 - CURRENT GAIN - BANDWIDTH PRODUCT
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2N5109

Yro. AEVERSE TRANSFER ADMITTANCE (mmhay) Yo INPUT AQMITTANCE (mmbaq)

Yo, FORWARD TRANSFER ADMITTANCE (mmhoe}

FIGURE 7 — INPUT ADMITTANCE versus FREQUENCY

L1 i
L v o1t ve: l ],
Ig * SO mAes | H
* e T
—
20
SV
10 ==
T——) te
° I~ |
T
-10 !
100 200 304 0 0 1000

t, FREQUENCY (Mnz)
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2N5109

ELECTRICAL CHARACTERISTICS (T = 25°C uniess otherwise noted!

Charactermic

1

Symbol

i

Min ‘ 1 Typ ] Max ] Unit J

*OFF CHARACTERISTICS

[cotectorn-E mitter Sustsining Voltage
U » 5.0mAde I1g = 0

VCEO(sus)

20 - - Voo

ohecior-Emitter Susteining Votiage (1}
tic = S 0mAdc, Rgg = 10M)

VCER(sus)

40 - - Vee

ICotiec1or Cutpt! Current
(Vg = 315 Vde, tg o

ICEO

[Colector Curoft Curvent
tveg = 15 Vo, Vge = -1.5 V. T¢ = 150°C)

(veg = X Voo vgg*-1.5 V)

Icex

- - 50 mioc

E mitter Cutot! Caurrent
{vpg »30Vdc. ic 0!

‘e80

- - 100 Y14

*ON CHARACTERISTICS

C Curvent Gan
(t¢ = 350 mAdc, Vg = 5.0 Vdc)
(1c = S0 mAdc, Ve = 15 Voel

hiE

40 - 120 -

DYNAMIC CHARACTERISTICS

*CurrentGain = Bendwidth Product
(1c * S0 mAdc, Vg = 15 Vdc. 1= 200 MHz)

Cotiector-B e Capacriance
{veg = 15 Voc, g = 0, f= 1.0 MKz}

Ce

.

Nome Fagure
(ic = 10 mAdc, VCE » 15 Vdc, = 200 MHz2)
(Fagure 2}

NF

FUNCTIONAL TEST

I Comvnon-E mitter Amplifier Vottage Gain (F gure 1}
(g = 50 mAde, Veg = 15 Vde, 1= 5010
216 MH2) .

Gve

1 = - 1]

[*Power input {Figure 2)

Pout ™ 1.26 mW 1 =200 MHz)

(1g = 50mAdc, Vog = 15 Vde, Rg* S0ohms,

*indcstes JEDEC Reg:nered Date
$1) Putenc theu 8 25 mH Inductor; SO% Duty Cycle

FIGURE 2 — 200 MHz TEST CIRCUIT
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2N5108

FIGURE 18 - FORWARD TRANSMISSION COEFFICIENT

FIGURE 17 — REVERSE TRANSMISSION
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2N5179

| The RF Line B

NPN SILICON RF HIGH FREQUENCY TRANSISTOR

4.5 dB € 200 MHz
HIGH FREQUENCY
TRANSISTOR
NPN SILICON

... designed primarily fot use in highgain, tow-noise amplifier, oscil-
Istor, and mixer gpplications. Can also be used in UHF converter
applhications. .

@ High Current-Gain — Bandwidth Product —
t1 = 1.4 GHz (Typ) € IC = 10 mAdc

® Low Collector-Base Time Constant —
r'Ce = 14 ps {(Max) € Ig » 2.0 mAdc

Characterized with Scattering Parameters
.Low Noise Figure —

NF = 4.5 d8 (Max) € { = 200 MH2

Ny
ALl
]
€ ¢
= H . 1
4 T
I ]
it ,' Wi
o
E 2 S M |
v A [
1l ;
S A AN
—ole D
. N
MAXIMUM RATINGS Py, ™
aicam grs T3
Rating Symbol Value Unh &) 1 BCTER
v AR, 4 108
ColiectorEmiter Voltage Vceo 2 vae ‘S""\Q‘/ 3 s
Applicable 1.0 w0 20 mAdc ¢ ot
Cotlector-Bawe Voltege Vee 0 voc AT AL RIS MRS NOTIS ASSXUKTED 87T 1572
- 010 S A
Eminter-Baw Vo!tage VER 25 v = -
Cotiector Current tc $0 mAd: PSSR TRE
: T o3 1 Tt
Tomal Device Dissiostion @ T, = 25°C [ 200 P R RN RIS BT
De-ate above §°C 1.14 . /O ¢ ; ex , «r | Lre f gov
Totat Device Dissipstion € T¢ = 25°C o 300 er T oyt
Derate sbove 25°C n mWeC [MENERYBEETEN]
Stworage Tempersture Renge Te1g 65 10 +200 °c r—f—;—;fié;,—‘—;'—'—:‘.i—'
- ] [T - 1 3 1 4
s Lmn | — pesx g - |
*Inci L4 |~ O =
Ingicows JEDEC Reginered D-u.. r A= r
[} (¥ ol A [{=4 =4
v - ] - ]
CASE 2003
TO-206AF
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2N5179

*ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

I Choracteristic J Symbo! J Min Man Unit
OFF CHARACTERISTICS ’
Coltector-Eminier Sustarning Voltag: VCE Olsus) Voo
(Ic= 30mAsc, ig= 0 12 -
Collecior-Bame Breskdown Voltege V{BRICBO Vo
{ic » 0.00t mAdc, tg =« O} 20 -
Emitter-Base Breskdown Voitage V(BRIEBO vac
{1g » 0.01 mAd, I¢ = O! 2.5 -
Coliector Cutotf Current 1ce0 phdc
(Vep = 15 Ve, tg = 0) - 0.02
(vep = 15 Voc, Ig = 0, T4 = 150°C) - 10
ON CHARACTERISTICS
DC Current Gain heE -
fic = 30mA, Vcg = 1.0 Vec)” 2 250
Coliscior-Emimer Sawration Voltage VCE (s21) Vac
{ic = 10mAdk. g = 1.0 mAd} = 0¢-
Ba3e-£ mitrer Saturstion Voitsge VBE (s21) Voe
{1¢ = 10 mAdc, Ig = 1.0 mAdc) - 1.0
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwichn Product (D) t MHz
tic = 5.0 mAx, Ve = 6.0 Vo, f = 100 MHz) 900 2000
Collector-Base Capacitance Ced of
(Vg = 10 Ve, Ig = 0, 1= 0.1 10 1.0 MH2) - 10
Smali-Sipnat Current Gain e -
(ic = 20 mAdk, Vg » 6.0 Vo, 1= 1.06H2) 2 300
Colivctor-Bam Time Consuant ' Cc L]
(g = 2.0 mA, Vg ® 6.0 Ve, f = 31.9 MH2) 30 1“4
Noise Figure {See Figure 1) NF .11
{te » 1.5 mAde, Vg = 6.0 Ve, Rg = 50 ohms, { = 200 MHz) - 45
FUNCTIONAL TEST
C £ miter Amplifier Power Gain (See Figure 1} Gpe ©B
(Veg = 6.0Vek, I = 5.0 mAdc, T~ 200 MMz} 1% -
Power Output (See Figure 2} Pout mw
tVep ® 10 Ve, ig = 12 mAdc, 12500 MHz} 20 -

“ingicares JEDEC Rogirterst Volues,
(D17 ks ontinec ss the trequency st which fneg| sxtrapolsies 1o unity.
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FIGURE 1 - 200 MHz AMPLIFIER POWER GAIN: FIGURE 2 - 500 MK OSCILLATOR CIRCUIT

AND NOISE FIGURE CIRCUIT
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NPYT ADMI
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FIGURE 11— Sqq, INPUT REFLECTION COEFFICIENT FIGURE 12-S22. OUTPUT REFLECTION COEFFICIENT

PN NPk
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FIGURE 13 ~Sq REVERSE TRANSMISSION COEFFICIENT FIGURE 14 — S2q. FORWARD TRANSMISSION COEFFICIENT
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FIGURE 15-S41. INPUT REFLECTION COEFFICIENT AND S22, OUTPUT REFLECTION COEFFICIENT

700 MH2 €=

500 MHz '
4 D
l : ZFF 200 MH2 % 34
‘c mMHZ - PR \ 70 7 ‘3 ! =
A % Ig = 5.0 mAdc 50 A '
i = 1.5 mAdc gg ]
AR g s 10058
2\l 3 -
N1 200 MH: 100 MHz : ]
\ 900. MH.I 1 " .' r /
700 Mz, 1503 4
Ic = 5.0 mAdc
AT o
300 MH: =g
= 200 MHz 3
100 MHz



Indoctance of a single-1syer coil

The inductance of a single-layer coil of length at Jeast equal to’

s radius is given by . -
NP :
o S s 1R
" where r = radivs of coil (in)
I= length of coil (in) - = -~
N = number of turns

This applies 10 both close-wound and spaad-!um coils. Cor-
respondingly, the number of turns for a given inductance is

N-z_‘/%;lw
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'l’he Inductance of 0-375In Interna! diameter col!s with turns
spaced one diameler apent
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Inductances

Self inductance of & su-ugM wire
At radio frequencies, the self mdunancgof a sim;ht round
wire is given by - .
L = 0-002) (2-303 hg,’:—’- 1)uH
where | = ltng,lh in centimetres .
d = dia in centimetres
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TUNING DIODE DESIGN TECHNIQUES

.

Prepared by.
* Doug Johnson

INTRODUCTION .

Voitage variahle capacitors or_tuning diodes are best
described a1 diode capacitors employing the junction capa-
citance of 8 feverse biased PN junction. There is s wide
range of available capacitances and different device types.
The capacitance of these devices varies inversely with the
applied reverse bias voltage. .

Tuning diodes or Motutoli’s “‘Epiupt"' have several
advantages over the more common variable cspacitor. They
are_much ‘smaller in size and lend themselves fo circuit
tward mounting. They are available in most of the same
capacitance valuet as au variable, capscitors. Tuning dindes
offer the designer the unique feature of remote tuning.

Epicaps. as opposed to earlier versions of voltage vari-
able capacitors exhibit many new improvements. Lower
teakage, significantly higher Q and uniformity - are just
some of these sdvaniages. However, the capacitance of
all tuning diodes inhcrently varies with temperature and
may fequire compensati A simple scheme is available
for compensation of the temperature drift. tesulting in
stabilitics as good s, or better than, that of air capacitors.
This note contains the details for éompensating Motorola’s
€Epicap dindes. *

SIMPLIFIED THEORY »

A tuning diode is 8 silicon diode with Pery uniform
and stable capagitance versus vollage chauclf}rislics when
operated in its reverse biased condition. If accordance
with semiconductor theury, a depletion region is et up

— e
o il

FIGURE 1 — Tuning Diode Capecitor Anslogy

sround the PN junction. The depletion layer is devoid of
mobile carriers. The width of this depletion region is de-
pendent upon doping parsmeters and the applied voltage.
Figure 1A shows 8 PN junci-on with reverse bias applied.
while Figure 1B shows the analogy.» parallel plate capacitor.
The equation fur the capacitance of a patallel plate capaci-
tor given below predicts the capacitance of » tuning diode
<A
Cnm -.
d (n
where €= dielectric gonstant o silicun equal to 11.8 x ¢g
€0 = ARS x 10 12F/m
-, A= Devicecruis sectional arca
7 &' Width of the depletion layer.

The deplction layer width d may be determined from
semiconductor junction thewry.

The more accepted method of determining tuning
diode capacitance is 10 use the defining furmula for capas-
citance. X ’

aQ -
.. 2
C v )

_"D\é charge. Q per unit area, is'defined as:
Q=¢E * o)
where E = Electric ficld
So we have capacitance per unit area:
C dE
a_wg.- . (4)
> ‘ av
Norwood and Shatz! use these ideas to develop a general
formula:
gemel | Ume2
c» .—q——— —— (S)
(me2) (Veo) .
m = {mpurity exponent
¢ = Capacitance per unit ares
Lumping all the constant terms together, including the area
of the diode. into one constant, Cp. we arrive at:

(%)

Cje=
1% vea?
where 7= Ospacitance Exponent.a function of impurity
exponent
¢ = The junction contact potential
{~ 0.7 Volts)
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can be shown to be a func:

The capacitance constant, Cp.
voltage and the contact

non of the capacitance 3t e1o
prential At room temperature we have:

Co=Cuotd)?
Co = Value of capacitance st 210 voltape

m

The sunple formula given in EQ. 6, very accurately predicts

the voltage-capacitance telationship of Epicaps. There are
many detailed derivations * .2.3,4.8 of junciivn capacitance.

w1 (urther explanation is not necessary in this note.
The capacitance of commercial tuning dindes must be

modified by the case capacitance.

The equation then becomes.
(s CC (X o] " - K)
where . ’
Ce = Case capacitance typically 0.1 100.28 pF
Cj = Junction capacitance given by equation &,
_ TUNING RATIOS
The tuning ot capacitance fativ, TR, denates the ratio
of capacitance ohtained with two values of applicd bias
valtage.. This ratio is given by the fullowing expression f
the Epicap junction.
Caev2)
B anem o
Cy(vy)
whete  Cj (Vi) * Junction capacitance at V§
Cj (V2) = Junction capacitance 3tV
whete V] > V2 3
In specifying TR, some Epicap data sitects use four
volts for V3. Mowever, in arder to achieve targer tuning-
ratios, the devices may be operated at slightly lower buas
levels with some degradation in the Q specified at four vults.
(Sce the discussion of Q versus volipge ia the circuit Q
section, later in this note). Furthermore, cate must be
taken when operating Epicaps at these low reverse bias
tevels to avoid swinging the diode into forward conduction
upon application of large ac signals. These large signals
‘may also produce distortion due to capacifance modula-
I\

tion efTects. |
Since the effects of @ and case capacitance, Ce. are

usually small, Eq. 9.may be simplified to the: following for
most design work: )

Vlool Y
— N (&)
Vaso

o Al (\fﬁ".f‘_) K (10)
C (Vmax) Vmin

The frequency ratio is equal 1o the squate tout of the
tuning ratio. This tunable frequency tatio assumes no
stray circuit capacitance.

Another paramcter of impostance is y. the capacitance
exponent. Physically, y depends on the doping geometry
employed in the diode. Varactor Jdiodes with y values
from 1/3 10 2 can be thanufactured by vatious processing
techniques. The types of junctions. their doping profiles.
and resulting values of v are shown in Figure 2. -These
graphs show the variation of the number of acceptors
(NA) and the numbes of donors (ND) with distance from
the junction.

Device [Copecitonces| Tuning Freuvency| Junchion
Soreas | Aveiledle | Retio 1 y Ratio Type

1nS130 Jar.6.9 of 2.7-2.410.47 1.6-4.8 Abrupt

{aav3101]100-6.8 oF ve-3.3]04ay 1.6-8 [ Athrupt
pu10s [v00f 4-8 1.0} 2-2.4 Hyoe ADIUDY
V MV 14001 §80-120 9# 110-14 20| 3.2:3.7 Hypor. Akrupt
Mmvioe | 08¢ ses |10] 2.228 |Hveew-Abrust

!
A, Linesr
Groded / Distence from junciien
N / 9 %.33

Abrupt junctions ste the casiest (0 manufacture and
‘most Epicaps are of this type. This type of junction gives
» y of approximately 1/2 and o tuning ratio on the arder
3 with the specified voltage range. Thetefore the cores-
ponding frequency range which may be tuned is about 17
10 1 0. A typical example is the MV2I0L:

Cvar=Caovy® 2.5 pF <
CvI=Cav)= 68 ptF
TR=27
ye 047
The subscripts vn the capacitance refer to the bias
voltage applied 1
tn many apphications, such as tuning the television channels, *
or the AM hraadcast band, 3 wader {requency range u
required. In this event, the designer must use a hyper-
shrupt junction Epicap. The hypee-shrupt diode has a
yof 1o ad much laiget frequency ranges Table |
shows typical types of tuning dindcs available, their tuning
tativs, (requency tativs and junction types.

TABLE SA}APL{ YUNING DIODE TYPES

6. Abruet / r=..
%

C. Hypor- Na / “
Abrupt y=1.0
7 |
|
No h f
Nay7 3 |
O. Mypor:
’ 2.0
SN
A ‘
, ,
np |

4— » « 0 Olstonce fram junction |,

FIGURE 2 — Deping Prefites ond Capecitance Exponent fer
Some Commen Tuning Diede Yypes
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The hyper-abeupt devices sre constructed with special epi-
1anial growth ead diffulion techniques, which creates »
doping profile similar to that shown im Figures 2C and 2D.
The Q of the BE10S and MVI109 series hyper-abrupt
diodes is a8 high as abeupl junction Epicaps. Their capaci-
tance tange i fsom a few picofarsds to 10 or 20 pF,and
theit major application ls in television tuners. The MV1400
seties are high capacitance devices for applications helow $10
Milz. They are suitable fur tuning elements in AM broad-
cast hand seceivers snd similar low frequency applications.

CIRCUITQ .

Poputar typesof mechanical tuning capecitors ofien have
Q's on the osdes of a thousand or greater. The Q of tuned
citcuit- using these capacitors is generally dependent only
on the coil. When using an Epicap, however, one must be
conscious of the tuning diode Q ps well. The Q of the
tuning Jinde s not constant being dependent on bias volt.
age and frequency The Q of tuning diode capacitons falls
off a high fiequencics, because of the series bulk resis-
tance of the silivon used in the dinde. The Q also falls off
at tow frequencies because of the back resistance of the .
reverse-hiased dinde.

The equivalent citcuit of a tuning drode is uften des-
ctibed as shown: 7

Rp

: Ay s Lty
O— - p—r~v—o
L M L

Ce »
& Ly
b

3

FIGURE 3 = Equivelont Cirewit of Epicap Disde
where-, . =
Rp = Pasallel resistance or back resistance of the dinde
Rs « Bulk resistance of the silicon in the diode
Ls = Extermnal lead inductance
Ls = Internal lead inductance
C = Case capacitance :

Normally we may neglect the lead im'i_'udance and case
capacitance. This resultsin the dmpliﬁe‘:! circuit of Figure
4.

<
) "
i s

]

"y

FIGURE ¢ ~ Swnpiifiad Equiveiont Circwit of Epices Diodes

The tuning diode Q may be calculated with equation 11.

2¢fC Ry?
- an
Re¢ Rp + (2sfC) Ry Rp*

Q=

This eather mﬁlicned equation is plotted in Figure $ (o

\
il

1,000,000 qre: Apssoaimetions heis foe o3 =
qu'mv > |0. 1]
S0t ve_—F

100,000

Ouelity Fecter Q
-
8

188 120 Died: .
R Rgetfl .
0 n,~:o.|o’ni_;;+ NG
V= dveins r_:. 4

) Ceoapr b}
w05 07 107 103 107 10 100 107 10® 10 10'°

FAEQUENCY INH:

FIGUAE § — Groph of O versue Frequency

- Rg * 1.0 ohm, R = 30 x 10° ohims, at V = 4 volts and

C = 6.8 pF, typical for a IN5139 Epicap at toom tempera-
ture. -

At {requencies above several Milz, the Q dectcases di-
rectly with incressing fecquency by the simpler formula
given helow:

1
~Qge ——-  (High fi yQ)y ()
Q=Qs 7:7CR, (itigh chuem.y-

. The emphasis today is vn Jecreasing Ry s better high

frequency Q can be obtained. At low frequencies Q in-
creases with {requency since only the component gesulting
-from Rg. the back resistance of the diode, is of consequence.

© Qw Qp.' IIfCRP'(Lu\v vaqucalcy Q). (13)

Qis also dependent on voltage and temperature. tighe:
reverse bias voltage yields a fower value of capacitance,
and also since Ry decreases with increasing bias voltage, the
Qincreases with increasing voliages. Similarly, low reverse
bias voltages accompany larger capacitances. and Jower Q's.
Increasing temperature also lowers the Q of tuning diodes.
As the junction temperature increases, the leakage current

10.000 £ ——-'IF:E_ BTt
B LITELH a5 R m Rl
—— —-7;——7\/4_‘.
. $0 M-y oC A 1A
° - LI I SN0 I B o o G N B
% 1000 4.’15_1":2 é
- e - IA”.c -
13 - e & s dly 11
] . g ——} 34
é o i
. e 3
100 ]
[} "0 100
..l." - veoiu

FIGURE 6 — Q versus Roverw Biss ond Tomperotwre
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ncreases, foweting Rp. There is also a slight decrease in Ry
with increasing temperature, but the effects of the decreas-
ng Ry are greater and this cawses the Q to decrease. The
effects of tempesatute and voltage on the Q of 2 INS139
of S0 Mi{z sre plotted in Figure 6.

TEMPERATURE .

The Q and tuning ratio of Epicaps are parameters that
every design engineer must he aware of in his citcuits,
Anuther equally smpurtant charsctetistie of tuning Jivdes
» thest temperature cuelficient. A typical example of the
capacitance versus temperature drift is shown in Figure 7.

Ca0o tanre *0F

s LI o » 30 2] 100 128
Temperature (9C)

FIGURE.Y — Capacitance versus Tomperoture tor s MV2101
Epicop Sissed ot 4 Veolti o
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000 Ndom b 4 - bt oodd T -

Cepacitence Dnitt (PO ®CH

Rever e Voltege (V! R

‘lGUlE'l ~ Capecitonce Drift in ppm/OC verun Veltage
MV2101 Diede

The temperatute constant. TC. is a function of applied
tias. Figure 8 shows T for a typical Motorola Epicap.
Note |ha} for low bias levels, on the order of 8 volt of two,
the TC is a5 hugh as 600 parts per million per degree centi-
ade (ppm/OC). This sepresents a frequency change ol
- 300 ppm/oC which at 100 MHz means a frequency shilt
of 30 kHz per degree. It is obvious that a temperature
compensation scheme is desirable for any frequency control
not using feedback techniques. ’

in Figure 9, the actual capacitance drift of a MVZIO0)
pe1 degree centigrade is plotted. The graph illustrates that

10,000 ¢ = e v — O
hutn inied b g g B _’_~.1 -
i R Ny A o 1 S i
< T T } 1713
: b INGRE M
¥ R RS
i Z..Z.;i I.:;i.li; HER I
feAr gl P
100 ‘ 2_'3‘-{1’ -‘ h!h T
L} 2 3 ¢ &8 10 "% 20 O

FIGURE ® - Copacitonce Oritt in Atrefersds/*C versus Voltege
for the MV2101 Tuning Oiede
Attetorsds = IoF u 1078

a simple ncpative temperature coeflicient ci-mpensating
capaciton will not compensate for the tuning diode TC
because the change in capacitance is nut cons’ant with
voltage. .

A popular method ol temperature compensating Spicaps
involves the use of a furward biased diode. The voltage
drop of 3 furward biased divde decreases as the temperature
tises. thus applying a changing voltage to the Epicap. In
lln.n'ﬂwmk dhwwn in Figure 10,3n increase in temperature

"..; 'Yoioot c 08V tfheun Yomper eture)

L Vin O ﬁ —oVeut
.

FIGURE 10 - Simple Tomperature Compentating Network

will result in 2 decrease of the divde voltage VDIODE to pet-
haps 0.5 V. If Vi is nuaintained constant, the available
output voltage Vyyy will tise by 0.1°V. This increase in
output voltage will lower the capacitance of the tuning
diode and partially offset the initial capacitance increase
caused by the temperature change. This method has been
explored in detail and specific compensating circuits for
Epicaps have been designed. The fullowing sections de-
actibe the results of this work.

TUEORY OF TEMPERATURE CHANGE

Before proceeding further with schemes to correct the
temiperature drift, it is informative to investigate the physi-
cal mechanisms responsible for the changing capacitance.
Equations 6 and 8 may be combined 1o give the basic
expressiun for capacitance below:

d
¢ (Vea) Y @

8

!
|



MVAM109, MVAM11S, MVAM125

VOLTAGE-VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS

A Eplcap Network Presentation riount
The eguersieont cwcwit ln Fupure | hews the veliege Capecitance N\
ond parwsitic slements of on EPICAP diode. For dosign purpesss ot Cc”
mwtmhlﬂ“vﬂb—hmmt‘,l*“keﬂh ‘gl/
regeciod  The umolitud squivetent civcuit of Figure 3 raprewenty 4!
"o Glode under thees conditiens . .
Owtinations N A:, "y Ls
€j - Voltage Verietie &ww' ©- B e —AAA et VY ©
R - Series Rewl i, , ond
lesd resistonca) . foune 2
Cc = Cass Copecitanes . "
Lg - Serbm Inductonce . 00— AT Av._'. o
ny - vuupv-ulo Wlu Rosirioncs {nog gidie sbeve Al
100 b M)
[ Eok-oCooodl-m versus Reverse Blas Veltage CreCc*Cy [11]
The moet smportent Ousign cher s istic of en EPICAP diede & Tl <o
e C7 vorws Vi versotson @ 9hown in squstions 1 ond 2. Tuning ~Cy e Cg ® ——r—
Ratia, TR, between ony two voltage pernts on curve of squetion (21 : ( .Y_ z : @
s Gurermined from squations (3 ond 14), '.' .
. C. Epicap.Capocit versus Freq umoSﬂ.(vM" )v
VWMhENCA'MMmuQOmdw €52 Varce/ . o
ating frequency, con be derived Irom ¢ simplified equivelent circwit cn cJ!'cC
sirndier 0 thot of Figure T, bt reglecting R ond R 1. The edmittance TR Diode » ~—
oupremion for msch & circult ls given In equetion §. tcvwhﬂlnol Cn Cn'Cc @
Mbasvuaulumwm CratVa o0 °
Mb-hwiﬁ.c.‘-CJ.ﬂm""“'W“"‘" &-Jn:ouwau
Cq~Cc- v. Diose Powar Low, = 0.44
As frequency hWM‘.OMNx.C,QhuM-I until itis ¢, Contect Potentud, » 0.8 Volit
manimum ot w? o+ 1LSCy ond o8 w2 lagincressed trom LsCy TewO0N?pF 4

wward Infinity, c,,uu—-m.-yvu.nm
linductence] teward Cyp © %onuldwn,p:iunn

vwwmch-hc,.ub’uﬁmum Ty
e probd od when oo fnwde VeojwloqhXCc® — T3]
aove 1.0 MM2. Nuw..‘-‘l? LgC. omait varistions 1-wgCy
in Lg couse exweme veristions in mesnsred capacitence. -
in) ™
D. EPICAP Rgure of Merkt (O) and Cutofl Frequency (feo) o'i—s;
'I’Mc«i:i-vryo'('lurwnnwutﬁwmin- uCl:
toted 10 the Figurs of Meril of the device es defined in equation §. Oure il "
For very Sow frequencies, ion 7 spplles wh ot Nigh fre lJ'l;ll’u’CJ’ﬂjz
avencies, whers Ry con be negiected, squation § mey be rewritten '
into the fernilior form o equetion §. Qpy = ———— [{ ]
Another umiul parsmeter tor EPICAP devices it the cutol! tre- wRgCeq
mllwl.mﬂhmhmnéﬁmcimdul. . o 1
Equstion § gves Whis reletionshe. foo * Olras o RsCavn "
€. Harmonic Generation Using EMCAPS . Migva * 01? "" ot
€ Micient harmonic generation it pomibie with Motorels EPICAPS Pintrmax) A feo
[ of their high Eutof! frequency end breskdown voltege.
"y " - Sla21 + 0.0785; Mtadl = 0.0241; M(ud) = 0.196

Since EPICAP junction capecitence veries inverwly with the square
P00t Of the v esh Gown voltage, Rrmonic generq)or perfermencs con
e accuretely gredicted frem verious ideslited madeis. Equation 10
Pws 1he level of Mmasimum input power for the EPICAP ondd squation
11 gives the refetionwhips governing EPICAP circuit efticioncy. In
o equetions, adequete Rest sinking has been ey med.

4,
€Het-N =
- '“

N2} = 20.8;N{a3) * J4.8:N{=d) ~» 62.3

M and N ore Constants
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SILICON EPICAP DIODES

... deugned in the popular PLASTIC PACKAGE for high volume
requirements of FM Radio and TV tuning and AFC, general frequency
contral and tuning epplications; providing solid-state reliability in

replacement of mechanical tuning methods.

® High B with Guaanieed Minimum Volues -

® Controlied and Uhiform Tuning Retio
Standard Capacitance Tolersnce - 10%
Complete Typics! Design Curves

VOLTAGE-VARIABLE
CAPACITANCE DIODES
*  6.8-100 pF
30 VOLTS

. - .
B , e
N 2
MAXIMUM RATINGS . .
Roting Syebel Velve " Unit .
Reverse Voltege - Vn 0 Volts “"":““ kA
Forwerd Current L . 200 m
Device Dissivation ® Tp = 25°C o 780 — x
Derate above 25°C 28 mw/oC l
Junction Tempereture vy *128 °c o A
Storege Tempersture Rongs ‘n' -85 to *150 °c ' {f
. To
SIVLES i
Mn ). ANDOE $ect. a4
2. CatwOOE +

G

W LIWETIRS TRCNLS

O [omm [ AR | N | max

B ERI] 10l pteY

41184 (8016000
R DR BAY.) 0,-l5

CASE 18202
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MMB\V2101 thru MMBV2103 e MV2101 thru MV2115

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

Charactoristic—Al Types Symbol M Ty Max Unit
Reverse Braskown Voltage VIBRIR 30 - - Voc
tig « 10 pAOSC)
Revere Vollage Leskage Current in - S - 010 shoc
IVR » 25 Vde, T4 = 25°C)
D:oor Capacitance Temperdture Coetlicient TCe - 280 —_ 2omfC
(VR = 40 Voc, = 1.00MK2)
C7. Diode Capacimnca Q. Figure of Merit TR, Tuning Ratic
Vg » 4.0 Ve, f = 1.0MH: VR = 4.0 Vi, €a/Cap
pF 1= $0MH; = 1.0 MMz
Device Min Nom Max Trp Min Tvp Mar
MMBV2101 MV2101 61 (1] 25 450 25 27 32
MMBV2102 MV2102 74 8.2 80 450 2.5 28 3.2
MMBV2103 MV2103 90 100 10 400 25 29 32
MMBV2104 MV2104 10.8 120 4 132 a0 . - 25 29 a2
MMBV2105 MV2105 13.5 15.0 165 400 25 29 32
MMEBV210€ MV2106 16.2 180 19.8 30 25 29 32
MMBV2107 MV2107 198 220 M2 350 25 29 32 -
MMEV2108 MV210€ 243 no0 2.7 300 25 A0 32
MMBV2109 MV2109 297 3.0 *%3 200 2.5 30 - 3.2
MV2110 I5.1 PO 429 L 2.5 .0 a2
Mv2111 422 4.0 51.7 150 25 a0 a2
MV2112 504 $6.0 €1.6 150 26 ac 33
MVZ2113 61.2 68.0° 48 150 26 3o 33
MV2114 7238 82.0 $0.2 100 26 30 a3
MV2115 80.0 1000 1100 100 26 3o b &)

PARAMETER TEST METHODS ~

1. C7. DIODE CAPACITANCE
ICT = Cc ¢ Cj). Cy is measured 81 1.0 MHz uting 8 capacitence
bridge (Boonton Electronics Model 754 or equivelent).

2 TR.TUNING RATIO
TR & the ratio of C1 measured 812.0 Vik dvided by Ct messured
o1 30 Vac,

3. Q. FIGURE OF MERIT
Q it calculsted by tsking the G and C readings of en sdrmuttance
bricge ot the spacified fraquency ond subst.tuting in tw following
equstions.
a.
G

- .

{Boonton Elsctronicy Mode! 23ASE), Uhe Lasd Langrh 2c$/167.

TCe & guarenteed by compering Cy o1 Vp » 4.0 Vic. f = 10
MHz, T * =65°C with Cy 81 VR = 4.0 Voc. #o 1.0MMH2. T *
+B5°C in the following squstion which defines TCC:

Cy+85°Cl - CTI-65°C) 108
25+ 65 " Catzsoc)

Tee -

Accurscy limited by messurement of Ct o 2 0.1 pF.

I

e
4. TCc. OIODE CAPACITANCE TEMPERATURE COEFFICIENT ’
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MMBV2101 thru MMBV2109 @ MV2101 thru MV2115

TYPICAL DEVICE PERFORMANCE

FIGURE 1 - DIODE CAPACITANCE worws REVERSE VOLTAGE
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FIGURE 2 - NORMALIZED DIODE CAPACITANCE
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SCLADEIAB

FEATURES

€ 14 Fully Static Stepes

¢ 10 Buffered Ouctputs Avrifeble

¢ Commorn Raset Line

¢ ENHz Counting Fete 8 10Vde

¢ AL Active Osctillcior Components on Chip for

RC or Cryszl Controf

CUSCRIPTION

The SCLADRTAS consisty ©f sn oscilleior section
a-.o‘ ‘4 rip;'e-\.arry birsry counter siages. The
or ¢ y." a! -ﬁ"ch:.Ol circuits. A Feset input s
provided which resets the counter to the &1'-0's
fote. A high fevel on the Feset lm: sscompli ishes
she reset function. The siate of the counser is ad-
vznced one swep in binsry orcer on the resative
tansiticn of ehe Cio=k input ¢h. All inputs 2nd out-
puts ere {ully buffered, Outpuls sre pveilabie from
steger 4 throuh 30 and 12 through 14, -

Applicztions include timers, frequency dividers,
deley circuits end counter controls.

TRUTH TABLE

CIA0S 14-STAGE BIRARY
COUNTER &MD GSCILLATCR

CONSECTION D GRAM
(o1 pechpis)

Vo C1 0 [o3-J w3 A CI E g
U IS S T N N I
i 36 14 13 312 31 1w ¢

; SCLeDRIAB
1 2 SR 6 7 &
T 1 T 1 T 1
01z €13 C14 &6 €5 U7 C& Vg™
Lod s i for pehepe:
C 16-p:n Cerdip
D i6-pin Czremic
E 16-pin Spcxy
F 16pin Flat
H Chip -

N

RECOMMENDED OPERATING COND!TIONS

For maximurm refiability:
DC Supp'y Voltaze

Vpp - Vss

21015

'Vd_:

CLOCK | RESET ! OUTFLTSTATE
e ) ao Cronps 4
Operating Tempzrature TA .
(] Xevors :
= Tan T C. D, F, H Device £510+125 O
x ] PR~ WY LAY - E De\'ice _‘o 0 “’85 OC
X e DontLee
LOGIC DIAGRAM
Caoen ¢ L " O T & W O " = X
] 5 o= 'r”l‘ {-] 'm - (.
| T [ % I
€ l 3 jﬂ'& ﬁl
[ 158 Nad ] [o2-] ha
! £ = T

L
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ELECTRIC£L GHARACTERISTICS

STATIC CHARACTLRISTICS!
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SCL4046B
SCL44468

CMOS PHASE-LOCKED LOOPS

FEATURES

¢ Very low power consumption — 70 uW (typ)

@ fo = 10kHz, SVde -
€ Operating frequency range (no offset) —
Up to 3MHz (typ) @ 10Vdc (SCL4046B)
Up to 4MHz (typ) @ 10Vdc (SCL44468B)
Low frequency drift — 0.04%/°C (typ) @ 10Vdc
Choics of two phase comparators:

1. Exclusive-OR network

2. Edge-controlied memory network with

phase-pulse output for lock indication

VCO Inhibit control for ON-OFF keying and *
ultradow standby power consumption
High VCO linsarity 1% (typ)
Source-follower output of VCO control input
(Demodutator Output)
Zener Diode to assist Supply Regulation
Bal:ne-d Output Drive Curnm Spoclflcauom i

L X 2

* e 60 o

APPLDCATIONS . }
FM demodulator and modulator
Frequency synthesis and multiplication
Frequency discriminator

Data synchronization -
Voltage-to-frequency conversion

Tone decoding

FSK-Modems

Signal conditioning

(22 X X X X X3

DESCRIPTION

The SCL4046B and SCL4446B phase-locked
loops contain two phase comparators, 8 voltage-
controlled oscillator (VCO), source follower, and
zener diode. The comparators have two common
inputs. The Signal input can be used directly
coupled to large voltage signals, or indirectly
coupled (with a series capacitor) to _small voltage
signals. The self-bias circuit adjusts small voltage
signals in the linear region of the amplifier. Phase
comparator I {an exclusive-OR gate) provides a
digital error signal PCIy,,¢, and maintains 90° phase
shift at the center frequency between Signal and
Comparator inputs {both at 50% duty cycle). Phase
comparator I {with leading edge sensing logic) pro-
vides digital error signais PCII,,, and Phase Pulses,
and maintains a 0° phase shift between input
signals (duty cycle is immaterial}. The linear VCO
produces an output signal VCOqt whose frequency
is determined by the voltage of input VCOj,, and
the capacitor and resistors connected to pins C1 A.
C1g, R1, and R2. The source follower output,
Demod Out, with an external resistor is used where
the VCO;, signal is needed but no loading can be
tolerated. The inhibit input Inh, when high, disables
the VCO and source follower 1o minimize standby
power consumption. The zener diode gan be used
to assist in power supply regulation,

CONNECTION DIAGRAM
' {al! packages)

ZENER DEMOD OUT
' G P vCcO
V?D Oﬁg IN

hz R1
J [
16 15 14 13 12 11w 9
SCL4046B SCL44468B
1 2 3 4 5 6 7 8
per VO INH 1 c1 V]ss
ouT ouT (a) (B)

PHASE COMP
PULSES IN

Add suffix for package:

16-pin Cerdip
16-pin Ceramic
16-pin Epoxy
16-pin Fiat
Chip

- K

IMmMOO

. RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage Vpp-Vgs 31015

Operating Temperaturé  Tp
C, D, F, H Device 55 to +126
E Device <40 to +85

BLOCK DIAGRAM

e
vss é én-u

Fig. 1
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SCL4046B, SCL44468 .

VCO SECTION

The VCO requires one external capacitor (C1)
‘and one to two external resistors (R1 or R1 and
R2). Resistor R1 and capacitor C1 determine the
frequency range of the VCO and resistor R2 en-
ebles the VCO to have s frequency offset it re-
quired. The high input impedance (10'2Q2) of the
VCO simplifies the design of fow-pass filters by
permitting the designer 8 wide thoice of resistor-to-

capacitor ratios. In order not to load the low-pass -~

filter, » source-follower output of the VCO input

voltage is provided at terminal 10 (DEMODULA-

The phase-comparator signal input (terminal 14)
can be direct-coupled provided the signal swing is
within CMOS logic levels [ logic “0"< 30% (Vpp -

Vss), logic¢ 17 2 70% (Vpp-Vss)]. For smaller .

swings the signal must be capacitively coupled to
the self-biasing amplifier at the signal input.

Phase ‘comparator ] is an exclusive-OR network;
it operates analogously to an over-driven balanced
mixer, To maximize the lock range, the signal and
comparator-input frequenc-es must_have 8 50%
duty cycle. With no signal or noise on the signal
input, this phase comparstor’has an sverage output
voltage equal to Vpp/2. The low-pass filter con-
nected to the output of phase comparator I supplies
the averaged voltage to the VCO input, and causes
the VCO to oscillate at the center frequency (o).

The frequency range of input signals on which
the PLL will lock, if it was initially out of lock,
is defined as the frequency capture range (2f.).

The frequency range of input signals on which
the loop will stay locked if it was initially in lock is
defined as the frequency lock range (2f,). The
capture range can not exceed the lock range.

With phase comparstor I, the range of frequen:
cies over which the PLL can acquire lock (capture
range) is dependent on the low-pass-filter character-
istics, and can be made s large as the lock range.
Phase-comparator Ienables a PLL system to remain
in lock in spite of high amounts of noise in the in-
put signal, . .

TOR OUTPUT). Hf _this termina! is used, a load
resistor {Rg) of 50k§2 or more should be connected
from this terminal to Vgg. If unused, this termina!
should e ieft open. The VCO can be connected
directly or through frequency dividers to the com-

. parator input of the phase comparators. A full

CMOS logic swing is aveilable at the output of the
VCO. A fogic 0 on the INHIBIT input "enables”
the VCO and the source follower, while s logic 1
“turns off* both to minimize stand-by power
consumption,

PHASE COMPARATORS .

One chanctenmc of thns type of phase com-
parator is that it may lock onto input frequencies

that are close to harmonics of the VCO center- !

frequency. A second characteristic is that the phase
angle between.the signa! and the comparator input
varies between 0° and 180°, and is S0° at the center
frequency. Figure 2 shows the (typical) triangular
phase-to-output response characteristic of phase-
comparator I. Typical waveforms for a CMOS
phase-locked-loop employing phase comparator I
in locked condition is shown in Figure 3.

AVERAGE OUTPUT
YOLTAGE
. Yoo

Vops2

K4 1
[ 90° BO*®
SIGNAL-TO- COMPARATOR
INPUTS PHASE DIFFERENCE

AVERAGE OUTPUT VOLTAGE =~V

Fig. 2 — Phase-comparator I characteristics at
low-pass filter output.

PHASE COMPARATOR I

input State

Sig Comp
In tn

PCIOut

siowaL weor creamaa LT L
VCO OUTPUT (TERM & )a -

COMPARATOR INPUT 11
(TERM 3)

PHASE COMPARATOR I
OUTPUT (TERM. 2)

VCO INPUT (TERM.9)s S\~
LOW=-PASS FILTER .
OUTPUT —Vss

Fig. 3 — Typica! waveforms smploying phase comparator I in locked condition
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. Phasecomparator II is an edge-controlled digital
memory network. it consists of ‘several flip-flop
stages, control gsting, and ‘8 three state output
circuit comprising p- and n-type drivers having a
common output node. When the p-MOS or n-MOS
drivers are ON, they pull the output up to Vpp or
down to Vgg, respectively. This type of phase com-
parator acts only on the positive edges of the sigral
and comparator inputs. The duty cycles of the
signal and comparator inputs are not important
since positive transitions control the PLL system
utilizing this type of comparator. If the signal lags
the comparator input in phase, the n-type output
driver is maintained ON for a time corresponding
to the phase difference. If the comparator input
lags the signal in phase, the p-type output driver is
maintained ON for a time corresponding to the
phase difference. Subsequently, the capacitor volt-
age of the Jow-pass filter connected to this phase
comparator is adjusted untit the signal and com-
parator inputs are equal in both phase and frequen-
cy. At this stable point, both p- and n-type output

Fig. 4 ~ Typical waveforms smploying phase comparator Il in focked condition.

Y

-

' !

drivers remain OFF, Thus, the phasq comparator
output becomes an open circuit and holds the volt-
#ge on the capacitor of the low-pass filter constant. .
Moreover the signal at the “phasé pulses” output as'
a high ‘level which can be used for indicating a’ .
locked condition. Thus, for phase comparator II,’ .
no phase difference exists between signal and com- |
parator input over the full VCO frequency range.
Moreover, the power dissipation due to the low-
pass filter is reduced when this type of phase com-
parator is used because both the p- and n-type
output drivers are OFF for most of the signal
input cycle.

it should be noted that the PLL lock range for
this type of phase comparator is equal to the cap-
ture range, independent of the low-pass filter. With’
no signal present at the signal input, the VCO |s
adjusted to its lowest frequency for phase com-;
parator II. Figure 4 shows typical waveforms for \
a CMOS PLL employing phase comparator I1 in a
focked condition, i

t

3
i
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- SCLA046B, SCL4446B

>

- .. DESIGN INFORMATION

R1, R2 3 2k§1, Rg > 10k}
C1 2 15pF ;
in addition to the given design information refer °
to Figure 5 for R1, R2, and C1 component selec-

This information. is # guide for approximsting
the wvalues of external components for the
SCL4046B and SCL44468 in a Phase-Locked Loop
system. The selected external components must be

within the following ranges: tions.
. USING PHASE COMPARATOR T USING PHASE COMPARATON IT
CHARACTERISTICE veom‘r:o:n OFFSEY VCO WITH OF PBET VCO WITHOUT OFFSET VCO WITh OF F3ET
g = fge =
‘o
toanty~ = — -
- 21
Ta -4 -
'
VCO Fraquency 1
L=
Yoo Voo voo't Voo w2 Yoo
VCO INPUT YOLTAGE VCO INPUT vOLTAGE vCO 1N UT h"ﬁl VCO tMPYT VIR TAGE
I- Ed .
oy 4 . - VCO inPLL system will adjust
For Ko Signat Input VCO in PLL system will adfwst to Conter frequency, iy to lowest operating frequency. fmih

. 21 = full VCO frequency range

Frequency Lock Range, 21 | 214 = frmax—"omin

Frequency Capture e mom ovr 3 A
Range, 2ic .. 0-‘\'\1»1—0 .. ”
’ <4 famty
5 T1+R3C2 c2 . fom— o= - P
. I_ 2fc -J T
toop Filter K ., ety -
Component " a3 our - N
Selection -’ s - .
ae - b N
For 21c. e Ret, |
<o €2
Phase Angle between $0° ot cantar frequency [fo). spproximeting €° snd . Atways 0° in fock
Signal snd Comparator 180° st endks of tock range (21 ) i v
Locks on Mermonics of - y
Center Frequency Yo ’
Signs! Input Noise "
Rejection High Low
- Given: f "~ Given: ¢ end 1 - Given” frmgx — Gi%en: fmin & fmax
— Use fo with Fig.Be to ~ Caiculate fppip, from — Calcudste 1, from ~ Use fmip, with Fig.5b
- determing R1 and C1 the equation the equation 20 determine R2andCH
fmin = fo — 1L > fmex frnex
B = Use tenin withFig. Sb (] - Calculste [
to determine R2 ond CH  _ (e 1, with Fig.5s 10 P)

. 1 determine R1 and C1 JTWLLL I i
veo — Calculate — Use Trim with Fig.5c
Comp?mm from the tion to determine
Selection 1, [ X ] mio R2/R1 to

max Yot TL
— — obtein RY
fmin fo—f,
fmex
- Use o with
. min
Fig.5¢ to determine
. ratio R2/R1 to obtsin
LAl
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SCL4046B, SCL4446B -
ELECTRICAL CHARACTERISTICS "+ - . !
. i
!
~
1 " : I
N i
F) °, 2
PARAMETER Voo | conpiTions | Teow 5 C Twign” | ynin
Vde}| ™~ Min. | Max. | Min. | Typ. [ Max. [ Min. [ Max.
QUIESCENT oEvncs _ Ino 1 .
CURRENT _ . 5 [Inhibit = Vpp - 5 -]oos| s — | 150 |uAdce
. 10 {Signal Input = - 10 - | 0.0t 10 - 300
. 15 Voo - | 2 -102 | 20 — | 600
TOTAL POWERDISSIPATION [Py Inh = Vgs, . 1.
) veo,,- Voo . '
A, = 10kHz2 .
C. = 15pF - - —loo7| - | - - W
18 R1 = 1MQ2, - - - |os - - - m
15| R2=Rg=e= | _ | _ | —j2a} - | -1 -
NOTES ' Hemammg Static Elecmcal Characteristics are listed under “SCL40008 Series Farmly Spoc»hcmom
? Tiow = -55.C for C, D, . H device. . , ,
. = —40° C for E device. N 2 - ~.
Tuign = +125°C for C, D, F, H device. <, - |
=+ 85° ClorEdevuce 5 B .
? veo output {pin 4} and Phase Comparnor Outputs {pins 2 and 13} have been designed for ° ]
.balanced putput drive current spec-ﬁat-ons Consult Family Specifications. |
4 %
PARAMETER " CONDITIONS \Y - X uNiIT !
4 \ 0o Min. | Typ. | Mex. ]
VCO SECTION : '
MAXIMUM OPERATING f,... L\ —
FREQUENCY / -
.+ ° sCL4D4BB 1 B - . .
R2 = 10k 50pF 5 05 0.8 — | MHz
VCOW = Voo 10 1.0 15 -
15 1.3 1.9 -
! sk 50pF 5 06 1.0 - MHz
. 10 14 2.1 - -
15 18 2.7
. { 2 B0pF|- 5 - 1.3 - MHz
) . 10 - 29 -
3 - ; . > 15 - 38 -
SCL44468 R2=oo R1 C1
VCO = Vpo | 10k 50pF 5 0.7 1.0 - MHz
10 1.3 20 -
| 15 1.9 28 -
Sk 50pF 5 09 1.3 - MHz
10 1.9 i29 -
{ .18 2.6 3.9 -
2k 50pF 5 - 1.8 MHz
10 - 39 -
15 - 54 -
LINEARITY P R2=e
VCOW =2.520.3V, .5 - 1 - % i
R1210k02 :
VCO, = 5.0:25V, 10 - 1 - )
R12400k 2 N
VCO,y = 7.5:5.0V, 15 - 1 - -
R1>1MQ '
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ELECTRICAL CHARACTERISTICS (Continued)

SCL4046B, SCL44468

C +25°C .
PARAMETER CONDITIONS Voo win. T Typ. | Mens uNITY
VCO SECTION (Continued) ‘
TEMPERATURE-
FREQUENCY
STABILITY R
No Offset R2 = oo 5 - 0.120.24 - %/°c
ST . 10 - 0.04-0.08 -
- 15 - 0.015003 | -
With Offset R2< 10X R1 3 = 0.06-0.12 - %°c
& - 10 3 0.05-0.1 -
15 - 0.03-0.06 -
INPUT RESISTANCE -| R,y = 1
(VCO,,) - - 510,15 | -~ 10¢ - [mo
OUTPUT DUTY Al valid input combin-
CYCLE ations and voltages = 50 — %
OUTPUT TRANSITION k.., ¢ : )
TIME TLTTHL L - B0pF 5 1 100 200 |ns
- . N E 10- = 50 -~ | 100
15 S 40 * 80
PHASE COMPARATORS :
INPUT RESISTANCE . | . ; )
Signal Input * [ Ry 5 1 3. N MO
, v 10 0.2 07 . - -
£ - 15 0.1 0.3 -
Comparator  [Ryy N 510,15 | -~ 10° - |ma
Input i 1 §
AC-COUPLED INPUT [V, i
SENSITIVITY L - . .
Signal Input o 5 - 200 400 mv
10 A 400 800 .
15 - 700 1400
OUTPUT TRANSITION | ¢
TIME
PCTL, PCT tram. trae 5 - 100 200 | ns
. Outpuns Cy = 50pF 10 - 50 100
L 15 - 40 80
Phase Pulses  ftoy 4.ty [ - 130 260 ns
Output 10 - 65 130
. 15 - = 50 100
DEMODULATOR OUTPUT
OFFSET VOLTAGE  [VCOp,-
Voem | Rs>50k 52 5 - 14 22 | vde
10 - 18 2.2
15 — 1.8 22
LINEARITY Rg>50k Q2
- VCO,n ~ 2.5£0.3V 5 - 0.1 - 1%
VCO,\ = 5.0t25V 10 - 0.6 -
VO, * 7.5¢5.0V 15 - 0.8 -
ZENER DIODE
ZENER VOLTAGE vz tz = 50uA - 63 70 ° 727 | v
DYNAMIC Rz Iz = ImA - - 100 - Q
RESISTANCE
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cLa 18 4
£CL40468
raa | i
" H——+t T
woar LITE SUS PR TV
'T Voo * 1OV
-5 /Voo' v
bt — Ry -
. NiAZ, 3
S s
2 1
; N LIERY 1 VSR
mey o : Voo - 10V
b ) Voo« 8V
N NI [ T1I
et A\ ;) YAt )
NISA N .
2 RSO
Aband - Wan u
n N h N
t H
m Ry - 1009, vpp - 15V \}\m\
' Voo * 10V =
Yoo B N I
w4 IEEEEE :
. LIRS 0 M 7 TY
3 :oo' Tov I 1
- 0o~ SV
I H i
» " » o 04 »

Center frequency f,

jEL B RS
SCLAAAES 1t -+
BN BN
rH—
T "] Ay 28 vpe WV
5 Voo 1OV
RT Voo SV
= + oy
- N I
115 % 2 guggpee
T \ ﬁ
- N pH
S TTIN ;E \- [ s, 10002, vpe + 15V
T 33 R T TRRSOY Voo * 10V
L] il - /v,o- sv
BB N & i
PR N
weat LN NESN b P
= N 3
NS
L = IR eSS -
17 BRNN BN\
- 1! £
MW1A, 1wl vpp sV %
voo 1oV T NN
- Voo sV N
i T KN |
Ry i) vgg 18V N S
Voo + 10vif]
Voo SV
s s g v o I N
' +Hri—t—-— 1
»t » »?! »? »

. C1QF) |

Offset frequency

DR EE
SCLE0EE .
s e I
+ =ttt
[ 2 1my Wil vep - 18y
“ Voo * 10V
.i'ﬂ /{_;vm sv
N g i
i = 3 EERE:E
. =
4 130 AN B
s u\\‘x\:‘; Ll s, 1042 vpo - 18V
EXE - oS =
p v v
ERELN R L, veo
- SRR
RS 2 a\k
\
- DO RN
— 3 I S 3 " ‘x‘\ y
1 « Ny
- | SRR
Ay, 1008, vpp BV > N g .
voo 1w RN RPN
[ 1 llb'lo 31 ll Y \\\
Ry ], vpg v
Voo tov AN N
L4 Vop SV
N PR DO T e VTR
H——
w?t » »?! »? n' 1 »

Offset frequency

cLesses J LT
TR R
»our Ry 1§ vpp - 15V
3 /vw- 0V =H
= Vop * SV
LU NBLIE?
- e
1N Y
i ‘BN Ay o 100, vpg - 8V
23 Voo * 10V
AN MAY /v . sV
3 LN X 1411// 2o
- N N N 1]
a\ S
ANNEA
- BNLN \ QN
NN
+ } D 1
H
‘ 1N\ e \N t
”» X >
Ry 1000, vpg - 15V S \A
vpo * oviDXY A
. A ARAA I RN
- Ry Y, vpg - 15ve T TH
Voo * 10V
voo- sve ALY
h ragr o ol T
’ HH—-HH H +
»? » w?! »? n' ] »

Fig. 5 (b) Typical frequency offset vs C1 {(VCO N = Vgs, Ta = 25°C)
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Fig. 8(a, b) — Typical VCO linearity vs R1 and C1
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