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ABSTRACT

The project is a development of RF signal generator by
using PHASE LOCK LOOP for frequency operating. This system
is a simple for production by changing frequency of taking-—
binary code into it for the resuit of needed frequency.
These method can form a sine wave frequency that the way out
of circuit has a high precision, a little noise signal and
stability frequency which leads to test with others

equipments of high frequency.
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IURITIN

A1l (MHz) | VOLTAGE CONTROL | @27ufi (MHz){ VCLTAGE CONTROL
100 6.548 150 8.268
105 6.745 155 8.414
110 6.944 160 8519
115 7.129 165 8.642
120 7.316 170 8.774
125 7.488 175 8.913
130 7.653 180 9.022
135 7.817 185 9.14
140 7.965 190 9.265
145 8.116 197 9.454

4 J d o . - -
ATI4N 4.2 uda9aq Voltage n VCO 1873 Loop Filter
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i

4 4
ad1un | Output | a71un | Output
MHz -dBm MHz dBa
100 55.490 150 48.456
105 55.400 | 155 47.784
110 55.305 160 47.950
115 55.278 165 47,950
120 54.300 170 47.950
125 53.8537 175 48.786
130 53.507 180 48,290
135 51.862 185 47.866
140 50.683 190 47.753
145 43.538 195 47.598
dBe { *
50 -
40 -
30 -
20 -
10 -

100 110 120 130 140 150 160 170 180 190 MHz

& . e J . f
A1T19N 4.3 udadnravdun output TegnaTuINLBEUNT W
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HOWARD M.BERLIN,DESIGN OF PHASE LOOKED LOOP CIRCUITS
WITH EXPERIMENTS,HOWARD W.SAMA & CO.,Inc.1981

JACK SMITH,MODREN COMMUNICATION CIRCUITS, McGRAW-HALL
BOOK COMPANY

RUDOLF F. GRAF,ENCYCLOPEDIA OF ELECTRONIC CIRCUITTS,
McGRAW-HALL BOOK COMPANY

MECL DEVICE DATA MOTOROLA 1987

MOTOROLA RF DEVICE MANUAL 1982

MOTOROLA RF DATA MANUAL 1980

LINAER APPLICATION NATIONAL SEMICONDUCETOR |
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MC1648/MC1648M

VOLTAGE-CONTROLLED
OSCILLATOR

/

Blas Point 10
Tank 12

Input Capacitance = 6 pf typ .
Maximum Series Resistance for L (External
inductance) = 50 2 typ -

Power Dissipation = 150 mW typ/pkg
(+5.0 Vdc Supply)

Maximum Output Frequency = 225 MHz typ

The MC1648 requires an external parallel
tank circuit consisting of the inductor (L)
and capacitor {(C).

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

The MC1648 may be operated from a +5.0
Vdc supply or a ~5.2 Vdc supply, depending
upon system requirements.

Supply Voltage | Gnd Pins Supply Pins
+5.0 Vdc 7.8 1,14
-6.2 Vdc 1,14 . 7.8

L SUFFIX P SUFFIX F SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE CERAMIC PACKAGE
L CASE 632 CASE 646 "CASE-607
FIGURE 1 - CIRCUIT SCHEMATIC
% vect
(3}]
—‘lg al
Q3 a2
(k1]
¢ —Q Gutpur
- fon
. as -
Yo2 ’ !
(3] 110} (X /] (L} 451
Vegr HBias Py Tenn vee2 AGC
Numbert 1n parenthetis dendle pu number 10¢ F pech 89+ (Case 6071, L pochage (Case 6121, and P pechege (Cate 646)
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FIGURE 2—~SPECTRAL PURITY OF SIGNAL OUTPUT FOR 200 MHZ TESTING E
L: Micro Metal torroid #720-22, 8 turns L=40Nh 3
#30 Enamied Copoer wire, [ =‘ 10 of ¢
C=3.0-38pF TEST VOLTAGE/CURRENT VALUES g
@ Test {Volts) n mAde 2
Temperature ViHmax ] ViLmin Vee Iy
MC1648
-30°C +2.00 +1.50 5.0 -5.0
+25°C +1.85 +1.35 5.0 =5.0
+859C +1.70 +1.20 5.0 -5.0
B.W. = 10 kH2
Canter Frequency = 100 MHz MC1648M
Scan Width = 50 k Hz/div -55°¢C: +2.07 +1.57 5.0 -5.n
VertcarSeate « 10 d8/div *The 1200 ohm resistor ‘nnd the scope termina- +25°C +185% +1.35 5.0 -5.0
tion impedance constitute a 25:1 attenuator
probe, Coax shall be CT-070-50 or equivslent, +128°¢ +1.60 +1.10 5.0 -50
¥+ ELECTRICAL CHARACTERISTICS .
Supply Voltage = +5,0 Volts A,
-55°C -30°C +259¢ +85%¢c +125°¢
Characteristic Symbe! Min Max Min | Max Min *Max Min . Max Min Max Unit Conditions
Power Supply Drain Current e - = - Lq 2 41 ~ v, = = mAdec | Inputs and outputs open.
Logic "'1*” Output Voltage VOH 392 413 3.955 4:185 |- 4.04 425 ' 411 +. 4.36 4.16 4.40 Vde | Vipmin 10 Pin 12,1 @ Pin 3.
Logic 0" Output Voitage VoL 3.13 3.38 3.16 3.40 3.20 3.43" 3.22 3.475 3.23 3.51 Vdc | ViHmayx to Pin 12, 11 @ Pin 3,
Bias Voltage Vgias* 1.67 197 1.60 1.90 1.45 1.75 1.30 1.60 1.20 1.5J Vvde | ViLmin to Pin 12,
Min | Typ | Max | Min | Typ | Max |Min | Typ | Max | Min{ Typ | Max | Min | Typ | Max
Peak-to-Peak Tank Volitage Vp.p - - - - - - - 400 L - - e = - - mv
Output Duty Cycle vVoc - - - - - - - 50 - - - - - - - % See Figure 3.
Oscillation Frequency fmax** - 225 - - {225 - {200 | 225 ~ - | 225 P - 225 - | MHz |

"Th}s measurement guararitees the dc potential at the bias point for purposes of incorporating a varactor turning diode at this point.
**Fiequency varistion over temperature is a direct function of the AC/A’ Temperature and AL/A Temperature.



MC1648/MC 1 648M FIGURE 3 —~ TEST CIRCUIT AND WAVEFORMS

“Use high smpedance prabe { > 1.0 Megohm myst
e used)

T The 1200 0hm reastor and the SCOpe teompaton
impedance constiute a 2S5 1 dtteduator prabe
Coaax shall be CT 070 50 or equivatent

" TBynass onty that supply 00pOsIte ground

-

PRF = 1 Q MK,

t

a
Quty Cyrte (Vaet - -

h

OPERATING CHARACTERISTICS

Figure 1 illustrates the circuit schematic for the FIGURE 4 — THE MC1648 OPERATING IN THE VOLTAGE
MC1648. The oscillator incorporates positive feed- CONTROLLED MODE
back by coupling the base of transistor Q6 to the
colle~tor of Q7. An automatic gain control (AGC)
is incorporated to !limit the current through the
emitter-coupled pair of transistors (Q7 and Q6i} and
allow optimum frequency response of the oscillator.

O Output

3

tn order to maintain the high Q of the oscillator,
and provide high spectral purity at the output,
transistor Q4 is used to translate the oscitlator sig-
na! to the output differential pair Q2 and Q3.
Q2 and Q3, in conjunction with output transistor
Qt, provides a highly buffered output which pro
duces a square wave. Transistors Q9 and Q11 pro-
vide the bias drive for the oscillator and output
buffer. Figure 2 indicates the high spectral purity
of the oscillator output (pin 3).

the cathode of the varactor diode (D) should be
biased at least 2 Vgg above Vgg (1.4 V for pos:

. itive supply operation).

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

controlled mode (Figure 4), it should be noted that versus opecating frequency in Figure 5.

FIGURES ~ NOISE DEVIATION TEST CIRCUIT AND WAVEFORM

™

Z 10 e~

g ivee 5.0 Vae I Qscitt: Tank Comy s
« 3 {Circuit of Figuie 4}

z 1 L
o ’_‘/' MH 7 o] uH
-

« -l 1010 mv211s 100
= =

> P 1060 | mv2t1s 23
o -t 60 100 | MV2106 Q.15
>

%)

Z

w

=)

Q

w

@

w

.10 !

1 a0 10 100 ¢

1, OFEAATING F REQUENCY , (Miiz) Sagnial Generato:
< M G .

e 608

20 & 401 abiove NMCIG4R F 1oquency \ 0 Bt

00 v

AW, + 1.0 kil
MC1aH 10 e Peaduct 20 Wty Frequency

Under test

Votimerer
RMS

Detec 1o 2‘.""','
etectal H A
MC1648 O,SE?q‘gv HP3400A or Equ

froquency (1)

1P L2 10A outpul voltage) (Full Scate frequency)

fomnurin v Novaatan &
10von

HOTE  Any frequency deviation caused by the signat generator and MC 1648 power
supnty should he datermined and minimzed prior to lerting.

46
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W8Y9LOW/83LOW

TEST VOLTAGE/CURRENT VALUES
@ Test {(Volts) ’ mAdc
Temperature Vidmax | ViLmin Vee I
MC1648

-30°C -3.20 ~3.70 -5.2 ~5.0

+26°C -3.35 -3.85 -5.2 ~5.0

+85°C —3.50 ~4,00 -5.2 -5.0

e MC1648M
-55°¢C -3.13 -3.63 -5.2 -5.0
+25°¢C =3.35 ~-3.85 -5.2 ~5.0
+125°¢C -3.60 -4.10 ~5.2 -5.0
ELECTRICAL CHARACTERISTICS
Supply Voltage = -5.2 Voits
-55°¢ -30°¢ .+259C +85°C +125°¢
Characteristic Symbol Min Max Min Max Min Max Min Max Min Max Unit Conditions
Power Supply Drain Current g - o - - ~ 41 i - — - - mAdc | Inputs and outputs open.
Logic **1"' Qutput Voltage Voy |[-1.080 | -0.870 | -1.045 | -0.815 | ~0.960 | -0.750 | ~0.890 | ~0.640 | -0.840 | ~0.600{ Vdc |V mintoPin 12,1 @ Pin 3.
Logic ‘0" Output Voltage VoL -1920 | -1.670 | -1.890 | ~1.650 | ~1.850 [ -1.620 | =1.830 | ~1.575 | -1.820 | =1.540 | Vdc {ViHmax to Pin 12,1} @ Pin 3.
Bias Voltage Vpias® | ~3.53 -3.23 -3.60 -3.30 ~3.75 -3.45 ~3.90 ~3.60 -4.00 -3.70 | Vde [ Vi mintoPin 12,
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

Peak-to-Peak Tank Volitage Vp.p - - - - - - - 400 | - - - - - - mv
Output Duty Cycle Vpe z - - - - - - 50 - - - - - - % See Figure 3.,
Oscillation Frequency fax®* - 225 - ~ 225 - 200 | 225 - - 225 - - 225 | —- | MH2

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



MC1648/MC1648M

TRANSFER CHARACTERISTICS IN THE VOLTAGE CONTROLLED MODE
USING EXTERNAL VARACTOR DIODE AND COIL. Tp =25°C

FIGURE 6
64
L Micro Maetal Toroidal Core #7744 10,
% 60 4 turns o No. 22 copped wire,
s 56 B Q Via .
N $2
e S
g 48 //
w 44
R - L
o] .
g Ve 1200
¢ 36 ,/, o,
: 4 “T
- 32 / 1 fout
2 28 > =
et
= 24 /
o 20 L 0 Mviaor 2 o
5 6 /] S b
é v I veer = Vegz = *5 Ve 0.1 uf
- 12 — Vegy = Veg2 = Gnd :I:
80 — =
4] 10 20 30 40 50 60 70 80 90 10 *The 1200 ohins 1est5107 ard the 3CONE terMing
1on impedance constitute a 25:1 attenuatlor
hall e CY 07 ivatent
Vo INFUT VOL TAGE (VOLTS) prote Coax shall e CT 070 50 o equivaten
FIGURE 7
18
L Micro Merat Torwedal Core #7444 10,
< 17 4 tucns O1'NO 22 Logugeer wire
I Q Vin
2 16
>
%} 15
4 L1
3 14 // y
o .
S ] / 1.4, 1200
g e
bt yal— O {501
2
11"
-
) i< v.
[SEEENT | rviao 2
- 5 uf X
3 g0 4 ]: Veer = Veez = 45 Vee 01 uf
< / E VEEL® Vega = Gad T
80 = =
o 10 2.0 30 40 SO 60 70 8.0 40 10 “Thne 1200 ot resistor and the scope tefnung

1won impedance constituie a 25 1 attenualor

prute Coax shall be CT 070 50 or equivalent.
Von INPUT VOLTAGE (VOLTS)

FIGURE 8
190 N N
L. Micro Metat Torodial Core #T30-22,
L 8o 5 turns of No 20 copper wire
I 170
z 160 . veer = Vee2 = vh vide
> Vegr = Vegz = Gnd
1% 150 |7
Z o Ve
2 A - .t 1 r 1 v 1. 1 @ {1 = —4ogr———-—-——-
130
8 1200°
¢ 120 7
: (1] y fout
2 100
Fy /
S 90 2 1 T 13| et
Fe) 80 -
3 10 .
2 Oy uf
- w0 L~ > = :_E
%0 / -
o 10 20 30 40 S50 60 10 80 90 10 S Ut 1200 @it conston ol 1he s 0)& tednung
0N anpeadaiic e (onstitate & 25 1 atteaudton
Voo INFUT VOLTAGEL (VOLTS) L §0tie Couan shalt be CT 070 40 w1 equivaient
{
i
4-7
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MC1648/MC1648M

Typical transfer characteristics for the

osciltator in
shown in Figures 6, 7, and 8, Figures 6 and 8

the voltage controlled mode are
show transfer characteristics employing only
the capacitance of the varactor diode (plus the
input capacitance of the oscillator, 6 pF tvpi
cal). Figure 7 illustrates the oscillator operating
in a voltage controlled mode with the output
range limited, This is achieved LV
parallel with the tank
circuit as shown, The 1 kS resistor in Figures6
to protect the varactor diode
long
as the dc input voltage does not cause the aiode
to
resistor (51 k§2) in Figure 8
provide for the
junctions of the two varactor diodes,

The in the
voltage controlied mode may be calculated as:

fmax 4 VCplmax) t Cg

H

frequency
adding a capacitor in
and 7 is used

during tasting. 1t is not necessary as

become forward hiased. The largerwvalued
is required to
isolation high impedance

tuning range of the oscillator

m—— ]
VCpinin) ¢t Cg
1

min

where iy =
27/ L{Cplmax) ¢ Cg)

. Cg = shunt capacitance (input plus external
capacitance),

CD = varactor capacitance as a function
of hias voltage.

Good RF and fow {requency bypassing is
necessary on the power supply pins. (See
Figure 2.)

‘mumj)

Capacitors (C1 and C2 o1 Figure 4} should
be used to bypass the AGC point and the VCO

input (varactor diodel, guaranteecing only
dc tevels at these points.
For output frequency operation hetween

1 MHz and 50 MHz 5 0.1 uF capacitor is suffi
cient for C1 and C2. At higher frequencies,
smaller values of capacitance should be used;
at lower frequencies, larger values of capaci-
tance, At high frequencies the value of Lypass
capacitors depends directly upon the physical
layout of the system. All bypassing shoutd be
as close to the package pins as possible 10
minimize unwanted lead inductance.

The peak-to-peak swing of the tank circuit
is set internafly by the AGC circuitry. Since
voltage swing of the tank circuit provides the
drive for the output buffer, the AGC patential
directly affects the output waveform, If it is
desired to have a sine wave at the output of
the MC 1648, a series resistor is tied from the
AGC point to the most negative power poten-
tial (ground if 15.0 volt supply is used, -5.2
volts if 3 negative supply is used} as shown in
Figure 10,

At frequencies above 100 MHz typ, it may
be desiralile to increase the tank circuit peak-
to peak wvoltage to shape the -signal
at the output of the MC1G48. This is accom-
plished by tying a series resistor (1 k{1 mini.
the AGC to the most positive
power potential (+5.0 volts if a 15.0 volt sup-
ply -5.2 volt supply is
used). Figure 11 illustrates this principle.

in order

{from

is used, ground if a

APPLICATIONS INFORMATION

The phase locked loop shown in Figure 9 illustrates the use
of the MC1648 as a voltage controlled oscillator. The figure
illustrates a frequency synthesizer useful in tuners for FM
broadcast, general aviation, maritime and landmobile com-
munications, amateur and CB receivers. The system operates
from 3 singte 5.0 Vdc supply, and requires no internal trans-
lations, since all components are compatible.

Frequency generation of this type offers the advantages of
single crystal operation, simple channet selection, and elimi-
nation of special circuitry to prevent harmonic lockup. Addi-
tional teatures include dc digital switching (preferable over RF

switching with a multiple Crystal system), and a broad range
of tuning {up ta 150 MHz, the range being set by the varactor
diodel.

The output frequency of the synthesizer loop is determined
by the reference frequency and the number programmed at
the programmable counter; foyq - Nfjef. The channel spacing
is equal to frequency (frqaf).

For additional information on applications and designs fot
phase tocked-loops and digita! frequency synthesizers. see
Motorola SG72, Electronic Tuning Address Systems, (ETAS)
Selector Guide.
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VC1648/MC1648M

FIGURE 9 — TYPICAL FREQUENCY SYNTHESIZER APPLICATION

Voliage
‘ Phase Low Pass Conirolled 1
e @t ———o=t Detector Folter Oscillatar out
MC4044 MC 1648
four = Nlgt
whare
l Modulus Enatile Line ' N NpeP4sA
Counier Contral MC12082
Laogic PP« 11
— MC12014 AR

oul

N
Piogramnmalile
Counter
MC4016

I Zeiu Detect Line

/.

]

Counter Hesat {ane *

N NpeP+a

Figure 10 shows the MC1648 in the vanable lrequency
mode operating from a +5.0 Vdc supply. TcPobtain a sine
wave at the output, a resistor is added from the AGC
circuit {pn 5) to VEE.

Figure 11 shows the MC1648 in the variable {requency
mode operating from a +5.0 Vdc supply. To extend the
uselul range of the device (maintain a square wave output
above 175 MH2), a resistor is added to the AGC circuit at
pin S (1 k ohim minimum).

FIGURE 10 — METHOO OF OBTAINING A SINE-WAVE OUTPUT

Figure 12 shows the MC1648 opurating lrom 5.0 Vde
and (9.0 Vde power supplies. This permiits a higher voltage
swing and higher output power than is possibie from the
MECL output {pin 3). Plots ol output power versus total
coliector load resistauce at pro 1 are gicen in Figures 13
and 14 for 100 MHz and 10 MHz operation. The total
collector load includes R in par altel with Rp ol L1 and
C1 at resonance. The optimum value for R at 100 MHz is
approximately 850 ohms. ’

FIGURE 13 ~ METHOO OF EXTENDING THE USEFUL RANGE
OF THE MC1648 (SQUARE WAVE OUTPUT)

¢5.0 Vde

o
_{

12

1 14

=0 Ouiput

|||>—-)|.—-

e

-

Ouiput

1K e

.|H
Ly
.
ey
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MC1648/MC1648M

FIGURE 12 — CIRCUIT USED FOR
. COLLECTOR OUTPUT OPERATION

+50V

FIGURE 13 - POWER OUTPUT wversus COLLECTOR LOAD

‘ Qutput
(]
@—AA—
MW Py PO
AR J; s.ov
L_MV\_ T 0.01 ¥
450V

FIGURE 14 — POWER OUTPUT versus COLLECTOR LOAD

See test ciccult, Figure 12,1 = 100 MHz
C3=30-350pF
Coftector Tank
Lt 2022 uH
A 5051 -10k82
Rpot L1and C1 —11&§2 @ 100 MHz Resanance

Cl= 1.0~700nF

Osciltatar Tank
L2 » 4 turns #20 AWG 3/167 10
C2=10-7.00nF

TOTAL COLLECTOR LOAD tohms)

7

6
2 L
T h,
2
£
- 4
-
5 / N\
a A
-3
>
3 N
a ? U s
w
3z 7 N
0
a Y

o

I 100 1000 10.000

POWER OUTPUT (mw RMS)

See test circuit, Figure 12, 1 = 10 MHz
C3 =470 pF
Cottector Tank
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PHASE-FREQUENCY DETECTOR

The MC4344/4044 coasists of two digital phase detectors, a
charge pump, and an amplifier. In combination with- a voltage
controlled multivibrator {such as the MC4324/4024 or MC1648),
it is useful in a broad range of phase-locked loop applications.
The circuit accepts TTL waveforms at the R and V inputs and
generates an error voltage that is proportional to the frequency
and/or phase difference of the input signals. Phase detector #1
is intended for use in systems requiring zero frequency and phase
difference at lock. Phase detector #2 is used if quadrature lock is
desired. Phase detector #2 can also be used to indicate that the
main loop, utilizing phase detector #1, is out of lock.

Operating Frequency = 8 MHz typ

Input Loading Factor: R, V = 3

Output Loading Factor (Pin 8) = 10

Total Power Dissipation = 85 mW typ/pkg

Propagation Delay Time = 8.0 ns typ
{thru phase detector)

PHASE-FREQUENCY
DETECTOR

L SUFFIX
CERAMIC PACKAGE
CASE 632
{TO-1186)

=

P SUFFIX
PLASTIC PACKAGE
CASE 646
MC4044 only

£ SUFFIX
CERAMIC PACK AGE
CASE 607

LOGIC DIAGRAM
PIN ASSIGNMENT
PU UF
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APPLICATION

Operation of the MC4344/4044 is best explained by in-
itially considering each section separately. lf phase de-
tector #1 is used, loop lockup occurs when both outputs
U1 and D1 remain high. This occurs only when all the
negative transitions on R, the reference input, and V, the
variable or feedback input, coincide. The circuit responds
only to traasitions, hence phase error is independent of
input waveform duty cycle or amplitude variation. Phase
detector #1 consists of sequeatial logic circuitry, there-
fore operation prior to lockup is determined by initial
conditions.

When operation is initiated, by either applying power

«to the circuit or active input signals to R and V, the cir-
cuitry can be in one of several states. Given any particular
starting conditions, the flow table of Figure 1 can be used
to determine subsequent operation. The flow table in-
dicates the status of U1 and D1 as the R and V inputs are
varied. The numbers in the table which are in parentheses
are arbitrarily assigned labels that correspond to stable
states that can result for each input combination. The
numbers without parentheses refer to unstable condi-
tions. input changes are traced by horizontal movement
in the table; afier each input change, circuit operation
will settle in the numbered state indicated by moving
horizontally to the appropriate R-V column. If the number
at that location is not in parentheses, move vertically to
the number of the same value that is in parentheses. For
a given input pair, any one of three stable states can exist.
As an example, if R = 1 and V = 0, the circuit will be in
one of the stable states (4), (8), or {12).

FIGURE 1 — PHASE DETECTOR #1 ¥LOW TABLE

/! o— Ul
Phase
Freq
Dewacror
~
v o 01

fvV]| R-V] RV | RV Ut 01
00| 01| 11| 10
(%1 2 3 {a) o 1
S ) {3} 8 L] 1
5 6 ? 8 1 1
9 61 7 12 1 ]
s 2 m 12 1 ]
5 2 7 8) 1 1
91 | Giy u 12 1 (<]
S 6 (V1] (12} 1 0

Use of the table in determining circuit operation is il-
lustrated in Figure 2. In the timing diagram, the input to
R is the reference {requency; the input 10 V is the same
frequency but lags in phase. Stable state (4) is arbitrarily
assumed as the initial condition. From the timing diagram
and flow table, when the circuit is in stable state (4),
outputs U1 and D1 are “0” an “1” respectively. The next
input state is R-V = 1-1; moving horizontally from stable
state {4} under R-V = 1-0 to the R-V = 1-1 column, state
3 is indicated. However, this is an unstable condition and
the circuit will assume the state indicated by moving ver-
tically in the R-V = 1-1 column 1o stable state (3}. in this

FIGURE 2 — PHASE DETECTOR #1 TIMING DIAGRAM
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instance, outputs U1 and D1 remain unchanged. The in-
put states next become R-V = 0-1; moving horizontally
to the R-V = 0-1 column, stable state {2) is indicated. At
this point there is still no change in U1 or D1. The next
input change shifts operation to the R-V = 0-0 column
where unstable state § is indicated. Moving vertically to
stable state (5}, the outputs now change state to U1-D1
= 1-1. The next input change, R-V = 1-0, drives the cir-
cuitry to stable state (8), with no change in U1 or D1. The
next input, R-V = 1.1, leads to stable state (7) with no
change in the outputs. The next two input state changes
cause U1 to go low between the negative transitions of
R and V. As the inputs continue to change, the circuitry
moves repeatedly through stable states (2), (5), (8), (7.
(2). etc., as shown, and a periodic waveform is obtained
on the U1 terminal white D1 remains high.

A similar result is obtained if V is leading with respect
to R, except that the periodic waveform now appears on
D1 as shown in rows e-h of the timing diagram of Figure
2. In each case, the average value of the resulting
waveform is proportional to the phase difference be-
tween the two inputs. In a closed loop application, the
error signal for controlling the VCO is derived by trans-
lating and filtering these waveforms.

The results obtained when R and V are separated by
a fixed frequency difference are indicated in rows i-{ of
the timing system. For this case, the U1 output goes fow
when R goes low and stays in that state until a negative
transition on V occurs. The resulting waveform is similar

to the fixed phase difference case, but now the duty cycle

of the U1 waveform varies at a rate proportional to the

difference frequency of the two inputs, R and V. It is this

characteristic that permits the MC4344/4044 to be used
o 1493 . - .

8s a frequency discriminator; if the signal on R has been

frequency modulated and if the loop bandwidth is se-

tected to pass the deviation frequency but reject R and
V, the resulting error voltage applied to the VCO will be
the récovéred modulation signal.

Phase detector #2 consists only of combinatorial logic,
therefore its characteristics can be determined from the
simple truth table of Figure 3. Since circuit operation re-
quires that both inputs to the charge pump eithet be high
or have the same duty cycle when lock occurs, using this
phase detector ieads to a quadrature relationship be-
tween R and V. This is illustrated in rows a-d of the timing
diagram of Figure 3. Note that any deviation from a fifty

* percent duty cycle on the inputs would appear as phase

error.
Waveforms showing the operation of phase detector
#2 when phase detector #1 is being used in a closed
loop are indicated in rows e—j. When the main loop is
focked, U2 remains high. If the loop drifts out of fock in
either direction a negative pulse whose width is propor-
tional to the amount of drift appears on U2. This can be
used to generate a simple loss-of-tock indicator.
Operation of the charge pump is best explained by
considering it in conjunction with the Dadington ampli-
fier included in the package (see Figure 4). There will be

FIGURE 3 — PHASE DETECTOR #2 OPERATION
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a pulsed waveform on either PO or PU, depending on the
phase-frequency relationship of R and V. The charge
pump serves to invert one of the input waveforms (D1)
and translates the voltage levels before they are applied
to the loop filter. When PD is low and PU is high, Q1 will
be conducting in the normal direction and Q2 will be off.
Cursrent will be flowing through Q3 and CR2; the base of
Q3 will be two Vgg drops above groungd or approximately
1.5 volts. Since both of the resistors connected to the
base of Q3 are equal, the emitter of Q4 (base of Q5) will
be approxima.te)y 3.0 voits. For this condition, the emitter
of Q5 (DF) wilf be on Vg below this voltage, or about
2.25 volts. The PU input to the charge pump is high
(> 2.4 volts) and CR1 will be reverse biased. Therefore
Q5 will be supplying current to Q6. This will tend 1o lower
the voitage at the collector of Q7. resulting in an error
signal that lowers the VCO [requency as required by a
“pump down” signal.

FIGURE 4 — CHARGE PUMP OPERATION
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When PU is low and PD is high, CR1 is forward biased
and UF will be approximately one Vgg above ground
(neglecting the Vcg(sar) Of the driving gate). With PD
high, Q1 conducts in the reverse direction, supplying
base current for Q2. While Q2 is conducting, 04 is pre-
vented from supplying base drive to Q5; with Q5 cut off
and UF low there is no base current for Q6 and the voltage
at the collector of Q7 moves up, resulting in an increase
in the VCO operating frequency as required by a “pump
up” signal. \

1f both inputs to the charge pump are high (zero phase
difference), both CR1 and the base-emitter junction of Q5
are reverse biased and there is no tendency for the error
voltage to change. The output of the charge pump varies
between one Vgg and three Vgg as the phase difference
of R and V varies from minus 2x to plus 2w. If this signal
is filtered to remove the high-frequency components, the
phase detector transfer function, Ky, of approximately
0.12 volt/radian is obtained (see Figure 5).

The specified gain constant of 0.12 volt/radian may not
be obtained if the amplifier/filter combination is improp-
erly designed. As indicated previousty, the charge pump
delivers purnp commands of about 2.26 volts on the pos-
itive swings and 0.75 volt on the negative swings for a
mean no-pump value of 1.5 volts. If the fitter ampfifier is
biased 1o threshold “‘on™ at 1.5 volts, then ‘the pump ub

and down voltages have equal effects. The pump signals
are established by Vggs of transistors with miitiamperes
of current flowing. On the other hand, the transistors
included for use as a filter amplifier will have very small
currents fiowing and will have correspondingly lower
Vggs — on the order of 0.6 volt each for a threshold of
1.2 volts. Any displacement of the threshold from 1.5
volts causes an increase in gain in one direction and a
reduction in the other. The transistor configuration pro-
vided is hence not optimum but does allow for the use
of an additional transistor to improve filter response. This
addition also results in a non-symemetrical response since
the threshold is now approximately 1.8 volts. The effec-
tive positive swing is limited to 0.45 volt while the neg-
ative swing below threshold can be greater than 1.0 voit.
This means that the loop gain when changing from a
high frequency to a lower frequency is less than when
changing in the opposite direction. For type two loops
this tends to increase overshoot when going from low
to high and increases damping in the other direction.
These problems and the selection of external filter com-
ponents are intimately related to system requirements
and are discussed in: detail in the tilter design section.

FIGURE 5 — PHASE DETECTOR TEST
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PHASE-LOCKED LOOP COMPONENTS
General

A basic phase-locked loop, when operating properly.
will acquire {*lock on”) an input signal, track it in fre-
quency, and exhibit a fixed phase relationship relative to
the input. In this basic loop, the output frequency will be
identical to the input frequency (Figure 6). A fundamental
loop consists of a phase detector, amplifierffilter, and
voltage-controlled oscillator {Figure 7). it appears and
acts like a unity gain feedback loop. The controlled var-
jable is phase; any error between fi, and fo ¢ is amplified
and applied to the VCO in 2 corrective direction.

FIGURE 6 — BASIC PHASE-LOCKED LOOP
FREQUENCY RELATIONSHIP

cos wt Phase
Locked 1
Loop

out

cos (w4 @)

FIGURE 7 — FUNDAMENTAL PHASE-LOCKED LOOP

in Oetector Filter ]

[

Simple phase detectors in digital phase-locked loops
usually put out a series of pulses. The average value of
these pulses is the “gain constant,” K¢, of the phase
detector — the volts out for a given phase difference.
expressed as volts/radian.

The VCO is designed so thatits output frequency range
is equal to or greater than the required output frequency
range of the system. The ratio of change in output fre-
quency to input controf voltage is called "gain constant,”
Ko !f the slope of foyt 0 Vin is not finear (i.e., changes
greater than 25%) over the expected frequency range, the
curve should be piece-wise approximated and the ap-
propriate constant applied for “best” and “worst’’ case
analysis of toop performance.

System dynamics when in lock are determined by the
amplifier/filter block. lts gain determines how much
phase error exists between fip and fgy. and filter char-
acteristics shape the capture range and transient perfor-
mance. This will be discussed in detail later.

Oscitiator

Loop Filter

Fundamental foop characteristics such as capture range,
foop bandwidth, capture time, and transient response are
controlled primarily by the loop fitter. The loop behavior
is described by gains in each component block of Figure
8. The output to input ratio reflects a second order low
pass filter in {frequency response with a static gain of N:

e Amplifier/ 1
Phas e 1
N C d f

1+
where:  Kg = 1+Tes {2
Tas
Ty = RyC and Ty = R{C of Figure 4. Therefore,
8pls) N{1 + Tys)
e NG, . @
Gls T2, Tis + 1
KKy

FIGURE 8 — GAIN CONSTA?&‘

Ky Ke Ky

L |

N

Kg = Phase Detector Gsin {volis/radiant

Kg= Amplifier/Filter Gain

Ky = VCO Gain {vsdians/sacond/volt}
N = Tnteger Divisor

Both wg (loop bandwidth or natural frequency) and {
(damping factor) are particularly important in the tran-
sient response to a step input of phase or frequency (Fig-
ure 9, and are defined as:

- KQKV
N NT2 @

SFEG e

Using these terms in Equation 3,

&(_s! w N(1 + Tys} ©
als) st . s A
;;2 “n

In a well defined system controlling factors such as
@ and { may be chosen either from a transient basis
(time domain response) or steady state {requency plot
{roll-off point and peaking versus frequency). Once these
two design goals are defined, synthesis of the filter is
relatively straight-forward.

Constants Kg, Ky. and N are usually fixed due to other
design constraints, leaving Tq and T3 as variables to set
wp and L. Since only To appears in Equation 4, it is the
easiest to solve for initially.

Ty = -L‘:' K‘; (7)
wn

From Equation §, we find

6pls) < KgKeKy @ . ,
afs) T KeKeKy =2 8
W,
N n
i
3
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FIGURE 9 — TYPE 2 SECOND ORDER STEP RESPONSE
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Using relationships 7 and 8, actual resistor values may
be computed:

KoKy

i 1§ NunZC )
2
Ry = -=>
2 onC (10}

Aithough fundamentalty the range of R1 and Ry may
be from several hundred to several thousand ohms,
sideband considerations usually force the value of Rjto
be set first, and then Ry and C computed.

KKy
C=—£2—- 1
Nwqn<Rq (-

Calculation of passive components Ry and C (in syn-
thesizers) is complicated by incomplete information on
N, which is variable, and the limits of wg and { during
that variaqce. Equally important are changes in Ky over
the output frequency range. Minimum and maximum
values of wy, and { can be computed from Equations 4
and 5 when the appropriate worst case numbers are
known for all the factors.

Amplified/filter gain usually determines how much
phase error exists between i, and foye, and the filter
characteristic shapes capture range and transient per-
formance. A relatively simple, low gain amplifier may
usually be used in the loop since many designs are not
constrained so much by phase &rror as by the need to
make fin equal gy, Unnecessarily high gains can cause

problems in linear loops when the system is uut of lock
if the amplifier output swing is not adequately restricted
since integrating operational amplifier circuits will latch
up in time and effectively open the loop.

The internal amplifier included in the MC4344/4044
may be used effectively if its limits are observed. The
circuit configuration shown in Figure 10 illustrates the
placement of Ry, Ry, C, and load resistor Ry (1 kf1). Due
to the non-infinite gain of this stage (Ay = 30) and other
non-ideal characteristics, some restraint must be placed
on passive component selection. Foremost is a lower
limit on the vatue of Ry and an upper limit on Ry. Placed
in order of priority, the recommendations are as follows:
(a) R2 > 50 {), (b) R1/R2 < 10, {c) 1 ki) < R1 < § kQ).

FIGURE 10 — USING MC4344/4044 LOOP AMPLIFIER
150V

A
1k

>V 1o vCOoy

Limit (c) is the most flexible and may be violated with
either higher sidebands and phase error {Ry > 5 kM) or
lower phase detector gain (Ry < 1 kf}). If limit {b) is ex-
ceeded, loop bandwidth will be less than computed and
may not have any similarity to the prediction. For an
accurate reproduction of calculated loop characteristics
one should go to an operational amplifier which has suf-
ficient gain to make limit (b) readily satisfied. Limit (a) is
very important because T in Equation Sis in reality com-
posed of three elements:

Ty =¢C (R2 - L) (12

where g = transconductance of the common emitter
amplifier,

Normally g, is large and Ty nearly equals RyC, but
resistance values betow 50 () can force the phase-com-
pensating “zero” to infinity or worse (into the right half
plane) and give an unstable system. The probiem can be
circumvented to a large degree by bu Hering the feedback
with an emitter follower (Figure 11). Inequality (a) may
then be reduced by at least an order of magnitude (Ry
> 5 (1) keeping in mind that electrolytic capacitors used

FIGURE 11 — AMPULIFIER CAPABLE OF HANDLING
LOWER /2
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as C may approach this value by themselves at the fre-
quency of interest {wp}.

Larger values of Ry may be accommodated by either
using an operational amplifier with a low bias curreat
(I < 1.0 nA} as shown in Figufe 12 or by buffering the
internal Darlington pair with an FET (Figure 13). itis vitally
important, however, that the added device be operated
at zero VGg. Source resistor Rq should be adjusted for
this condition (which amounts to Ipgg current for the
FET). This insures that the overall amplifier input thresh-
old remains at the proper potential of approximately two
base-emitter drops. Use of an additional emitter follovver
instead of the FET and Ry4 (Figure 14) gives a threshold
near the upper limit of the phase detector charge pump,
resulting in an extremely unsymmetrical phase detector
gain in the pump up versus pump down moade. It is not
unusual to note 3 5:1 difference in Ky for circuits having
the bipolar buffer stage. If the initial design can withstand
this variation in loop gain and remain stable, the ap-
proach should be considered since there are no criticat
adjustments as in the FET circuit.

FIGURE 12 — USING AN OPERATIONAL AMPLIFIER
TO EXTEND THE VALUE OF R1

R2 €

—

==V
I3V

FIGURE 13 — FET BUFFERING TO RAISE AMPLIFIER
INPUT IMPEDANCE

FIGURE 14 — EMITTER FOLLOWER BUFFERING OF
AMPLIFER INPUT
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DESIGN PROBLEMS AND THEIR SOLUTIONS

Dynamic Range
A source of trouble for all phase-locked toops, as well

" as most electronics is simply overload or lack of sufficient

dynamic range. One limit is the amplifier output drive to
the VCO. Not only must a designer note the outside timits
of the dc control voltage necessary to give the output
frequency range, he must also account for the worst case
of overshoot expected for the system. Relatively large
damping factors ([ = 0.5) can contribute significant
amounts of overshgot (30%). To be prepared for the worst
case output swing the amplifier should have as much
margin to positive and negative limits as the expected
swing itself. That is, if 3 two-volt swing is sufficient to
give the desired output frequency excursion, there should
be at feast a two-volt cushion above and below maximum
expected steady-state values on the controf line.

This increase-in range, in order to be effective, must
of course by followed by an equivalent range in the VCO
or there is little to be gained. Any loss in 1oop gain will
in general cause a decrease i.n_z_and a consequent in-
crease in overshoot and ringing. If the loss in gain is
caused by saturation or near saturation conditions, the
problem tends to accelerate towards a situation where
the system settles in not only a slow but oscillator manner
as well,

Loss of amplifier gain may not be due entirely to nor-
mal system damping considerations. In loops employing
digital phase detectors, an additional problem is likely to
appear. This is due to amplifier saturation during a step
input when there is a8 maximum phase detector output
simultaneous with a large transient overshoot. The phase
detector square wave rides on top of the normal transient
and may even exceed the amplifier output limits imposed
above. Since the input frequency will exceed the R3C
time constant, gain Kg for these annoying pulses will be
Ra/My. Ordinarily this ratio will be less than 1, but some
circumstances dictate a low loop gain commensurate
with a fairly high wy. For these cases. Ry/Ry may be
higher than 10 and cause pulse-wise saturation of the
amplifier. Since the dc control voltage is an average of
phase detector pulses, clipping can be translated into a
reduction in gain with all the “benefits” already outlined,
i.e., poor settling time. An easy remedy to apply in many
cases is a simple RC low pass section preceding or to-
gether with the integrator-lag section. To make transient
suppression independent of amplifier response, the net-
waork may be imbedded within the input resistor Ry (Fig-
ure 15) or be implemented by placing a feedback capac-
itor across Ry (Figure 16). Besides rounding off and
inhibiting pulses, these networks add an additional pole
to the loop and may cause furtherovershoot if the cutoff
frequency (wg) is too close to wy. If at all possible the
cutoff point should be five to ten times wq. How far we
can be placed from w, depends on the input frequency
refstionship to wq since fj, is, after all, what is being
filtered. A side benafit of this simple RC pulse “fiattener’”
is a reduction in i, sidebands around g, for synthe-
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sizers with N > 1. However, a series of RC filters is not
recommended for either extended pulse suppression or
sideband improvement as excess phase will begin to
build up at the loop crossover (= wg) and tend to cause
instability. This will be discussed in more detait later.

FIGURE 15 — IMPROVED TRANSIENT SUPPRESSION
WITHR1 — C, »

—o

we =
< R1Cc

FIGURE 16 — IMPROVED TRANSIENT SUPPRESSION
WITH R2 — C,
L

Ce

Eal

(23]

Spurious OQutputs

Although the major problem in phase-locked loop de-
sign is defining loop gain and phase margin under dy-
namic operating conditions, high-quality synthesizer de-
signs also require special consideration to minimize
spu-ious spectral components — the worst of which is
reference-frequency sidebands. Requirements for good
sideband suppression often conflict with other perfor-
mance goals — loop dynamic behavior, suppression of
VCO noise, or suppression of other in-loop noise. As a
result, most synthesizer designs require compromised
specifications. For a given set of components and loop
dynamic conditions, reference sidebands should be pre-
dicted and checked against design specifications before
any hardware is built. .

Any steady-state signal on the VCO contro! will produce
sidebands in accordance with normal FM theory. For
small spurious deviations on the VCO, refative sideband-
to-carrier levels can be predicted by:

sidebands I VeetKy (3
carrier 2uwgef
where V ot = peak voltage value of spurious frequency
at the VCO input.
Unwanted control line modulation can come from a
variety of sources, but the most likely cause is phase
detector puise components feeding through the {oop fil-

ter. Although the filter does establish loop dyaamic con-
ditions, it leaves something to be desirey as a low pass
section for reference frequency components.

For the usual case where w.f is higher than /T2, the
Kg function amounts to a simple resistor ratio:

Kefial | = - -2 14)

w = wret

By substitution of Equations 9 and 10, this signal transfer
can be related to loop parameters.

2{Nwq . V_Le!
KgKy Ve

@ = weef

Ketjwl | = (s)

where  Vier =  peak value of reference voltage at
the VCO input, and
peak value of reference frequency

voltage at the phase detector output.

Vg =

Sideband levels relative to reference voltage at the
phase detector output can be computed by combining
Equations 13 and 15:

sideband level ( {Nup (16}
fout level wpefK

From Equation 16 we find that for a given phase de-
tector, a given value of Rq (which determines Vgy), and
given basic system coastraints (N, f o). only { and wp
remain as variables to diminish the sidebands. If there
are few limits on wy, it may be lowered indefinitely until
the desired degree of suppression is obtained. If w is
not arbitrary and the sidebands are still objectionable,
additionat filtering is indicated.

One item worthy of note is the absence of Ky in Equa-
tion 16. From Equation 15 it might be concluded that
decreasing Ky would be another means for reducing spu-
rious sidebands, but for constant values of { and wy, this
is not a free variable. In a given loop, varying Ky will
certainly affect sideband voltage, but will aiso vary { and
wn.

On the other hand, the choice of w, may well affect
spectral purity near the carrier, although reference
sideband levels may be quite acceptable.

{n computing sideband levels, the value of Vy must be
determined in relation to other loop components. Resid-
ual reference frequency components at the phase detec-
tor output are related to the dc error voltage necessary
to supply charge pump leakage current and amplifier bias
current. From these average voltage figures, spectral
~components of the reference frequency and its harmon-
ics can be computed using an approximation that the
phase detector output consists of square waves 1 seconds
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wide repeated at t second intervals (Figure 17). A Fourier
analysis can be summarized for small ratios of 1/t by:

(1) the average voltage Navg’ is AlxA)

(2) the peak reference voltage value (V) is twice vavg'
and

(3) the second harmonic (2f e} is roughly equal in am-
plitude to the fundamental.

By knowing the requirements for (1) due to amplifier
bias and leakage currents, values for (2) and (3} are
uniquely determined.

FIGURE 17 — PHASE DETECTOR QUTPUT

—— g
JL_I_—L_{.

An example of this sideband approximation technique
can be illustrated using the parameters specified for the
synthesizer design included in the applications infor-
mation section.

wp = 4500 rad/s
Ri = 2 k2
fret = 100 kHz

Nmax = 30
Ky = 11.2 x 106 radisiv
K¢ = 0.12 Virad
{=08

]
]

Substituting these numbers into Equation 16:

sideband 1 {0.8)(30)(4500) an
fout 2n(105)0.111)
= Vg (1.55) (18)

The result illustrates how much reference feedthrough
will affect sideband levels. {f 1.0 mV peak of reference
appears at the output of the phase detector, the nearest
sideband will be down 56.2 d8.

If the amplifier section included in the MC4344/4044 is
used, with R = 1k{}, some approximations of the value
of V¢, can be made based on the input bias current and
the vatue of Rq. The phase detector must provide suffi-
cient average voltage to supply the amplifier bias current,
Ip. through Ry: when the bias current is about 5.0 p A and
Ry is 2 k(), Vayq must be 10 mV. From the assumptions
earlier concerning the Fourier transform, and with the
help of Figure 18, we can see that the phase detector duty
cycle will be about 1.7% (A = 0.6 V), giving a fundamental
{reference) of 20 mV peak. If this value for Vg is substi-
tuted into Equation 18, the resulting sideband ratio rep-
resents 30 dB suppression due to this component alone.

In addition to the amplifier bias current, another factor
to consider is transistor Q5 reverse teakage current i
flowing into pin 10 of the MC4344/4044 charge pump. i|_
is generally less than 1.0 A and is no more than 5.0 wA
over the temperature range. A typical design value for
25°C is 0.1 pA. Both I and amplifier bias current ig are,

in a direction to deplenish the charge on filter capacitor
C. A second charge pump leakage, I °, attributed by diode
CR1 flows out of pin 5. This current, however, is in a
direction to help supply Ig and I and thus tends to min-
imize the discharge of C. Typically I is much less than
i and, since it is also in a direction to minimize discharge
of the filter capacitor, it will be ignored in the following
discussion. The total charge removed from C must be
replaced by current supplied by the charge pump during
the next up-date opportunity. This current flows through
R1. To minimize the effects of Ig and I{_a retative small
value of R1 should be chosen. A minimum value of 1k}
is 8 good choice.

FIGURE 18 — QUTPUT ERROR

CHARACTERISTICS
DUTY | PHASE
CYCLE | ERROR | Vaug | Vatpesk)

(%} {Deg} (mv) {rmV])
01 0.36 06 1.2°
0.2 0.72 12 24
0.3 1.08 1.8 36
0.4 1.44 24 48
05 1.80 3.0 6.0
06 2.16 3.6 72
0.7 252 a2 8.4
o8 289 48 2.6
0.9 3.24 5.4 10.8
1.0 3.60 6.0 120
20 1.2 12.0 24.0
30 108 18.0 359
4.0 14.4 24.0 47.9
5.0 18.0 30.0 59.8
6.0 21.6 36.0 76
7.0 25.2 42.0 83.3
8.0 288 48.0 95.0
9.0 32.4 54.0 106.6
10.0 36.0 60.0 118.0

After values for C and Ry have been computed on the
basis of loop dynamic properties, the overall sideband
to foyt ratio computation can be simplified.

Since
Vg = 2V, 52
Vavg = (I + fury = 2R Uy + 10 {7
V¢=2(Ib+lL)R1 .
= 2R (I, + I}
' R 2' L
Vref = V¢ (ﬁf)
we find that
sideband _ VioiKy (s
fout 2uwref '
sideband _ 2Ry{ly + I Ky (20)

fout 2ugef

Equation 20 indicates that excellent suppression could
be achieved if the Bias and leakage terms were nulled by
current summing at the amplifier input (Figure 19). This
has indeed proved to be the case. Experimental results
indicate that greater than 60 dB rejection can routinely
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be achieved at a constant temperature. However when
nulling fairly targe values (> 100 nAl, the rejection be-
comes quite sensitive since leakages are inherently a
function of temperature. This technique has proved use-
ful in achieving improved system performance when
used in conjunction with good circuit practice and ref-
erence filtering.

FIGURE 13 — COMPENSATING FOR BIAS AND

LEAKAGE CURRENT
——A— Y ——

MmCalaas oy (»
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Additional Loop Filtering

So far, only the effects of fundamental loop dynamics
on resultant sidebands have been considered. If further
sideband suppression is required, additional toop filter-
ing is indicated. However, care must be taken in place-
ment of any low pass rolloff with regard to the loop nat-
ural frequency {wp). On one hand, the “corner” should
be well below (lower than) weef and yet far removed
(above) from wy. Although no easy method for placing
the coll-off point exists, a nule of thumb that usually works
is: we = Sug (21)

Reference frequency suppression per pole is the ratio
of we 10 weef.

S848 = n 20 log10 (—w—g-) (22)

wref

where n is the number of poles in the filter.

Equation 22 gives the additional loop suppression to
weef: this number should be added to whatever suppres-
sion already exists.

For non-critical applications, simple RC networks may
sutfice, but if more than one section is required, loop
dynamics undergo undesirable changes. Loop damping
factor decreases, resulting in a high percentage of
overshoot and increased ringing since passive RC sec-
tions tend to accumulate phase shift more rapidly than
signal suppression and part of this excess phase sub-
tracts from the loop phase margin. Less phase margin
transiates into a lowér damping factor and can, in the
limit, cause outright oscillation.

A suitable alternative is an active RC section, Figure 20,
compatible with the existing levels and voitages. An ac-
tive two pole filter {second order section) can realize a
more gradual phase shift at frequencies less than the
cutoff point and still get nearly equal suppression at fre-
quencies above the cutoff point. Sections designed with
a slight amount of peaking ({ = 0.5) show a good com-
promise between excess phase below cutoft {wc), without
peaking enough 10 cause any danger of raising the loop
gain for frequencies above wp. A fairly non-critical section
may simply use an emitter follower as the active device

with two resistors and capacitors completing the circuit
{Figure 21). This provides 3 — 12 dB/octave ( - 40 dB/dec-
ade) rolloff characteristic above wg, though the atten-
uation may be more accurately detenmined by Equation
22. if the sideband problem pecrsists, an additional section
may be added in series with the first. No more than two
sections are recommended since at that time either (1)
the constraint between wq and weef is too close, or (2)
reference voltage is modulating the VCO from a source
other than the phase detector through the toop amplifier.

FIGURE 20 — OPERATIONAL AMPLIFIER LOW PASS FILTER
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NOTE: i vo = Voe 10V,
this stage is susceptible 10 power
supply noise.

Operation without charge pump phase detector #1 of
the MC4344/4044 can be implemented quite successfully
in many applications without using the charge pump and
internal darlington amplifier approach. An operational
amplifier filter can be used to process the error infor-
mation appearing at U1 and D1 {pins 13 and 2) directly
(Figure 22).This phase detectorffilter approach offers a
potentially superior performing system because:

a. Charge pump delay time is eliminated.

b. Charge pump input signed threshold level reed not

be overcome before ersor information is obtained.
This can result in a substantial improvement in the

FIGURE 22 —TYPICAL FILTER AND SUMMING NETWORK
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4044°s transfer function linearity in the vicinity of
zero phase error between the R and V inputs.

¢. The filter amplifier ground location can be separated
from the phase detector ground.

d. An “optimum” filter amplifier input threshold of
approximately two diode drops need not be
established.

The filter discussions and relationships developed for
integrator-log filter sections can be appfied to the system
of Figure 22 and the previously derived equations can be:
used to determine values for R1, R2 and C.

It may be desirable to split each of the R1 resistors and
incorporate a capacitor to ground in 8 manner similar to
that shown in Figure 15. This should improve transient
suppression and provide integration of the U1 and D1
signals to bettei enable the operational amplifier to de-
velop corrective error information from very narrow U1
and D1 pulse widths.

Phase error for the circuit inFigure 22 will result from
input offset voltage in the operational amplifier, resistor
mismatch and mismatch between the phase detector
output states appearing at Ut and D1. Phase error can
be trimmed to zero initially by adjusting either the am-
plifier input offset or one of the R1 resistors.

vco ¢ Noise

Effects of noise within the VCO itself can be evaluated
by considering a closed loop situation with an external
noise source, ey, introduced at the VCO(Figure 23). Re-
sultant modutation of the VCO by error voltage, ¢, is a
second order high pass function:

£ s
c T
en €2 & ST1K¢Ky - KKy
TN ToN (23
S2

¥ Sz + 2wpS + wn2

FIGURE 23 — EFFECTS OF VCO NOISE
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This function has a slope of 12 dB/octave at frequencies
less than wp, (loop natural frequency), as shown in Figure
24 .This means that noise components in the VCO above
wp will pass unattenuated and those below will have
some degree of suppression. Therefore choice of loop
natural frequency may well rest on VCO noise quality.

FIGURE 24 — LOOP RESPONSE TO VCO NOISE
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Other Spurious Responses

Spurious components appearing in the output spec-
trum are seldom due to reference frequency feedthrough
alone. Modulation of any kind appearing on the VCO con-
trol line will cause spurious sidebands and can come in
through the loop amplifier'supply, bias circuitry in the
control path, a transtator, or even the VCO supply itself.
Some VCOs have a relatively high sensitivity to power
supply variation. This should be investigated and its ef-
fects considered. Problems of this nature can be mini-
mized by operating all devices except the phase detector,
charge pump, and VCO from a separate and well isolated
supply. A common method uses a master supply of about
10 or 12 volts and two regulators to produce voltages for
the PLL — one for all the logic {including the phase de-
tector) and the other for all circuitry associated with the
VCO control line.

Sideband and noise performance is also a function of
good power supply and regulator layout. As mentioned
earlier, extreme care should be exercised in isolating the
control line voltage to the VCO from influences other than
the phase detector. This not only means good voltage
regulation but ac bypassing and adherence to good
grounding techniques as well. Figure 25shows two sep-
arate regulators and their respective loads. Resistor Rg
is a small stray resistance due to a common thin ground
return for both R 1 and Ry 7. Any noise in Ry is now
reproduced (in a suppressed form) across Ry 1. Load cur-
rent from Ry 1 does not affect the voltage across Ry 3.
Even though the regutators may be quite good, they can
hold Vg constant only across their outputs, not neces-
sarily across the load (unless remote sensing is used).

FIGURE 26 — LOOP VOLTAGE REGULATION
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One solution to the ground-coupled noise probiem is to
lay out the return path with the most sensitive regulated
circuit at the farthest point from power supply entry as
shown in Figure 26.

Even for regulated subcircuits, accumulated noise on
the ground bus can pose major problems since although
the cross currents do not produce a differential load volt-
age directly, they do produce essentially common mode
noise on the regulators. Output differential load noise
then is a function of the input regulation specification. By
far the best way to sidestep the problem is to connect
each subcircuit ground to the power supply entry return
line as shown in Figure 27.

FIGURE 26 — REGULATOR LAYOUT
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FIGURE 27 — REGULATOR GROUND CONNECTION
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In Figures 25 and 27, R 1 and Ry 7 represent component
groups in the system. The designer must insure that all
ground return leads in a gpecific component group are
returned to the common ground. Probably the most
overlooked components are bypass capacitors. To min-
imize sidebands, extreme caution must be taken in the
area immediately following the phase detector and
through the VCO. A partial schematic of a typical loop
amplifier and filter is shown inFigure 28 1o illustrate the
common grounding technique.

Bypassing in a phase-locked loop must be etfective at
both high frequencies and fow frequencies. One capacitor
in the 1.0-t0-10 uF range and another between 0.01 and
0.001 uF are usually adequate. These can be effectively
utilized both at the immediate circuitry (between supply
and common ground) and the regulator if it is some dis-
tance away. When used at the regulator, a single elec-
trolytic capacitor on the output and a capacitor pair at
the input is most effective (Figure 29). It is important,
again, to note that these bypasses go from the input/
output pins 1o as near the regulator ground pin as
possible.

FIGURE 29 — SUGGESTED BYPASSING PROCEOURE
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APPLICATIONS INFORMATION

Frequency Synthesizers

The basic PLL discussed earliec is actually a special
case of frequency synthesis. In thatinstance, foyq = fin.
although normaily a programmable counter in the feed-
back loop insures the general rule that {54 = Nfjq (Figure
30). in the synthesizer f;,, is usually constant {crystal con-
trolled} and g is changed by varying the programmable
divider { + N). By stepping N in integer increments, the
output frequency is changed by f;, per increment. tn com-

FIGURE 30 — PHASE-LOCKED LOOP WITH
PROGRAMMABLE COUNTER
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FIGURE 28 — PARTIAL SCHEMATIC OF LOOP
AMPLIFIER ANO FILTER
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munication use, this input frequency is called the “chan-
nel spacing” or, in general, it is the reference frequency.

The e is essentially no difference in loop dynami« prob-
fems between the basic PLL and synthesizers except that
synthesizer designers must contend with problems pe-
culiar to loops where'N is variable and greater than 1.
Also, sidebands or spectral purity usually require special
attention. These and other aspects are discussed in
greater detail in AN-535. The steps for a suitsble synthesis
procedure may be summarized as {ollows:

Synthesis Procedure

1. Choose input frequency. (f;of = channel spacing)
2. Compute the range of digital division:

{
e = 28
|
Nmin = ___:n '?
re

3. Compute needed VCO range:
(2max = fmin! < fvco < 2l rmin - fmax

4. Choose minimum { from transient response plot,
Figure 9. A good starting point is { = 0.5.
5. Choose w, from needed response time (Figure 9):

@nt

6. Compute C:

KK
Co= OV
Nmaxen Ry

7. Compute Ry:

_ 2min
wnC

8. Compute {max:

_y . {Nmax
{max = {min \/N

min

9. Check transient response of {5 for compatibility
with transient specification.
10. Compute expected sidebands:
sideband _ (I, + ([ }RoKy A
fout “ref

{i_is about 100 nA at Ty ~ 25°C.)

11.  step 10 yields larger sidebands than are accept-
able, add a single pole at the loop amplifier by
splitting Ry and adding C; as shown in Figure 15:

0.8

Rymp

Ce ™

Added sideband suppression {dB) is:

dB = 20 log 10—y ®
1 4 el
25(wq)2
12. if step 11 still does not give the desired results, add
a second order section at w; = § wq using either
the configuration of Figure 20 or 21. The expected

improvement is twice that of the singte pole in step
11,

d8 = 40 logyp ——=Tl )
1 4 Sref
25(wn)?
Total sideband rejection is then the total of 20 log1g(A)
+(8) + (C)

Design Example (Figure 31)

Assume the following requirements:
Output frequency, foyy = 2.0 MHz to 3.0 MHz
Frequency steps, fip = 100 kHz
Lockup time between channels {to 5%} = 1.0 ms
Overshoot < 20%.
Minimum sideband suppression = -30 dB

From the steps of the synthesis procedure:
1. fef = fin = 100 kHz

fmax _ 3.0 MHz

3. VCO range:
The VCO output frequency range should extend
beyond the specified minimum-maximum limits to
accommodate the overshoot specification. In this
instance fg 1 should be abie to cover an additionat
20% on either end. End limits on the VCO are:

foutmax = 3.0 + 0.2(1.0) = 3.2 MHz
foutmin <20 ~ 0.2(1.0) - 1.8 MHz

This VCO range (= 1.8:1) is realizable with the
MC4324/4024 voltage controlled multivibrator.
From Figure 5 of the MC4324/4024 data sheet we
find the required tuning capacitor value (0 be 120
pF and the VCO gain, Ky, typically 11 x 106 rad/siv.

4. From the step response curve of Figure 9, = 0.8
will produce a peak overshoot less than 20%.

5. Referring to Figure 9, overshoot with { = 0.8 will
settle to within 5% at apt = 4.5. Since the required
fock-up time is 1.0 ms,

wpt 45 4.5

—— - (a.511031rad’s
t t 0.001

wp =
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6. ln order to compute C, phase detector gain and R1

1.

8.

9.

10

sideband
fout

must be selected. Phase detector gain, K4, for the
MC4344/4044 is approximately 0.1 volt/radian with
Ry = 1 k. Therefore,

(0.1)(11 x 106)
= = 1.8 ufF
(30)(4.5 x 103)2(103)

At this point, Ry can be computed:

i 6
Ry = Hmin _ ! = 200

wnC (4.5 x 103)(1.8 x 10-6)

N
{max = {min ‘/Nm?x =098
min

Figure 9 shows that { = 0.98 will meet the settling
time requirement.
Sidebands may be computed for two cases: (1) with
i lcharge pump leakage current) nominal (100 nAl,
and (2) with || maximum (5.0 pA). A vatue of 5 pA
will also be assumed for the amplifier bias current,
ip-

{10 x 10-6)(200{11_x 106}

6.28 % 105 n3q 1095

max
The sideband-to-center frequency ratio nominally
will be:

sideband 5.1
— T x 35 x 103
nom

= 20l0gy0(17.85 x 10-3} = -35a8

‘oul

If desired additional sideband fiktering can be ob-
tained as noted in steps 11 and 12.

11. By splitting Rq and C, further attenuation can be
gained. The magnitude of C. is approximately:

ST I T P
Riwn  (103)(4.5)103)
Improvement in sidebands will be:
1
20log1g ———————— = ~28d8

2
/1 , f2m x 109)
25(4.5 x 103)2

Nominal suppression is now - 63 dB. Worst-case is
6 dB higher than nominal suppression of - 57 dB.
This is well within the — 30 dB design requirement,
step 12 is included for completeness only.

12. Attenuation of a second ordex filter is double that
of the single order filter sectiondescribed in step11.
The calculations for a second order filter indicate an
additional — 56 dB of sideband rejection. Figures20
and 21 show two second order filterconfigurations.
If R is assigned a value of 10 k{! then C may be
calculated.

C 01020 e § 27 F

wnR (4.6 x 1031109

FIGURE 31 — CIRCUIT DIAGRAM OF TYPE 2
* PHASE-LOCKED LOOP
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Clock Recovery from Phase-Encoded Data

The electro-mechanical system used for recording dig-
ital data on magnetic tape often introduces random var-
iations in tape speed and data spacing. Because of this
and the encoding technique used, it is usually necessary
to regenerate a synchronized clock from the data during
this read cycle. One method for doing this is to phase-
fock a voltage controlled multivibrator to the data as it
is read (Figure 32).

A typical data block using the phase encoded format
is shown in row 1 of Figure 33.The standatd format calls
for recording a preambile of forty “0s followed by 8 sin-
gle “1”; this is followed by from 18 to 2048 characters
of data and a postamble consisting of a “1" {ollowed by
forty “0”’s. The encoding format records a 0™ as a tran-
sition from fow to high in the middle of a data cell. A
“1” is indicated by a transition from high to low at the
data cell midpoint. When required, phase transitions oc-
cur at the end of data cells. If a string of either consecutive
“0”s or consecutive “1”s is recorded, the format dupli-
cates the original clock; the clock is easily recovered by
straight forward synchronization with a phase-locked
loop. In the general case, where the data may appear in
any order, the phase-encoded data must be processed
to obtain a single pulse during each data celf before it is
applied to the phase detector. For example, if the data

consisted only of slternating “1”s and “0"’s, the phase-
encoded format would result in a waveform equal to one-
half the-original clock frequency. If this were applied di-
rectly to the loop, the VCM would of course move down
to that frequency. The encoding format insures that there
will be a transition in the middle of each data time. If only
these transitions are sensed they can be used to regen-
erate the clock. The schematic diagram of Figure 32in-
dicates one method of accomplishing this.

The logic circuitry generates a pulse at the midpoint
of each data cell which is then applied to the reference
input of the phase detector. The loop VCM is designed
to operate at some multiple of the basic clock rate. The
VCM frequency selected depends on the decoding res-
olution desired and other system timing requirements.
In this example, the VCM operates at twenty-four times
the clock rate (Figure 33,Row 12).

Referring to Figure 32 and the timing diagram of Figure
33, the phase-encoded data (Figure 33, Row 1) is com-
bined with a delayed version of itsell (output of flip-flop
A row 3} to provide a positive pulse out of G3 for every
transition of the input signal. Portions of the data block
are shown expanded in row 2 of Figure 33. Flip-flop A
delays the incoming data of one-half of a VCM clock pe-
riod. Gates G1, G2 and G3 implement the logicExclusive
OR of waveforms 1 and 3 except when inhibited by
DGATE (row 4) or the output of G12 (row 7). DGATE and

FIGURE 32 — CLOCK RECOVERY FROM PHASE-ENCODED DATA
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its complement, DGATE, serve to initialize the circuitry
and insure that the first transition of the data block (a
phase transition} is ignored. The MC7493 binary counter
and the G5-G12 latch generate a suitable signal for gating
out G3 pulses caused by phase transitions at the end of
a data cell, such as the one shown dashed in row 6.

The initial data puise from G3 sets G12 low and is
combined with DGATE in G7 to seset the ¢ounter 1o its
2ero state. Subsequent VCM clock pulses now cycle the
counter and approximately one-third of the way through
the next data cell the counter’s full state is decoded by
G11, generating a negative transition. This causes G12
to go high, removing the inhibit signal until it is again
reset by the next data transition. This pulse also resets
the counter, continuing the cycle and generating a pos-
itive pulse at the midpoint of each data cell as required.

Acquisition time is reduced if the loop is locked to a
frequency approximately the same as the expected data
rate during inter-block gaps. InFigure 32.this is achieved
by operating the remaining half of the dual VCM at
slightly less than the data rate and applying it to the
reference input of the phase detector via the G8-G9-G10
data selector. When data appears, DGATE and DGATE
cause the output of G3 to be selected as the reference
input to the loop.

The loop parameters are selected as a compromise
between fast acquisition and jitter-free tracking once syn-
chronization is achieved. The resulting filter component
values indicated in Figure 32 are suitable for recovering
the clock from data recorded at a 120 kHz rate, such as
would result in a tape system operating at 75 i.p.s. with
a recording density of 1600 b.p.i. Synchronization is
achieved by approximately the twenty-fousth bit time of
the preamble. The relationship between system require-
ments and the design procedure is illustrated by the fol-
lowing samplie calculation:

Assume a — 3.0 dB loop bandwidth much less than the
input data rate (=~ 120 kHz), say 10 kHz. Further, assume
a damping factor of { = 0.707. From the expression for
loop bandwidth as a function of damping factor and un-
damped natural frequency, wy, calculate w, as:

— V2
w.3dB = wn (] + 22t ‘/2 + 472 « 4(4)

or for w_3 gg = (2a1104 rad/s and { = 0.707:

(24)

As a rough check on acquisition time. assume that
tockup should occur not later than half-way through a 40-
bit preample, or for twenty 8.34 (s data periods.

wpt = (3.05)104(20)(8.34)10-6 = 5.1 (26}
From Figure 9, the output will be within 2 10 3% of its

final value for wpt = § and { = 0.707. The filter compo-
nents are calculated by:

Kekv _ 2 27
RiCN _ “n 2n
and KA KuR
M = 2;,_‘,‘_‘
RiN

Kg = 0.115 v/rad
Ky = (18.2) 106 rad/svott

N = 24 = Feedback divider ratio
wq = (3.05) 104 radss

(28)

where

{ = 0.707 .
KgK 0.115)(18.2)10
_% = (_—)(24_)_ = (8.72)104
From Equation 27:
KK (8.721104
RyC = —L=Y ! {9.34)10°5

wn? . (3.0512108 ~
From Equation 28:

R2 _ 2QwyN _ 2(0.707)(3.05)10%

= 0,494 ~ V; .
Ry KgKy (8.72)104 :

Let Ry = 3.0 kQ; then Ry = 1.5 ki) and

(83411075

@aonod = (3.1110 8

or using a close standard value, use C = 0.033 uF. Now
add the additional prefiltering by splitting Ry and select-
ing a time constant for the additional section so that it
is large with respect to R2Cjp.

10{%RICc = RyC

or
{2n)104 2RoC  2(1.5}103(3.3)10 8
= =*(3.05110% rad’ Cec =22 = = 3300 pf
“n = Ty T B0SN0Trad's € = JoR; 10(30103 P
i
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FIGURE 33 — TIMING DIAGRAM — CLOCK RECOVERY FROM PHASE-ENCODED DATA
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MWA110
MWA120
MWA130

MOTOROLA

WIDEBAND HYBRID AMPLIFIERS

... single stage amplifiers designed for broadband linear applications
up to 400 Mtiz.

® Low-Cost TO-39 Type Package

® Gain 14 (4B Typ

® 50 §2 input and Output Impedance

¢ Fully Cascadable for Any Gain

@ Thin Fitlm Construction

® Hermetic Package

® Guaranteed Performance from -25°C to +126°C

DC-400 MHz WID-EBAND
GENERAL-PURPQSE
HYBRID AMPLIFIER'S

e,

MAXIMUM RATINGS

2 Value
Rating Symbot | mwate [MwA120 | Mwa130 | Unit
RF lr}éui Power Plin 100 mw
- 0oC §upplv Cuvve-;l N.G L J 2—5-—‘"-[’ S5 ] 100 mA
Maximum Case Temperature Te 125 °c
" Storage Temperature Range | Tstg —65 to +200 °c
OPERATING CONDITIONS
" Device Voltage. v ] 2s 5.0 55 vdc
Device Current ¢ 10 2 60 mAde
™ Decounting tmpadance | Zg 1000 1000 330 a

@
1]

-}

SEATING .4
PLANE
Gy

STYLE 2:
PN 1, INPUT
2. ouTPUt
3. GROUND

MiLtIMETERS] — INCHES
DM v Twax | win | Max

A ] 851 {940 0335 Joare

~
o
oo
e
S
b
=
o
pe
b

2
=]
8

| X f12. ~ 500 | -
| M1 asissc 450 85
] 75a8se 0.100 85C

NOTE:
1. LEADS WITHIN 0.36 mm (0014} D1A
OF TAUE POSITION AT SEATING
PLANF AT MAXIMUM MATERIAL CONDITION

CASE 314.01

MOTOROLA RF DEVICE DATA
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MWA110, MWA120, MWA130

ELECTRICAL CHARACTERISTICS (T¢ = -25 10 ¢125"C, 50 €1 sysiem and specified opeiating conditions)
Characteristic Symbol Unit
fFrequency Range ew
Power Gain Gy
Respoase Flatness F
{nput VSWR MWA110/120 | -
MWA130 -
Quiput VSWR MWA110/120/130 -
Output € 1 dB Gain Compression
MWAL10
MWAL20
MWA130
Noise Figure NF as
MWA110 - 40 R
MWA120 - 55 -
MWA330 | - 7.0 - .
Reverse Isolation . Pag d8
MWAILI0 - 88
MWA120 - 19.2 -
MWA130 - 168 -
Harmonic Output dg, a8
. MWA110 Py, = -9 dBim) - -24
MWA120 (P, = 0 dBm) - -3a -
MWA130 (Poy = +10 dBm) - -35 -
FIGURE 1 - DEVICE VOLTAGE versus DEVICE CURRENT FIGURE 2 — DEVICE CURRENT versus CASE TEMPERATURE
w0 62 _— - A
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/
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-
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940
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< Q
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FIGURE 4 - POWER GAIN versus DEVICE CURRENT
FIGURE 3 — POWER GAIN versus FREQUENCY {= 400 MHz
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MOTOROLA RF DEVICE DATA
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MWA110, MWA120, MWA130

FIGURE § — POWER GAIN versus CASE TEMPERATURE FIGURE 6 — POWER GAIN versus CASE TEMPERATURE
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MWA110, MWA120, MWA130

FIGURE 10 — INPUT AND QUTPUT IMPEDANCE
versus FREQUENCY
MWA110

Coosdinates in Ohmy

FIGURE 12 — INPUT AND OUTPUT IMPEDANCE
versus FREQUENCY
MWA 130

Coordenates in Ohas

FIGURE 11 — INPUT AND OUTPUT IMPEDANCE
versus FREQUENCY
MWA 120

<150
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FIGURE 13 — 1.0 d8 GAIN COMPRESSION versus EREQUENCY
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~
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FIGURE 14 — 1.048 GAtN COMPRESSION

versus DEVICE CURRENT
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Pour- OUTPUT POWER (gBm)

MD, INTERMOOULATION DISTORTION (08}
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FIGURE 20 — SECOND ANO THIRD ORDER INTERCEPT
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. MWA110, MWA120, MWA130

2T ’

MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATIbN

The MWA scries hybrid amplifiers are designed tor
widchand general purpose applications in 50 §2 systems.
Fully cascadable for any gain combination, operable at
voltages as low as 3 Vdc, and external control of the
tow frequency corner make the MWA amplifiers extremely,
versatile gain hlocks.

Basic Circuit Configuration

Figure 26 shows the basic internal citcuit. 1t is impor-
tant to nate that the specified operating conditions of
voltage, cuttent, and external decoupling impedance
must he applied to the units in order to achieve the
puhlished electricatl charactesistics.

FIGURE 26 — INTERNAL CIRCUIT

OC Supply
2Q and
RF Qutput

)
o
Af g

AAA
V

4.3

T Ground

Amplifier Application

The circuit schematic for a simple amplifier design
is shown in Figure 27. External 10 the MWA bylnid
amplifies the only components 'cquiuc‘d are:

Decoupling elements - Bypass Capacitor
Decoupling Impedance
{resistét/inductor)
DC Blocking Capacitors at the RF input and output.
.
External Decoupling tmpedance
In all cases the exteinal hias {(decoupling clements)
must present an impedance which is laige compared to
the 50 £1 load impedance 1o minimize RF gain reduction.
The loss in gain due to the decoupling impedance i given
by the equation:
. 2p
Loss * 20 Loq ———— dB
Zp+25
decoupling impedance in ohms, For example,
0.214 d8.

where Zp
HZp = 1 kS, Loss

FIGURE 27 — AMPLIFIER SCHEMATIC DIAGRAM

‘Vee
. Covoass
Decoupting
S0 §1 tmopedance (Zp}
Source B 50 12
It Mwa 2 {¢ toad
It > 1t
Catock Catock

Supply Vél(uge -

The value of the external decoupling resistive imped-
ance (Rp) determines the supply voltage (+ Vgt and is
determined by the following equation:

Vec=Rp - 1D+ VD

where Ip and V() are the device current and voltage stated
in the data sheet. For example, {for MWATI1Q,

ip=10mA

- Vp=29V
and, if Rp = 330§2, then ’
vVee 62V

More commonly Ve is predetermined ‘and Rp may be
calculated from:
. Yec-Vo
.-|0
tf an RF choke is used for decoupting, then the supply
voltage (Vo) required is equal to the device voltage
(Vp). .

Low Frequency Response
The value of the blocking capacitors determines the
low flrequency response’ of the amptifier. The following
expression is used to determine the blocking capacitos
value (o vield a desited 3 dB low frequency corner
(fyrc).
Cglock{Farads) =

1
100 n {_fc(H2)

Bypass Capacitor

The reactive impedance of the bypass capacitor should
te small compared to the impedance of the decoupling
element at the fowaest {requency of aperation. ’

MOTOROLA RF DEVICE DATA {
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MWA110, MWA120, MWA130 C

FIGURE 28 — TEST FIXTURE *

Grounding Screws

Cucuit Board .

| a—" Mounted on
Aluminen Block
Blocking Capacitor

{Cerarnic Chipl

(il

S0 1 Buinhead
Connectoe

\ B Decouring

tmpetance

Bypass Capacitor

*V, Supty
{Ceramic Ci cc

Note The cucuitry indicated 4 0n the undertide Ot the printed Curcust Loard with sockets tor the
amolifear prns, The case of the amptitiar should contact the prnted Circuit board 109 surlace (0
ensuce eftective AF grounding
Text Fixture .

The 50 Q2 input/output impedance levels of the MWA
. . . . DIELECTRIC “LINE
hybcids are most easily preserved on a circuit board by MATERIAL | DIELECTRIC | “ THICKNESS WIOTH
using 50 §2 microstrip transmission lines. Figure 28 i TYPE CONSTANT INCHES INCHES
an example of a circuit board fayout which utidizes Yetlon 25 003125 0.090
. . . . . 1 . . Fiberglass 0.0625 0.180
microstrip transmission lines in conjunction with other y
A , : i s N
sound RF construction techniques. ;:’;:"“ se e 9.160
The characteristic impedance and corresponding line

width of the microstrip are a function of the circuet board
dielectric constant and thickness. The table lists appro-
priate line widths for 50 §2 microstrip tines on commonly
used circust board materials.

As 1 all good RF cucuit designs, care should be
taken parasitic lead
provide adequate grounding.
FIGURE 28 — TYPICAL CASCADE

u L2 w L2 L2

10 munimize inductances and to

RF lnpul)—i———i

c1 (9]

(——EE—(RF Output

LY

MWA #1

MWA #2 MWA 43

The dc isotation components shawn are critical in maintaining good stability in multi-stage designs. Keep Pin #3 {Ground} as short as
possible preferably soldering the case 1o the ground plane for best gain flatness 10 1000 MHz.

C1 — For operation to 400 MHz. 1000 pF, SO mit Chip Capacitor -

ATC 50 mif Case (5.0 MHz \.F) Lastade 1 Cascade 2
€1 — For operation to 1000 MHz, 0.018 mF. Chip Capacitor for Frequency Range | 0.25 10 400 MHZ 5.0 10 1000 MHz
0.25 MHz L.F. Cut-Oft Gain 43s5de 20.5 o8
C2 — Feedthru Cag;cuor Centratab SFT-102, 1000 pF or Metuchen Gain Flataess 11.0d8 £0.76 uB
$4-794002-681M, 680 pfF K " vSwA 2 ' 2411
€3 — 0.1 uF Sprague ICZ5U104X0050CS - 50 Vot il © :
L1 — Fecroxcube Shielding Bead 56-690-65/4A - Single Wire Outeut VSWR 124 2 1:1
L2 — Ferroxcube Shielding Bead §6-590-65/4A ~ 2 Turns #26 AWG Vce Supely 12 Vue 33 vac
I Suppty 44 mAdc 150 mAac
Cascading MWA &1 MwA110 MWA320
The inherent stabiity of the MWA hybod modules MWA =2 MWAIL 10 MWA330
makes possible the cascading of two Or more uvits with MWA &3 MWAI120 MWA330
no oscilatory problems Figure 29shows a typecal 3 hybrd Al 1000 1000 0
cascade with measured data for 4060 MH: and 1000 MHz R2 1000 2 500 2
hybrids A3 300 500 N

MOTOROLA RF DEVICE DATA
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BFX89
BFY90

@ MOTOROLA

. The RF Line

NPN SILICON HIGH-FREQUENCY TRANSISTORS

... designed for VHF and UHF applications where high-gain, low-
noise and good intermodulation characteristics are required.
Particularly suited for wideband MATV amplifiers.

© High Curreat-Gain — Bandwidth Product — {7
1.2 GHz (Min) @ Ic = 25 mAdc — BFX89
1.3 GHz (Min) @ I¢ = 25 mAdc — BFYSO

@ Low Noise figure — NF
6.5 dB (Max) @ f = 500 MHz — BFX89
5.0 dB {(Max} @ { = S00 MHz — BFYS0

® High Power Gain — Gpe
19 dB (Min) @ f = 200 MHz — BFX89
21 dB (Typ) @ f = 200 MHz — 8FY90,

11 = 2.0 GHz @10 mA

HIGH FREQUENCY
TRANSISTORS

NPN SILICON

@ JEDEC Equivalents — 2N6304, 2N6305

- A —
=, m 8
T
1 E _1 [ c
T 1
~¢ § «
_ SEATING HEs
PLANE
X STYLE 10 l
PIN 1. EMITTER a2
2. BASE ~~{i=—0
3. COLLECTOR PO/
MAXIMUM RATINGS & case
Rating Symbot Value Unit
Collector-Emitter Voltage | “Veeo 15 Vdc
Coltector-Base Voltage VcBo 30 vdc
Emiuer-Base Voltage VEBO 28 Vdc
Coliector-Current — Continuous ic 50 mAdc MILLIMETEAS] _ _INCHES
DIM N |
Total Continuous Device Di fo T on ":f —"1':’ MAX
@7Ta=25°C 200 - 8 TR oot
Derate above 25°C 1.14 mW/°C 3 3753 {0170] 0210
Storage Temperature Range Tstg - 66 10 200 °C D ‘:' %— ‘”’_" %;%—4
041 ] 048 ] 0016} 0018 |
S48SC_| 6.10085C
E L 036 [ 6,046
A 1.22 028 | 0048
12, = .500 d
.35 - .250 =
M _4596SC _§~ ASUESC_]
N 12785C 1 0.
- J127] - Joos
ALL JEDEC dimunsions and notes apply
CASE 20-3
T0-72
MOTOROLA RF DEVICE DATA K
3
6-109.
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BFX89, BFY90

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted}

[ . Characteristic l Symbol l Min l Typ 1 Max I Unit ]
OFF CHARACTERISTICS ) ’
Coll -Emitter Breakdown Voltage VIBRICEO 15 - — Vdc
{ic=10mAdc.1g O
[ Caltector Cutafl Current icso - - 10 nAdc
(Veg = 15 Vde, ig = 0)
ON CHARACTERISTICS
OC Current Gain heg —
(I¢ = 2.0 mAdc. Vg = 1.0 Vde) 25 - 150
{Ic = 25 mAdc, Vg = 1.0 Vdc) 20 — 125
OYNAMIC CHARACTERISTICS
Colt -Base Cap [£}] B8FX89 Cebo - 0.85 .7 of
(Veg = 10 Vdc. Ig = 0, 1 = 1.0 MHz) BFY90 - 0.85 1.5
Emitter-Base Capacitance BFYZ0 Cito - — 20 of
Vgg - 0.5 Vde. 1c = 0,17 1.0 MH2)
Current-Gain-Bandwidth Product (2) 11 GHz
(Ic = 2.0 mA, Vg = 5.0 Vdc, t = 500 MH2) BFX89 — 1.0 -
8FYS0 1.0 - -
{Ig = 25 mA, Veg = 5 0 Vdc, 1 = 500 MH») B8FX89 - +.1 -
BFY90 1.3 - -
FUNCTIONAL TEST
Common-Emitler Amplifier Power Gain (2) BFX89 G‘,e 19 —_— —_ a8
(Vce = 10 Vdc, Ic = 8 0 mA, f = 200 MHz) 8FYS0 — 21 _
Spot Noise Figure (Rg = Optimum) {2} BFX89 NF —_ 25 65 d8
(Vce = 5.0 Vde. Ic = 2.0 mA, { = 500 MHz) BFYS0 - 25 50
Notes ! Pin 4 is nol grounded .
2 Pin & is grounded. ISz‘lz
3 Gylmax)is eatcutated lrom the S.Parameters using the equation G (max) =
4S1112 (148222
FIGURE 2 — POWER GAIN versus
FIGURE 1 —- POWER GAIN versus FREQUENCY COLLECTOR CURRENT
SO | <
10 -+t 18
Veg=50V A
\ c. Ig=20mA # Gytomas) Veg =10V N
3 s E = (= 500 M
g \ Gylmazt § > ., l 2| { = 00 MHy
z ] HI\ ~] 3 520 o
I~ ) ]
g f—g— 15212 [ Z 80
2 \\ <
s 10 ~3] ‘g_ 60
o D ™~ a0
< . &
[y
] 0
LX) als 82 03 04 Qr 1o 0 S0 10 1% 20 25 30 35

1. FREQUENCY (GHz}

LI

1¢. COLLECTOR CURRENT (md)

MOTOROLA RF DEVICE DATA
6-110
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BFX89, BFY90 P RN

N FIGURE 4 — NOISE FIGURE versus

FIGURE 3 — NOISE FIGURE versus FREQUENCY -, COLLECTOR CURRENT
50 80
46
g u g ]
30 4 & [~
2 d a ]
- 40 A -~
L)
S 20 g ] veg=50v ||
w Vg =60V o 1= 500 MK:
E] - Sig=20mA . .
10
0 0
o1 02 03 04 05 07 10 0 s 10 & . 20 25 30 35
{, FREQUENCY (GHzj I, COLLECTOR CURRENT (wA}
FIGURE 6 — CURRENT GAIN-BANDWIDTH PRODUCT
versus COLLECTOR CURRENT FIGURE 6 — OUTPUT CAPACITANCE versus VOLTAGE
25 _20
. 4] g
s veg = 10V g
220 Z
g I IR ES
— -
g gl AV 2 A
€15 3
z 4 Ve =50V 8 N
2 7 1=500 Mt o N Cob
€10 s B
= S ~
« '—"_1 )
= =1
5. Bas .
©»
,_;0 2 | co (MILSTO7508 Method 32411 b
2 € (MIL-STD- 7508 Method 3236}
o nanc.ary i 12 PTRDEl
0 50 10 1 20 25 0 40 88 7] 6 20 24 18
1g. COLLECFOR CURRENT {ma} : Vcg. COLLECTOR-BASE VOLTAGE (Véc)

MOTOROLA RF DEVICE DATA
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_BFX89, BFY90 . - ;.

. COMMON EMITTER SCATTERING PARAMETERS'

FIGURE 7 — INPUT AND OUTPUT REFLECTION FIGURE S — FORWARD AND REVERSE TRANSMISSION
COEFFICIENTS versus FREQUENCY ) COEFFICIENTS versus FREQUENCY

Vee=10V.ig=t10mA

Coordinates in Ohms
. S — PARAMETERS
Ve [T Frequency St $21 S12 §22
(Volts) {mA) (MHz) IS14! 2 {s24 23 {S12 Lo S22l Lo
50 20 100 o8l 37 5.76 148 0.031 72 0.95 -1
200 0.64 -66 456 127 0.050 63 0.87 -17
400 0.41 -10s 291 102 0071 62 0.79 -23
800 026 -157 163 77 0.105 74 0.75 -34
1000 0.23 179 1.38 . 68 0.129 80 0.74 -41
50 100 0.60 -54 973 133 0.026 68 0.87 -13
200 oa -84 6.33 112 0.040 66 078 -1?
400 0.26 -121 354 92 0.064 72 0.73 -21
800 0.19 -169 189 72 0.112 80 0.72 -3t
- 1000 0.17 168 1.59 64 0.140 82 0.71 -39
10 100 0.71 -66 1213 122 0022 20 0.81 -14
260 0.28 -96 7.11 104 0.036 7 073 .-18
* 400 0.19 -133 385 88 0.064 77 0.70 -19
800 0.18 -178 2.00 69 o115 83 0.71 -30
1000 0.17 160 1.66 61 0,143 84 0.70 -37
28 100 0.26 -88 12.79 112 0019 73 0.76 -13
. 200 0.20 -122 7.04 97 0.034 76 a7 -13
400 020 -156 368 83 0.062 81 0.70 -18
800 0.23 165 1.88 65 0.114 86 on -30
1000 0.24 146 1.56 58 0.145 88 0.70 -38
10 20 100 0.83 -34 6.82 150 0.025 73 09% -9
200 066 -61 4.60 129 0.042 65 0.89 -18
400 0.42 -97 2.98 104 0.059 , 64 083 -20
800 0.25 -147 1.69 79 0.088 77 0.80 -3
1000 0.20 -172 1.42 70 0.108 82 0.79 -38
5.0 100 0.63 -48 9.94 135 0.021 70 090 -11
200 0.43 -76 6.54 114 0.034 68 082 -15
400 026 -108 3.72 94 0.054 73 077 -19
800, 0.16 -185 1.98 74 0.095 83 0.77 -24
1000 0.14 180 1.65. 66 0.119 85 0.76 -36
10 100 047 -57 12.42 126 0.019 70 085 -12
200 0.30 -83 7.43 106 0.031 72 0.78 -14
400 0.19 -113 404 90 0.054 78 075 -18
800 0.14 -160 209 kil 0.098 84 075 -28
1000 0.13 173 1.73 64 0.121 86 0.75 -35
25 100 0.32 -71 13.05 114 0017 72 081 -1
200 0.21 -99 2.27 99 0.029 76 0.77 -12
400 0.16 -135 381 85 0.052 81 0.76 -16
800 0.17 177 1.96 68 0.096 87 0.76 -28
1000 0.18 154 1.62 61 0.120 89 0.76 -35

MOTOROLA RF DEVICE DATA - f
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@ MOTOROLA

MV1403, H
MV1404, H
MV1405, H

Tuning Diodes

SILICON HYPER-ABRUPT TUNING DIODES

.. designed with high capacitance and a capacitance change of
greater than TEN TIMES for a bias change from 2 to 10 volts.
Provides tuning over broad frequency ranges; tunes AM radio
broadcast band, general AFC and tuning apphcauons in lower RF
frequenciés.

o High Capacitance: 120-250 pF

e Large Capacitance Change with Small Bias Change
o Guaranteed High Q :

e Available in Standard Axial Glass Packages

® H Suffix Devices with 100% Screening

HIGH TUNING RATIO
VOLTAGE-VARIABLE
CAPACITANCE DIODES

120-250 pF
12 vOLTS

MV1403
MV1404 -
MV1405

CASE 51
D0-204AA
{00-7)

100% SCREENING FOR HIGH RELIABILITY

MV 1403H, MV1404H, MV1405H are screened with the
following tests:

Internat Visual Inspection
per 12M539578

High Temperature Storage
Ta = 200°C, t = 48 hours

Thermal Shock {Temperature Cycling)
MIL-STD-202, Method 107, Condition C except 10 cycles
continuously performed
t{extremes) = 15 minutes

Constant Acceleration
MIL-STD-750, Method 2006
20,000 G's

Hermetic Seal
MIL-STD-750, Method 1071 ¢
Fine Leak - Condition G
Gross Leak - Condition C. Step 1

Electrical Test
lgandCT

High Temperature Reverse Bias
Ta = 120°C t5°C, t 3 96 hours
VR = approxunately 80% of MWV
tower temperature till Ta = 30 £5vC. L iz =
Marntamn this temperature prors 1o removisl of Reversq. Bus
Valtage Perform Electrical Test within 24 hours following bias
removal

Etectrical Test
g and Cy

v

il

K
.4.__{‘:

NOTES.

1. PACKAGE CONTOUR OPTIONAL WITHIN O1A 8 AND
LENGTH A, HEAT SLUGS, IF ANY, SHALL 8E INCLUDED
WHTHIN THIS CYLINDER, BUT SHALL NOT B€ SUBJECT TO
THE WIN LeMIT OF OIA B,

2. LEAD DIA NOT CONTROLLEOQ IN ZONESF, TO ALLOW
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR
IRREGULARITIES OTHER THAN HEAT SLUGS.

MILLIMETERS INCHES
oml MmN Twmax | miN_ [ max

A | 584 1767 | 0230 0200 ]
8 [ 216 {272 {0085 [ 60100
46 056 {00 |0
- o} - aese
2540_| 38.19 ] igon | 1.500

All JEOEC dunentious and wotes aup!y

CASE 6102
DO-204AA

MOTOROLA RF DEVICE DATA
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MV1403H, MV1404H, MV1405H

MAXIMUM RATINGS

Rating Symbol Value Unit
Reverse Voltage VR 12 Volts
Forward Current 13 250 mA
Device Dissipation @ 15 : 25°C fp 400 - mW
Derate above 25°C | 267 W/ C
Junction Temperature Ty +17% °Cc
Storage Temperature Range rslq -65 10 +200 °C

ELECTRICAL CHARACTERISTICS ([l = 26°C unless otherwise noted)

Characteristic — All Types Symbol Min Typ Max Unit
Reverse Breakdown Voliage V(8RR 12 —_ — Vde
{Ig = 10 pAde)
Leakage Current at Reverse Voliage I —_ — 0.10 uAdc

(VR = 10 Vde, Th = 25°C)

Series Inductance s — 5.0 - oH
{f = 250 MHz, Lead Length ~ 1/167)

Case Capacitance Cc — 025 - pf
(1= 1.0 MHz, Lead Length = 1716

Cr. Diode Capacitance Q, Figure of Marit TR, Tuning Ratio
VR = 2.0 Vdc, { = 1.0 MHz VR = 2.0 Vdc, C2/Cy9
pF f = 1.0 MHz f = 1.0 MHz
Device Min Nom Max 5 Min Min
MV1403, H 140 175 210 200 10
MV1404, H 96 120 144 200 10
MV1405, H 200 250 300 200 10

PARAMETER TEST METHODS

1. Ls. SERIES INDUCTANCE FIGURE 1 — DIODE CAPACITANCE vorsus
Lg fs measured on a shoried package at 250 MHz using an ; REVERSE VOLTAGE
impedance bridge (8oonton Radio Model 250A RX Meter).

2. Cc. CASE CAPACITANCE 200
Ccis edonanopen kage at 1.0 MHz using a capaci- 300 }-—-
tance bridge {(Boonton Electronics Model 7SA or equivatent) 200]—— =

3. Cy. DIODE CAPACITANCE Kt N \%

(C1 = Cc * CHCyis measured at | O MHz using a capacHance o 100 s .
bridge (Boonlon Electronics Model 7SA ar equivatent} 1 > N
. 5 o MV1405 S

4. TR, TUNING RATIO a MVI:US ~
TR is the ratio of CT measured st 20V 3 10 — AN
divided by Cr measured at 10 Vdc £ e MV1404 \\\

§. Q. FIGURE OF MERIT NP
Qis calculated by taking the G and § readings of an admittance 10 e L —
bridge at the specified freque ncy and substituting in the follow-

‘ng equation . %% o0 18 30 40 S0 60 70 80 390
2=1C V. REVERSE VOLTAGE (VOLTS)

O:G

{Boonton Efectrenics Model 33ASB) Use LeadLength = 1 /16"

MOTOROLA RF DEVICE DATA ’
7-28

-78-



rm— s it 4 ™

ATNCQNWLLIT D

.

TR ESF IR
Bipolar Analog Integrated C. -2 ¢

Ao /

NIFINCR /

 uPB569C

500 MHz B BIEFa7PN - E2a15XK FYRS -3

#PBSEICIL. 500 MU MNMEIEF 2T - £ 232 79255 T+,
SRIEC IS 7 ¥~ THY, PLL LSH #l'D2811 & 4 =X = M 122412 £ 9 500 M2 33 & T ISHSTE S
Fro b2 =N TULGHMA LIS > L (PSR T Y 1+,

#R ‘Features

O RN A Vi =2.9 V MIN,
ORES lee=5.6 mA TYP. (Vo =3.3 V)
) CHm AT T~  332/+3), 647465
omit f.:100~550 MHz ~~
(Ve =160 iV, )
C $Y{1-2r dnng -30~485°C
Oty 7L {THIE .

CAEL7'F 2 £42D1P

a7 2, ‘Block Diagram

OFF, UFF, —l OFF,
b @ Ny a
¢ & G € cr
(D) — 1 | {
niAs 3 <
*
usr®* : 6 ) rsc
. TEF, TEF, TrF, | . TFFR,
Lt ot ot ot q s ) out
N PIRPY ar_“ al—ir .

Vi  UND U]

BAZAMied—o
LA

TAN -3t w41 E E 1oR4 KT v
€
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NEC SFFICX

#PBBSAC

W RALK /Absohite Maxmmum Ratings (Tg=256 °C)

e

M n ) £ [ "o,
b . X iH Vyr 8.0 v
AR Y, -0.5~\, +0.3 v
A & W, e ey, v
M & A -10 mA
N8 m T, © -0~ & {38 B G
LE) BSVREAY
2O A/ Recommended Oparating Conditions
I 1 B X 1t MIN [ TYR T OMAX. [ Mmooy
R e K N 2.9 3.3 5.5 v
MM W N T, ~30 25 85 ‘C
N5 0w 96 | 10 oF
MANINL /Electricsl Characteristics (Veem2.9~5.8 V, Tam =30~85 °C)
- 1 no ! % 1 MIN, | TYR | MAX, [ moqy
R % S A ey | V=33V 7 5.6 | 1.5 nA
% % A by [ Ne-sSV 7.0 1 10 mA
i % A M\,  OUTR{ CL=10pF 0.8 1.4 v,-,
A b om | Ve | INAA M, =100~550 MH2) 160 630 | mv,,
AL AR | Vi  PSCHF MXT Vi =04 v
Bt b ~t ANnRE [ v, PSCRf MRF 0.4\ V
Y EY lw PSC%+. MXF 33 nd
Lo Ah&4] [, ' PSCEHT. MM+ - 150 i nA
LA AlSE Vinz BSV¥% f | 2.7 ' v
By ADRE | VY, .BSVAY 0 0.4 v
% & |l c BSVRFeLOW 10 2A
$1 Ir 9 m | £, i INSF (V=160 mV,..) 100 550 MHaz
nL T, T ™ Le I PSCHOUT ) "
Hmi - - .
X PSC W M It '
L H Ty T . .
L L +65 FVee=0.4= Ve
" N a2 LU0~ 0.4 Ve
H L 30 .

RIAME, Connection Diagram {Top View)

-/

v.,l 1

e [
LN '14

{7} nl

B E 3 PSC

GNDl 4 EOUT

PR MY " fr

1 V.. [RRS

2 IN Lt AR ()

k] IN LrANSf (=)

4 S |73

K QUT |2 DA T

6 PSC |~ nrzx700 tp-nX

7 Mo POPREMMHIA R THT el 32 1033, LSl KL ) 68
R RSV {rea2ung g7 H RN, Loty dridi,reay

(HAREE LR -E 8-SR ST

BSVRLAN L Tyl EiYr T2 FIIANL T,
o PN LAY TE=FILLASE, aPDSRICMLITANM M L. (AT RAA0 2 ASTFIZ 5 1o,

MEER
Vé.e
0.022 .,rj-; JK oj.,
UAh 0.022 F «
}——E I M| 7
FIRY ti?ﬂ oF
1IN psCl o4
100 @ SCuS?
1 om ¥
YF—L{ GND ouT 3 4 1m0 K]
’ il.uc l ..\__”_< )
i"u 0.1} .F
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INTEGRATEDCIRCUIT

TC9122p

“C2MOS" DIGITAL INTEGRATED CIRCUIT

TECHNICAL DATA

19122P HIGH-SPEED BCO PROGRAMIABLE COUNHTER

1€9122P 1s high-speed prograﬁmable counter
of C-MOS structure developed for PLL cir—
cuits and various frequency dividers, and is

provided with the following features.

Permits cpoch-making high-speed operation
for C-MOS structure.
fmax = 1SMHz /Vpp=7.SV
Ta==30 ~ 75°C
ViN=2.0Vp-p

Pre

[+51

allowing frequency division of 8 3999.

Built-in self-bias type amplifier for divided

frequency signal input is capable of opera-
iion by small signal in combination with

capacitor.

C-M0S structure provides wide range of opera-

tional supply voltage (4.5 ~ 8.5V) and

simplification of design.

MAXTHMUM RATINGS ( Ta=25°C )

aram dcta are input by means of BCU code,

S

ILICON MONOLITHIC

Unit 1n mm

SR EB MBI DL
R1

>
<
3
re © .
O g 9 .
7 8 9 >
<| 7.62+£0.2%
] . =
=| Q
—
=t
3 ]
L %)

0.5+£015%

Trezo1s

7.62~80

25K I N.

Lead pitch'is 254 and tolar=znce
ie +0.25 against thoorotical
center of each lead that is
obtained on the basis of No 2

and No_ 18 leads,

—

JEDEC - : -

TOSHIBA 5-23C

(—_EhARACTERISTIC | SYMBOL RATING UNIT
Supply Voltage Voo | -0.3~10 v
Input Voltage .- VIK -0.3pp+0.3 Y
Operating Teap. Topr -30~75 °C
Storage Temperature Tstg -55~125 °C

-81-
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Mo’ i il

INTEGRATEDCIRCUIT d INTEGRATEDCIRCUIT

TC9122p 3 TC9122p
TECHNICAL DATA x ig TECHNICAL DATA
/ e ———
FUHCTIONAL DESCRIPTION OF EACH TERMINAL
ELECTRICAL CHARACTERISTICS ( Unless otheruise spec{fied Taedse
PIN NO.{SYMBOL NAME FUNCTIONAL DESCRIPTION REyy: CHARAG a=25°c, Vpp=7.5v ) .
; 1E
Programmable | Divided frequency signal input terminal Built. . ERISTIC SYMBOL c]‘l}'é%‘[i_r TEST CONDITION MIN.| Tvp.] MAx IUNIT
counter input | of programmable counter. Built-in self- amply[y bperating Supply Volrage VDD [ . .
2 Pry |terminal bias amplifier is capable of operation | ' - - 4.5 ~ 8.5 v
by small signal in combination with " pperating Input Amplitude| VIN _ ————
capacitor. . ) ; - - .| 2.0 A 7.0 {Vp-p
perating Supply Current 1pp 1 fry=15MHz]
Input terminals to establish frequency Pull/e - oW VIN=2.0Vp-p - 15 30 nA
0 division ratio N by BCD. Program data sistor "I aF Vol H" Level Viy - N
‘Ao“-DO x10 allow frequency division of 823999 by |tajine - P oltage "L v 3.5 - s v
3i-digit BCD. The following frequency |termfy evel IL - - - _ 2.0 v
1 division ratio combinatios are in- i . "H" Level| Vo :
AL~ D2) x10 hibited. < * butput Volrage = |loy=-0.5mA 6.5 | - | - v
) W -
18 b roncan 10 B0 €O DO A1 By C) D1 A2 B2C2D7 53 A3 | Level| VoL - [lop=0.5mA R R P ;
A2~ D2| x10? i‘ 5: 1 0 00 0.0 000 0060O0:0 0l . Prerating Frequency Range| fopr . (Note 1)
P nal]® 1 000000000000 1 % VA 1 o~ 15 | Muz
L 1 0 000000000000 pPUt Pull Down Resistancd  R1n - N e >
A3, B3| x10 0610000 0000000 hnp. Fecds , - ki
1 0100000000000 ock Resiscance | Rt - - 100 | - |s00 | o
011000000 O0CO0CO0 DO (Mote 1) This operational £ b
al freque
!. 1 11 06 0 0 0 0 0 000 00 fotlautng Conditions?u ncy satisfies che specification during the
i Programmable Output terminal of programmable counter. Von = .
Tog This terminal is for 1/N frequency out~ DD = 7.5V % 102, vy = 2.0Vp-p, Ta = =30~ 75°C
17 Poyr |counter output £ p ¢
terminal put o IN iaput frequency. TesT
; Pulse width is for S bits of inpu:. CIRCUIT
1.18 VoD Terminal to which supply voltage is 1op, fopr
' CND applied. m‘
counter N
. 4 3827 1615 14 3332 11 30
e g
BLOCK DIAGRAM : °©
Vpp GND 789
Nz=1004
—— T { 1
- ! : ,
PIN 0_@_ 100 : 10, 102 ' o103 | pf
' |
12 48 1248 ! 1248 ;12

AOBOCODO A} B1C) D) A2B2 CaD7 A3 B3





