'~ & as P~
BPSK OSduLauIasiadsSIasiudasiliwaaninis

PILOT TONE AIDS SYNCHRONIZATION IN BPSK

Tad

Q B B a
18 LRAULNATH gagu
118 13U 1U319994

o aa o 4
W1e FUWT AUAWHIWUT

a aQ X 2 o w w A
ﬂimmwuwuﬁuLUuﬁuuﬂuunaqnwsﬁnvwawnwangaiu?mm1§aﬁ1wniiuﬁwﬁaiumna
a B ’
12712701 NATUTRETNTANUIAN
< J
AL IAINTINA1TAT
[ ] v s
dnﬂuutnﬂTuTaawizaauLnﬁﬁtaﬁﬁmnMWT EREREEATE

dnn9/nwn 2537

035021



w W aQ aQ I's 4 {w o
wanadga uwws  BPSK TuLanTAaTITATIuTA 8 TWAANTNY

PILOT TONE AIDS SYNCHRONIZATION IN BPSK

s By o aQ aQ
?aunanﬁﬁ U8 LARULNYTA gaqu
418 Qauwn guqqqawd
o aa o
18 gAUWT AUAWHAWUE

fd { a
an3nganydangn 813178 Aate a:ﬂL'i‘iﬂjN'ﬁ

PRCEL R Lﬂﬁﬁﬂgﬁﬁﬂﬁﬂiiu

(=]

dn178n® 537

a 'S @ < v EY] @
ANEIAINTTUAIART FOIUBLNATUTAEWTZIANLNR LI NALBNUITANANTEUN
L |

wva . Yo A Q=T 7% g : 4 @ v a
agua?uuuﬂimmﬁuwuﬁauuugﬂuaquuuQﬂaqn1iﬁnﬂwaﬂnnangaiaaﬁWWﬂiﬁuqﬂaa1umﬂa
3

a a s
ANENTTHNN THAUY TR WLE

.................. ce .. UTgEAUngTTUNNT
' )

............ x> PR X iF 47 k]

( )
ettt ... NTI54N3

( )

et ceaceeeaeaann cee... NTTUNT

4
aQ a 't o P o
ANANT IAIANE IRINTTHEVART 0L NATHIAAWTS AN LNAT L ANAMNKI TANAN T
3



< £ [~
BPSK TuiauTaataIATIwTA‘aWaANTNL

a8 UIE LAANLNETA g&gu WA 36012048
U"E NIUIN ISRERRE 9 36012063
k|
o aa gy, 9
W TUWT AUAWNAWKE WA 36012075

fd o ' A
a1317anydanign 813158 aadd iﬂLQTmNa

dnq78nen 9537

GEED

?3' £y {1y e} dg
TATIIU1 L F18 ﬂﬁiiu—aquagaiaﬂﬂﬁxnﬁﬁﬂﬂ17ua§Laﬂuuu Ju1 7L WddWAR 4
. . . : o Y Ny a o L
(Binary Phase Shift Keying :BPSK) %@asunwsaﬁwqﬁmmwmﬂuwuﬂaﬁqa@nnnaadnuuﬂ
) S S ) . 1 -1 \ o w. . e
Fananily 79138037 "pilot tone” Taadana pilot tone uazgnﬁq1UsqﬂWﬂﬁuwiau
e v J| v
ﬂuﬁmmﬂmzagaﬂuwunﬁiuagLanuaa
o § tY B < | | @ o & d =
aﬁqﬂi:HQQ?unWTai10§mm1m pilot tone narARvlazdIlUgvAATURLWE LU
v oA v 4 4 4 ., 4 4 v o > .
o 1aa1989TUN 197 T ST WARKWIA L HALIAARWN TﬂﬁﬁﬂuﬂWSQLﬂﬂnaga way pilot-
@ (Y] 4 a o fa da w
tone H4TTIUNTITAT9FAARIIN L WATHTIUINT AUNLATNUALARNWANR 28
w v oo . v
ﬁ?ﬂiunﬂaﬂﬂ@ﬂﬂiuﬂetaﬂuuu BPSK Tazld pilot tone Tun1I&T19Tunn
4 ¢ ' d o 4 I do 1w
AALWIRL AL FUNALIRNINATATY LuaLﬂisULnEUﬂunﬂianLanuuu BPSK aiTuantulyd

. ©q v
pilot tone nAa ﬂﬂiuagxanuuu BPSK Ta&al? pilot tone &INITNAATUIATANINIT

EY) 4 e Y] < Y
ﬁiﬂqimmﬂmﬁauwﬂuuazqqq1%71d5mm1muwan11ﬁLaﬂadIa



PILOT TONE AIDS SYNCHRONIZATION IN BPSK

BY MR. CHALEAMKIAT MUTICHUN 36.012048
MR. PUVANAT KUNJANGWANG 36.012063
MR. SOMPORN TANTIPIMONPANT 36.012075
ADVISER MR. DONCHAI SUKCHAROENPHOL
YEAR 1984
ABTRACT

This project presents data receiving-transmitting modulating
technics of binary phase shift keying(BPSK) to with a reference signal
called "pilot tone" is created at the transmitting part.The pilot tone
togather with ghe modulate data signal will be transmitted to the
receiving part.

The purpose of pilot tone ,created in transmitting part and
transmitted to the receiving part,is to utilise is as reference signal
for carrier frequency signal to be used for detecting data signal.More
over,the pilot tone is also a reference signal for clock signalin the
receiving part.

¥hen compared with the normal BPSK without pilot tone,the out
standing of the BPSK modulation with pilot tone is that it can reduce
the circuit size of carrier frequency signal and clock signal in the

receiving part
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V/, = dc component in phase detector output
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2433 PULSE SHAPING
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1437 BAND-PASS FILTER
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MOTOROLA "
. ' MC1496
= SEMICONDUCTOR v =
TECHNICAL DATA MC1596

BALANCED
SALANCED MODULATOR! DEMODULATOR MODULATOR/DEMODULATOR
. designed for use where the output voltage is a product of an
input voltage (signal) and a switching function (carrier). Typical
appiications include suppressed carrier and amplitude moduilation, G SUFFIX Ve
synchronous detection, FM detection, phase detection, and choppz=r METAL PACKAGE . Signal = - Output
appiications. See Motorola Application Note AN-531 for addit:onal CASE 503 Input >
design information. . PN Gain Adjust
@ Exceilent Carrier Suppression — 65 dB typ @ 0.5 MHz /7{?' Gain Adjust X .
~ 5048 typ @ 10 MHz _/2.;,7’ ~ Signat input O3~ ~ outout
e Adjustable Gain and Signai Handling rf Bias.
® Balanced Inputs and Outputs (Top View)
e High Common Mode Rejection — 85d8 typ L SUFFIX
ERAMIC PACKAGE
CASE 632 i
D SUFFIX
PLASTIC PACKAGE
CASE 751A
(SO-14)
P SUFFIX
FIGURE 1 — PLASTIC PACKAGE
SUPPRESSED CARRIER CASE 846

QUTPUT WAVEFORM

PIN ASSIGNMENTS

Signallnout -~ 3 VEE

Gain Adjust : NC
Gain Acdjust - = Output
s SINC
- =
Si Iyl s
goatinout 4 Wecrvier input
Bias Outout = g NC
NC & =3 Inout Carrier

ORDERING INFORMATION

| Oewice. ! Temperature Range | Pacasge |
FIGURE 2 - MC12960 SO-14
SUPPRESSED CARRIER o
SPECTRUM o - r0C et
MC1as6L Caramic O
MC1496P ' Plastc CIP
MC1£36G Metai Can
-55°C 0 - 125°C
MC1535L Caram OIP
FIGURE 4 - AMPLITUDE-MODULATION SPECTRUM
FIGURE 3 -

AMPLITUDE MODULATION
QUTPUT WAVEFORM

MOTOROLA LINEAR.INTERFACE DEVICES
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MC1496, MC1596

MAXIMUM RATINGS® {Tp = +25°C uniess otherwise noted)

1
Rating Symboal Value Unit |
Acplied Voltage *i2 Av 30 Vae I
(Vg = V7.Vg - V4, Vg = V7,Vg = Vg, V7 = V4, V7 = V1, |
Vg - V4, Vg - Vg, V2 - Vg, V3 = Vs5) |
Differential Input Signal V7 - Vg +5.0 Vdc !
Vg - Vi | =(5-igRa) i
Maximum 8ias Current Is 10 | mAa
Thermai Resistance. Junction to Air Ryja Tw ,
Ceramic Dual In-Line Package 100 !
Ptastic Dual In-Line Package 100 |
Meral Package 160 |
1
Ogerating Temperature Range TA i€ I
MC1496 Qto ~70 |
MC1536 -55t0 =125 !
r T ]
| Storage Temperature Range Tstq -85t -150] °C |
ELECTRICAL CHARACTERISTICS® (Veg - - 12 Vdc. V. -3.0Vdc.lg - 1.0 mAde, Rl 3.9« 8s 10k Ta 5 C
all tnput and output characteristics are singie-ended. uniess otnarwise noted.!
f \ [ 1 i MC1536 MC1436 I
| ! i
! Characteristic || Fig. | Note ' Symbol . Min | Typ | Max | Min | Typ | Max | Unit
Carrier Feedthrough “ 5 | 1 ; VeFT | h | ‘ ; uVirms) |
Yc = 80 mV(rms) sine wave and fg = L0kHz | ! | ‘ == @ b= — 2 = i
offset adjusted to zero fc = 10MHz | i | \ — 140 Q= = j 140 == | |
Ve = 300 mVp-p square wave: | | | | | | | ! mVirms) |
offset adjusted to zero fe = 1.0 kHz | | l— o004 i 02 — 004! 0¢
offset not adjusted fc = 1.0kHz ! | kY 20 | 1C0 —_ 20 200
Carrier Suppression 5 \| T2 ’ Ves ! a8
‘s = 10 kHz, 300 mV(rms) \ ‘ I { | | |
fc = 500 kHz, 60 mV(rms) sine wave | l | 30 l 85 - o <0 85 E - |
fc = 10 MHz, 60 mV(rms) sine wave | | 30 ‘ = - 0 | — ; X
Transadmittance 8andwidth (Magnitude) (R = 50 ohms) 8\ | \8 8Waug | { ! ! | MHz
{ Carrier Input Port, V¢ = 80 mVirms) sine wave | i o) J004 | = & 300 | — |
| fg = 1.0 kHz. 300 mVirmsj sine wave ! I i ! i
Signal Input Port, Vg = 300 mV{rms) sine wave 1 | i— | 80 } — = 20 - |
Ve = 0.5 Vde ! | i : | ! i
Signai Gain 0 3 i Ays 28 35 | &£ 25 | 35| — | wvv
Vg = 100 mVirms), f = 1.0 &Hz; Vg = 0.5 Vde i | | i ' i |
i Single-Ended Input Impedance, Signai Port, f = 3.0 MHz 26 |V -5 ; | | | i
| i | !
Paraiiel Input Resisiance i ’ | fig =1 200 J - - l 200 | — ! [$3
Parailei Input Capacitance i Cip < 2.0 o — 200 — | oF
Singie-Enced Output Impedance, f = 10 MHz | 8 =~ 4|4 | i
Parailel Output Resistance i lorop | — o200, — — 49 - )
Parailel Qutput Capacitance i ! /o0 - 50 | — — 50 ! — oF
! Inout 3ias Current 7 - ! ! i | A |
| Iy = la 17 - Ig ¥ s KNP A s | - |3 !
| ! = — 2 = ! | i
[0S 7 6 2 bowe@ Z 47 s | — | 12| 2 !
| tnput Géfset Current 7 — | | | | aA
lios = h-la: lioC = 17-g liosi | — | 07 ‘ 50 | — | 07 ' 7.0 |
o | — | 07 | s0 — a7 | 70 |
Average Temperature Coefficient of Input Offset Current » —_ j TCiio i — } 2.0 - —_ 2.0 ] - nAC ;
(TA = -55°Cto +125°C) | | ! |
Output Offset Current 7 ‘ - | oot | — | ma 50 — 14 | 80 uA
ils-ig) | i |
| Average Temperature Coefficient of Output Offset Current 7 - TCioor | — | %0 | — — 20 | - nA°C
(TA = -55°Cto -125°C) | | |
| Common-Mode Input Swing, Signal Port, fg = 1.0 kHz 39 4 cMV | — | 50 | — — 5.0 - Vp-p
Common-Mode Gain, Signal Port, fg = 1.0 kHz. |9 - ACM | — | -85 — | — | -85| — a8
Ve = 0.5 Vde | | |
Common-Mode Quiescent OQutput Voltage (Pin 6 or Pin 9) I 10 — Vout | — 8.0 I — - 8.0 — Vo-p
Differential Qutput Voitage Swing Capabiiity 10 — Yout — | 80 - - 8.0 — Vp-p
Power Supply Current 7 6 mAdc
g - lg ‘cc - 20 3.0 - 20 40
ho leg - 3.0 4.0 - 3.0 S.0
OC Power Dissipation 7 5 o | — 11| - —})3m! - mw

* 2.0 number references pertain to this device when packaged :n a metai can.
To ascenain the corresponding pin numbers for plastic or ceramic packaged
cewices refer to the first page of this spectficauion sheet.
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MC1496, MC1596

GENERAL OPERATING INFORMATION *

Carrier Feedthrough

Carrier feedthrough is defined as the output voltage
atcarrier frequency with only the carrier applied (signal
voltage = 0).

Carrier null is achieved by balancing the currents in
the differential amplifier by means of a bias trim poten-
tiometer (Ry of Figure 5).

Carrier Suppression

Carrier suppression is defined as the ratio of each
sideband output to carrier output for the carrier and
sigrtal voltage levels specified.

Carrier suppression is very dependent on carrier input
leve!l, as shown in Figure 22. A low value of the carrier
does not fully switch the upper switching devices, and
results in lower signal gain, hence lower carrier
suppression. A higher than optimum carrier level
resulits in unnecessary device and circuit carrier feed-
through, which again degenerates the suppression fig-
ure. The MC1536 has been characterized with a 60
mVirms) sinewave carrier input signal. This level pro-
vides optimum carrier suppression at carrier frequen-
cies in the vicinity of 500 kHz, and is generally recom-
mended for balanced modulator applications.

Carrier feedthrough is independent of signal level, Vg
Thus carrier suppression can be maximized by operating
with large signal levels. However, a linear operating mode
must be maintained in the signal-input transistor pair —
or harmonics of the modulating signal will be generated
and appear in the device qutput as spurious sidebands
of the suppressed carrier. This requirement places an
upper limitoninput-signal amplitude (see Figure 20). Note
also that an optimum carrier level is recommended in
Figure 22 for good carrier suopression and minirmum spu-
nous sideband generation.

At higher frequencies circuit layout is very important
in orcer to minimize carrier feedthrough. Shielding may
be necessary in order to prevent capacitive coupling
between the carrier input leads and the output leads.

Signal Gain and Maximum Input Level

Signal gain (single-ended) at low frequencies is
defined as the voitage gain,

R 6 mV
Aysg = V—O = il where rg = 2—m
Vs Rg - 2rg Ig (mA)

A constant dc potential is applied to the carrier input
terminals to fully switch two of the upper transistors
“on"" and two transistors “off' (V¢ = 0.5 Vdc). This in
effect forms a cascode differential amplifier.

Linear operation requires that the signal input be
below a critical value determined by Rg and the bias
current Ig.

Vs < Ig Re (Volts peak)

Note thatin the test circuit of Figure 10, Vg corresponds
to @ maximum value-of 1 voit peak.

Common Mode Swing

The common-mode swing is the voltage which may
be applied to both bases of the signal differential ampli-
fier, without saturating the current sources or without
saturaung the differential amplifier itself by swinging it
into the upper switching devices. This swing is variable
depending on the particular circuit and biasing condi-
tions chosen.

Power Dissipation

Power dissipation, Pp, within the integrated circuit
package should be calculated as the summation of the
voltage-current products at each port, i.e. assuming Vg
= Vg, Is = lg = Ig and ignoring base current, Pp =2
Is (Vg = Vig) = I5 (Vs - Vyq) where subscripts refer
to pin numbers.

Design Equations
The following is a partial list of design equations
needed to operate the circuit with other supply voltages
and input conditions.
A. Operating Current
The internal bias currents are set by the conditions at
pin 5. Assume:
Is = 1g = Ig
Ig=: :lc for all transistors
then:
Rg - V=" _ 500  here: Rs is the resistor between

Is pin 5 and ground
b =075VatTy = -25C

The MC1596 has been characterized for the condition
Is = 1.0 mA and is the generally recommended value.
8. Common-Mode Quiescent Output Voltage

Vg =Vq =V~ = Is R
Biasing

The MC1536 requires three dc bias voltage levels
which must be set externally. Guidelines for setting up
these three levels include mairtaining at !east 2 volts
collector-base bias on ail transistors while not a2xceed-
ing the voltages given in the absolute maximum rating
table;

30 Vde -~ ((Vg. Va) - (V7, Vg)] -2 Vdc

30 Vde - ((V7, Vgl - (Vq, Vgl - 2.7 Vdc

30 Vdc - [(V5, Vgi - (Vg)} -+ 2.7 Vdc
The foregoing conditions are based on the following
approximations:

Vg = Vg, V7. = Vg, V1 = Va4

8ias currents flowing into pins 1, 4, 7, and 8 are tran-
sistor base currents and can normally be neglected if

external bias dividers are designed to carry 1.0 mA or
more.

Transadmittance Bandwidth
Carrier transadmittance bandwidth is the 3 d8
bandwidth of the device forward transadmittance as

defined by:
ig (each sideband) |
vs (signali)

Y21C =

Signal transadmittance bandwidth is the 3 d8
bandwidth of the device forward transadmittance as
defined by: ’
io (signal) !

! Ve = 0.5 Vdc, =
vg (signal) ' ¢ Ve Y = 0

218 =

*Pin number references pertain to this device when
packaged in a metal can. To ascertain the correspond-
ing pin numbers for plastic or ceramic packaged
devices refer to the first page of this specificauon
sheet.
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MC14396, MC1596

Coupling and Bypass Capacitors C1 and C2

Capacitars Cy and Cy (Figure S) should be selected for a re-
actance of less than 5.0 ohms at the carrier frequency.

Signal Port Stability

Under certain values of driving source i/mpedance, osciilation
may occur. In this event, an RC suppression network shouid be

connected directly to 2ach input using short leads. T hiswillreduce
the Q of the source-tuned circuits that cause the oscillation.

Output Signal, Vo
- SIGNAL INPUT 5
The outout signal is taken from pins 6 and 9, either balanced (PINS 1 & 4)
or single-ended. Figure 12 shows the output levels of 2ach of the
wo output sidebands resulting from variations in Botn the car-
rier and modulating signal inputs with a single-ended output
connection.

510

e
T

An aiternate method for low-frequency apolications is {0 insert
a 1 kOhm resistor in series \ith the inputs, pins 1 and 4. In this
case input current drift may cause serious cegradation of carrier
suppression

Negative Supply, VEE
Veg shouid be dc only. The insertion of an RF choke :n series

with Vg g can enhance the staoiity of theintarnal current sources

TEST CIRCUITS*

*Pin number references pertain to this device when packaged in a metal can To ascertain the corresponding pin
numbers for plastic or ceramic packaged devices refer to the first page of this spectfication sneet

FIGURE 6 — INPUT-QUTPUT IMPEDANCE

FIGURE 5 — CARRIER REJECTION AND SUPPRESSION

CARARIER 11
INPUTYC o 31 od i MC1196G

MCi536G

5

<

=

=1

AN

c
—
o

CARRIER

NOTE. Shieiding of 'nput and output ‘2aGs may be needed
to properly perform tnese tests

FIGURE 7 — BIAS AND OFFSET CURRENTS FIGURE 8 - TRANSCONDUCTANCE BANDWIDTH

vee
12 Vde Tk
! 7
i Re =1k geien
%H T | ‘
[} |
27 13 |
2% |
| 7= b i5 % 91.F
fi. 3 | g=—) ‘

INPUT b

oy MeEss e Ve
—da. 3 MODULATING |

SIGNAL . e
“wput ’U‘é e

-8 Vde
Vee
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MC1496, MC1596

TEST CIRCUITS (continued)

FIGURE 9 - COMMON MODE GAIN FIGURE 10 -~ SIGNAL GAIN AND QUTPUT SWING
vee N
cC
? +12 Vde T *12 Vde -
1% Re 1k
33k 1k | 0svo, 2 ]lﬁk% LD
. - °
-y B
5 | d = —— MCu96 [g Vo
-—O——‘L—C -Vy Vs MC1536G 5 Vg
9

Vol
AcMm = 20 10g —
75

TYPICAL CHARACTERISTICS
Tyoical characteristics were oDtained with circuit shown in Figure 5. fc = 500 kHz (sine wavel,
Ve =60 mV(irms), fg = 1 kHz, Vg =300 mVirms), T 5 = +25°C unless otherwisa notea.
FIGURE 12 - SIGNAL-PORT PARALLEL-EQUIVALENT

ElGURE 11 — SIDEBAND QUTPUT versus CARRIER LEVELS INPUT RESISTANCE versus FREQUENCY

ERY T 10V = =]
T Y e G = =
Z 300 ¢ T
E et e
< 16— - i = A o ¥ i
= ! ___/ | X i i
S SIGHALINPUT < 5000V 00 == B
2 12 ‘ /— 5 X
< 400 mv 2 - A\
= -
S 08 ! / ; | N \ |
2 i / 300 mv s 5 | : L ]
= 9 2 =
% » 200 mv E =

0. - = X
] V 1001V z \\
= L —— a 7
e T ! | < 10 RN L
s 50 100 150 200 19 50 IF) S0 ico

Ve, CARRIER LEVEL (mY (ms)) f, FREQUENCY (MHa)
FIGURE 13 — SIGNAL-PORT PARALLEL-EQUIVALENT FIGURE 14 — SINGLE-ENDED OUTPUT
INPUT CAPACITANCE versus FREQUENCY IMPEDANCE versus FREQUENCY

5.0 T 117 T 1 NTTT] 3! T T i 1
- CTTT TTTTTIS L T DHEN 2 e e e
Y T i "y, 1 =k 3 IR REE =
b Vol HEEE i | ; £ 0 EEEER il 3
T NI R [ feinia) 2 il i, 2
z i : ! Z 100 T ‘ NTE L =
= I Ry { = gt ik : el g
= | L i a 1
=30 —_— 2 R T T T =
3 BENE RE 2 w0 — : - S
g Ll it g w0 ‘ Lefo L LEH P
=0 B R t 7 > i { | Rl 2
o | | i | 2 0 Y R “'40\3
2 - CTor T T it E o TN, 2
< i | il | P R = L . - ~ T - <
g T I T R g [ 4[‘{;' i BRI ol =
3 | Kl | f 4 z b] ¥ : SRR 20;i

9 P Pt | R I T T s g 8
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MC1486, MC1596

TYPICAL CHARACTERISTICS (continued)
Tyoical characteristics were obtained with circuit shown in Figure 5 fc = 500 kHz (sina wave),
Ve = 60 mV(rms), fg =1 kHz, Vg =300 mV(rms), T o = +25°C untess otherwise noted.

FIGURE 15 — SIDEBAND AND SIGNAL PORT FIGURE 16 — CARRIER SUPPRESSION
TRANSADMITTANCES versus FREQUENCY versus TEMPERATURE

* o e —————— e e B o e e e s i

DWEETANCE (b )

H
2 z
= g
=™ bt
R m SR ——
10 0 10 1000 5 s 55 .15 % e ”®

FIGURE 17 - SIGNAL-PORT FREQUENCY RESPONSE

[ e e e e cmes £aniaro

[N}

RIS

FIGURE 20 - SIDEBAND HARMONIC SUPPRESSION
FIGURE 19 - CARRIER FEEDTHROUGH versus FREQUENCY versus INPUT SIGNAL LEVEL

- Moes "

s 0l ns g 51 1’ 50 b} 200 80 300 120
' g, CARRIER FAEQUEICY (nn) S PRI SIG
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MC1496, MC1596

TYPICAL CHARACTERISTICS (continued)

FIGURE 21 — SUPPRESSION OF CARRIER HARMONIC FIGURE 22 — CARRIER SUPPRESSION
SIDEBANDS versus CARRIER FREQUENCY versus CARRIER INPUT LEVEL

R REEA [ |’ ! i i | | { |

50 P tC * 500 kHz

Vs, CARRIER SUPPRESSION (dU)

SUPPRESSION BELOW EACH FUNDAMENTAL
CARRILR SIDEBAND (uB)

=1

‘JJ.GS 2.0 9.5 1.0 5.0 i0 50 2 100 0 320 400

w
=
k=3

tc. CARRIER FREQUENCY MMz Ve CARRIER INPUT LEVEL tnViemsi)

OPERATIONS INFORMATION

The MC1596/MC1496, a monohtic balanced moduiator cir- N
cuit, is shown in Figure 23, FIGURE 23 — CIRCUIT SCHEMATIC

This circuit consists of an upoer quad differential amphifier )y o
driven by a stancard differential amobifier with dual current 3
sources. The outout coilectors are cross-coupied so that fuil-wave ’/ ‘\4 / \. i
valanced multighication of the two Inout voltagesoccurs. That is. - — | A
the output signal 1s @ constant times the product of the two incut . 3.__—__—1 i Y
signais 3 / T
“lathematicai analysis of linear ac signal muitiohication ingi- - ~
catas that e outpul spectrum wiil consist of onily the sum 2nc t e s
diiferance of the two inout frequencies. Thus, the device may be : L
used 3s a palanced modulator, doubly balanced mixer, proguct B { A At
detector, freaquency douoler, and other apphcations requifing /
these particular output-signal characteristics. i o

The lower differential amplifier has s emitters connected to A4 "‘} . 5
the package oins SO that an external smitter resistance may De % g ? ; 45

used. Also, 2xternal load resistars are empioyed at the device
Qutput

Signal Lavels
FIGURE 24 — TYPICAL MODULATOR CIRCUIT*
The upper guad differential amplifier may be operated either - (& ° 17
in a hinear or a saturated mode. The lower differential ampiitier k o
is operatad in a linear mode for most applications. J_ a0 .
For low-level operation at both input Dorts, the outout signal _]_ ; ‘4 IJ 120 % v 01 "L %

will contain sum and difference frequency components and have v ' = ) [ 1 “%

an amphitude whicn is a function of the product of the wput signai PEARAELS & = o [—O4—T® -,
amelitudes. arnies o ‘ i
For hign-level operation at the carrier input port and hinear “'P'”‘ l
operation at the modulating signal port, the output signal will ‘v'C'JJL-:-:NG l
contain sum and difference frequency components of the modu- SIGNAL 0k
lating signal frequency and the fundamenl and odd harmonics of THRYT

the carrier frequency. The output amplitude will be a constant $0% {
times the modulating signal amphtude. Any amplitude vanations _J__ g 58\
in the carrier signai will not appear in the output. =

CARRIER NULL ® -3 vdc =

*Pin number references gertain to this device wnen packaged in a
metal can. To ascertain the corresconding pin numbers for plas-
tuc or ceramic packaged devices refer to the first page of this
soecification sheet. g
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MC1496, MC1596

OPERATIONS INFORMATION (continued)

The linear signal handling caoabilities of a a: Herential amplifier
are well defined. With no emitter degeneration, the maximum
input voltage for linear operation s approximately 25 mV peak
Since the upper differential amplifier has its emitters internaily
connected, this voltage applies to the carrier input port for ail
ceraitions.

Sinze tne lower differential amphifier has orowvisians for an
extarnal emitter resistance, its lhinear signal handling range may be
acjusted by the user. The maximum input voitage for linear op-
2ration may be approximated from the following expression

Vs [Re)volits peak

This 2xpression may be used to compute the minimum value of
Rz ‘or agiven input voltage amonitude.

FIGURE 25 — TABLE 1
VOLTAGE GAIN AND QUTPUT FREQUENC!ES

Carrier Input Apgroximate Qutput Signal

K

Signai (Ve Voirage Gain Frequencyis)
Al
‘ 2(Rg - 2 (KT
°]

| Low-level dc /
Hign-level dc ’

Low-lavel ac e e

H.gn-ievel ac

f
flJ

|

The gain from the modulating signal input port to the output s
the MC1596/M1C 1496 Gain parameter which 1s most often of interast
10 the designer. This gain has significance only when the iower
differential amoutier 1s operated in a hinear mode, but this includes
maost aoplications of the gevice.

As previously mentioned, the upoer quad differentiai amp fifiar
M2y De operatad 2ither in 3 linear or 3 saturated mode. Aporox-
mate gain 2xoressions have been develoced for the MC1 356/
MC 14986 for a low-ievel moaulating signal input and the following
carrier inout conditions:

1) Low-leveidc
2) High-level de
3) Low-levai ac
4) High-levet ac

along with the fre-
auency coOmponents containeg in the outout signai

These ganms are summarizeg in Tapie 1

NOTES

1. Low-level Modulatng Signal, Vg, assumed in all cases
V¢ ts Carrier Input Voitage

tn2 outour signal contains muitiole frequenc:es
172 330 2prasion given s for tne outnut amphitude of
43cn of the two desired outouts, fo - fag and fc - fu

3. All gain expressions are for a single-enged outout. For
3 ¢ifferennal outSut connection, multiply each 2xgras

SION Ty

When

3

Mo

4. B - Lzad resistance
B S mutter resistance between pins 2 and 3
= o
8. rg = Transisior dynamic smitter resistance, at +25 C.
28 mv
B T ama
7 < mane s Ccoostan:, T tTeMIperature N gegrees

the charge on an e-eciren

a

= 23 mV st raom temuerature

APPLICATIONS INFORMATION

Dcunle sideband suporessad carrier modulatnon s the basic
aovicaton of the AMC1596/MC1496. The suggested circuit for
tM1S 300KCANION s snown on the front page of rhis gata sheet.

‘N 50me applicaticns, it may be necessary fo ooperate the
MC 1386, MC1496 with 3 single dc suoply voltage instead of dual
supvhies.  Figure 26 shows a balanced moaulator designeg for
oeeration with a single =12 Vdc suoniy. Parformance of this cir-
Curtis similar to that of the dual supoly modulator

AM Modulator

The circuit shown in Figure 27 may be used as an amplitude
MOCLIator witn 3 minor modification.
that is required to smift from suopressed carrier 10 AM
ODeraton s to adjust the carrier null potentiometer for the proper
amount of carrier insertion in the output signal.

However, the suporessed carrier null circustry as shown in
Figure 27 does not have sufficient adjustment range. Therefore,
the moaulator may be modified for AM operaton by changing
WO resistor values in the null circuit as shown in Figure 28.

Al

Product Detector

The MC1596/MC 1496 makes an excellent SSB product detec-
tor Isee Figure 29).

This orosuc: detector nas a sensitivity of 2.0 microvoits ancs 3
dynamic rangs of 30 d8 wnen 00erating at an ntermediate fra.
auency of @ ik

The cetacior
For overation st
xHz the Q1 LF

s broacoanc for the entire nign frequency range
«Bry low intarmediate frequencies down to S0
Qacitors on pins 7 and 8 shouid be increaseq ro

10 uF Also_tne outout fiiter at pin 9 can be talored to a
socecific intermediate freauency and audio ampiifier inout 1m-
pedance

As 0 ail aoohcations of the MC1596 MC1496, the emittar
resistance berseen oins 2 and 3 may be increased or decreased to
Adjust circuit Zain, sensitivity, and dynamic range.

This circuit may aiso 02 used as an AM detector Dy introducing
Carrer signai 3t the carrier inout and an AM signal at the SS3
input.

The carrier signal may e cerived from the intermediate fre-
quency sigral cr generatea locally. The carrier signal may be in-
froauced witn or without modulation, provided its level s
sufficientty nign to saturate the upper quad differential amolfiet
If the carrier signal s moculated, a 200 mVIrms) inout leval s
recommenaceq

MOTOROLA LINEAR/INTERFACE DEVICES
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MC1436, MC1596

APPLICATIONS INFORMATION (continued)

Doubly Balanced Mixer

The MC1596/MC1496 may be used 3s a doubly balanced
mixer with either broadband or tuned narrow band input and
cutout networks.

Thne local oscillator signai is introduced at the carrier input
port with a recommended amplitude of 100 mVirmsl.

Figure 20 shows a mixer with a broadband input and a tned
outzut.

Frequency Doubler

The MC1596/MC1496 will operate as a frequency coubler by
introducing the same frequency at Dot Igut DOrts

Figurass 31 and 32 show a broadband frequency doubler and 3
tuned outout very high freqguency (VHF) doubler, respectively.

Phase Detection and FM Detection

The MC1536/MC 1435 will function as a phase detector. Hign-
fevel input signals are introduced at both inputs. When poth inputs
are 3t the same frequency the MC15386,MC1436 will detivzr an
output which s a3 function of the phase difference between the
WO Input signais.

An FM detector may be constructed by using the phase detec-
tor principle. A tuned circuit is added at one of the inputs to
cause the two input signals to vary 'n phase as a function of fre-
quency. The MC1536/MC 1496 wiil then prowde an outout wmch
is a function of the mput signal frequency.

TYPICAL APPLICATIONS

Pin numbes references Dertain to . Gevice when pacsaged 10 3 metal can

Toascertain tr2 corresponding oin

Aumbers for plastic of ceramic packaged dewvices refer fo the first cage of this specification sneec

FIGURE 26 - BALANCED MODULATOR
{+12 Vdc SINGLE SUPPLY)

FIGURE 27 - BALANCED MOOULATOR DEMODULATOR

FIGURE 28 — AM MODULATOR CIRCUIT

CARRIER AQUUST

300 mVi-msy

SSBNPUT

FIGURE 29 - PRODUCT DETECTOR
(+12 Vdc SINGLE SUPPLY)

MOTOROLA LINEAR/INTERFACE DEVICES
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MC1496, MC1596

TYPICAL APPLICATIONS {continued)

Pin number references pertain to this device when packaged in a3 metai can To ascerrain the corresponding sin
numbers far plastic or ceramic packaged devices refer 1o the first page of this soecification sneet

FIGURE 30 - DOUBLY BALANCED MIXER

(BROADBAND INPUTS, 9.0 MHz TUNED QU TPUT) FIGURE 31 - LOW FREQUENCY DOUBLER
¥ee
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DESCRIPTION FEATURES PIN CONFIGURATION
The NES64 is a versalile, high guaranteed * Operation with single 5V supply T
frequency Phase Locked Loop designed * TTL compalible inpuls and outputs sl FACRAGE
for operation up to 50MHz. As shown in * Guaranteed operation to 50MHz - [ )
* 5 Aad "
the block diagram, the NES64 consists of ¢ Externalloop gain cenlrol . Looe Gam S
a VCO, limiter, phase comparator, and * Reduced carrier feedthrongh ot 10 pnse ] 13 JHTETEN Y ot
. ar o s
rost detection processor. ¢ No elaborate filtering nended in FSK cn-;:;-;g;E [T4] anac 06 oyt
applications vmimfurra [ 8 Sl &
| Sl 2 0

APPLICAT{ONS * Canbe used as a modulator - e

+ High speed modems * Variable loop.gain (Externally 2JPREQ; Mtican
* FSK recelvers and transmitters Controiled) : s wewe ] (7] veo ourmr 4
* Frequency synthesizers BaS FuTFA E 0] v-
¢ Slgnal generators roumD E [=7 veo outmur 1v,
¢ Various satcom/TV systems

TOP VIEW
ORDER NUMBERS
i NEISERR NEISESAIN

ABSOLUTE MAXIMUM RATINGS I NEEELD
[ PARAMETER L RATING UNIT
1 e i - G - e m— 4
i v+ Supply voltsqe f | Y |
: Pt ! ta i '
i Fin 'O i G } !
| Fn Power ¢issipation 600 ! m\Wy
i Ta Ngerating temperature HE ’ 2 a7 0 . P
| Ogerztinz temperature SE FEL 10k
‘ ys':g Storzge temperature ; SFE 1160 : 5
‘wCT.E ) %
Operaticr atin £ 50018 ault r20UtE Reatsinbng T ihe rara

BLOCK DIAGRAM

'F--ASI p— 2
- N __]l
|
?I' i
| co -
!
] : ' : |
: __gz___‘_-‘__;,.__ﬁ_, ____-_-_____‘i
‘ i
|
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LINEAR LSI PRODUCTS

PHASE LOCKED LOOP

SE/INES64

ELECTRICAL CHARACTERISTICS V=5V, T,=25"C. fg= 5MHz, Iy = 40044 unless otherwise specified

SE584 NE584
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Maximum VCO frequency C, =0 (stray) 50 65 45 80 MHZ
Lock range Input 2 200mVrms T, =25° 40 70 40 70 Yo of f,
=125" 20 30
= -55'C 50 0
=0 70
=70"C 40
Capture range Input = 200mVrms, R, = 270 20 30 20 30 % of f,
VCO frequency drift with fo=5MHz, T, = -55°C10125°C 400 | 1000 PPMI*C
temperature = 0°Cato*70°C 400 1250
fo=500KHz, Ty= -55°Cto 125°C 250 500
=0°Cto70°C 400 850
VCO free running frequency B
¢ C,=aipF 5 5 a5 | 5 65 |MHz
Re = 1020 “internal
VCO frequency change with Vec)=-duSal 16 5.5V ; 3 ] 3 8 % of f,
supply voltage
Demodulated output voltage Maodulation trequency: 1KH7 P
!c =5MHz, incut deviation
290 = 2546 | 28 16 28 mVrms
1957 22560 | 14 8 14 myrms
—ac ' 13 mVrms
= \ad ¥ | 10 VTS
e 15 i"nVrms
= Non 9] 18 | mVims
Distortion Bevistion—t"- 12/67 ! ! %%
Signal to noise ratio Std” condttion. oo 07 dey 40 40 a8
AM rejection Std 4 oneition, 304 AkS 3¢ ) d8
Demodulated Output at Modulation frecuency 1KH:
operating voltage fo= SMHZ. innut deviatioa 17+
* Vet =l s 7 12 7 12 mvrms
| 1{a 8 14 mvVrms
Supply current ES €0 | 45 60 mA
Output
“17 output leakage current Valp= 5V Fln+e-a 20 1 2 "y
“0" output voltage lopr = SmA Fin 18 0 | 03 06 @3 0 v
lour = E'rf '1. Pin 16 ’:‘_” ) } 04 08 | 0.4 0 v
TYPICAL PERFORMANCE CHARACTERISTICS
LOCK RANGE vs SIGNAL INPUT VCO CAPACITOR ve FREQUENCY SE NE 564 TEST CIRCUIT
1000
o L - i =
e L 4 LINo Sm—
f Tpin, 400.2 é
. ! ¢, i
Y ‘ E ~
N i r 5 & L e su
t ' i TP Coa i < = ! < vco
2 v v z e outeur
o 7 : 2
P ! o g ) =
bt | i ) a ey €2 . of T %0
3 voc b % = ) pounrT —— T 0 £ 8 -_t_-é
& e \ ' J ] N —— DE MOOU-
Ia ¢ f— \' ! ] ’ :\v{ < urteo
R RN/ T w TR
! - | H : i ' ' e o e oo e prrmmifeme gl T c—..’
1 i ' TREAQUENCY vHy : “ 4-‘- "
' L , vee s o 1_“_{ o]« B
N 1 - 1o SMnmg —: RIS 8
o N
Wil 1 I
e -
07 o8 09 10 1 L I ;i
NORMALIZED 1OCx RANGE
i
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"‘\
PHASE LOCKED LOOFP SE/INE564
———
TYPICAL NORMALIZED VCO TYPICAL NORMALIZED VCO NORMALIZED VCO FREQUENCY
FREQUENCY AS A FUNCTION OF FREQUENCY AS A FUNCTION OF AS A FUNCTION OF TEMPERATURE
PIN 2 BIAS CURRENT PIN 2 BIAS CURRENT
g o -
* VCO FREQUENCY SMmHr o
¢ : ¢ I
: S0 [N 3
¥ o FREQUENCY: SOMM ;"_ N g 1o
; 3 = = BIAS CURRENT - 200,4
§ vo0 > | oc S 1 os |FREOUENCY sty |
A L1 w\ 2 = N o ! |
§ 099 /4‘ \\ ? = 5 160
¥ oos N 3098 g P \
5 ? X 09<
097 ¥ \
Q90 FREQUENCY $00 XMz
00 090 bt FIA7 cuﬂ]sw l—}po.[A
=80CuA -400 =200 ] +200 =600.A ~400 - :;00 ] 4200 <400 =50 =2% a s 50 4] 100 124
BIAS CURRENT (LA), P 2 BIAS CURRENT (41 Pin 3 TEMPERATURE (N °C)
YARIATION OF THE PHASE COMPARATOR'S ~VCO QUTPUT FREQUENCY AS A FUNCTION OF
OUTPUT VOLTAGE VERSUS PHASE ERROR INPUT VOLTAGE AND BIAS CURRENT (Ko)
AND BIAS CURRENT (Kg)
V, - PHASE COMPARATOR'S ] - \’CO' FREQUENCY
OUTPUT VOLTAGE IN mV ¢ ) B
1} "
! sl laae = BOO: A
s00 + ! / Iyyas = Oud
v i ] /
{ = 1.OMH =1
600 ° p ¢ = 40l = 7002 g ! /

s s

! N / / : 12 oy
IOOTI // // /,/ | /

< - S
; ; - 400 - 200 0 200 100 600 800
! . // /| VIN mV
200 + S 7 /, |

40 60 807 100 120 120 6o : -
‘ . 0. FHASE

i ERROR IN :
-200 + // DEGREES

- 400

RSN

- 600 4+

- 800

ol
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PHASE LOCKED LOOP

SE/INES64

FUNCTIONAL DESCRIPTION
(figure 1)

The NES64 is a monolithic phase locked
ioop with a post detewwuit processor The
use of Schottky clamped ansistors and op-
nmized device geometries extends the fre-
quency of operation to greater than 50MHz
In addition to the classical PLL applications,
the NES64 can be used as a modulator with
a controllzble frequency deviation

The output voltage of the PLL can be wrnitten
as shown in the foliowing equation

(hn = 1o)
. . Equation 1
Vo p
veo
KyCQ = comversiongan of the VCO
i = lfrequency of the wnput signal
b = free running frequency of the VCO

The process of recovering FSK signals in-
volves the conversion of the PLL oulput into
logic compatible signals For high data
rates. a considerable amcunt of carrier will
be present at the output of the FLL due to
the wideband neziure of the loop filler To

EQUIVALENT SCHEMATIC

avoid the use of comphcated hlters
parator with hycterecis or Sehmatt trigger 1=

acom

required With the conversion gamn of the
VCO fixed
Equation ! vanes acrording to the trequen

the cutput voltage as qiven by

cy deviation of fj;, from ty Since this difters
from system lo system it 1s necessary that
the hysteresis of the Schmutt tnigger be ca
pable of being changed. so that «t can be
optimized for a particular system
accomplished in the 564 by varyving the volt-
age at pin 15 which resulls 1n a change of
the hvsteresis of the Schmitt trigger

This 1s

For FSK signals. an important tactor to be
considered is
frequency of the VCO itself If this changes
due to temperature Accoarding to Equation 1
it willlead to a change in the dc levels cf the

the drnift in the fiee rynning

PLL output. and consequently to errors in
the digital outpul signal
true for narrow band signals where the devi-
ation in f,n itself may be less than the
change in {5 due to temperature Thic etfect

This 1s ecperizily

can be eliminated if the dc or average value
ot the signal i1s retnieved and used as the
reference o the comparator In this manner,
vanations in the dc levels of the PLL output
do not affect the FSK output

VCO Section

Due to its inherent high frequency perform-
ance, an emitter coupled oscillator is used in
the VCO In the circurt, shown in the equivalent
schematic, transistors Q,, and Q,5 with current
sources Q,g - Q. form the basic oscillator.
The approximate free running frequency of the
oscillator is shown in the following equation:

1

22 A (G, + Co) Equation 2

R, = Fiq = Rag = 100" (INTERNAL)
external lrequency setting capacior
< = =!"ay capaciance oy

Variation of Vg (phase detectot oulpul voit-
age#) changes the frequency of the cscilla-
tor Asindicated by Equation 2. the trequen-
cy ot the oscrilator has a negalive

Figure 1
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temperature coetficient due to the positive
temperature cecefficient of the monolithic re-
sistor. To compensate for this, a current Ig
with negative temperature coelficient is in-
troduced to achieve a low frequency drift
with temperature

Phase Comparator Section

The phase comparator consists of a double
bslanced moduistor with a limiter amplifier
to improve AM rejection Schottky clamped
vertical FNPs are used to obtain TTL level
inputs The loop gain can be varied by
changing the current in Q4 and Qg which

eflactively changes the Qain of the dilteren
tal amphtiers This canbe accomphished by

introducing a current at cin 2

Post Detection Processor

Section

The post detection processor consists of a
unty gawn transconductance amplifier and
comparator The amghlier can be used as a
dc retniever lor demodulation of FSK sig-
nals. and as a post detection hiter for hnear
FM demodulation The comparater has ad
justable hysteresis so that phase jitter in the
output signal can be eliminated

FM DEMODULATOR AT 5V

‘., LOCY BANGE ADJUSTMENT

o

Q0 0VuF

LOOS FILTER
o 0tuF

EMOINPUT 0 4TuF 95" Blndedl

S MMy o-{ 6
-t TRHE
BIAS FILTER ?, e

o\ %

‘e .,___Q

||J

ANELOG OUT

2 My

}.l ST C T Fr 1B R

As shown in the equivaient schematic, the
dc retniever s lormed by the transductance
amplifier Q42-Qq43 together with an exter.
nal capacitor which is connected at the am.
plifier output (pin 14) This forms an integrg.
tor whose output voltage is shown in the
following equation:

= V a0t v
Vo gy Equation 3
Sm = lransconductance cf the amplilier
Cg = capactor at the oulput (pin 14)

= signal voltage at amplilier input

With proper selection of Cp, the integrator
time constant can be varied so that the out.
put voltage is the dc or average value of the
input signal for use in FSK, or as a post
detection filtersin linear demodulation.

The comgarator with hysteresis is made up

~ 2l Qqq—Qgp with positive feedback being

provided by Q.;-Q.s. The hysteresis is
varied by changing the current in Og» with a
resulting variation in the loop gain of the
This method of hysteresis con.
which s adc control, provides symmet.
¢ vanatien around the nominal value.

cemparaicr

trol

Design Formula
The free running frequency of the VCO is
shown by the foilowing equation:

m Equation 4
1=} = 1nha

INPUT 0 aTuF 1e 2 ‘
fe s shamr o |
frm - TWMz "

BIAS FILTER J:—{

0 1uf 564

-
3
©
M

of

0 1uf

aH!
||}

1%

~
2
3

12v

Figure 3
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The loop filter diagram shown is explained
by the following equation:

Fls) = (First Order) Equation 5

1+ sRCjy
R =R,y= R,y = 1.3k0 (INTERNAL)"

8y adding capactors to pins 4 and 5.ia pole is
added to the loop transfer function at
1

RCs.
*Refer to Figure 1.

APPLICATIONS

FM DEMODULATOR
The NESB4 can be

demodulator
at 5V and 12V are shown in figures 2 and 3
respectively The input signal is ac coupled
witl: the cutput signal being exiracted at pin
14 Loog fiitering is provided by the capaci-
tors at pins 4 and 5 with additionel tiltering
being provided by the cagacitor at pin 14,
Since the conversion gain of the VCO is not
very high, to cbtain sufficient demoduiated
output signal the frequency deviation in the

‘nput signal should be 1°¢ or higher

used as an FM
The ccnnections for operation

MODULATION TECHNIQUES

The NE5S64 phase locked lcop can be modu-
lated at erther the loop filter ports (pins 4
and 5) or the input port (pin B) as shown in
figure 4. The apprcximate modulation fre-
quency can be determinad from the [requen-
cy conversion gain curve shown in figure £
This curve will be appropriate for signals
injected intc pins 4 and 5 as shown in
figure 4.

FSK Demodulation

The 564 PLL is particularly attractive for
FSK demodulation since it contains an nter:
nalvoltage chrmparator and VCO which have
TTL compatible inputs and outputs, and 1t
can operate from a sing!e 5 volt power sup-
ply. Demodulated dc voliages associated
with the mark and space !requencies are
recovered with a sinale external capaciiorin
a dc relriever withoul utihzing extensive tl-
tering networks
acting as 3 Schmitt trigger with an adjust-
able hysteresis, shapes tne demodulated
voltages into campatible TTL output tevels
The high frequency design of the S84 en-
ables il to demodulate FSK at high data
rates in excess of 1 ON bzud

An .nternal comparator,

10.8MHz FSK DECODER USING THE 564

v G——— Sl ls ST

L

T.

Figure 5

Ficure 8 shows a high frequency FSK de-
coder designed for input trequency devi-
ations of = 1 OMHz centered around a free-
running frequency of 10 8MHz. The value of
the timing capacitance required was esti-
mated from figure 8 to be approximately
40pF A trimmer capacitor was added to fine
tune fy to 10 8MHz.

The lock range graph indicates that the
= 1 OMHz frequency ceviations will be within
the iock range for input signal levels greater
than acproximately 50mV w:th zero pin 2 bias
current While strictly this figure is appro-
priate cnly for Sh‘Hz, it can be uced as a
quide for lock range estimates at other g’

frequencies

The hysteresis was adjusted expernmentally
via the 10k¢) potenticmeter and 2k0 bias ar-
ra'ngpmem lo give the waveshape shown in
fiqure 7 for 20K, 500K, 2M baud rates with
square wave FSK modulaticn. Note the mag-
ntude and phase relationships of the phase
comparators ouvtput voltages with respect to
each other and to the FSK oulput. The high
frequency sum cemponents of the input and
VCO freguency aiso are vivible as noise on

the chase comparatars culputs

Signetics
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PHASE COMPARATOR (PINS 4 AND 5) AND FSK (PIN 16) OUTPUTS FOR DATA RATES OF

100 my 100my sc.s !r "*')-! 'Ocn[\v ‘[ 7.3 )
] ANAN AN AN
o I s 1 I
— = — I S i _
|
|
HERPZ NN =
(a) 20K BAUD (b) 500K BAUD
e e
‘\_jl., k| ,15 I alsa ,,.“‘J
| |
i | |
TR R
NCTE L __;MJ ok _.’-_-1 o _JA._,
s, § 1 * e [y 1
Sottom trece-gn 16 (c) 2.0M BAUD
—glotees
QOUTLINE OF SETUP PROCEDURE f NE564

1. Determine operating frequency of the
VCO -.
If =N in feegback locp, then
fo=N X .
2. Calculate value of the VCO frequency
set capacitor:

3
Co =
2500t ..
3. Set I, (current sinking into Pin 2) for

= 100.A. AHer operation i3 obtained, this
value may be aczjusted for best dynamic
tenavior.

4. Check VCO cutput frequency with digi-
tal counter 2t Pin G cf cevice (loop open,
VCO 1o o det). Adjust Cq trim or fre-
zuency adj. Pin 4-5 ior evact cenler fre-
Gquency if needed.

S. Clcse loop and inject input signal to Pin
5. Monitor Pin 3 and 6 with two channel
scope. Lock shculd cccur with 1o, ¢
equal to 90° (phase error).

§-140

E-l"pulsed burst criramp reqiency. is
used forinput signal special loop filter
cesign may be rezuired in place of sim-
ple singie cepacilor filter on Pin 4 and 5.
(See PLL application section in Analog
Manual)

. The inpul signal to Fin £ and the VCO
feedback signal te Fin 2 must have a
cuty cvcle ot 807% for proper operaticn
of the phase getector Due tc the nature
cf a balanced mirer 't cignals are not
50°: in duty cvcie. DC. c'Isets wiil
occurin the locp which tend fo create an
artificial or ziased VCQ cffset.

8. For multiplier circurts whnere phase jitter

is a problem Joop filter capacitors may
be inv-easeg te a vatue of 10-50.F on
Pin ¢ 5 Also careful suprly deccupting
may oe Thig the

counter chain V3. hines,

necessary nctudes

PHASE LOCKED FREQUENCY
MULTIPLIER WITH VCXO

pasesusT o
g
el cER
= =
o é,i
ey
_'-'_' i [ | e
: oo e u—-—f.l—]mo?
NEUT LIGNAL fILIEn
s——
N o—dbeds o+
L 54 :
..q% e NES S 415:
vco
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L ars ’ veo Nety
T_J > ! 2 19 rU

Figure 7

*For additional information. consull the Applications Section.
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