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This project is concerns about Modem design that use for
‘transmission data in FM broadcasting channel in the part call Sub
sidiary Communication Authorization:SCA. In the molulater uses phase
shift keying molation which carrier at 76.8 KHz,and bit rate about 9.6
Kbps . The Bi - phase signal have been used as baseband signaling for
simple clock synchronization. At the demodulator, the carrier regovery
loop used squaring loop.All of the modulator and demodulater circuit

can be Implement with basic integraﬁﬁa-circuits.
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NFnqnaR1uanLE1u1Ra SYNC/BRKDET
- D1 82514 aiaqwuimmﬂméwuvnﬁnﬁ SYNC/BRKDET uaafiuaztys
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R788749 2.1 AanIMUA 82514 NANHAXATZUANRAMTUAITUQUANTT Al
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arTaeiun 1Un  8251A wuastTeutawasziasulunuaAlaTAnsy 82514 NMMIN1TRARTVA
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- #€n1us 0 : uwWan TxRDY

y o wa 4 T3 ] )
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CHARACTERS TuTMHAZSTATU 82514 a3ziFAUWAnt (42IMTNRINNATIAWYL  BREAK
CHARACTER
- &nque 4 = udan DSR
y 4 Ve R o
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TUNTHEI8879 82514 3vi¥AUWAN  OVERRUN-ERROR  W7I8UTENIAWA
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dﬂu11nnwnﬂ1n101t?nnaanu1nﬁa wirglTeNIawa  KIN1107 L TAuWANTABAES ERROR
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RESET fauf1an#IuueLsuny msenaianyTa6a i u1dTut 98UWan error 38949
anLR
L
- #nque 7 @ uvan FRAMING ERROR
Y ad do .
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) N e
2.15 naTAuEAus U

Y B d
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2as7 TWRDY PIN IS ‘D% DOsh Te3DY PIN (S °1°
O1=0- Rx3DY PIN IS 0° Di=l: RxDY PIN IS °1°
S2:7 TwEMPTY PIN=’0' D23l TxIMPTY PIN=°1
23:0 43 PAR[TY £RIDI D3=1 PAR[TY ERRCR
Jaza MO OVIROUN 5220 Da=1r DVERRUN £RRCR

chee N3 FRAMING ERRJR DS=1. FRAMING LRROR
2azy SwNBLT PIN IZ °C To=1. SYNDIT PIN IS °t°
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4 ¢
IUn 2.13 #nusiun
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mi28UTENIaNA8 1 READ STATUS BYTE TE8MHAALATANAY B251A F93zn1
H ' - ala -
N1TNERTHALEALATHRIHDIAT  UBALATAWIGADN Ao 114 o WRE BNUBALATANIN Ao
1] 1] J.
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Monolithic Function Generator

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The XP.2206 .5 & monolithic ‘inction generator ints-
grated zicuit capane of prog.iing high quality sina,
square, sriangle. ramp and pulse waveforms of high-stability
3rd accuracy. The output wavﬂofo"“s can be both amplituce
ard ‘requency modu:ated by an-exernal voltage. Frequency
of noeration can be selected exte-nally over a range of 0.C1
HZ to mere than T Mhiz,

The circuit is @eatty suited for communications, instru-
memativn, and function generator applications requiring
sinusoidal tone, AM, FM, or FSK generation, It has a typical
arift specification of 20 ppm/°C. The oscillator frequency
can be linearly swegt over a 2000 1 frequency range, with
an externar contrel voltage, having a very small affect on
distortion,

FEATURES ‘

5%, Typical

20 ppm/°C, Typical
2000:1, Typica!
0.01%V, Typicat

Lew-Sine Wave Distortion
Excellent Temperaturs Stability
Wide Sweep Range Y
Low-Supply Sensitivity

Linear Amolitude Modulation
TTL Compatible FSK Controls
Wide Supply Range

Adjustable Duty Cy<le

10V to 26V
1% to 99%

APPLICATIONS

Waveform Generation
Sweep Generation

AM/FM Generation

V/F Convarsion

FSK Generation
Phase-Locked Loops (VCO)

ABSOLUTE MAXIMUM RATINGS

L
g
P

Power Supply 26V
Power Dissipation 750 mW

Derate Above 25°C 5 mwW/°C
Total Timing Current 6 mA

Storage Temperature

-65°C to +150°C

~
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ORDERING INFORMATION

:-
Part Number Package Operating Temperature
XR-2206M Ceramic -55°C 10 +125°C
XR-2206N Ceramic 0°C 1o +70°C
XR-2206P Plastic 0°C 10 +70°C
XR-2206CN Ceramic 0°C 10 +70°C
XR-2206CP Plastic 0°C 10 +70°C

SYSTEM DESCRIPTION

P

The XR-2206 is comprised of four functional blocks; a
voltage-controlied oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set

of current switches,

The VCO actually produces an output frequency porpor-
tional to an input current, which is produced by a resistor
from the timing terminals to ground. The current switches
route one of the timing pins current to the CO controlled
by an FSK input pin, 10 produce an output frequency. With
two timing pins, two discrete output frequencies can be
independently produced for FSK Generation Applications.
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ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 1, V¥ = 12V, T, = 26°, C = 0.01 uF, Ry = 100 k2, Ry = 10k Q, Ry = 26k Q
unless otherwise specified. S, open for triangle, closed for sine wave.

XR-2206M XR-2206C
PARAMETER MIN. | TYP. [ MAX. MIN, | TYP. | MAX. | UNIT. CONDITIONS
GENERAL CHARACTERISTCS ‘
Single Supply Voltage 0 ‘26 10 26 v
Solit-Supply Voltage 5 £13 t5 £13 \Y
Supply Cutrent 12 17 14 20 mA + Ry >»10kQ
OSCILLATOR SECTION '
Max. Operating Frequency 0.5 1 0.5 1 MHz C=1000pF. Ry = 1kQ2
Lowsst Practical Frequency 0.01 o 0.01 Hz C=50uF, Ry =2M0
Frequency Accuracy t1 t4 22 % of fg fo = 1/RC
Temperature Stability £10 £50 . +20 ppm/°C 0°C < Tp < 75°C,
R =Ry=20kQ
Supply Sensitivity 0.01 0,1 0.01 %IV Vieow = 10V, Vi |GH = 20V,
Ry =Ry=20k0N
Sweep Range 1000:1 2000:1 2000:1 f= fH@® Ry =1k
fL@ Ry =2M0
Sweep Linesrity
10:1 Swaep 2 2 % fL =1 kHz, fy = 1Q kHz
1000:1 Sweep 8 8 . % f_= 100 Hz, fiy = 100 kHz
FM Distortion 0. 0.1 % £ 10% Daviation
Recommended Timing
Components
Timing Capacitor' C 0.001 100 0.001 100 uf See Figure 4.
Timing Resistors: Ry & Ry 1 2000 1 2000 kQ
Triangle Sine Wave Qutput See Note 1, Figure 2,
Triangle Amplitude 160 160 mv/k Figure 1, Sy Operf®
Sine Wave Amplitude 40 60 80 60 mV/k Figure 1, Sy Closed
Max. Qutput Swing 6 6 Vp-p
Qutput impedance 600 600 Q
Triangle Linearity 1 1 %
Amplitude Stability 05 05 dB For 1000:1 Sweep
Sine Wave Amplituda Stability 4800 4800 ppom/°C See Note 2,
Sine Wave Distortion
Without Adjusiment 25 2.5 % Ry =30k
With Adjustment 0.4 1.0 05 1.5 % See Figures 6 and 7.
Amplitude Modulation
Input Impedance 50 100 50 100 X0
Modulation Range 100 ’ 100 %
Carriar Suppression 55 ,9.-55 dB,
Linearity 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 Vop-p Measured at-Pin 11,
Rise Time 250 250 nsec C__=100pF
Fall Time 50 50 nsec C_=10pF
Saturation Voltage 0.2 0.4 0.2 0.6 v iL=2mA
Leakage Current 0.1 20 0.1 100 WA Vi1 = 26V
FSK Keving Level (Pin 9) 0.8 1.4 2.4 0.8 1.4 24 v See saction on circuit controls
Refersnce Bypass Volitage 29 3.1 3.3 25 3 35 v Measured at Pin 10.
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Figure 8: Clrcuit Connectlon for Frequency Sweep.
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34 CLOSED POR Sauwavt

Figure 10: Circuit for Sine Wave Generation without Figure 12: Sinusoidal FSK Generator.

External Adjustment. (See Figure 2 for
Choice of R3.)

4 CLOSED FOA BNgWavE %

Circuit for Sine Wave Genesration with Figure 13: Circuit for Pulse and Ramp Generation.

Minimum Harmonic Distortion. (R
Determines Output Swing — See Figure 2.)

Figure 11:
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Frequency-Shift Keying:

The XR-2206 can be operated with two separate timing
resistors, Ry and Ro, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 12. Depending on the
polarity of the logic signal at Pin 9, either one or the other
of these timing resistors is activated. If Pin O is open-
circuited aor connected to a bias voltage »2V, only Ry is
activated, Similarly, if the voltage level at Pin 9 is <1V,
only 52 is activated. Thus, the output frequency can be
keyed between two levels, f; and f2, as: o

fy = 1/RyCand fy = Hﬁzc

For split-supply operation, the keying voltage at Pin 9 is
referenced to V°©,

Output DC Level Control:

The dc level at the output {Pin 2) is approximately the
sama as the dc bias at Pin 3, In Figures 10, 11 and 12, Pin 3
is biased midway between v* and ground, to give an
output de level of =V */2,

APPLICATIONS INFORMATION

Sine Wave Generation

Without External Adjustment:

Figure 10 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
R; at Pin 7, provides the desired frequency tuning. The
maximum output swing is g{3ater than V*/2, and the
typical distortion {THD) is <2.5%. If lower sine wave
distortion is desired, additional adjustments can be provided
as described in the following section.

The circuit of Figure 10 can be converted to split-supply
operation, simply by replacing all ground connections with
V-, For split-supply operation, R3 can be directly connected
to ground.

With External Adjustment:

The harmonic content of sinusoidal output can be reduced
to =0.5% by additional adjusiments as shown in Figure 11,
The potentiometer, Rp, adjusts the sine-shaping resistor,
and Rg provides the fine adjustment for the waveform
symmetry. The adjustment procedure is as follows:

g, Set Rg at midpoint, and adjust Ra for minimum
distortion,

2. With R set as above, adjust Rg to further reduce
distortion. .

Triangle Wave Generation

The circuits of Figures 10 and 11 can be converted 1o
triangle wave generation, by simply open-circuiting Pin 13
and 14 (i.e., S open), Amptitude of the triangle is approxi-
mately twice the sine wave output.

nt

FSK Generation

Figure 12 shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be inde-
pendently adjusted, by the choice of timing resistors, Ry
and Ry the output is phase-continuous during transitions.
The keying signal is applied to Pin 9. The circuit can be
converted to split-supply operation by simply replacing
ground with V™,

Pulse and Ramp Generation

Figure 13 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keving ter-
mina! (Pin 9) is shorted to the square-wave output (Pin 11),
and the circuit automatically frequency-shift keys itseif
between two separate frequencies during the positive-going
and negative-going output waveforms. The pulse width and
duty cycle can be adjusted from 1% to 99%, by the choice
of Ry and Ry, The values of Ry and Ry should be in the
range of 1 k2 t0 2 MS2.
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Basic Test Circuit.

Figure 5:

Normalized Qutput Amplitude versus DC
Bias at AM Input (Pin 1).
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Figure 2:

Output Amplitude as a Function of the
Resistor, R3, at Pin 3.

Figure 6:

Trimmed Distortion versus Timing
Resistor.
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Figure 3:

Supply Current versus Supply Voltage,
Timing, R.

Figure 7:

Sine Wave Distortion versus Operating
Frequency with Timing Capacitors Varied.
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R versus Oscillation Frequency.

Figure 8:

Frequency Drift versus Temperature.
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PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation:

The frequency of oscillaxi{:x fo. is determined by the
external timing capacitor, C, across Pin 5 and 6, and by the
uming resistor R, connected to either Pin 7 or 8. The fre-

Quency 1s given as.

L] can b adpastent oy vacviog wither Roar C Tha racam.
mended values ot R, ‘or a aiven frequency range, are shown
in Flaure 4, Temperature stability 1s optimum for 4 L. Q <
R < 200 k2. Recommended values of C are from 1000 pF
1o 100 uF

Frequency Sweep and Modulation:
Frequency of oscillation is proportiona! to the total timing
current, It, drawn from Pin 7 or 8°

- 3201 1Al =
C wF

£

Timing terminals {Pin 7 or 8) are low-imoedance points,
and are internally biased at +3V, with respect to Pin 12,
Frequency varies linearly with 1, over a wide range of
current values, from 1 uA 1o 3 mA. The frequency Y‘d’h
be wentrolled by aeplying & conwrnl voltage, Ve, 19 the
activated timing oin as shown 1n Figure 9. The frequency of
oscitlation is related to Vg as:
= _1— ]+i(]- XC\ Hz
R7 RC 3

where Ve 1s in volts. The voltage-to-frequency conversion
gain, K, 's given as:
0.32

K= af/aVC == ﬁ——c— He/V

CAUTION: For safe operation of the circuit, ly should be
limited 10 €3 mA,

Output Amplitude:

Maximum output amplitude 1s inversely propartional to the
external resistor, Rg, connected to Pin 3 (see Fiqure 2). For
sine wave autput, amplitude is approximately A0 mV neak
per 1§ of R3, for trigngle, the peak amplitude is approxi-
mately 160 mV peak per kQ of Ry Thus, {or examnle,
Ry = 50 & £ would produce approximately 3V sinusoirlal
output amplitude.

Amplitude Modulation:
Qutput amplitude can be modulated by applying a dc tias
and 4 modulating signal to Pin 1. The internal impedance at
Pin 1 is approximately 100 k2. Qutput amplitude varus
linearly with the applied voltage at Pin 1 tor values of o,
bias at this pin, within £4 volts of V¥/2 as shown in Fiqure
5, As this bias level approaches V*/2, the nhase of the
output signal is reversed, and the amplitude goes through
zero. This property is suitable for phase-shift keying and
suppressed-carrier AM generation. Total dynamic range of
amplitude modulation is approximately 55 dB

1
CAUTION: AM control must be used in conunction with
a well-regulated supply, since the output amslitude now
becomes a function of VT,
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HIGH QUALITY FUNCTION GENERATOR
SYSTEM WITH THE XR-2206

INTRODUCTION

Waveform or function generators capable of producing
amvim modulated sine wave outputs find a wide range of
appiications in electrical measurement and laboratory in-
strumentation. This apphcation note describes the design.
construction and the performance of such a complete func:
ton generator system suttable lor laboratory usage or hob-
byist applications. The entire funclion generalor 1s com-
prnsed of a single XR-2206 monolithic IC and a limited
number of passive circuit components. It provides the en-
gineer, student, or hobbyist with a highly versatile laboratory
instrument for wavelorm generation at a very small fraction
of the cost of conventional function generators available
today. "

GENERAL DESCRIPTION

The basic circuit configuration and the external components
necessary for the high-quality funcion generator system is
shown in Figure 1. The circuit shown in the figure is de-
signed to operate with either a 12 V single power supply, or
with =6 V split supplies. For most applications, split-supply
operation is preferred since it results in an output dc leve!
which is nearly at ground potential.

The circuit configuration of Figure 1 provides three basic
waveforms: sine, triangle and square wave. There are four
overlapping frequency ranges which give an overall fre-
quency range of 1 Hz to 100 kMHz. In each range. the fre-
quency may be vaned over a 100:1 tuning range.

The sine or triangle output can be varied from 0 to over
6 V (peak to peak) from a 600 ohm source at the output
terminal.

A squarewave output 1s available at the sync output terminal
for oscilloscope synchronizing or driving logic circunts.

TYPICAL PERFORMANCE CHARACTERISTICS

The performance charactenstics listed below are not
guaranteed or warranted by Exar. However, they represent
the typical performance characteristics measured by Exar's
application engineers during the laboratory evaluation of the
function generator system shown in Figure 1. The typical
performance specifications histed below apply only when ail
of the recommended assembly instructions and adjustment
procedures are {ollowed:

) o

750 Palomar Averue. Sunnyvaie. CA 94088

(a)

(b

—

(c

(d)

(e

~—

n

EXAR INTEGRATED SYSTEMS. INC.
(408 732.7970  TWX 910.339.9233

January 188

Frequency Ranges: The function generator System
designed lo operate over four overlapping freqUe,\q
ranges,,

! Hzto 100 Hz
10 Hzto 1 kHz
100 Hz 1o 10 kMz

1 kHz to 100 kHz

The range selection 1s made by swiching in differeq
timing capacitors.

Frequency Setting: At any range selting. lreqUenq
can be vaned over a 100:1 tuning range with & pole
tiometer (see Ry of Figure 1).

Frequency Accuracy: Frequency accuracy of the Xg
2206 s set by the timing resistor R and the tim
capacitor C, and is gwen as:

{ = V/RC

The above expression is accurate to within =5 % atany
range setting. The timing resistor R is the seres comb
nation of resistors R4 and Ry3 of Figure 1. The timim
capacitor C is any one of the capacitors C3 through Cg
shown in the figure.

Sine and Triangle Output: The sine and tnangle out
amplitudes are variable from 0 Vto 6 Vpp. The amplitude
is set by an external potentiometer, Rq2 of Figure 1.4
any given amphitude setting, the tritangle outp
amplitude s approximately twice as high as
sinewave output. The internal impedance of the outi
1s 600 Q.

Sinewave Distortion: The total harmonic distortion
sinewave 1s less than 1 % from 10 Hz to 10 kHz and les
than 3 % over the entire frequency range. The select
of a wavelorm is made by the tnangle/sine select
switch, So.

Sync Output: The sync output provides a 50 % ¢f
cycte pulse output with either full swing or upper h
swing of the supply voltage depending on the choice?
sync outpul terminals on the printed circuit board (%
Figure 1).
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NOTE

1. For Single Supply Operation Lilt GND Connection Keeping R12 Across Terminals R and B Intact, and Connect Terminal A 1o GND

2. For Maximum Output, Ry may be open. Rx = 68 Kf2 1s Recommended for External Amplitude Modulation

L]

FREQUENCY

Figure 1. Circuit Connection Diagram for Function Generator. (See Note 1 for Single Supply Operation.)

(g) Frequency Modulation (External Sweep): Frequency
can be modulated or swepl by applying an external
control voltage to sweep terminal (Terminal | of Figure
1). When not used. this terminal should be left open-
circuited. The open circuit voltage at this terminal is ap-
proximately 3 V above the negative supply voltage and
its impedance is approximately 1000 obms.

(n) Amplitude Modulation: The output amplitude varies
linearly with modutation voltage applied to am input (ter-
minal Q of Figure 1). The output amplitude reaches its
minimum as the am control voltage approaches the half
of the total power supply voltage. The phase of the output
signal reverses as the amplitude goes through its
minimum value. The total dynamic range is approxi-
mately 55 dB, with am control voitage range of 4 V refer-
enced to the hall o! the total supply voltage. When not
used, am termina! should be left open-circuited.

) Power Source: Split supplies: =6 V. or single supply:
+12 V. Supply Current 15 mA (see Figure 3).

EXPLANATION OF CIRCUIT CONTROLS:

. &Mlches

R@“Qg Select Switch, S1: Selects the frequency range of
%eration for the function generator, The frequency is

inversely proportional to the timing capacitor connected
across Pins 5 and 6 of the XR-2206 circuit. Nominal
capacitance values and frequency ranges corresponding
to switch positions of S1 are as follows:

Position Nominal Range Timing Capacitange

1 1 Hzto 100 Hz 1 uF
2 10 Hz to 1 kHz 0.1 uF
3 100 Hz to 10 kHz 0.01 uF
4 1 Hz to 100 kHz 0.001 uF

If additional frequency ranges are needed, they can be
added by introducing additional switch positions.

Triangle/Sine Wavetorm Switch, S2: Selects the triangle or
sine output wavelorm.

[

Trimmers and Potentiometers \

't
Dc Offset Adjustment, R9: The potentiometer used for ad-
justing the dc offset level of the triangle or sine output

wgveform.

Sinewave Distortion Adjustment, R10: Adjusted to minimize
the harmonic content of sinewave output.

Sinewave Symmetry Adjustment, R11: Adjusted to-optimize
the symmetry of the sinewave output.



Amplitude Control, R12: Sets the amplitude of the triangle or
sinewave output.

Frequency Adjust, R13: Sets the oscillator frequency for any
range setting of S1. Thus, R13 serves as a frequency dial
on a conventional waveform generator and varies the fre-
quency of the oscillator over an approximate 100 to 1 range.

Terminals

Negative Supply -6 V

Ground

. Positive Supply -6 V

. Range 1, timing capacitor terminal
Range 2, timing capacitor terminal
Range 3, timing capacitor terminal

. Range 4, timing capacitor terminal
Timing capacitor common terminal
Sweep Input

Frequency adjust potentiometer terminal
Frequency adjust potentiometer negative supply
terminal

Sync output (1.2 swing)

. Sync output (full swing)

Triangle/sine waveform switch terminals
Triangle/sine, waveform switch terminals
Triangle or sinewave output

AM input

Amplitude control terminal

XeTmIOMMODO®

DOvVOoOzZXIr

PARTS LIST

The following is a list of external circuit components neces-
sary to provide the circuit interconnections shown in Figure
1,

Capacitors:

C1, C2, C7 Electrolytic, 10 uF, 10V

C3 Mylar, 1 uF, nonpolar, 10 %
C4 Mylar, 0.1 uF, 10 %

Cs Mylar, 0.01 uF, 10 %

C6 Mylar, 1000 pF, 10 %

Resistors:

R1 30 K0, 1/4 W, 10 %

R2 100 KN, 1/4 W, 10 %

R3, R7 1K, 174 W, 10, %

R4 © 9K, 1/4 W, 10 %

RS, R6 5 KO, 174 W, 10 ¥

A8 300 0, 1/4 W, 10 % .
RX 62 KN, 1/4 W, 10 % (RX can be el

nated for maximum output)

Potentiometers:

RS9 Trim, 1 M{), 174 W
R10 Trim, 1 K} 1/4 W
R11 Trim, 25 KQ, 1/4 W

The following additional items are recommended 10 Convey
the circuit of Figure 1 to a complete laboratory instrumen

Potentiometers:

R12 Amplitude control, hnear 50 Kil
R13 Frequency control. audio taper, 1 Mpy
Switches’

S Rotary switch, 1-pole, 4 positions
s2 Toggle or slide, SPST

Case:

7" x 4" x 4" (approx.) Metal or Plastic

(See Figures 4(a) and 4(b).)

Power Supply:

Dual supplies =6 V or single 12 V “
Batteries or power supply unit
(See Figures 3(a) and 3(b).)

Miscellaneous:
Knobs. solder, wires, terminals, etc.

BOARD LAYOUT

Figures 2(a) and 2(b) show the recommended printed-circut
board layout for the function generator circuit of Figure 1.

g{é@e PE e RS 1

i IRy 13

(a) Split Supply PC Board Layout

d '~'-\'-'| - ?
) ["H orz Fl\[ B

(b) Single Supply PC Board Layout

Figure 2, Recommended PC Board Layout for Function Generator Circuit of Figure 1.




',ouowing instructions and recommendations for the as-
- , of the function generator assume that the basic PC
jayout of Figure 2(a) or 2(b) is used in the circuit

the parts of the generator. with the exception of fre-
7 qency adjust potentiometer, amplitude control poten-
Eo'iﬂe“’" triangle/sine switch and !requency range select
3 suitch, are mounted on the circuit board.

',':',':.u and solder all resistors, capacitors and trimmer re-
" astors on the PC board first. Be sure to observe the polanty
: of capactors C1. C2, C7. The timing capacitors C3. C4, C5
% "ynd C6 must be non-polar type. Now install IC1, on the
‘bdard. we recommend the use of an IC socket to prevent
B ,ssible damage to the IC during soldering and to provide
" ot easy replacement in case of a malfunction.

:-fhb entire generator board along with power supply or bat-
 jories and several switches and potentiometers will fit into a
_‘c"m of the type readily available at electronic hobby shops.
Jwill be necessary to obtain either output jacks or terminals
v the outputs and am and frequency sweep INputs.

'sslall the frequency adjust pot, the frequency range select
switch, the output amplitude control pot, the power switch,
“4nd the triangle/sine switch on the case. Next, install the

E pC board in the case. along with a power supply.

3

s

(a) Zener Regulated Supply

W-,‘ (IR EN Y
_I:—OC.NO
= : i—?v-—ib—-;—o [ 37

(b) Battery Power Supply

T1 Fitament Transformer
Prnmary 115 V/Secondary 12.6 VCT. 0.5 A
D1-D4: IN40O1 or Similar
D5. D6: IN4735 or Similar
R1. R2:51 0, 1/2W. 10 %

—

figure 3. Recommended Power Supply Configurations.

Any simple power supply having reasonable regulation may
be used. Figure 3 gives some recommended power supply
configurations. ‘

Precaution: Keep the lead lengths small for the range
selector switch.

ADJUSTMENT PROCEDURE

When assembly is completed and you are ready (o put the
tunction generator into operation. make sure that the polarity
of power supply and the orienfation of the IC unit are cor-
rect. Then apply the dc power to the utit,

Mt
To adjust for minimum distortion, connect the scope probe
to the triangle/sine output. Close S2 and adjust the
amplitude control to give non-clipping maximum swing.
Then adjust R10 and R11 alternately for mimmum distortion
by oberving the sinusoidal waveform. If a distortion meter is
available. you may use it as a final check on the setting of
sine-shaping tnmmers. The minimum distortion obtained n
this manner 1s typically less than 1 % from 1 Hz to 10 kHz and
less than 3 % over the entire frequency range.
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L M565/LM565C Phase Locked Loop

General Description

The LMS65 and LM565C are general purpose phase locked
lgoos containing a stable, Mighly linear voitage controled
ascillator for tow distortion FM demodulation, and a double
patanced phase detector with good carrier supprassion. The
VCO !requency is set with an external resistor and caoaci-
tor. and a tuning range of 10:1 can be obtained with the
same capacitor. The cnaractenstics of the closed loop sys-
tem—Dbandwidth, response speed, capture and pull in
range—may be adjusted over a wide range with an external
resistor and capacitor. Tha loop may be broken between the
VCO and the phase detector for.Insertion of 8 digital Ire-
quency divider to obtain frequency multiprication,

The LM565H is specified for operation over the —55'C o
+125°C military lemgerature range. The LMS65CH and
LM565CN are specified for operation over the 0°C to
+ 70°C temperature range.

Features

® 200 ppm/*C {requency stability of the VCO

m Power supply rangs of =5 to = 12 volts with
100 pom/ % typical

» 0.2% linearity of demodulated output

]
=
n
]
=
m Tona decoding
»
]
]
L]
]

a Linear lriangle wave with in phase zero crossings

available

= TTL and OTL compatble phase detector input and

square wave output

m Adjustable hold in range from £ 1% to > £60%

Applications

Dala and tape synchronizatlon
Modems

FSK cemodulation

FM demodulation

Froaquency synthesizer

Frequency multiplication and division
SCA demodulators

Telemetry teceivers

Signal regeneration

Coherent demodulators

Connection Diagrams

Metal Can Package

TIMING
CAPACITOR

TIMING
AESISTOR

VCO COMTROL
VOLTAGE

REFERENCE
ourTeur

PHASE COMPARATOR
vCO iNPuT

TWH/T8532
Order Number LM565H or LM585CH
See NS Package Number H10C

Dual-in-Line Package

~ENV g

b NC
INPUT 2 LNC
INPUT =i AL
vco ] _y_ R
e outryt ) e
PHMASE COMPARATOR _ 3 | 10 v
vCo INPyT [ ! *Yec
REFERENCE 6 : 9 TIMING
ouTPUT A " CAPACITOR
VCO CONTROL _ 7 L 117114
YOLTAGE [ | RESISTOR
TU/H/7883-1
Order Number LMS65CN

See NS Package Number N14A



LM565/LM565C

Absolute Maximum Ratings

It Military/Aerospace specilled devices are required,
contact the Natlonal Semlconductor Sales Office/
Distributors for avaliability and specifications.

Operatng Temperature Range

LM565H

LMS65CH, LMS565CN

~-55'Cto +125°C

0‘Cto +70°C

Suppty Voitage ziav Storage Temperature Range —-65°C to +150°C

Power Dissipation (Note 1) 1400 mwW Lsad Temperature {Soldering, 10 sec.) 260°C

Oitterential Input Voltage =1V

Electrical Characteristics Ac Test Circuit, To = 25°C. Vg = =6V

Parameter Conditions LM36S LMSEsC Units
Min Typ Max Min Typ Max
Power Supply Currant 8.0 12.5 8.0 12.3 mA
Input Impedance (Pins 2, 3) —4V <V, V3 < 0OV 7 10 5 kd
zigu:‘?c;m“m Operatng Co = 27pF 300 1 00 250 | 500 kHz
VCO Free-Running Co = 1.50nF
Frequency Re = 20 kA1 -10 Q +10 -30 0 +30 %
fo = 10kHz

Pemparanirs Gastigient N % pom/°C
;’;qp‘l’:’\‘,‘zg:: ¥ i 0.1 1.0 0.2 1.5 "IV
Tnangle Wave Qutput Voltage 2 2.4 3 2 2.4 3 Vo.p
Triangle Wa‘;«e Qutput Linearity 0.2 0.5 %
Square Wave Output Level 4.7 5.4 4.7 5.4 Vo-p
Output Impedance {Pin 4) 5 / 5 kN
Square Wave Duty Cycle 45 20 35 40 50 60 %
Square Wave Rise Time 20 20 ns
Square Wave Fall Time 50 50 ns
Qutout Current Sink {Pin 4) 0.6 1 0.8 1 mA
VCO Sensttivity fo = 10 kHz 88G0 6600 Hz/V
I.ieirr:\;))dulated Output Voftage +10% Frequency Ceviation 250 200 200 200 100 450 Vpp
Totat Harmonic Cistortion = 10% Frequency Deviation 0.2 0.75 0.2 1.5 %
Qulout Impedancs (Pin 7) 3.5 3.5 kd
DC Lavel (Pin 7) 4.25 4. 4.75 4.0 4.5 5.0 '
8‘;“’_“‘\2""“ Voltage 30 | 100 50 | 200 mv
‘Temoeraiure Dritt of [V7 — Vgi 500 500 uv/eC
AM Rejection 30 40 10 d8
Phase Oatector Sensitivity Kp | 68 68 V/radian

Hote 1: The maxmum junction temoeraiure of the LMSES ang LMS8SC ls + 150°C, For operation at slevaled temperstures, devicet in the TO-5 cacrage must be
dersied Dased on & thermar resistanca of + 150°C/W junction (0 amoant of + 45°C/W unchon 10 case. Thermal rasstance Gl e cuarin-line package ls

+85°C/W.

-



LM565/LM565C

Typical Performance Characteristics

POWER SUPPLY CURRENT (mA)
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Applications Information
In designing with phase locked loops such as the LMS65,
the imporant parameters of interest are:
FREE RUNNING FREQUENCY

0.3
Ro Cy
LOOP GAIN: relates the amount of phase change between
the input signal and the VCO signal lor a shitt in input signal
traquency (assuming the loop remains in lock). In servo the-
ory, this is cailed the “velocity arror coefficient.”

to =

1

Loop gain = KoK (—)

Pg of' 0 sec
K, osciilator sensitivi (radians/sec)

= i} n. Vi _—

° scillator ty volt
radian
The loop gain of the LMS6S5 is aependent on supply voltage,
and may be found from:
33.6 {o
[4
o = VCO frequency in Hz
Ve = total supply voltage to circuit

Loop gain may be reduced by connecting a resistor be-
tween pins 6 and 7; this reduces the load impedance on the
output amplifier and hence the loop gain.
HOLD IN RANGE: the range of frequencies that the loop will
remain in lock after witially being locked.

i volts
Kp = phase detector sensitivity | ——

Ko Kp =

1 :
W=z Ve
I = free running frequency of VCO

Ve = total supply voitage to the circuit

THE LOOP FILTER

In almost all applications, it will be desirable to lilter the
signal at the output of the phase detector (pin 7); this filter
may take one of two forms:

Simple Lag Fllter

TL/MI7883=11

Lag-Lead Fliter

10 a1
pu—
Rl = 38k R2
!
LM565

TL/M/7883-12

A simple lag filter may be used for wide closed loop bang-
width apphicatons such as modulation {ollowing where the
ltequency deviation of the carner is tairly high (greater than
i0%), or where wideband modulating signals must be fol-
lowed.

The naturat bandwidth of the closed loop response may be

found from:
1 'Ko Ko
fh = —  [——
2 N RyCy

Associated with this is a damping factor:

s 1 1
2 \/FhC,KQKO

For narrow band applications whsre a narrow noise band-
width is desired, such as applications involving tracking a
slowly varying carnar, a lead lag filter shculd be used. In
general, if 1/R,Cy < K, K, the damping factor for the loop
becomes quite small resuiing in large overshoot and possi-
ble instability in the transient response of the loop. In this
case, the natural frequency of the loop may be found from

1 KoKo
C = — 220
e N1y + 73
71+ 12 = (Ry +Ry) Gy
Ay is selected to produce a desired damping factor §, usual-

ly between 0.5 and 1.0. The damping tactor is found from
the approximation:

i 8= oty |
Thesa two equations are plotted for convenience,

Filter Time Constant vs Natural Frequency

o
[5* Koio o
N w_(’r“%)
X
S B =
= = 100 B \SEC/ ===
- h 1 lae
& .y S w .
= =T n
A 10T
N N N
10} B2 At =
s dl ] ¥
N {
1 12 1
10 1IN INT
(Ll T T R A R
1ye g lue)
TUH/7853-13
Damping Time Constant vs Natural Frequency
10t
‘E DAMPING =F
I AATIO T
T
10 A = 1 =2y Q
= S li‘r‘x E, i ;
= ﬂ.&?\‘;‘ll—
>-1.707
12 —=c s
N
L\
10! “
e 103 10° 1!
2
TU/MH/7853-14

Capacitor C; should be much smaller than Cy since its tunc:
licn is 10 provide filtenng of camier. In general Cz £ 0.1 Cy.
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MC1495L, MC1585L

ELECTRICAL CHARACTERISTICS (V* = +32V,V™ = —15V,Tp = «25'C, I3 = !43 = 1.0 mA, Rx = Ry = 15 kf),
RL = 11 k0 unless otherwise noted)
Characteristic Figure Symbot Min Typ | Max ! Uni
Linearity: 5 v,
Qutout Error in Percent of Full Scale:
Ta = ~25°C L ,
10 <V < +10(Vy = =10V} MC1495 EAax - =1.0 0 i
MC1595 - =05 | =10 i
~10<Vy < +10(Vx = =10V) MC1495 ERY- .| — =2.0 4.0 i
MC1535 — =10 2.0 :
TA = 0t +70°C MC14385
~10<Vx < -10(Vy = =10 V) Eax —_ 1.5 — i
~10<Vy < «10(Vx = +10V) ERy - 3.0 — .
TA = -35°Cto =~ 125°C MC1595 i
—10<VX < »10(Vy = =10V) Erx -— =075 — |
10 <Vy < +10(Vx = =10 V) ERy - =1.5 -
Squaring Mode Error: 5 Esa %
Accuracy in Percent of Full Scale After
Offset and Scale Factor Adjustment
Ta = =25°C MC1495 - =0.75 —
MC1595 e =05 -
Ta = 0to -70°C MC1485 ~ =10 —
Ta = —-55°C 10 +126°C MC1595 — =0.75 —
Scale Factor {Adjustable) — K — 0.1 —
(K = _Zﬁ‘._)
I3 Ry Ry
Input Resistance MC1435 7 Rinx — 30 - M0
{f = 20 Hz) MC1585 e 35 -_
MC1435 RiNY -— 20 —
MC15395 -— 35 -
Differential Qutput Resistance (f = 20 Hz) 8 I Ry — 300 — 3¢}
input Bias Current & [.LAA
lig - 119} _ la - 1g) MC1435 lhx - 2.0 12
ox T~ R MC1595 -Y 2.0 8.0
MC1435 hy —_ 2.0 12
MC1585 = 2.0 3.0
Input Offset Current 8 i i uA
lg = hg MC1435 U o b - 0.4 2.0
MC1595 A | berp 22} 10
(_— MC1ags *hoy 1= adl N
MC1535 - 0.2 1.0
Average Temperatura Coafficient of ] i TCioi | nA°C
Input Offset Current | ‘l
(Ta = 0to ~70°C) MC1495 ; | - 2.5 _
{Ta = -35°C 12 - 125°C) MC1535 I _— 2.5 -
Qurput Offset Current MC1a95 5 laoi , 20 | 00 #A
a1tz MC1535 ! e 10 | 50
Average Temperature Coefficient of 8 ; TCioot § } nASC
Qutput Offset Current I [ l
{TA = 0t0 -70°C) MC1435 | = 20 | —_
{(Ta = -35°C o ~125°C) MC15385 4 —_ 20 | —
Frequency Response 9,10 i l
3.0 ¢8 Bandwidth, R = 11 k0 l8Wagg | — 3.0 - MHz
3.0 a8 Bandwidth, Ry, = 50 1! (Transconductance Bandwidth) iTew3 dB] — 80 - MHz
3° Relative Phase Shift Berween Vy and Vy I fe - 7%, - kHz
1% Absolute Error Due to Input-Output Phase Shik i fa — 30 1 — kHz
Common Mode Input Swing MC1495 1 | eMv | =105 =12 | - vde
(Either Input) MC1595 { =15 | =13 | —
Common Mode Gain MC1495 1 AcMm 1 -40 -50 ; —_ a8
iEither tnput) MC1595 I -s0 -3 | —
Common Mode Quiescent 12 Vor | — 21 - Vde
Qutput Voltage Vo2 | - 21 —_
Differential Output Voltage Swing Capabitity 3 Vo | — =14 — | Vpeak
Power Suoply Sensitivity 7 12 bose . — 50 | — mviV
[ s- 1 — 10 -
Power Supply Current *2 Iz -— 5.0 7.0 mA
OC Power Dissipation 12 Pp — 135 170 mwW

MOTOROLA LINEAR/INTERFACE DEVICES



MOTOROLA

1 SEMICONDUCTOR
TECHNICAL DATA

MC1495L
MC1595L

WIDEBAND MONOLITHIC
FOUR-QUADRANT MULTIPLIER

designed for uses where e output is a linear product of two

input voltages. Maximum versatility is assured by allowing the user

to select the level shift method. Typicai apphications include: multi-

ply, divide®, square root’, mean sauare”, phase detector, frequency

doubler, balanced modulator/demodulator, electronic gamn control.
"When used with an operational amplifier,

Wide Bandwidth

LINEAR FOUR-QUADRANT
MULTIPLIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

Excellent Linearity — 1% max Error on X-Input, 2% max Error on

Y-Input — MC1595L

® Excellent Linearity — 2% max Error on X-Input, 4% max Error on
Y-input - MC1495L

Adjustable Scale Factor, K

Excellent Temperature Stapility

® Wide Input Voltage Range — & 10 Volts

D SUFFIX
PLASTIC PACKAGE
. 4_@{ CASE 751A
1 (S0-14)

® = 15 Volt Operation L SUFFIX
CERAMIC PACKAGE
CASE 832
FIGURE 1 — FOUR-QUADRANT
MULTIPLIER TRANSFER CHARACTERISTIC FIGURE 2 - TRANSCONDUCTANCE BANDWIDTH
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FIGURE 3 — CIRCUIT SCHEMATIC
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MC1495L, MC1595L

MAXIMUM RATINGS (T4 = +25%C unless otherwise noted)

Rating Symbol Value Unit
Applied Voltage av 30 Vde
IV2=Vi, Via-Vy, Vi=Vg, V=V, V1=V,
Vi=Vg, V3=V, Vg—-Vy, Vg—Vy, Vg-Vv9)
Ditferential input Signat Vi2=Vg (6+113Ax) Vde
Va-vg | e+ Ry) Vde
Maximum Bias Current I3 10 mA
113 10
Power Dissipatron [Package Limitation) D
Ceramic Package 750 mV\é
Oerate apove T4 = +25°C 5.0 mwW/°C
Qoerating Temoarature Range Ta 9¢
MC1495 Oto +70 o¢
MC1595 =55 t0 +125
-]
Storage Temoeraturs Range Tstg -65 to +150 c

TEST CIRCUITS

FIGURE 4 — LINEARITY {USING NULL TECHN!IQUE)
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- MC1495L, MC1595L

TEST CIRCUITS (continued)

FIGURE 6 — INPUT AND OUTPUT CURRENT FIGURE 7 - INPUT RESISTANCE

“12y
Ry s 15% Ax s 15k 2V 10V irmst Av =15k Ry e 1§y .
r\N\z (vv\«$ 204
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Vo vC1535L - RIRLELIN ! s
3 MCIa3L ‘0—2 55k MCIINSL) O AN~
Y e e
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Wy 1% 130 P3¢ 1ama T
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FIGURE 8 ~ OUTPUT RESISTANCE

FIGURE 9 — BANDWIDTH (R = 11 &)
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MC1495L, MC1595L

TEST CIRCUITS (continued)

FIGURE 12 ~ POWER SUPPLY SENSITIVITY FIGURE 13 ~ OFFSET ADJUST CIRCUIT

v 15k v v
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k
3
Vol Vai P 31 uf
i—j — v
I 0. 13.7% T o )
~ A >, P A,
= L 4\/"1sv!:zvl 10k =
};’2_395“ 2% = T e, ANa sV HENETPRETS
uxv X —_
-1
o S ge s 31¥a1 = Vol v

FIGURE 14 — OFFSET ADJUST CIRCUIT (ALTERNATE)
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. MC1495L, MC15395L

TYPICAL CHARACTERISTICS

FIGURE 15 — LINEARITY versus TEMPERATURE

FIGURE 16 - SCALE FACTOR versus TEMPERATURE
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MC1495L, MC1595L

OPERATION AND APPLICATIONS INFORMATION

THEORY OF OPERATION

The MC1595 (MC1495) s a monouthic, four-quadrant multi.
olier which operates on the principie of variable transconductancs.
The detailed theory of uperatiun is covered in Apolication Note
AN-489, Anatysis and Basic Operation of the MC1595. The result
of this analysis 1s that the differennial outout current of the multi-
plier 1s given by

1 ] ‘I-ZVXVY
A8 ARy

w~here |5 and 1g are the currents into oins 14 and 2, respactively,
and Vy and Vy are the X and Y input vortages at the multiptier
inout terminals. :

DESIGN CONSIDERATIONS
General

The MC1595 (MC1495) permits the designer to tailor the
multiolier 10 a specific aoolication by proper sslection of ex-
ternal comoonents. External components may be seiected to
ootimize 3 given parameter {e.9. bandwidth) which may in turn
restrict another parameter te.g. maximum output voltage swing).
Sach imoortant parameter 15 discusseq in detail in the following
paragraohs.

Linearity, Output Error, Egy or ERy

Lingarity error 15 defined as the maximum deviation of out-
Qutvoltage froma straight line transfer function. 1t is expressed
3s errorn percent of full scale (see figure befow).

v

S10 W
Vy orVy

For ixampie, f the maximum dawsiation, \"E(maxl'- 11
2100 mV Ing :ihe full scale outout 1s 10 volts, then the
oRreentage Hrror s

Jei ) 10=3
. JEimax ‘100=YOO( Q

Volmaxi 10

e

x 100 = =1.0%.

R

Linearity 2rror may be measured by zither of the following
methods:

1 Wsingan X — ¥ olotter with the circuit snown in Figure 5,

ootan piots for X and Y simuar to the one snown sbove.

2. Use the circuit of Figure 4, This method nulls the leve!

shifteq outout of the muitiplier witn rne angqinal input,
The peax outout of tha null overarionat amplifier will be
2AUal L0 the error voltage, Ve may).

One source of linearity error can anse from large signal non-
finearity 1n the X and Y-nout ditterential amonfiers. To avoid
ntroducing error from this source, the smitter degeneration
resistors Ry and Ry must be chosen large enougn so that non-
linear base-emittes voitage variation can be gnored. Figures 17
3na 18 snow the error expected from this source as a function
of thevaluesof Ry and Ry with an operating current of 1.0 mA
tn eacn side of the differential amolitiers {i.e., f3=1y3=1.0maA).

3 dB Bandwidth and Phase Shift

Bandwidth is primarily determined by the load resistors and
the stray muitiolier output capacitance and/or the operational
amplifier used to level shift the outpurt, f wameang cperation
1s desired, low value load resistors and/or 3 wideband onerational
amplifier should be used. Stray Output capacitance 'l gepend
10 3 large axtent on circuwit tayout,

Phase shift in the multiplier circuit resuits from two sources:
ohase shift common to both X and Y channess Idue to the load
resIStor-outout capacitance pole mentionad above) and reiative
ohase snift batwsen X and Y channels (due to ditferencas in
transadmittance in the X and Y channeis), If the input to output
phase shift is only 0.6°, the outout product of WO sine waves
~ill exnibit a vector error of 1%. A 39 relative phase shift be-
tween Vi and Vy results 10 a vector error of 5%.

Maximum Input Voltage

VXtmax): VY {max) maximum input voltages must be such
that: k

VX(maxt <t13Ry
Vyimax) <I3Ry.

€ xceeding thisvalue will drive ane side of the input amolifier to
“zutoff* and cause non-linesr operation.

Currentsiyanalyarecnosen at a convenent value (ooserv-
1hg power dissioation linutanion! batween 0.5 mA and 2.0 mA,
aoproximatety 1.0mA. Then Ry and Ry can be determinea by
considering the input signal handiing requirements,

For Vttmax) * VVimaxi = 0 voits:
10V

Ry = Ry > ERLEIIN
¥ Y 1.0 mA
vy vy
The 2nuanon iy - Ig =t
¢ A B A Ryis
AVyxVy
5-312fwveq from ! lg =
S, ) 2 T AT
Ry s T— 'Ry - g
ulig 1k
XxT 2T
w1th tha assumption Ry 2 *—- and Ry > .. .
ah1g at3

AT = -25%Cand lj3=134 1 mA,

WT T
al13 atg

s29,

Tharetfore, with Ry = Ry = 10 k02 the above assumption is vahia.
eferance 1o Figure 19 will indicate imitations of V¥Xtmax) of
Y¥imax) due 10 Vy and V9. Exceeding tnese limits will cause
saturation or “‘cutott” of the inout transistors. See Step 4 of
Section I IGeneral Design Procedure) for further detaiss.

Maximum Output Volitage Swing

The maximum outout vollage swing is dependent upon'tne
factors mentioned below and upan the particular circuit beng
sonsiaered,

Sor Figure 20 the maximum output swing 1s depencent
uoon 7 for positive swing and upon the voitage at on 1 for
negative swing. The potential at pin | getermines the quies-
cent level for transistors Qs, Qg, Q7. ana Qg. This potential

MOTOROLA LINEAR/INTERFACE DEVICES



MC1495L, MC1535L

OPERATION AND APPLICATIONS INFORMATION (continued)

snould be reiated SO that negative swing at pins 2 or 14 does
not saturate those tranmistors. See Section 3 for further inform-
aton regarding setection of these potentials.

FIGURE 20 — BASIC MULTIPLIER

— o
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*>——0—-
vy ! 1 Vor K VY Vy
le— o0 - PR
T T Ay v 1y
7
19 ?.3 1l
& l an

if an operationsi amplifier is used for level shift, a3 shown
in Figure 21, the output swing fof the muitiolier) 15 grestly
reduced. See Section 3 for further detailT™

GENERAL DESIGN PROCEDURE

Selection of component values 1s best demonstratad by the
following example: assume resistive diviaers are used at the X and
Y inputs to limit the maximum multiphier 1nput to =5.0 volts {Vy =
Vi {max ) 107 2 210-v0lt nout IV’ = Vy'[max} . (See Figure 211.
1t an overall scate factor of 1/10 is desired. then

V' Vy' .(2Vx) 12Vy)

= 4/10 Vg Vy.
10 10

v \/° -
Therefore, K = 4/10 for the muluplier {exciuding the divider
network},

Step 1. Tha first sten is to select current |3 and current 43,
There are no restrictions on the selection of either of these currents
exceot the power dissipation of the cevice. 13 8nd 113 will normally
oe one or two milliamperes. Further, 13 does not have 10 be ecual
10 113, and there 15 normally no need 1o make tnem aifferent. For
this examole, let

I3= 143 1 mA,
To set cutrents 13 and 113 to the desired value, it is only

necessary to CONNECT a resistor batween pin 13 and ground, and be-
tween sin 3 and ground. From the scnematic snown in Figure 3.

FIGURE 21 = MULTIPLIER WITH OP-AMPL, LEVEL SHIFT
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MC1495L, MC1595L

OPERATION AND APPLICATIONS INFORMATION {continued)

it can be seen that the resistor values necessary are given by:

vyt
Ryz+500 0 = VT 0.7 VvV

13

vTl-07 v

R TEpadis Aa A
3ig00 12+ 2
Let V=15V

a
Then Ry +500 = 11 Ja2 orRy3=13.8kQ

Let Ryg=12k0
Simitarly, Rg =138k
Let R3= 154D

rHowever. fcr aoplications which reguire an accurate scale factor,
the adjustment of R3 and conseguently, 13, offers a convenient
method of making a final trim of the scale factor. For this reason,
as snown in Figure 21, resistor A3 15 shown as a fixed resistor in
series with a ootentiometer,

For aophications not requiring sn 2xact scate factor ibalanced
modaulator, frequency doubler, AGC smptifier, etc.). pins 3 ang 13
can be connected together and a single resistor irom pin 3 to ground
can be useg. In this case, the singfe resistor would have 3 velue of
one-haif tne above calcutated value for Rq3.

Steo 2. The next siep is 10 select Ry and Ry, To insure
that the nout transistors will always be active, the following condi-
1ons snould be met”

vy Vy
=< — <.
E™ <hg T <'3

A 5000 ruie o1 thumb 1s {0 make IRy 2 1.5 Vyimay) and
113 AX > 15 Vtimax).

The targer tne I3Ry ang 11aR y product in relation 10 Vy
and Vx resoectively, tne more accurate the muitioher will te isee
Figures 17 ang 18!

LetRy = Ry = 10 k!
Then 13Ry = 10 V
f13Rx =10 V

since Vximax) * VVimax) = 5.0volts thevalueof Ay = Ry = 10 kN
15 sufhicient.

Steo 3. Now that Ry, Ry and 13 have been chosen, Ry can
be determined”

2Ry a
e 3
RxRyla 10

or (21 1Ry} L4

{10k} (10K) {1 ma) 10

Thus Ry = 20 k2.

Step 4, To determine what power-supply voltage is necessary
for this apolication, attention must be given to the circust schematic
shown in Figure 3. Srom the circuit schemauc it can be seen that
in orger to maintsin transistors G4, Q7, Q3 and Qg in an active

region when the maximurn input vottages are applied (Vy " vy’ e
10Vor Vi =50V, Vy = 50 VI, their respective collector voltage
should be at teast a few tenths of a voit higher than the maximum
input voltage. [t should also be noticed that the coliector voitags
of transistors Q3 and Qg4 are at 3 potential which s two diode-drops
below the voltage at oin 1. Thus, the voltage at pin 1 should be sbout
two volts higher than the maximum input voltage. Tharefore, t0
handle +5.0 volts at the nputs, the voitage at pin 1 Must de at least
+7.0 volts, Let Vy» 9.0 Vde .

Since the current following into pin 1 is slways squal to
213, the voltage at pin 1 can be se1 Dy placing a resistor, Ry from
pin 1 to the positive supply:

vtov,
213

Ry=

Let vte-oi5V

Then Ry = ERACAA
2 (1 mAl
Ry =3k

Note that the voliage at the base of transistors Qg, Qg, Q7 and Qg
is one diode-drop betow the voltage at pin 1. Thus, in order tnat
these transistors stay active, the voltage st pins 2 and 14 shouid be
approximately hattway petween the voltage at pin 1 3nd the positives
suoply voltage. For this examote, the voltage at pins 2 and 14 should
ne aoproximatety 11 volis.

Step S. For dc appiications, such as the multiply, sivice and
square-root funcuons, it 1s usually dasirable to convert the differential
Qutput 10 8 single-ancea outout voiiage referencec to grounce The cir.
cuit shown in Figure 22 performs :n$ functron. It can be snown that
the output voltage of this ciscuit is geven by:

Vo ®ila - 14l By

2lylv 2 VxVy

And since ip ~ig =l -t1g = Ta Wﬁ
2R Vy'Vvy’
Then Vol-—-i—x—-—-
4RyRyils whers Vx'Vy s the voltage at the

mput 10 the voltage dividers,

FIGURE 22 = LEVEL SHIFT CIRCUIT
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MC1495L, MC1595L

OPERATION AND APPLICATIONS INFORMATION (continued)

The choice of an operational amolifier for this apphication
should have iow dias currents, low otfser current, and 3 hign
gemmon-mode mout voltage range as well as 3 high common-moge
reiection rauo  The MC1556, and MC1741 operational amplitsers
meet these requirements.

Reterring to Fiqure 21, the levet shift components will be de-
termined. When Vy = Vy = 0, the currents 12 and |14 will be equal
tod13. InSteo 3, Ry was found 10 be 20 kY and in Step 4, V2 and
V14 were found to be acoroximately 11 volts  From this informa-
tion, Ry can be found easily from the fotlowing equation inegtect:
'ng the operational amptifiers bias current) -

Vi ul
_2‘113=V Va
Ry °

And for this exampte, 11 v ‘imA = EV 11V
20 k02 ° Y

Solving for Ro. Rg = 2.6 k(2

Thus, select Rg = 3.0 kD

For Ry = 3.0 k12, the voltage at pins 2 and 14 45 caiculated to be
Vo = Vg = 10.4 vohs,

The linearity of this circuit {Frgure 21) 15 likely 10 be as good
o batter than the circuit of Flgure 5. Further improvements are

possible as snown in Figure 23 where R v has been increased sun.
saNtally 10 improve the Y hinearity, ang R X decreasers Somawhay
S0 35 NOT 10 Matenially affect the X hinearaty, this avows tncregsing
R signilicantly 1n order 1o masntam o < of 01

The versatility of tne MC1595 1228 1495) aitows tne user 10
o oduimuze 1is performance for varous nout ang outul signar
tevets,

OFFSET AND SCALE FACTOR ADJUSTMENT
Offset Voltages
Within the monohthic muttioiser +Figure 3) transistor base.

emutier junctions are typically matched aithin 1 mv and resistors
are typicatlly matched within 2%. £ven with this carefut match.
'Ng, 3N OULDUT error Can occur. This nuIDuL error 15 Compriseg
of X-input offset voltage, Y-wnout offset voliage. ang outout-
oftset voltage. These 2rrors can pe ACiutied to 2200 with the tacn.
niques shown in Figure 21. Offser terms can De own anga
fvtically by the transfer function:

(R}

Vo *KIVyx = Vigx2Vy otft {Vy & VIoyzVy oifi = Voo

WNhere K
Vx s

= scate facror

X input voitags:

VY ¥ nout vonage

VIOX = X inout offset voitage
VIOY = Y input oifset voltage

VX oft* X mput 0tfit ad,ust voitage
Vy off Y wiput ottser 1 ust vottage
Voo  : Output otfser voitage,

FIGURE 23 - MULTIPLIER WITH IMPROVED LINEARITY
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MC 4851 i i MC111CG)
i .
i
j
|
22 [ T:z
12
5e
outeyt
stats OFFSET
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MC1495L, MC1595L

OPERATION AND APPLICATIONS INFORMATION {continued)

AN

X. ¥ and Output Otfset Voitages

Outout
Oftset

Output
J Oftset

i

NS

X Ottsot —=~f —— Y Offset —=y

For most dc aoplications, all three offset adjust potentiome-
ters (P4, Pg, P4) will be necessary. One or more offset adjust
potentiometers can be eliminated for ac applications [See Figures
28, 29, 30, 311

1f well reguiated supply voltages are available, the offset ad-
justcircuit of Figure 13 s recommended. Otherwise, the circuit
ol Figure 14 will greatly reduce the sensitivity to power supply
changes.

Scale Factor

The scale factor, K, 1s set by P3{Figure 21). P3 varies | 3 which
mversely controls the scate factor K. i1 snouid be noted that
current 13 13 one-nalf the current through Rq. Ry sets ine bras
leve! for Qg, Qg, Q7, and Qg (See Figure 31. Therefore, (o ve
sure that these devices remain active under afl condstsons of inout
and output swing, care should be exercised in adjusting 3 over
wide voliage ranges Isee Secuon 2, General Design Procedurel.

Adjustment Procedures

Tne foliowing aajustment procedure snould be used to null
the offsets and set the scale factor for 1ne multipty mode of
operation. {See Figure 21)

1. X Input Offset

{a} Connectoscitiator (1 kH2, 5 Voo sinewsve) 10 the
“¥Y*inout {oin &)

b} Connect X" input fpin 31 to ground

te} Agjust X offset ootentiomerer, Py, for an ac null
3t the Qutdut
2 ¥ tnput Offsa:

131 Connect 9scillator 11 kM2, 5 Vo sinewave! to the
*X input (pin 9}

{v) Connect 'Y input Ipn &) to ground
. el Adjust Y offset potenuometer, Py.for an ac nult
at the outout
3. Outout Dffser

fa) Cannect both X and “Y" inputs to ground

1b} Agjust output offset potentiomerter, Pq, unul the
outout voltage Vg 1s zero volts dc
4. Scale Factor

{a} Appiv +10 Vdc 10 both the "X’ and Y™ inputs

b} Adjust P3 10 acnieve « 10.00 V at the output.
5. Repeat steos 1 througn 4 as necessary.

The abdity 1o accurately adjust the MC1595 (MC1495)
depends upon the charactaristics of potentiometers Py
through Pg. Multi-turn, mfinite resolution potentiomet-
ers with tow-temperature coefficients are recommended.

DC APPLICATIONS
Muitiply

The circwit shown in Figure 21 may be used 10 mulitiply
signals from dc to 100 kHz. Input levels 10 the actual multi-
piier are 5.0 V Imax). With resistive voitage dividers the max:-
mum could be very large — h er, for this 100 tWO-
to-one dividers have been used 30 that the maximum input
ievel is 10 V. The maximum output jevel has also been designed
for 10 V {max}.

Squaring Circuit

1f the two nputs are tied together, the resuitant function is
squaring: that is Vg = KV where X 15 the scale factor. Note
that all error tarms €an be eliMINATeG with oniv three adjusiment
potentiometers, thus ehiminating one of the input offset adjust.
ments. Procedures for nulling with adjustments are given as
follows:

1, AC Procedure:

{a) Connect oscillator {1 kxHz, 15 Vop) 10 input

{b} Monitor outout 3t 2 %™z with tuned voltmeter
and adjust P3 for desired gain ibe sure 10 pesk response
of the votimerer)

{c) Tune voltmeter to 1 kM2 and adjust Pq for a mun-
1mum output voliage

{d) Ground input and acjust Pg loutput offset) for
2200 vOlls dC Oulput

(e) Repeal steps 3 through O as necessary.
2. DC Procedure:

1a) Set Vx = Yy =0 V and adjust P4 {outout oftset
votenuometer) such that Vg = 0.0 Voe

b} Set Vx = Vy = 1.0 ¥ and adjust Py Y input
oltset potenuometer) such tnat the oulput voltage s
+0.100 volts

ic} Ser Vy = Vy = 10 Vdc an3 adjust P3 such that tne
output voltage 1s + 10.00 volts

fd) Set Vx = Vy = -10 Voc. Repeat steps a througn
d as necessarv

FIGURE 24 -~ BASIC DIVIDE CIRCUIT

g vy
x
1
wi Smy ! i
L vx
7
-—
V2 O— A4 -
'
——o VY

Divide Circuit
Consiaer the crrcuit snown n Sigure 24 10 wnich ths mult-
olier s ptacea in the feedback patn of an coerationat amplifier,
For thes configuranion, tne ooeratronal ampnfige will maintain
3 virtual ground” at the mverting (- nDut. Assuming that the
bias current of the operational amo!ifier is neghigible, than 1y =
19 ang
KVgVy -VZ
—_—

R A2 m

- vz 121

Solving for Vy, Vy s gox V_x

It R1 = R2

KVx 13
M R1=KR?

vy r 141
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MC1495L, MC1535L

QOPERATION AND APPLICATIONS INFORMATION {continued)

Hence, the output voltage s the ratio of V2 10 Vx ana provictes
sdwide funannn. Thisanalysisis, of course, the iceal condition.
1 the muyttipiter error 15 taken into account, the output voltage
15 found to be

R1 vy €
Vy = el | — "= . i5)
R2ZK|Vx KVy

where £ 15 the error voltage at tha ouiput of the mutuoher,
From this equation, it is seen N3t divide acCuracy s strongty
dependent upon ihe accuracy at wnich the muitiphier can be
set, particutarly a3t smait values of Vy, For axamoie, assume
that RY = R2. and K = 1/10. For these conditions the output
of the divide circuit 1s given by.

S10Vz  10°E

Vy =
M Vx Vx

Feom 2quatton 3, it is seen that oniy when Vyx = 10 V s the
2ror voitage 9f the divide ircuit as low as the error of tne
mutuply circuit.  For examnole, when Vi is smail, 0.1 voit)
s ereor soltage of tne dwice fircuil €3n De expectes 0 o2 a
hundreg times tne orror of the pasic multioher circust.

in terms of percentage error,

2rror
percentage error =
actual

x 100%

or from eouation (5},

From equstion 7, :ne percentage #rror 15 snversely reiated to
voltage V2 li.e., for ncreasing vaiues of ¥z, the percentage
error decreases).

A crcuit tnat cerforms the divide funcuion is shown in
Figure 25,

emohasized concerning Figure 25.

1. The input voitage 'V'x! Must be greater than zero ang
must be pos:trve.  This nsures that the cufrent out of
vin 2 ot the Mmultiohier witl aiways be 1n 3 direction com.

Two things shouid

patible with :~e gotarity of Vz.

Pins 2 and 14 of the multivaer have been intercnanged
I respect 1o ine operationat amolifiers iInput terminyis,
In this instance Figure 25 ciffers from the circuit connec:
ton shown i Figure 21; necessitated to insure negative
feedback around the loon.

A Suggested Adjust—aent Procedure for the Divide Circunt

°

Set Vz = 0 .oits ano 20just *ne output offset ootentio-
meter iP 4} urta tne output voitage (V) remains at some
thot necessarey zero) consiant vawe as V' s vaned
between «1 0 voit an¢ «10 voits.

9

Keeo Vz ar J volts, set Vyx at =10 votts ana adjust the
Y input ofiser ootentametsr 1Py) unul Vo = 0 voits

3. L2t Vy© = Yz 3ng sopust tre X inout offser oviento-
meter IP) uatit the output voltage remains at some inot
necessarily - 10 volts constant value 3s Vz = Yy s
varied betvieen -1.0 ana ~19 voits

4 Keeo Vy'» /7 snd sapust ine scate factor ootentiometer
tP3) unul tn2 average vawe of Vg 1s - 10 votis as vz =
V' s variec oetween - 1.0 vott and ~10 vorts.

Reoear stecs 1 °nrough 3 as necessary 10 achieve oot
mum serformance.

W

PaE? = > bal Square Root
CRIICTIERV > R T-T) v R q
iy 3 i X 502CIBN A8 GF mp Teme C £EL 0 N AMICT SN2 IR0 Mauld T
R2Kf vy the TUIDIEr arE CONNECTIEn IOGEIN 2 1S the SUUBM2 FOOT ¢ Mmchion
SIGURE 25 — DIVIDE CIRCUIT
KT =
? .
! |
i i
’ ® -5
' t
. tostag l
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H] j’ 9 1 l [ S
3 - 3 i 1 - -
o - o o 3
0 we1s95L winag
1 MC1635LY we12ICE
K 2N 3] H
“ . -
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= oV
= ' 154 RN
120 TQQFFIET
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MC1495L, MC1595L

OPERATION AND APPLICATIONS INFORMATION (continued)

FIGURE 26 — BASIC SQUARE ROOT CIRCUIT

as «ndicated n Figure 26. This circurt may suffer from
latch-uo oroniems sinniar 10 those of the dwide circuit.  Note
Jhat oniy one nolarity of inout s allowed and diocs clamoing
.s2e Figure 27) protects aga:nst accidental \aten-up,

This crrcuit atso may oe adjusied n the ciosed-loop mode as
tollows:

1 Set Vz ro -001 voits and adjust P4 loutput otéset) for
Vg = -0.316 volts, oeing careful 1o approach ine outout
from tne oositive sicde to orectuce tne etfect of the out-
put Cioge clamoing.

2. Set ¥z to - 0.9 voits and adjust Py (X adjust) for V, &

=3 0 vous.

Set V7 to - 10 volts ang agjust P3 scaie factor sdjust

tor Vg = =10 vorts.

4 Sreos ! tnrougn 3 may oe reneated as necessary (o acnieve
cesired aszuracy

“

AC APPLICATIONS

The aootications that follow demonstrate the versatility of the
monolitniz nultiotier. 1f a Sotted muluolier s used for these
cases, the results generally ‘would nct D¢ as §ood bacause the notteo
wnits have Circuits that, aIthaugn they ocotimize ge Muftiphcation
operation, ¢can ninder ac sophications.

Freguency oouoling often is done with a diods where the
fundsmentat ptus a series of harmonics are generated. However,
extensive flitering is recuirec 1o obtain tne desired harmonec,
and the second harmanic ootained under this techmique usuatly
§ 33t tn magnitude ana reauires amphification,

‘When 3 multiphier 15 used to double frequency the second
narmonic s obiained directly, except for 8 dc term, wnich can
be removed with ac coupling.

e 2 KE2cos? et

KE2

€ s 1 - cos 20t
2

A potted muitiphier can be used 10 obtan (he doubie fre-
guency comoonent, but frequency woud be himited by s
internal levet:snift amotifier  In tne monoiithic units, the smols-
fier 13 omutied

'n a typical doublier circust, conventional = 15-voit supohias
are used. An nout dynamic range of 5.0 volts neak-to-oeak 15
atowed. The circuit generates wave-forms tnat ars double ire-
Suency; iess than 1% distortion s encountered wirthout frtening.
The configuration nas been successtully used in excess ¥ 200
%Hz: reducing the scale factor by decreasing tng toad redistors
¢an turther expand tne bandwiath,

A slightly mogified version of the MC1585 .MC1435) -
e MC 1596 IMC 1486} - has nezn successfully ased s a soutter
t0 cntain 400 \k2. Ses Fogur=: 22 )

gure 29 represents an appicaiion for ine MoRoNIAIC
mult.nber as 3 batanced modutator —er2, ine .o 1npul sgnal
1815 w2 ang tr2 carner 1s 40 « M2,

FIGURE 27 -~ SQUARE ROOT CIRCUIT
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MC1495L, MC1595L

OPERATION AND APPLICATIONS INFORMATION {continued)

FIGURE 28 - FREQUENCY DOUBLER
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FIGURE 29 -~ BALANCED MODULATOR

A0St 3
2

The defining equation for balanced modulation 15

* KIEp cos wmt {E cos wetl *

KEcEm

{€0s twe * wmlt + €os (we = wmlt)

where we 15 the carrier freauency, wm ' the modulator fre-
quency and K s the muiuonier gan constant.

AC coupting at the outout eliminates the need for level trans-
latron or an operational amotifier; 8 higher operating frequency
results.

A problsm common o COMMUNICations is 10 extract the
wntelhigence from single-sigeband recerved signal. The ssb signat
is of tne form

2esh = A COS fwp * wmit
and i muluolied by the appropriate carrier waveform, cos wet,

AK
2ssbecarnier = fes [cos {2we = wmit = cos lwelt],

!t the frequency of the band-himited Carrier signal, w, 1$ ascer-
taned in advance the designer can insert a low-pass filter and
obtan the {AK/2) {cos wet! torm with ease. He aiso can use an
ooverational amphifier for 3 combination level shift-active fitter,
as an external component, Bul i potted mulupliers, even if
the frequency range can be coversd, the operatianal amplifier
15 inside and NOt accessibie, 30 the user must accept the level
shifting provided, and sult 3ad a low-pass filter.

Amplitude Moduiation

The muitiotier performs amphitude modulation, similar (o
balanced modutation, wnen 3 ac term 15 added 10 the moaulauing
signal ~itn tne v oftset acjust ootenuometer -See Figure 301

rore, tne wdentity s

Emll » M cos wmW E¢ 08 wetl = KEmEcos wet +

KEmEm
—’—"- 1608t g  wmil * €03 la e - wimit]

where m «ndicates the gegree of modutanan. Since m s adjust-
aoie, via potentiometer Py, 100% modulstion is possible  Witn-
Qut 2xiensive tweaking, 6% moduiation may oe obtained wnere
g and wm are the same as in the balanced-modu1dtor examme.

Linear Gain Control

To obtain linear gain control, the dasigner can feed 10 0One
of the two MC1595 IMC1495) inputs a signal that will vary tne
unit’s gain, The following exampte demonstrates the feasibility
of this apohcation  Suopese a 200 kHz sine wave, 1.0 voit
oeak-to-peak, s the signal 10 which a gain control will be added.
The dvnamic cange of the contro! voltage Ve is 0 to +1.G voit,
These must be ascertained and the proper values of Ry ano Ry
can be selected for optidum performance. For the 200-kM2
operating frequency, 10ad resistors of 100 ohms were chosen to
broaden the operating bandwidth of the muttiplier, but gain was
sacrificea. 1t may be made up with an amolifier operating at the
aopropriate frequency. (See Figure 31.}

MOTOROLA LINEAR/INTERFACE DEVICES



MC1495L, MC1595L

OPERATION ANU ArPLICATIONS INFORMATION (continued)

FIGURE 30 — AMPLITUDE MODULATION ’ The signal is aoplied to the unit's Y input. Since the total
(A) ' input range is limited to 1.0 voit p-p, a 2.0-voit swing, a current
™ ax source of 2.0 mA and an Ry value of 1.0 kilohm is chosen.
2x k¥ 3y veer-Isv This takes best advantage of the dynamic range and insures
N " e linear dperation in the Y channal.
+ s § 10 f . .-+ Since the X input varies between O and +1.0 volt, the currant
N 1 30% .source selected was 1.0 mA and the Ry value chasen was 2.0
RALL I e : ot kilohms. This also insures linear operation over the X input
3 . ] . dynarmic range.
e tarunl @ o T wciseat é Rovnill B "7 Choosing Ry = 100 assures wide-bandwidth operation. Honcn.
v 8 (MCiIsL the scale factor for this configuration is
suopuLaTION o ¥ & [ ou
AQUST b 1'5'.
x
OFFSET AQJUST Lo P~y | R~
o K= RxAyls
e
Loy <§ Ve T
> *sELECT - 100 ,
B 3 v-
" (211 K12 x 10%3) .
' o v-1 !
] *40 . -

The 2.n the Aumaerator of the equatian i1s aussiag in this scale-
factor expression because the output is single-ended and ac
coupled.

MOTOROLA LINEAR/INTERFACE DEVICES



ORDERING INFORMATION
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MC1596

Specifications and Applications

Information

BALANCED MODULATOR!I DEMODULATOR

... designed for use wnere tne oulput voltage i1s a product o!f an

input voltage [signal) and a switchung funcuon (carrier),

Tymcal

applications include suppressed carrier and amphtude modulatian,
synchronous detection, FM detection, pnase detecticn, and chopper

applicavons,
design information,

See Motoroia Application Note AN-S31 lor additionat

o Excettent Carner Suppression — 65 d8 typ @ 0.5 MH¢

~ 50 dB typ @ 10 MH:

® Adjustable Gain and Signal Handling
* Satanced lnputs and Outputs
.. ¢ High Common Mcce Rejection — 85 dB tvp

BALANCED
MODULATOR/DEMODULATOR

SILICON MONOLITHIC
-INTEGRATED CIRCUIT

FIGURE t -
SUPPRESSED-CARRIER
OUTPUT WAVEFORM

FIGURE 2 -
SUPPRESSEO-CARRIER
SPECTAUM

FIGURE 3 -
AMPLITUDOE MODULATION
QUTPUT WAVEFORM

. G SUFFIX
\% METAL PACKAGE

/?// 4 CASE §03-04

a5, Vee

w, * Signal ~ Qutput

Input - Carrier
. input
n Adjust
Gai s + Carrler
Gain Adjust '\ Input
- Signal input + Qutput

Bias {Top View)

L SUFFIX
CERAMIC PACKAGE
CASE 632-08
O SUFFIX

PLASTIC PACKAGE ,‘@

CASE 751A-02 t
SO-14

P SUFFIX
PLASTIC PACKAGE
CASE 646-06

+ Signal

lnput
Gain Adjust
Gain Adjust

- Cacrier input
INC
g+ Carner

Input {Top View)

FIGURE ¢ - AMPLITUDE-MODULATION SPECTRUM




MC14396, MC1536

MAXIMUM RATINGS® 1T4 + + 25 C uniess atherwise noted)

Rating - - Symbol Vslue Unit
Agohed Yoltage v 3o Vde
(Vg V7. Vg - V) Vg - Vy Vg Vg Vj - Vg Vy -V
Vg - V4. Vg Vg V3 - Ve V3 - Ve) -
O-Harentiat input Signal V- Vg v54 Vde
Ve -V =15 ~lgR,1
Maximym Sias Current lg 10 mA
Thermai Resisiance, Junction 1o A Reja ow
Ceramic Dual In-Line Pacrage 100
Plasne Dual In.Lina Package 100
Meta! Pacrage 1650
Operanng Tamparature Range Ta c
MC149%6 Or 1+ 710
MCI1506 S5t 128
Storaya Tampaeat Ranyn 1q. 65 tn » 150 hE
ELECTRICAL CHARACTERISTICS® (Vo + 12 Vde, vge 8.0 Vac. g 1.0 mAde, R+ 1.9 u(), Re 1O,
Ta v +15°C uniass othenwise nated) LAl input and outout charactersucs sre singie-ended unless orharwise noted.)
MC159%6 MC1494
Characteristic Fig. Note | Symbol | Min [-Typ | Max | Min | Typ | Masx Unit
Carrier Feedthrough H ] Verr #Virme}
V¢ # 50 mVirms) sine wave and ic = 1.0\H -— 4] — a 40 -
oHsel adjusted 13 1200 Ic = 10 MH; -— 140 — - 140 .
V¢ = J00 mVo-o square wave: m¥irms
oftset adjusted o tero fc = 10w —_ 004 | a2 — 0.04 | Q4
ofiset not adjusted fe = 1.0 %H2 — 20 100 -— 0 00
Carrier Sucoression ) 2 ves -t ]
Ig = 10 tHz. 300 mVirms)
I = S00 %Mz, 50 mVismsi sine wave 0 85 - 49 (] —
e = 10 MMz, 60 mVirms) sing wave = 50 - - L] - ]
Transadmittance 3angwidin iMagnitudal (R = 50 ohms} 3 8 8W1iug MM
Carnier Ingut Pont. Vo = 50 mvirms) sing wave 2y 300 - - 300 -
‘s = 10 kHz 300 mVirms) uine wavs
Signal tnout Port, Vg » 300 mVirms) sine wave = 80 - - L -
Vel « 0.5 vde
Signal Gain 10 3 Avg 25 s - 5 s - Y
Vg = 100 mViems), I = 10 'Hz: IV = 0.8 Vde
Single-Ended Input tmoedance, Signal Port, ! = 5.0 MHz 6 -
Paraitel Input Ansistanca fio -— 200 - - 200 - L]
Paraitel lInpgut Capacitance Sig -— 2.0 - - L0 - L oF
Single-Ended Output impedanca, | « 10 MHz 8 -
Parailet Output Resistanca too - 40 - - 0 - m
Paraitat Quiput Cacaciance o0 —_ 5.0 — - 5.0 -— oF
tnput Bias Current ? - A
hWo-ta b9 ys - 12 ] s | — | 2} x
Ll Al
A . we | =] —]urz]|»
Input OHset Current 7 - A
ligs = J1=ldi hog = I7~1g Masl - Q7 8.0 —_ 0.7 1.0
bgci —loer|so| —|arytze
Averags Temoerature Coelficient of Input Otfset Current 7 —_ {TChiol - 0 —_ - 0 - MG
{Ta » -35°Cto +12%°C)
QOutout Offser Current 7 - oo -— 14 50 - 14 L] A
g-1g} '
Average Temoerature Coetficient of Outout Otfsat Current 7 - TCio0l — 90 - - 50 - aASC
1To = =5%5Cto »12%C)
Common-Mode inout Swing, Signal Port, fg = 1.0 kHr 9 4 CcMmy -— 5.0 — -— 8.0 — Vo-p
Common-Mode Gain. Signal Port, Is = 1.0 kHz, 9 - ACM -_ -85 - -— -35 -— da
Vel = 0.5 vde )
Common-Mode Quiescent Output Voltage (Pin 6 or Pin 9) 10 - Vout - 8.0 —_ -— 3.0 - Yoo
DiHterennal Output Voltaga Swing Capabiliry 10 - Vout - 8.9 -— —_ 80 - Yo-p
Pawer Supply Current ? [} mAde
ig « 19 lee Ed 0 2.0 -_ 2.0 40
ho g - 0 4.0 -— 3.0 5.0
l OC Powar Dissipation 7 H Po — 33 -— - xn - mw

¢ Pin aumber relerences pertain to Ihis davice whaen packaged in & metal ean. To the co ding pin D tor plastic or
ceramic packaged davices refer 10 the first page of this specilication sheet
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GENERAL OPERATING INFORMATION *

N
Note 1 = Carrier Feedthrough

Cartrer leedthrough s detined as the ocutput vollage at carrier
{requency with only the carrier apohied (signal voituge = 0),

Carriee auit 13 achieved By balancing the cursrents m the diter.
;tat amphlier by means of a Diss tim potentiometer (R of
Figqure 51

Note 2 = Carrier Suppression

Carrier suopression is defined as the rano of each tideband out-
put to carrier output for the carcier and signal voltage tevels spect:
hed.

Carrier suopression 15 very deoendent on carner inpul level, as
sawn in Figure 22. A low value of the carrier goas not fuily
wilch tRe uoOer twitching devices, and results in 1ower signal
9din, hence lower Carner suporession. A Migher than Qptimuen car-
tred level results in unnecessary device and curcuit carrier leed-
tWougn, wiich agan Jegenerates the suppresson ligure. T he
MC1596 nas deen charactecized with 3 60 mVirmsl sinewave
cxrier 10Ut signal. This level provides 00liMum Car figr suDDres:
fon At carner frequencies in the vicinity of SO0 kMz, ang s
generally recommended lor balanced modulator apohications,

Carrier teedtnrough 1s 1naepuendent of signal level, Vg, Thus
CHMRr WOCreINON Can De MIximized Dy Sperating wiin large tig-
A3l levels, HOwever, 3 hinear Operating Mooe must be Maintained
" the sIgRalNoLL TraN4$20¢ Davw — or harmonics of the moguiating
sgnal vr:il D2 jenerated 3nd J00ear 1n the Cevice Oulpul 35 S0UNOUS
#deDdnas Of the suooressed carrier. This requirement places an
uoper Mt 0 1npui-signal ampiitude {see Note 3 and Figure 201,
Note 430 (nat an OpLMUM Ccarrier level 15 recommended in Fig-
ure 22 lor OOd CAIrIEr UPPIeSSION 3nd MINIMUM SOUFICUS e~
band generation.

At higner irequencies circuit layout 1s very important n order
1o mimimize carrnier feeathrough. Shielding may be necessary n
orger 10 prevent CICACHIVE COuphing belween (he carrer noul
leads and the Outpul leaas.,

Nots 3 — Signal Gain and Maximum Input Level

Signat gain (Bingle-enced) at low lrequencies is delined as the
voltage gain,

Y Ry W®mv
Ayg " Vs --—-—TR. T 3ty where rg is ImA

A constant oc potential 1s aoohed to the carner input terminats (0
fullty switch swo of the upper transisiors “on™ 3nd two iransisiors
"ot Ve = 0.5 Vdel. This in effect forms 3 cascode dhlferential
amplilier,

Linesr operation requires that the signal input be below a criti-
cal value determined by Rg and the D1as current ig

Vg < 15 Rg(Voiis pewk)

Nots thet 1n the tast circunt ol Figure 10, Vg cotresponts to o
maaninuin value 08 1 vail passh,

Nute 4 = Cummon-Mode Swing

The cuttenuiinale swing o the vulisys wlnuh‘ oy big spndigd
o botn bases of the signal dillerantul amnplifier, without satus ating
the Cucrent S0urCYs Of Without saturating the drlferential anphitier
iselt by swinging it into the upoer switching devices. This swing
15 vrisble csepending on the particular circuit ma Diasing conai-
1ons chosen tsee Note 6},

Note 5 — Power Dissipayon

Power disupation, Pp. within 1he integrated circuit package
should de catculated as tne summaton of the vol @oa-Current proa-
UCIS at each port, ve. assuming Vg = Vg, 15 *1g = 1g and gnoning

base current, Pp + 215 Vg - Vg ¢ Ig iVg ~ Vgl where sub-
scripts refer 10 010 numbers,
Note § ~ Qesign Equations

The lollowing 15 3 partial fist of desgn ejuations needed (0
aoerate the Circusit with other sucdly vollages and inpul condi-
tons, See Note 3 tor R, equation,

A, Operating Current .
The wnternai bias currenis are set by the Conditions at pin S,
Assume;

ls = 1g =19
Ig<< g for atl trangistors
then:

V= )
's

Ag e -5008t  where: Rsg s the cesistor between pin

S and ground
P-07SVarTy »+25°C

The MC1596 has been characrertzed for the condition Ig = 1.0
MA Ind s the generally recommended value,

8. Common-Mode Quiescant Output Voitage
Vg = Vg »V* — g R

Note 7 = Biasing

Tne MC1596 requires three de bias voltage tevels which must be
setl externaily. Guedelines lor setting up these three leveis include -
mantaning at leat 2 vouts collector-bise bras on all transistors
whie not excesding (he valtages given in the alsoluls maximum
rating taote;

30 vde 2 [ivg. Vgl = (V7,Vgll = 2 Vde
30 vac 2 [(Vy, Vgl - (Vy, Vgl 2 2.7 vde
30 Vde 2 [(Vy, Vgl ~ Vgl 2 2.7 Vde

The foregong conditions are based on the tollowing a0Or sima-
nons:

Vg = Vg, Vy=vg, Vy=Vy

Bias currents flowmng into pins 1, 4, 7, and B are trannistor base
cufrents and can normally be neglected il extarnal Dias dividers
we designed 10 carry 1.0 MA or more.

Note 8 = Tranuamittance Bandwidth

Carrmt tesnsadimiflance banuverdth 11 the 348 Landwidth of
the tevice forward ransadinaiance 3 dehined by:

{xwuty secials send)
21c - vs Tignall

Signal transsdmitance Germivendth 1s the 3408 barsbwudth of the
device lorwarg transadmittance a3 delined by:

(signal)
08 * v Tugnan

Vy-0

Ve s 0.5 vae, Vg + 0

*Pin number references pertain (o this device when packaged in 3
metal can, To ascertain the corresponding pin numbrers for plas.
Wc or cecami packaged devices refer to the first page of this
1pecitication sheer
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Note 9 — Coupling and Bypass Capacitors Cy and C2

Cavacstors Cp and C3 [Figure 5} should be selected lor 8 re-
actance of less than 5.0 ohms at the carrar frequency.

Nota 10 - Qutput Signal, Vg

The outnutl signal 13 taken from oins § and 9. either balanced
or singla-ended. Figure 12 shows the output levels of each of the
wo OQuloul sidehands resuiling {rom variations 10 both ine car-
fner and modulating ugnat inputs with a single-endad outout
connecuion,

Note 11 — Nagative Supply, Veg

Vgg woud be uc anty. The insertion of an RF choke 'n series
wiln Vgg can eahance the stabiity of the internal current sources.

Note 12 = Signal Pore Stability

Under certain values of driving source impedanca, oscillation
may occur, In this event, an RC suppremion netwark should be
cannactad directly (o each input using thort lesds. This will reduce
the O of the sourca-tuned Circuits that cause the oscillation,

SIGNAL INPUT
(PINS 1 & &)

510
I 10 oF

An alternate method for low-Irequency soplications is o insart
a 3 k-ohm resistor in serias with the inouts, pins | and 4, 1nthn

case «nout current driflt may cause serious cegradation of carrier
suoIreIIon, h

TEST CIRCUITS

FIGURE 5 - CARRIER REJECTION AND SUPPRESSION

ver
12 e
(RY (R Y
o - )
j ._v.,_.l c.l e l
i 1h 18 L1t
1§ 13 5948y 1413

-
-1

CARRIER Q1 ,f

3 !
;—_—"T‘ 1o/t
INPUT e oY uC1495G Yo
v Y1 MCisssc 3
MOOULATING 4 3 5
SIGNAL i ¢ -
NPUT 10t sy st s
Tj 1
w0 | nl/

et T 'I mls

av Lt
CARAIER NULL

NQTE. Shietding of

Input and Sutdut lsads may

D4 naeoRd 10 O/C0@rly

cerform thete testy,

-3 Vée
Ve

FIGURE 7 ~ BIAS AND OFFSET CURRENTS
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IGURE 11 - SIDEBAND QUTPUT versus CARVHIEH LEVELS

496, MC1596

TEST CIRCUITS {continued)

FIGURE 9 - COMMON-MOOE GAIN FIGURE 10 - SIGNAL GAIN AND OUTPUT SWING
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TYPICAL CHARACTERISTICS [continued}
TwBICal TRrBEIRnSIICS were OLIMARD wilh CirkuIt Thown 10 Foguiy 5 1c » 500 wHs {sine wavel,
Ve - 80 mvirms), Ig e 1 NFg Vg ¢ 300 mVirml, T+ 25°C uniess otnerwise natea.
FIGURE 12 - SIGNAL-PORT PARALLEL EUUIVALENT
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TYPICAL CHARACTERISTICS {continued}
Tyoical characterisiics were obtained with cireult thown 1n Frgure 8, te « 500 XMz (sine weve),
Ve ¢ 80 mVirms), s * 1 eHe, Vg * 00 mvirmsl, Ty 25%9C uniess otherwise noted,

FIGURE 15 - SIDESAMD AND SIGNAL PORT FIGURE 16 — CARRIER SUPPRESSION
TRANSAOMITTANCES versus FREQUENCY versus TEMPERATURE
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TYPICAL CHARACTERISTICS (continued)

FIGURE 21 - SUPPRESSION OF CARRIER HARMONIC
SIDEBANDS versus CARRIER FREQUENCY
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OPERATIONS INFORMATION

The MC1596/MC1496, a mononthic balanced modulator cues
euit, 13 shown in Figure 23,

This aircurt consists of an upper quad ditlerential amoiitier
driven by 3 mandard differential amplifier with dual current
sources. The outpul collectors are cr. pled 5o that full
balanced mutitolication of the two wWput voltages occurs, That s,
the Cutput signal 1 a constant imes the product of the two input
signals,

Mathematical analyus of linesr ac sgnal muitiptication ingi-
cates 1hat the output spectrum will consist of Only the sum and
dilference of the two input frequencies. Thus, the device may be
used a¢ 3 bawnced moavlator, doubly balanced mixer, product
detactor, lrequency doubler, and ot )
these particular oulput signal characteristics.

The lowsr dillerantial amplilier has its emitters connected 10
the package pins 30 Nat an eaternal ermutier resistance may bDe
used. Also, external 10ad renstors are employed at the Gewice
output.

Signel Levels

The vouver quad cilferennial amohilier may be cuerated vither
10 8 hinesr of & sstureied mode. The lower diflerentiul snaihiser
1S upistaiod 1n 8 Livear Nukin o1 unl agnicutions

For kv level e 100 et LOth mpul posts, the vuiput el
will conlem sum encd ditlerwncs Hrwtiency COMponents simd have
80 smibitude which 1s a function ol the uroduct of the input signal
armplitudes.

For high-level operation a1 the carrier input port and hnear
operation at the moduiating sgnal port, the outpul $1GNat wall
contain sum and difference frequency companents of the mody-
lating signat lrequency and the fundamenal and cad harmorics of
the carfier trequency. The outpul amplitude will be a constant
imes ihe modulating signal amplitude, Any smobiude varations
w0 e cartier Bignal will N0 a00e M 1N the Cutpul.

applications requiring
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