& <%
LATIaBINL AN

AC LINE MODEM

Tna

- ' <
a7 TUNE  LWIAH
'S .
WIBANANA  MANDI

. ‘
w1821’ qqaqawqﬁ

u?mq1ﬁwu§atﬁuﬁquuﬁqnaqn113nvwawuu5nga1u?mmﬁgndﬂnn11uﬁ1ﬁa§ﬁmﬁn
7121301 A TUTAE TNTANRIAY
AnEIHINTTHAIAR T
ﬁn1ﬁutna1u1a§ufsaauLngﬂt51gmnuﬂ1awanszﬁq

tna1dnen 2537



w { ¢ <
#atauTagiiwug LattauTa AN
AC LINE MODEM
g.. - ¢ 2
alnAnE" UIEYTUIE  LWSNA
I's
wradufng  nanmin
. [
ISEENYK §1ﬁqawqﬁ
laf ¢ '
21317andIn¥1 2131 7AANAIAT  ARANNIT
- -
halE) ! Lnﬂunqnawun11u
dna18nun 2537
a ( - v -
ANE IR INTTUANART ﬁnﬂuutnaTuTaEuwzaautnﬁwL?ﬁanmﬁiaﬁanszuq

o o ¢ o X : o (o
agu§1ﬁ1uu?mm1ﬁwuuauuutﬁuéaumﬁﬁuaenﬂ1ﬁnuwn1unan§a1qaﬂ1un11uﬁﬁaa1umﬁﬂ

a - 1
AMEATTUAVTRAUU TQYIUWULE

AAGAGARGALN, 2. VTN . . eesees. HTETUNTTHANT
( )
e RO\ Ceessesasccsasaaces NTTUNNT
( )
..... o e et A . NTTURT
( )
i P T e e e s teteeeeaneeaae NTHHNIT
( )
Ceteecescascccacsons ceeeees. NTIUATT

( )

- 4' - s - o o v o
aﬂanﬂﬂﬂ‘lﬁms?dqﬂ'ifuﬁ'\a’ﬂ'f A0V NATUTAAWTEIAULNRL ﬂ'lﬁmﬂ“"l'fa'\ﬂﬂ'fzﬂ‘l



s =
LaTdlanITHLaN

a9 ‘ ar
Tad uﬂﬂ?ﬁ?ﬂié LWIAA IWR 36012065
{
wWIEFNANA  MANTI) TMd 26012077

TSEERITRE quqawqé TWd 36012086

fdd { '
E}']"?'\Tﬂnﬂfﬂﬂ'q 21TEA[AINT  NRANNT

U781 2537

- 4 s —— o — = = =8 0 A = $=p T8 U St S At e My e e e S B e e A S G e = T A A G S D - - . S D - e S o e .

une e gan
a a ¢ v 8 v a Pt v . 4 v
U IuwuFauUY 1AL TaULT84IBINANTITNARBNATAY N1TNINUIaNLATaFIDE
M a { o o a )
ganﬁqaﬁaﬂwﬂq iqnﬂawuﬁuan&m8517w§twan (Half Duplex) TastldinAuvAnN1ITEILUY
” % «¢X i ) ~ X .
WilaugnwAba (Frequency Shift Keying,FSK)UAsUuuiWREWA#aY (Phase Shift
. 4 : Ao .
Keying,PSK) twatUisuinauniTaedgninludistuida ?qn11dqna§a135151wﬁﬂ?qaﬁ
G w [l w o wa v EY) f - -
Lﬂuaacaanuuuﬁvufuaqﬁmmﬂmnuqmﬁuunﬁaenunwﬂq TMmunsan tfu dauidasfiunTenn
i J d ! (g
uav N 50HZ angagludn FaluuAazLATa43I=UTENALA S qaaquazqa1unaq FSK
<4 N ¢ o o~
Uay PSK Taanqﬁﬁan1n11uagtan (Modulate) &T14A294N Wi WA INANRNENT
J L d - * -r
LUaauuannaanga wadluRmEn g lua d1uqa7uazn1n117uﬁmm1mdﬂa1wﬁ1xaaanu
o v -t 4 w @ v v . o o - ﬁ
Tnanﬂsaaquﬁ1wunn74nunnﬁuu311ua1u1nﬂnw1auagLan {Demodulate) iUasunaul Uy

R J ‘
agatautnﬁaunwﬂdq B78R2NALALTaTEaY FSK (Uu 80KHz - 85KHz uat PSK A27W

Dy me

’ [ v - - " -
uaLFETmay PSK 1w 76.8KHz wasTNLANANA2ERTY 600 Unesiuan



&
AC LINE MODEM

BY MR.WATCHARAPONG PENGPAK  NO.3860120865
MR.SOMSAK HOMKHAW NO.38012077

MR.AMNAT YUWASAKULPONG NO.36012086

ADVISER MR.KITDAKORN KLOMKARN
YEAR 1994
ABSTRACT

This project concern a design and construction of AC LINE
MODEM. This MODEM operates in half duplex system. The two modulation
technique have been used in the design. The Frequency Shift Keying
(FSK) method 1is wused to compare with the Phase Shift Keying (PSK).
Transmitter & receiver section must be designed to have protection
properties such as voltage ©50Hz signal protection. In the MODENM
consists of FSK,PSK transmitter and FSK,PSK receiver with carrier for
FSK about 80KHz - 85KHz and PSK about 76.8KHz and bit rate of MODEHM

about 800 bps
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Frequency Shift Keying (FSK)

3.1 FSK Transmitter
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fm, mark frequency; f,, space frequency
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XR-226§

Monolithic Function Generator

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

s a monolithic fumction generator inte:
grated circuit capable of producifng high . quality ‘sine,
sauare, iriangle, ramp. and puilse.waveforms-of.high-stability
and accuracy. The output waveforms can be both amplitude
and frequency modulated by an external voltage. Frequency
of operation can be selected externalty over arange of 0.01
Hz to more than 1 MHz,

The XR-2206

The circuit is ideally suited for _communications, i0stru=
mentation, and function) generator applications requiring
sinusoidal tone, AM, FM,.or FSK generation. It has a typical
drift specification of 20 ppm/°C. The oscillator frequency
can be linearly swept over a 2000:1 frequency range, with
an external contrcl voitage, having a very small-affect on
distortion.

FEATURES

5%, Typical

20 ppm/SC, Typical
2000:1Typical
0.01%V, Typical

Low-Sine Wave Distortign
Excellent Temperature Stability
Wide Sweep Range

Low-Supply Sensitivity

Linear Amolitude Modulation
TTL Compstible FSK Controls
Wide Supply Ranae

Adjustable Duty Cycle

10Vit0.26V
1% t0°99%

APPLICATIONS

Waveform Generation
Sweep Generation

AM/FM Generation

V/F Conversion

FSK Generation

Phase- Locked Loops (VCO)

ABSOLUTE MAXIMUM RATINGS

Power Supply 26V
Power Dissipation 750 mW

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

Storage Temperature -65°C to +150°C

XA-2206 \J
AM I
INPUT 1 l I
~ QR A~
QUTPUT I 2
MULTIPLIER
MULT.OUT | 3 ¢ 'y R
SHAPER
Lvoe I 4 -
.5
TIMING ‘
CAPACITOR ‘
L e
1T E
TIMING E 1
RESISTORS CURRENT
L | 8 - swiTcHeS

SYMMETRY
ADJ

B, &

[l BI BRI ] ] [=] 2]
i oy

WAVEFORM
ADJ

GROUND

SYNC
OuTPUT

BYPASS

FSK
INPUT

ORDERING INFORMATION

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

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled 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 VCO controlled
by an FSK input pin, to 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, Ta = 25°, C =0.01 uF, Ry =100 kQ, Ry =10 k2, Rg =25 kQ
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 10 26 10 26 Vv
Split-Supply Voltage £5 3 5 13 \"
Supply Current 12 17 14 20 mA Ry 210kQ
OSCILLATOR SECTION
Max. Operating Frequency 0.5 1 0.5 1 MHz C=1000pF, Ry =1kQ
Lowest Practical Frequency 0.01 0.01 Hz C=50uF, Ri=2MQ
Frequency Accuracy g/ =4 2 % of fo fo = 1/R1C
Temperature Stability £10 +50 +20 ppm/°C 0%C < Ta < 75°C,
R =Rp=20kQ
Supply Sensitivity 0.01 0.1 0.01 %/V Viow = 10V, VH|GH = 20V,
Bi=Rp=20kQ
Sweep Range 10001 2000:1 200Q0: 1 fri= fL fH@R =1kQ
fL@R =2MQ
Sweep Linearity
10:1 Sweep 2 2 % f = 1 kHz, fy = 1Q kHz
1000:1 Sweep 8 8 . % fL = 100 Hz, fq = 100 kHz
FM Distortion 0.1 0.1 % = 10% Deviation
Recommended Timing
Components
Timing Capacitor: C 0.001 100 0.001 100 uF See Figure 4.
Timing Resistors: Ry & R 1 2000 1 2000 kQ
Triangle Sine Wave Output See Note 1, Figure 2.
Triangle Amplitude 160 160 mV/k Q Figure 1, S Open
Sine Wave Amplitude 40 60 80 60 mV/k Q Figure 1, Sy Closed
Max. Qutput Swing 6 6 Vp-p
Output Impedance 60C 600 Q
Triangle Linearity 1 1 %
Amplitude Stability 05 0.5 dB For 1000:1 Sweep
Sine Wave Amplitude Stability 4800 4800 ppm/°C See Note 2.
Sine Wave Distortion
Without Adjustment 25 25 % Ry =30kQ
With Adjustment 0.4 1.0 0.5 1.5 % See Figures 6 and 7.
Amplitude Modulation
Input Impedance 50 100 50 100 kQ
Modulation Range 100 ' 100 %
Carrier Suppression 55 55 dB
Linearity 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 Vp-p Measured at Pin 11.
Rise Time 250 250 nsec C_=10pF
Fail Time 50 50 nsec C_=10pF
Saturation Voltage 02 0.4 0.2 0.6 v L =2mA
Leakage Current 0.1 20 0.1 100 A Vi1 = 26V
FSK Keying Level (Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 v See section on circuit controls|
Reference Bypass Voltage 29 a1 3.3 25 3 3.8 Vv Measured at Pin 10.
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Figure 9:  Circuit Connection for Frequency Sweep.

Sy CLOSED FOR SeEwWAVE -

Figure 10: Circuit for Sine Wave Generation without Figure 12: Sinusoidal FSK Generator.
External Adjustment. (See Figure 2 for
Choice of R3.)

Figure 11: Circuit for Sine Wave Generation with Figure 13: Circuit for Pulse and Ramp Generation.
Minimum Harmonic Distortion. (Rg

Determines Output Swing — See Figure 2.)
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Frequency-Shift Keying:

The XR-2206 can be operated with two separate timing
resistors, Ry and Ry, 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 9 is open-
circuited or connected to a bias voltage 22V, only Ry is
activated. Similarly, if the voltage level at Pin 9is <1V,
only R2 is activated. Thus, the output frequency can be
keyed between two levels, f7 and f2, as.

fq = T/P'{c and f2 = ]/RZC

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

Qutput DC Level Control:

The dc level at the outpbut (Pin 2) 15 approximately the
same 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 dc level of &=V 7/2.

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,
Ry at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater 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 adjustments 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:

1. Set. Rg at midpoint, and adjust Ra for minimum
distortion.

2,/ ~ With-Rp set as above, adjust Rg to further reduce
distortion.

Triangle Wave Generation

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

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, R
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 keying ter-
minal (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 puise width and
duty cycle can be adjusted from 1% to 99%, by the choice
of Ry and Rp. The values of By and Ry should be in the
range of 1 k§2 to 2 M.
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Sy = OPEN FOR TRIANGLE
CLOSED FOR SINE WAVE.

SYMMETRY ADJ.

[0V

oK
$ SQUAREWAVE
ouTPUT
L m I‘ ;
= FsK mPUT

NORMALIZED OUTPUT AMPUITUDE

ver2
DC VOLTAGE AT PN 1

Figure 1:  Basic Test Circuit. Figure 5:  Normalized Output Amplitude versus DC
Bias at AM Input (Pin 1).
s T 1
m /
a2 / 7 2
3 C =001 .uF
s = TRIMMED FOR MINIMUM
§ y Y SINE WAVE e > OISTORTION AT 30 K1)
: 1 = : ‘
5 i ; / | 3 |
2 | g:
¢ : ‘ J J\ | !
E // | j ‘ - | I )
| ! 1 \l\_J/
0 1 l I 0 | l J
o 20 “ 0 © 100 3| m i g
.:"." TIMING R K(}
Figure 2: Output Amplitude as a Function of the Figure 6:  Trimmed Distortion versus Timing

Resistor, R3, at Pin 3.

Resistor.

Y ] o
| PACKAGE
t \ DISSiPATION
2 ; 5
“/ 5
f | Dy
E" | T /‘/\
3 | T a

= 5.5 vams P 2 |
AL = 10 X{)

7

0 100 " 10K 100K ™
FREQUENCY (M)

Figure 3:

Supply Current versus Supply Voltage,
Timing, R.

Figure 7:

Sine Wave Distortion versus Operating
Frequency with Timing Capacitors Varied.

TIMING RESISTOR ()

? T
[ C =001 uF

N-I'm A= 20

T -
A = 200 KA1 ";.;:‘mﬂ>

0 p—

A= 10KN
\-Nnilﬂ A=t M0

FREQUENCY DRIFT (%)

\—n-nm

A=1xa \

-5 -2% o E- ] 0 ™ w00 1238
AMBIENT TEMPERA TURE (*C)

Figure 4:

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 oscillation, fq. is determined by the
external timing capacitor, C, across Pin 5 and 6, and by the
timing resistor, R, connected to either Pin 7 or 8. The fre-
quency is given as:

and can be adjusted by varving either'R or C. The.recom-
mended values of R, for a given frequency range, are shown
in Figure 4. Temperature stability is optimum-for 4 kQ <
R < 200 k Q. Recommended values of C are from 1000 pF
to 100 uF

Frequency Sweep and Modulation:

Frequency of oscillation is'proportional to the total timing
current, |1, drawn from Pin 7 or 8°

3 34‘_.‘1’ (mA} Hz
CuEy

Timing terminals (Pin .7 or 8) are low-impedance points;
and are internally biased at _+3V, with respect to Pin 12,
Frequency varies linearly with IT, over a wide range of
current values, from 1-uA to -3 mA. The frequency can
be controlled by applying a control voltage, VC, to the
activated timing pin as shown in Figure 9. The frequency of
oscillation is related to V(= as:

1 R \
f = —N— N C
RC +RC“ 3 Lo 2

where V- is in volts. The voltage-to-frequency conversion
gain, K, is given as:
0.32

K= af/aVC L
RcC

Hz/V

CAUTION: For safe operation of the circuit, I should be
limited to €3 mA.

Output Amplitude:

Maximum output amplitude is inversely proportional to the
external resistor, R3, connected to Pin 3 (see Figure 2). For
sine wave output, amplitude is approximately 60 mV peak
per xQ of Ry; for triangle, the peak amplitude is approxi-
matety 160" mV peak per k2 of R3. Thus, for example,
R3 = 50k 2 would produce approximately +3V sinusoidal
Qutput amplitude.

Amplitude Modulation:

Output amplitude can be modulated by applying a dc bias
and a modulating signal to Pin 1. The internal impedance at
Pin 1 is approximately 100k Q. Output amplitude varies
linearly with the applied voliage at Pin 1, for values of dc
bias at this pin, within £4 volts.of V ¥/2 as shown in Figure
5., As_this bias level approaches V¥/2, the phase of the
output signal is reversed, and the amplitude goes through
zero. This property. is suitablé for phase-shift keying and
suppressed-carrier AM generation. Total dynamic range of
amplitude modulation isapproximately 55 dB.

CAUTION: AM control must be used in conjunction with
a well-regulated supply, since the output amplitude now
becomes a function of V¥,

EQUIVALENT ve
SCHEMATIC :
DIAGRAM




HIGH QUALITY FUNCTION GENERATOR
SYSTEM WITH THE XR-2206

INTRODUCTION

Waveform or function generators capable of producing
am/fm modulated sine wave outputs find a wide range of
applications in electrical measurement and laboratory in-
strumentation. This application note describes the design,
construction and the performance of such a-complete func-
tion generator system suitable for laboratory usage or hob-
byist applications. The entire function generator is com-
prised 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 waveform 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 function 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 level
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 kHz. In each range, the fre-
quency may be varied over a 100:1 tuning range.

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

A squarewave output is available at the sync output terminal
for oscilloscope synchronizing or driving logic circuits.

TYPICAL PERFORMANCE CHARACTERISTICS

The performance characteristics 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 listed below apply only when alil
of the recommended assembly instructions and adjustment
procedures are followed:

January 19
)

(a) Frequency Ranges: The function generator System
designed to operate over four overlapping "equenq
ranges:

1. Hz to 100 Hz
10 Hzto 1 kHz
100 Hz to 10 kHz

1 kHz to 100 kHz

The range selection is made by switching in differen;
timing capacitors.

(b) Frequency Setting: At any range setting, frequgmr
can be varied over a 100:1 tuning range with a pote
tiometer (see Ry3 of Figure 1).

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

(c

S

t #.1/RE

The above expression is accurate to within =5 % atany
range setting. The timing resistor R is the series combk
nation of resistors R4 and R13 of Figure 1. The timing
capacitor C is any one of the capacitors C3 through Cg
shown in the figure.

(d) Sine and Triangle Output: The sine and triangle outpt
amplitudes are variable from Q0 Vto 6 Vpp. The amplitud
is set by an external potentiometer, R12 of Figure 1.A
any given amplitude setting, the triangie outpt,
amplitude is approximately twice as high as
sinewave output. The-internal impedance of the outp
is 600 Q.

(e) Sinewave Distortion: The total harmonic distortion &
sinewave is less than 1 % from 10 Hz to 10 kHz and les
than 3 % over the entire frequency range. The selectt
of a waveform is made by the triangle/sine seled
switch, Sp.

(f) Sync Output: The sync output provides a 50 % duf
cycle pulse output with either full swing or upper
swing of the supply voltage depending on the choiced
sync output terminals on the printed circuit board (5%
Figure 1).

VP EXAR INTEGRATED SYSTEMS. INC.

/4 750 Palomar Avenue. Sunnyvale, CA S4088

(@O8) 7327970 TWX S10-339-8233
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1

FREQUENCY

1. For Single Supply Qperation Lift GND Connection Keeping R12 Across Terminals R and B Intact, and Connect Terminal A to GND

2. For Maximum Output, Ry may be open. R = 68 K is Recommended for External Amplitude Modulation.

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

jg) Frequency Modulation (External Sweep): Frequency

, can be modulated or swept by applying an external

qOOﬂ‘fO' 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-

1 proximately 3 V above the negative supply voltage and
its impedance is approximately 1000 ohms.

,(I',Q’-Ampmude Modulation: The output amplitude varies
“linearly with modulation 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 voltage range of 4 V refer-
"eﬂced to the half of the total supply voltage. When not
USGd am terminal should be left open-circuited.
MPovm Source: Split supplies: =6 V, or single supply:

-

.. +12 V. Supply Current 15 mA (see Figure 3).

ﬁLPLANATION OF CIRCUIT CONTROLS:

*

@'99 Select Switch, S1: Selects the frequency range of
for the function generator. The frequency is

inversely proportional to the timing c¢apacitor 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 Capacitance
1 1 Hz to 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 Waveform Switch, S2: Selects the triangle or
sine output waveform.

Trimmers and Potentiometers

Dc Offset Adjustment, R9: The potentiometer used for ad-
justing the dc offset level of the triangle or sine output
waveform.

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

A.. Negative Supply =6 V

8. Ground

C. Positive Supply 6 V

D. Range 1, timing capacitor terminal

E. Range 2, timing capacitor terminal

F. Range 3, timing capacitor terminal

G. Range 4, timing capacitor terminal

H. Timing capacitor common terminal

. Sweep Input

J. Frequency adjust potentiometer terminal

K. Frequency adjust potentiometer negative supply
terminal

L. Sync output (1/2 swing)

M. Sync output (full swing)

N. Triangle/sine waveform switch terminals

O. Triangle/sine, waveform switch terminals

P. Triangle or sinewave output

Q. AM input

R. Amplitude control terminal

PARTS LIST

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

Capacitors:

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

Cc3 Mylar, 1 ©F, nonpolar, 10 %
C4 Mylar, 0.1 uF, 10 %

Cs Mylar, 0.01 uF, 10 %

cé Myiar, 1000 pF, 10 %

Resistors:

R 30 KQ, 1/4 W, 10 %

R2 100 KQ, 1/4 W, 10 %

R3, R7 1KQ, 1/4 W, 10 %

R4 T 9K, 1/4W, 10 %

RS, R6 5 KR, 1/4 W, 10 %

R8 300 Q, 1/4 W, 10 %

RX 62 KQ, 1/4 W, 10 % (RX can be el

nated for maximum output)

Potentiometers:

R9 Trim, 1 MQ, 1/4 W
R10 Trim, 1 KQ, 1/4 W
R11 Trim, 25 KQ, 1/4 W 5

The following additional items are recommended to °°"Ven"
the circuit of Figure 1 to a complete laboratory instrume,tj

Potentiometers:

R12 Amplitude control, linear. 50 KQ
R13 Frequency control, audio taper, 1 M
Switches:

St 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 =6V or single +12 V
Batteries or power supply unit
(See Figures 3(a) and 3(b).)
Miscellaneous:
Knobs, solder, wires, terminals. etc.

BOARD LAYOUT i

Figures 2(a) and 2(b) show the recommended pnnted-c«ull
board layout for the function generator circuit of Figure 1. ‘

(a) Split Supply PC Board Layout

(b) Single Supply PC Board Layout

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



’coMMENDED ASSEMBLY PROCEDURE

28 (ollowing instructions and recommendations for the as-
' of the function generator assume that the basic PC

4 layout of Figure 2(a) or 2(b) is used in the circuit
bly-

f,' parts of the generator, with the exception of fre-
w cy adjust potentiometer, amplitude control poten-

oter, triangle/sine switch and frequency range select
, are mounted on the circuit board.

and soider all resistors, capacitors and trimmer re-
= on the PC board first. Be sure to observe the polarity
"'awacitors C1, C2, C7. The timing capacitors C3. C4, CS
§;{d 6 must be non-polar type. Now install IC1 on the
g'-- d. We recommend the use of an IC socket to prevent
- <sible damage to the IC during soldering and to provide
illeas‘/ replacement in case of a malfunction.

entire generator board along with power supply or bat-
and several switches and potentiometers will-fit into-a
case of the type readily available at electronic hobby shops.
K will be necessary to obtain either output jacks or terminals
r the outputs and am and frequency sweep inputs.

" | the frequency adjust pot, the frequency range select
, the output amplitude control pot, the power switch,
d the triangle/sine switch on the case. Next. install the
'PCboard in the case. along with a power supply.

ST R2

(a) Zener Regulated Supply

l_iv_ _4|,.:_°.av
S

(b) Battery Power Supply

T1: Filament Transformer
Primary 115 V/Secondary 12.6 VCT. 0.5 A
D1-D4: IN4001 or Similar
DS, D6: IN4735 or Similar
R1. R2: 51 (), 1/2 W. 10 %

—

¥
,Fluu 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 to put the
function generator into operation. make sure that the polarity
of power supply and the orientation of the IC unit are cor-
rect. Then apply the dc power to the unit.

To adjust for minimum distortion, connect the scope probe
to the triangle/isine output. Close S2 and adjust the
amplitude control to give non-clipping maximum swing.
Then adjust R10 and R11 alternately for minimum 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 trimmers. The minimum distortion obtained in
this manner is typically less than 1 % from 1 Hz to 10 kHz and
less than 3 %-over the entire frequency range.



FSK DemodUIator | Tone Deccder

GENERAL DESCRIPTION

The XR-2211 s 3 monolithic phase-locked looo (PLL)
system especialiy designed for data communications. It is
particularly we!l su.ied for FSK modem aopiications. It
operates over 3 .wvice supply voitage range of 4,510 20 V.
and a wide freauency range of 0.01 Hz 10300 «Hz. It can
accommodate 3nzioc signals between 2 mV and 3 V. and
can interface vwith conventional OTLsTTL, and-ECh. ogic
families. The circuit consists of/a basic PLL for trackingan
input signal witnin tne pass band, a quadrature phase detec-
tor which provides carrier detection, and an FSK voltage
comparator which orovides FSK.-demodulation, External
components are used toindependently set center frequency,
bandwidth, and outcut delay. An internal voltage reference
proportional 1o the power supply .Orovides’ ratio. metric
operation for .cw fyStem) performance vari3ucns |with
powver supply cnanges.

The XR-2211 s available in 14 pin DTL ceramic orplastic
packages specified for commercial or military temperature
ranges.

FEATURES

0.01 Hz to 300 kHz
45V1020V

Wide Frequency Range

Wide Supply Voltiage Range
DTL/TTL/ECL Logic Compatibility
FSK Demodulation, with Carrier Detection
Wide Dynamic Range

Adjustable Tracking Range (£1% t0 £80%)
Excellent Temo. Stacility

2mVto3Vrms
20.pom/°C 1yp
APPLICATIONS

FSK Demodulation
Data Synchronization
Tone Decoding

FM Detection

Carrier Detection

ABSOLUTE MAXIMUM RATINGS

Power Supply 20V

Input Signal Level 3Vrms

Power Dissipation

Ceramic Package 750 mwW
Derate above T 5 = +25°C 6 mV/AC

Plastic Package 625 mwW
Derate above T p = +25°C 5.0 mW/C

FUNCTIONAL BLOCK DIAGRAM
XR 2211 \J
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FSK COMP

Part Number Package Operating Temperature
XR-2211M Ceramic -55°C 10 +125°C
XR-2211CN Ceramic 0fC to + 75°C
XR-2211CP Plastic @ Cto+ 757C
XR-2211N Ceramic -40°C to + 85°C
XR-2211P Piastic -40°C to + 85°C
SYSTEM DESCRIPTION

The main PLL within the ' XR-2211 is constructed from an
input preamplifier, analog multiplier used as a phase detec-
tor, and @ precision voltage controiled oscillator (VCO).
The preamplifieris used as a limiter such that Input signais
above typically 2MV RMS are amplified to a constant high
ievel signal. The multipling-type phase detector acts as a
digital exclusive or gate. Its output (unfiltered) produces
sum and difference frequencies of the input and the VCO
output, f input + f input (2 f input) and f input - f input
(0 Hz) when the phase detector output to remove the
“sum’’ frequency component while passing the difference
(DC) component to drive the VCO. The VCO is actuaily
a current controlled oscillator with its nominal input
current (fg) set by a resistor {Rp) to ground and its driving
current with a resistor (R ) from the phase detector.

The other sections of the XR-2211 act to: determine if the
VCO is driven above or below the center frequency (FSK
comparator); produced both active high and active low out-
puts to indicate when the main PLL is in lock (quadrature
phase detector and lock detector comparator).

7‘.‘ EMR Integrated Systems, Inc.,

750 Palomar Avenue, Sunnyvale, CA 94086 * (408) 732-7970 * TWX 910-339-9233




XR-2211

ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 1, V* = V- =6V, Tx = +25°C, C = 5000 pF, Ry = Ro * Ry:™ Rg %20 K, RL =47k
Binary Inputs grounded, S and S closed unless otherwise specified.

XR-2211/2211M XR-2211C
PARAMETERS UNITS CONDITIONS
MIN. TYP. MAX. MIN. TYR; MAX.
GENERAL
Supply Voltage a5 20 a5 20 v
Supply Current 4 7 5 g mA Rg 210 KEL See Fiz 2
OSCILLATOR SECTION
Frequency Accuracy £1 £2 £ b Deviation from fg = 1.7 .
Frequency Stability ! Ry ="
Temperature 20 50 20 pom/ C See Fig. 8.
Power Supply 0.95 0.5 0:08 %/V v*=12%1V. Sée 7
0.2 0.2 %/V Wt=5%05V.See Fig. 7
Upper Frequency Limit 100 300 300 kHz Rp =8.2 KQ. Co = <00 wF
Lowest Practical
Operating Frequency 0.01 0.01 Hz R = 2 M8, Cg = &7 «F
Timing Resistor, Rg SeeFig. 5.
Operating Range S 2000 5 2000 «Q
Recommended Range 15 100 e} 100 49 See Fq. 7 and B.
LOOP PHASE
DETECTOR SECTION
Peak Output Current +150 +200 £300 =100 *200 $300 HA Measurea at Pin 11
Output Offset Current b4 & HA
Qutput Impedance 1 1 MQ
Maximum Swing *a pas) 4 ol v Reterencag 1y Pin ° 70
QUADRATURE
PHASE DETECTOR Measured at Pin 3.
Peak Qutput Current 100 150 150 HA
Qutput Impedance 1 1 M
Maximum Swing " LE] V oo
INPUT PREAMP SECTION . ) Q15 a2 ' g Mitdetieai AL PINZ:
Input Impedance . .. 20 : 20 KL
Input Signal
Volitage Required to
Cause Limiting 2 10 2 mV rims
VOLTAGE COMPARATOR
SECTIONS
Input Impedance 2 2 MQ Measured at Pins 3 and 8.
Input Bias Current 100 100 nA
Voltage Gain 55 70 55 70 48 RL =51k
Qutput Voltage Low 300 300 mv Ilc =3mA
Qutput Leakage Current 0.01 0.01 MA Vo=12v
INTERNAL REFERENCE
Voltage Level 49 5.3 8.7 475 5.3 5.85 \ Measured at Pin 10,
Qutput Impedance 100 100 Q
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Figure 1:  Functional Block Diagram of a Tone and FSK Figure 2: ~ Generalized Circuit Connection for FSK and

Decoding System Using XR-2211

Reference Voltage, VR (Pin 181 Thispinis internally biased
3t the reference voltage level Y/ V=V #/2 - 650.mV,
The dc voltage level at tris oip-forms an internal reference
for the voltage levels at Pins 5. 8. 11 and 12, Pin 10.must
be gypassed to ground vith @ 0.1 uF capacitor for proper
operation of the circuit,

Loop Phase Detector Qutput (Pin11): This terminal orovides
2 high impedance output for the l0op phase detector. The
PLL !oop filter is formed by R4 and Cy connected 10/ Pin 11
[see Figure 2). With no inout signal, or with'no phase error
within the PLL, the dc level at Pin 11 is very nearly-equal
1o V. The oeak voltage swing available at the phase detec-
TOr output is equal to *Vpg.

VCO Control Input (Pir 12) VCO free-running frequency
is determined oy externai timing resistor. RO- connected
from this terminal to ground. The VCO free-running fre-
quency, fq. is

1
fa = Hz
0

R0Co

where Cy is the timing capacitor across Pins 13 and 14. For
optimum temperature stability, RO must be in the range of
10 KR to 100 K see Figure 8).

This terminal is a low impedance point, and is internally
biased at a dc level equal to VR. The maximum timing
current drawn from Pin 12 must be limited to <3 mA for
proper operation of the circuit.

Tone Detection

VCO Timing Capacitor Pins 1.3 ang 14) VCO frequency is
INVersely<proocr wenai-to the exsecnalitiining caoacitor, Cq.
connedted across these terminajs tsee Figure 5). Cy must be
nonpolar. and in tne rance of 200 oF 10 10 uF.

VCO Frequency Adjustment: VCO can be fine-tuned by
connecting a potentiomerer qX' in series with P,Q at Pin 12
(see Figure 9)

VCO Free-Running Frequency, fg: XR-2211 goes not have
a separate VCO output terminal. Instead, the VCO outputs
are internally connected to the phase detector sections of
the circuit. However, for set-up or adjustment purposes.
VCO free-running frequency can be measurad at Pin 3 (with
Cp disconnected), with no input and with Pin 2 shorted to
Pin 10.

DESIGN EQUATIONS
(See Figure 2 for definition of components.)

1. VCO Center Frequency, fo-

fo = ]."RoCO Hz

2. Internal Reference Voltage, Vg (measured at Pin 10):

VR = V+/2 - 650 mV

3. Loop Low-Pass Filter Time Constant, 7:

T=R1C]




XR-2211

4. Loop Damping, {:
Co
g

=1/

5. Loop Tracking Bandwidth, *Af/fq
Af/fo = RO/R 1

TRACKING
BANOWIOTH
st i s
L 4 d ¥ ARSI
r T ) T 1
'l f fo 2 LT

6. FSK Data Filter Time Constant, 7F
TF = RFCF

7. Loop Phase Detector Conversion Gain, K¢. (K¢ is the
differential dc voltage across Pins 10 and 11, per unit
of phase error at phase detector input).

K¢ = -2Vg/m volts/radian

8. VCO Conversion Gain; Kg: (Kg is. the amount of
change in VCO frequency, per unit of dc voltage change
at Pin 11):

Ko = -1/VRCpoR Hz/valt

9. Total Loop Gain, KT

KT = 2mK¢Kq = 4/CoR rad/sec/volt
10. Peak Phase Detector Current I .

Ia = VR (volts)/25 mA
APPLICATIONS INFORMATION
FSK DECODING:

Figure 9 shows the basic circuit connection for FSK decod-
ing. With reference to Figures 2 and 9, the functions of
external components are defined as follows: R and Cg set
the PLL center frequency, Ry sets the system bandwidth,
and Cy sets the loop filter time constant and the loop
damping factor. Cg and Rg form a one-pole post-detection
filter for the FSK data output. The resistor Rg (= 510 KQ)
from Pin 7 to Pin 8 introduces positive feedback across the
FSK comparator to facilitate rapid transition between
output logic states. h

Recommended component values for some of the most
commonly used FSK bands are given in Table 1.

Design Instructions:

The circuit of Figure 9 can be tailored for any FSK decoding
application by the choice of five key circuit components:
Ro. R1. Co. Cy and Cg. For a given set of FSK mark and
space frequencies, f1 and f,, these parameters can be calcu-
lated as follows:

a) Calculate PLL center frequency, fg.

; =f~|+f2
"

b) _Choose value of timing resistor Ry, to be in the range
of 10KQ to 100 KS2. This choice is arbitrary. The
recommended value is Rg = 20 KQ. The final value of
RO is normally fine-tuned with the series potenti-
ometer, RX.

<) . Calculate'value of Cq from design equation (1) or from
Figure 6

CO = 1/R0f0

d) Calculate 'Ry to givea At equal to the mark space
deviation

R‘ = Ro[fo/(f]—lel

e) ©Calculate C1 10 set loop damping. (See design equation
no, 4.)

Normally, { = 1/2 is recommended.

Then Cy =Cq/4 for§=1/2

f)  Calculate Data Filter Capacitance, Cg

For Rg = 100 KQ. Rg = 510 KQ, the recommended
value of Cg is

Cg = 3/(Baud Rate) uF

Note: All calculated component values except RO can be
rounded to the nearest standard value, and R can be
varied to fine-tune center frequency, through a series
potentiometer, Ry. (See Figure 9.)
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Figure 9: Circuit Connection for FSK Decoding

Design Example:

75 Baud FSK demodulator with mark space frequencies of
1110/1170 Hz

Step 1 Calculate fg fg = (1140+ 1170)-(1/2).= 1140 Hz

Step 2° Choose R ='20°KQ (18 K2 fixed resistor in series
with 5 KQ potentiometer)

Step 3' Calculate Cqy from Figufe=6--Cp = Q1044 nF

Step 4’ Caicuiate Ry"Ry ='Rp-{2240/60) = 380 K

Step 5 Calcuiate Cy Cy = Cq/d4 =001 wF

Note All vaiues except RO can be. rounded. to/ nearest
standard value

Table 1. Recommended Component Values for
Commonly Used FSK Bands.
(See Circuit of Figure 9.)

FSK BAND COMPONENT VALUES
300 Baud Co = 0.039 uF Cg = 0.005 uF
f1 = 1070 Hz Cy =0.0TuF Rp =18 KQ
fy=1270Hz | Ry =100KQ
300 Baud Co =0.022 uF Cg.= 0:005 uF
fy = 2025 Hz Cy =0.0047 uF  Rp=18KQ
fy =2225Hz | Ry =200KQ
1200 Baud Co =0.027 uF Cg =0.0022 uF
fy=1200Hz | Cq =0.01pF Rp =18 KQ
fo = 2200 Hz Ry =30 KQ

FSK DECODING WITH CARRIER DETECT:

The lock detect section of XR-2211 can be used as a carrier
detect option, for FSK decoding. The recommended circuit
connection for this application is shown in Figure 10. The
open collector lock detect output, Pin 6, is shorted to data
output (Pin 7). Thus, data output will be disabled at “'low"
state, until there is a carrier within the detection band of
the PPL, and the Pin 6 output goes ““high,” to enable the
data output.

The minimum value of the lock detect filter capacitance Co
is inversely proportional to the capture range, zAfC. This is
the range of incoming frequencies over which the loop can
acquire lock and is always less than the tracking range. It is
further limited by Cy. For most applications, Af. > Af/2.
For Rp = 470 K, the approximate minimum value of
Cp can be determined by

Cp (uF) = 16/capture range in Hz.

With values of Cp that are too small, chatter can be ob-
served on the lock detect output as an incoming signal
frequency aporoaches the capture bandwidth. Excessively
large values of. Cy will slow the response time of the lock
detect output.

vco
FINE-TUNE

+ 510 Ki2

Figure 10: External Connectors for FSK Demodulation
with Carrier Detect Capability

Note: Data Qutput is “Low’’ When No Carrier is Present.

TONE DETECTION:

Figure 11 shows the generalized circuit connection for tone
detection. The logic outputs, Q and Q at Pins 5 and 6 are
normally at **high” :and “'low" logic states, respectively.
When.a tone is present within the detection band of the
PLL, the logic state at these outputs become reversed for
the duration of the input tone. Each logic output can sink
5 mA of loagcurrent.

Both logic outputs at Pins 5 and 6 are open collector type
stages, and require external pull-up resistors Ry 1 and R 5.
as shown in Figure 11,

Ve
0.1 uF
TONE INPUT '_LC R :}_T co
= 1 14 v
0.1 uF FINE-TUNE
W o5 T
™1 AA A AN
PPy XR-2211 - [ D . o v.v‘ﬁ
co 0N uF :: Ay s K
= }‘l Cy
t SfE A GRTLE!
ALy 7 s :}1r-o ve =
Ve :: .Ll
LoGic
L™= wmnio e

Figure 11: Circuit Connection for Tone Detection.
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With reference to Figures 2 and 11, the functions of the
external circuit components can be explained as follows:
Rg and Cg set VCO center frequency; Ry sets the detection
bandwidth; C; sets the low pass-loop filter time constant
and the loop damping factor. Ry { and R p are the respec-
tive pull-up resistors for the Q and a logic outputs.

Design Instructions:

The circuit of Figure 11 can be optimized for any tone
detection application by the choice of the 5 key circuit
components: Rq. Ry. Cg. Cq and Cp. For a given input,
the tone frequency, fs, these parameters are calculated
as follows:

a) Choose Ry to be 1n the range of 15 K to 100 KS2.
This choice is arbitrary.

b) Calculate Cq to set center frequency, fg equal td fq
(see Figure 6)' Cg = 1/Rpfg

¢) Calculate Ry 1o set handwidth +Af (see design equa-
tion no. §)

Ry = Rolfg/Af)

Note: The total detection bandwidth covers the fre-
quency range of fO + Af.

d) Calculate value of Cy for a given loop damping factor:
Cq =Cp/16¢82

Normally ¢ = 1/2 is optimum for most tone detector appli-
cations, giving Cq = 0.25 Cg.

Increasing Cq improves the out-of-band signal rejection, but
increases the PLL capture tme.

e} Calculate value of filter capacitor Cp. To avoid
chatter at the Jogic output, with Rp = 470 K2, Cpy
must be:

CpluF) = (16/capture range in Hz)
Increasing Cpy slows down the logic output response time,
Design Examples:
Tone detector with a detection band of 1 kHz + 20 Hz:

a) Choose Rg = 20 KQ (18 KQ in series with 5 KQ2
potentiometer),

b) Choose Cq for fg = 1 kHz (from Figure 6): Cg = 0.05
ufF,

-ro_‘ XR-2211

Figure 12: Linear FM Detector Using XR-2211 and an
External Op Amp. (See section on Design
Equation for Component Values.)

¢} Calculate Rq.Rq = (Rg) (1000/20) = 1 MQ.

d) Calcutate Cq:for § = 1/2, Cy = 0.25. Cg = 0.013 uF.
e} Caiculate Cy:Cpy = 16/38 = 0.42 uF.

f) Fine-tune center frequency with 5 K potentiometer,

Rx.

‘LINEAR FM DETECTION:

XR-2211 can be used as a linear FM detector for a wide
range of analog communications and telemetry applications.
The recommended circuit connection for this application is
shown in Figure 12, The demodulated output is taken from
the loop phase detector output (Pin 11), through a post-
detection filter made up of Rg and Cg, and an external
buffer amplifier. This buffer amplifier is necessary because
of the high impedance output at Pin 11, Normally, a non-
inverting unity gain op amp can be used as a buffer ampli-
fier, as shown in Figure 12.

The FM detector gain, i.e., the output voltage change per
unit of FM deviation can be given as:

Vout = Ry VR/100 R Volts/%deviation
where Vg is the internal reference voltage (VR = V+/2 —

650 mV). For the choice of external components R, RO,
Cp. Cy and Cg, see section on design equations.
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PRINCIPLES OF OPERATION

Signal Input (Pin 2): Signal is ac coupled to this terminal.
The internal impedance at Pin 2 is 20 K. Recommended
input signal tevel is in the range of 10 mV rms to 3 V rms.

Quadrature Phase Detector Qutput (Pin 3): This is the high
impedance output of quadrature phase detector and is
internally connected to the input of lock detect voltage com-
parator. In tone detection applications, Pin 3 is connected
1o ground through a parallel combination of Rp and Cp
(see Figure 2) to eliminate the chatter at lock detect outputs.
If the tone detect section is not used, Pin 3 can be left onen
circuited.

Lock Detect Output, Q {Pin 5). The output at Pin 5 is at
“high"* state when the PLL is out of lock and goes to “low"
or conducting state when the PLL is locked. It is an open
collector type output and requires a pull-up resistor, RL, 10
v+ for proper operation, At “low’ state, it can sink up to
5 mA of load current.

Lock Detect Complement, Q (Pin 6): The output at Pin 6 is
the logic complement of the lock detect output at Pin 5.
This output is also an open collector type stage which can
sink 5 mA of load current at low or “on’’ state.

FSK Data Output {Pin 7): This output is an open collector
logic stage which requires a pull-up resistor, Ry, to V+ for
proper operation, It can sink 5 mA of load current. When
decoding FSK signals, FSK data output is at “*high* or “oft"”
state for low input frequency, and at “low’" or “‘on" state
for high input frequency. If no input signal is present, the
togic state at Pin 7 is indeterminate.

FSK Comparitor Input (Pin 8): This is the high impedance
input to the FSK voltage comparator. Normally, an FSK
post-detection or data filter is connected between this
terminal and the PLL phase detector output {Pin 11). This
data filter is formed by Rg and Cg of Figure 2. The threshold
voltage of the comparator is set by the internal reference
voltage, VR, available at Pin 10,

EQUIVALENT SCHEMATIC DIAGRAM
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LM565/LM565C Phase Locked Loop

General Description

The LMS65 and LMS85C are general purpose phase locked
loops containing a stable, highly linear voitage controiled
pscillator for low distortion FM demodulation, and a doubls
balanced phase detector with good carrier suppression. Tha
VCO frequency is set with an external resistor and caoaci-
tor. and a tuning range of 10:1 can be obtained with the
same capacitor. The characleristics of the closed loop sys-
tem—bandwidth, response speed, capture and pult in
range—may be adjusted over a wide range with an external
rasistor and capacitor. Tho loop may bo broken betwseen the
VCO and the phase detector [or.Insertion of a dighal Ire-
guency divider to obtain frequency mulliplication.

The LM565H is specified for operation over the ~-55°C to
+125°C military temperature range. The LM565CH and
LMS65CN are specified for operation over the 0°C o
+ 70°C lemparature range.

Features

u 200 ppm/°C frequency stability of the VCO

u Power supply range of x5 to »12 volts with
100 ppm/ % typical

w 0.2% linearity of demodulated output

= Linear lriangie wave with in phase zero crossings
available

s TTL and OTL compatible phase detector input and
square wave output

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

Applications
= Data and tape synchronization

u Modems

m FSK demodulation

2 FM demodulation

a Frequency synthesizes

m Tone decoding

u Frequency multiplication and division
u SCA demodulators

u Telemetry receivers

w Signal regeneration

» Coherent demodulators

Connection Diagrams
Metal Can Package

TIMING
CAPACITOR

TIMING

INPUT RESISTOR

VCO CONTROL
VOLTAGE

REFEAENCE
ouTPUT

PHASE COMPARATOR
vCO INPUT

TL/H/TE83-2
Order Number LM565H or LM585CH
See NS Package Number H10C

Dual-In-Line Package

1
“Veg —— V- NC
INPUT __l] KC
Y b 12
INPUT ey p—— NC
veo _I__I_ 11
ouTPUT veo [~ HC
PHASE COMPARATQR _ 3 | 0
veOo NPyl (0 *Yec
REFERENCE & r —1 9 TIMING
ouTeuT T CAPACITOR
V€O CONTAOL __T b TIMING
VOLTAGE { RESISTOR
TU/H/7383-3
Order Number LM565CN

See NS Package Number N14A



LM565/L.LM565C

Absolute Maximum Ratings

It Military/Aerospace specifled devices are required,

Operating Temperature Aange

contact the Natlonal Semiconductor Sales Office/ LMS65H -55'Cto +125°C
Distributors for avallability and specifications. LMS65CH, LMS565CN 0°Go +70°C
Supply Voitago z12v Storage Temperature Range ~-65°Cio +150°C
Power Dissipation (Note 1) 1400 mwW Lead Temperature (Soldering, 10 sec.) 260°C
DiHerential Input Voltage =1V
Electrical Characteristics Ac Test Ciccuit. T4 = 25°C. Ve = =6V
Parameter Conditions LMS6S LMS65C Unlits
Min Typ Max Min Typ Max
Power Supply Current 8.0 12.5 8.0 12.5 mA
Input impedance (Pins 2, J) ~4V <V, V3 <0V 7 i0 5 . xl
:zg:::g’"”m Operating o = 27 PR 300 | soo 250 | s00 KHz
YCO Free-Aunning Co = 1.5nF
Frequency Ro = 20kN1 =10 (¢} +10 [ -30 0 +30 %
fo = 10 kHz
Temporatre Gasticint 3N %5 pom/"C
;LZ‘:;:‘\’;’:(S:: b 01 | 1o 02 | 15 %IV
Triangle Wave Qutput Voitage 2 2.4 3 2 2.4 3 Vp.o
Trangle Wave Qutput Linearity 0.2 0.5 %
Square Wave Output Level 47| 5.4 4.7 5.4 Vo.p
QOutput Impedance (Pin 4) 5 5 kN
Square Wave Duty Cycle 45 S 35 40 50 60 %
Square ‘Wave fRise Time 20 20 ns
Squars Wave Fafl Time S0 50 ns
Qutput Current Sink (Pin 4) 0.6 1 0.6 1 mA
YCO Sensitivity fo == 10 kHz 86C0 86600 Hz/V
(E:;n;;)dulaled QOutput Vo!taga £10% Frequency Deviation 250- 100 400 200 300 450 Worp
Total Harmonic Cistortion + 10% Frequancy Deviation 0.2 0.75 0.2 1.5 %
Qutout Impedance {Pin 7) 3.5 3.5 kN
OC Lavel (PIn7) 4.25 4.5 4.75 4.0 4.5 5.0 \2
;3/‘;“’_”‘\2;‘59‘ Voitage 10 100 s0 | 200 mv
“Temoerature Onkt of V7 — V| | 500 500 pV/I*C
AM Rejection 30 20 40 a3
Phase Ostector Sensitivity Kp o .68 .68 l V/recdian

Nole 1: The maxmum junction lamperalure of the LM565 ana LM585C 1s + 150°C. For operation at slevated temperatures, devices in the TO-5 package must be
derated Based on 4 thermas resistance of + 150°C/W junction 10 amowent of + 45°C/W juncoon (o case, Thermal resiatance of the cusi-in-line packaga is

~85°C/W.
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)

Typical Performance Characteristics
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Schematic Diagram
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Applications Information
In designing with phase locked loops such as the LMSE5,
the imponant parameters of interest are;
FREE RUNNING FREQUENCY

0.3
RQ CO
LOOP GAIN: relales the amount of phase change batween
the input signal and the VCO signal for a shift in input signal
trequency (assuming the loop remains in lock). In servo the-
ory, this is called the “velocity error coetficient.”

1

Locp gain = KyKp (&Tc)

fo =

radians/sec)

Ko = oscillator sensitivi (
° vy volt

K 3! detector sensitivi ( 2 )
= phase dele ¥ s
o=F % radian

The loop gain of the LMS85 is cependent on supply voltage, .

and may be found from:

o = VCO trequency in Hz

Ve = total supply voltage to circuit
Loop gain may be reduced by connscting a resistor be-
tween pins 6 and 7; this reduces the load impedance on the
output amplifier and hance the loop gain.
HOLD IN RANGE: the range of frequencies that the loop will
remain in lock after initially being locked.
81y :
Ve
fy = free running frequency of VCO
Ve = total supply voltage o the circuit

THE LOOP FILTER

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

fH=2

Simple Lag Fliter

TU/H/ 88311

Lag-Lead Filter

c2
R2

TUH/7853-12

A simple lag filter may be used lor wide closed loop band-
width apphcations such as moduiation {ollowing where the
[requency deviation of the carnier is fairly high (greater than
10%), or where wideband modulating signais must be fol-
lowed.

The natural bandwidth of the closed loop response may be

found from:
1 ,Ko Ko '
fn ™ == | [
2 R|C‘

Associated with this is a damping factor:

s=d [
2VR,C1KeKo

For narrow band applications where a narrow noise band-
width is desired, such as applications involving tracking a
slowly varying carner, a lead lag filter shculd be used. In
general, it 1/R,Cy < Kq Kp, the d"amping tactor for the loop
bacomes quite small resulling in large overshoot and possi-
ble instabriity in the transient response of the loop. in this
case, the natural frequency of the loop may be found from

Lo 1 [ KKp
2 2= T+ 72
1+ 13 = (R +Ry) Cy
Az is selected to produce a desired damping factor §, usual-
ly between 0.5 and 1.0. The damping factor is found from
the approximation:

- 8 = 7 7ol
These two equations are piotted for corvenience.

Filter Time Constant vs Natural Frequency
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MOTOROLA

1 SEMICONDUCTOR
TECHNICAL DATA

WIDEBAND MONOLITHIC
FOUR-QUADRANT MULTIPLIER

- designed for uses where the output is 2 linear product of two
input voltages. Maximum versatility is assured by allowing the user
to select the level shift method. Typicai applications include: multi
ply, divide®, square root*, mean sauare”, phase detector, {requency
doubler, balanced modulator/demodulator, electronic gain control.

*When used with an operstional amplifier,

® Wide Bandwidth

® Excellent Linearity — 1% max Error on X-Input, 2% max Error on
Y-lnput = MC1595L

MC1495L
MC1595L

LINEAR FOUR-QUADRANT
MULTIPLIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

® Excelient Linearity — 2% max Error on X-lnput, 4% max Error on
Y-lnput — MC1495L D SUFFIX
PLASTIC PACKAGE
e Adjustable Scate Factor, K @ CASE 7S1A
14
® Excellent Temperature Stability 1 (S0-14)
® Wide Input Voltage Range — + 10 Volts
e + 15 Volt Operation L SUFFIX
. CERAMIC PACKAGE
CASE 532
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

ELECTRICAL CHARACTERISTICS (V* = 432V, V™ = ~15V, Ty = «25°C, 13 = 113 = 1.0 mA, Rx = Ry = 15 k),

R = 11 k() unless otherwise noted)

r Characteristic Figurs Symbol Min Typ Max Unit }
Linearity: 5 v |
Qutput Error in Percent of Full Scale:
TaA = =25°C o .
-1 <V < =10{Vy = =10V} MC1495 Eax - =10 2.0 :
MC1i595 - =05 | =10 i
~10<Vy < «10(Vx = =10V) MC14395 ERy- - -—_ =20 =40 f
MC1595 - =10 2.0
Ta = 0to +70°C MC1495
-~10<Vx < ~10{Vy = =10V} Eax - 1.5 — .
-10<Vy < =10 {Vx = =10V) Eay - 1.0 - '
TA = =55°Cto »125°C MC1585 i
~10<Vx < ~10{Vy = =10V} ERX —_ =0.75 -— ;
—10<Vy < +10(Vx = =10V) €qy e =15 —_
Squaring Mode Error: 5 Esq %
Accuracy in Percent of Full Scale After
Offset and Scale Factor Adjustment
Ta = +25°C MC1495 - =0.75 —
MC1595 el =05 —
Ta = Oto -70°C MC1495 —_ =1.0 —
Ta = —55°Cto +125°C MC1595 — =0.75 -
Scale Factor {Adjustable) - K — Q.1 —
R
K= —2RL
13 Bx Ry
input Resistance MC1495 7 RINX - 30 —_ MQ
{f = 20 Hz} MC1585 - 35 -
MC1495 RINY —_ 20 —
MC1595 -3 35 —_
Ditferential Qutout Resistance {f = 20 Hz) 3 I Re - 300 — 0
Input Bias Current [ uA
flg = 119} llg_= 1g) MC1495 In, - 2.0 12
! L gy = X
bx WS Py 2 MC1595 s 2.0 8.0
MC1495 Iy -~ 2.0 12
MC1585 E— 2.0 8.0
Input Offset Current 5 i i oA
lg = Iy MC1a95 L 0.4 2.0
Mmcises | ; P - 2.2 1.0 !
g - g MC1495 , oy | — 0.4 2.0 i
MCisgs i 0.2 1.0 |
Average Temperature Coefficient of 5 i TClio nA*C
Input Offset Current |
{Ta = 0t =70°C) MC1495 i -— 2.5 _—
{Ta = ~-35C 1t -125°C) MC1535 ! —_— 2.5 —
Qutput OHset Current MC14g95 3 . oo 20 10 uA
lig—1la: MC1585 H S 10 50
Average Temperature Coefficient of & i TCloos nASC
Qutput Offset Current
{Ta = 010 -70°C) MC1495 " — 20 -
{Ta = ~35°C 0 +125°C) MC1585 - 20 —
Frequency Response 9,10 ,
3.0 B Bandwidth, R = 11 k0 i 8Waqgg — 3.0 - MH2z
3.0 dB Banawidth. Ry, = 30 11 {Transconductance Bandwidth} ITawzdg| — 80 - MH2z
3° Ratative Phase Shift Between Vy and Vy bt — 750 - kHz
1% Absolute Error Due to Input-Qutput Phase Shikt P8, = 30 - kHz
Common Mode lnput Swing MC14395 1 | cmv i 0.5 ‘ =12 - Vde
(Either Input) | MC1595 | po=1ns | =13 —
Common Mode Gain MC1495 1| AcMm | -40 | -50 - a8
iEither Input) MC1595 ) [ -350 -80 —_
Common Mode Quiescent 12 E Vot — 21 - Vde
Qutput Voitage 1 Vo2 - 21 -
Differential Output Voltage Swing Capability 9 i Vo — =14 —_ Vgeak
Power Suoply Sensitivity . 12 s- — 5.0 — mviv
S R
Power Suppiy Current 12 7 | — 6.0 7.0 mA
OC Pow.r Dissioation ’ 12y Pp | - 135 170 mw

MOTOROLA LINEAR/INTERFACE DEVICES



MC1435L, MC1595L

MAXIMUM RATINGS (T4 » «259C uniess otherwise noted)

Rating Symbol Value Unit

Apolied Voitage av 30 Vde

IV2=Vy, Vig=Vy, V1=Vg, V =Vqq, V-V,
Vi1-V8. Vi2-V3. Vg=Vy. Vg=V3, V4-Vyq)

Oifferential 1nout Signal Vi2—-Vg {6+ 13 Rx) Vde
Vg-Vg {E+13 Ry) Vde
Maximum Bias Current i3 10 mA
113 10
Power Dissipation {Package Limitation) Pp
Ceramic Package 750 mw
Derate agove T4 = -259¢C 5.0 mw/oC
Ooerating Temparature Range Ta oS¢
MC1435 Q1w +70 Q¢
MC1595 -55 to +125
Storage Temperature Range T“q -65 to +150Q °c .

TEST CIRCUITS

FIGURE 4 ~ LINEARITY {USING NULL TECHNIQUE)
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TEST CIRCUITS {continued)

FIGURE 6 — INPUT ANDO QUTPUT CURRENT

Ry + 15k Ay * 15k -V

FEEY T

| v

le—

i MC1595L
] 3 14950

=0
31 18 hig
. 01 uf

FIGURE 8 — OUTPUT RESISTANCE

Ty e 15k Ay 2164 v

@ 2
5 Apsilk
ACI535L O‘ AAA

~C14g5L)
AE T
¢ o I St
P ey
12+ "_}, 137 27 4¢ /":D
A-—p8
2.4 ‘.’ 3
® e .2
= sy
FIGURE 10 - BANDWIDTH (Ry = 50 ()
LARRILAY

Iy 2510 3¢=310

¥
30 m i
ta 2 10Y - N ? . e
o—rt—t—0
r“" MLIS9SL
1 aaC14950:

tin

-~ =
= i 3 ?
= 12%
<ran -
SCALE sox | =
F4CTOA
ADJUST.
- 15V

FIGURE 7 - INPUT RESISTANCE

[N
1 TRV irmg Av 215k Ay = 15% *
WH, I
n
1 1.
o *—0——Nw—-?
!
SCI35L Y. )
MEISLE O——rAA——
oy, !
FO—AN—s

FIGURE 9 — BANDWIDTH (R = 11k(})

Ay 2 'Sk A 15K -

A P10V g

MCISISL
X IC1T5L)

et [ PR Qe
! i ! o
AL £3. = =/
FACTOR = s
A0JUST. i °
= Y =

FIGURE 11 — COMMON-MOOE GAIN and
COMMON-MODE INPUT SWING

5% 154 "‘:"

Cuvy 50‘ A 1 ! " N
it 20 ma iQ 9 % TN
h et

i i

acreest | oz - e

AN

“iC1385L

MOTOROLA LINEAR/INTERFACE DEVICES



FIGURE 12 — POWER SUPPLY SENSITIVITY

MC1495L, MC1595L

TEST CIRCUITS (continued)

FIGURE 13 - OFFSET ADJUST CIRCUIT
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FIGURE 15 — LINEARITY versus TEMPERATURE

MC1495L, MC1595L

TYPICAL CHARACTERISTICS

FIGURE 18 — SCALE FACTOR versus TEMPERATURE
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MC14395L, MC1595L

OPERATION AND APPLICATIONS INFORMATION

THEORY OF OPERATION

The MC1595 [MC149S) 13 a monotithic, four-quadrant muiti.
ofier which operates on (ne principle of variable transconductance.
The detailed theory of ugeratiun is covered in Apolicaton Nots
AN-489, Anatysis and Basic Operation of the MC1595. The result
of this analysis 1s that the differenual output current of the multi-
ohier 15 given by

ta-1g = e XYY
At's Rxfyla

where | 5 and ig are the currents into oins 14 and 2, raspectively,
and Vyx and Vy are the X and Y input voitages at the multiplier
nout termmnats.

DESIGN CONSIDERATIONS
General

The MC1595 (MC1495) permits the dasigner to tailor the
multiolier to 3 soecitfic aoplication by proper selection of ex-
ternal comoonents. External components may be selected to
ooumze a given parameter fe.g. bandwidth) which may in turn
restrict another parameter le.g. maximum output voltage swing}.
Sacn imoortant parameter is discusseo in detail in the following
oaragraons.

Linearity, Output Error, Egy or ERy

Linearity erroc is defined as the maximum deviation of out-
dutvoltage from a straight line transfer function. 1t is expressed
das error i percent of full scale {see figure Betow).

Vg orVy

For 2xamola, «f the maximum dewiation, VEl{max). 'S
2100 mV 3nd the full scale outout s 10 volts, then the
omrcentage #rror s

Ve, «0-3
L JErman 100 = 100 « :0

Yotmax: 10

] ~ 100 = =71 0%.

Linearity error emay be measured by 2ither of the foltowing
methods:
1. Usingan X ~ ¥ olotter with the circuit shown 1n Figure 5,
Qotain otots for X and Y simitar to the one snown aoove.

2. Use tne circuit of Figura 4. This method nulls the level
shiftedt qutout of the muluptier with e Anginal input,
The peax outout of the aull cperationat amptifigr will be
$QUAI 1O tNe errOr vOItage, Ve {max)-

One source of hngarity error can arise from large signal non-
lingarity 1n tne X and Y-nput differential amoalifiers. To avoid
wntroqucing error from this source, tne smitter degeneratnion
resistors Ry and Ay nwst be chosen large enough so that non-
iinear base-emittes voltage variation can be 1gnored. Figures 17
ana 18 snow e error expected from nis source as a funcrion
ot tnevaluesof Ry and Ry with an ooerating current of 1.0 mA
in eacn side of the differential amolifiers tie., 13= 113 = 1.0 mA).

3 d8 Bandwidth and Phase Shift

Bandwidth is primarily determined by the load resistors and
the stray mulitiplier outout capacitance and/or the ooerationsl
amplifier used to level shift the outout. |f waseeand operation
1s desired, low value 10ad reststors and/or 3 wideband ooerational
amobifier should be usad. Stray output capacitance wl depend
£0 2 large axtent 0n Circust tayout.

Phase shift i the multiptier circuit resuits from two sources:
ohase shift common 1o both X and Y channais (due to the loag
fesistor-outout capacitance pole mentioned above) and relative
ohase shift between X and Y channels (due to ditferencas i
ransaamitzance in the X and Y channels), If the inout to output
onase shift is only 0.6%, the cutout oroduct of two sine waves
will exnibit 3 vector ercor of 1%. A 39 relative phase snift be-
tween Vy and Vy results in a vector errar of 5%,

Maximum Input Voltage
VXimaxis Vv imax) Maximum nput voltages must he such
that: 3
Vtmax) <13 Ry

Vyimax) <!3Ry.

€ xceeding this value will drive one side of the inout amolifier to
“zutoff*’ and cause non-tinear operation.

Currantsigana l 3 are cnosen at a convenient value (ooserv-
1ng power dissioalion timitation) between 0.5 mA ang 2.0 mA,
aoproximately 1.0 mA, Then Ry and Ay can be determined by
cénndenng the input signal handhing requirgments,

For Vxtmax) = Vyimax) * "0 voits:

10V
Ry = Ry > =10 k{2,
XY T oA
\ 2V Vy
TNe fquation iy - lg T ——n
RyRyl3
2¥xVy
‘i isrived from ta g =
T 2
(ﬂx-:‘,—k_—v R —i 1
ali3 at
2xT 2T
~uth the assumoton Ry > ~—— 3nd Ry > — .
al13 aly

AtTa «-28%and 3 =iy s 1mA,

WT KT
a3 algy

Tnerefore, mth Ry = Ry = 10 k(2 the above assumotian is valia,
Reference 1o Figure 19 will indicate imitations of Vi 1max) 0f
Y¥imaxy due to Vi and V. Exceeding these timits will cause
taturation or “cutoff” of the inout transistors. See Steo 4 of
Secuon 2 (General Design Procedure! for furthar detaws.

52¢

Maximum OQutput Voltage Swing

The maximum output voltage swing i1s dependent upon the
‘actors mentioned below snd uoon the particular circuit deing
consicered.

Tor Figure 20 the maximum output swing 1s depencent
uzon V7 ‘or positive swing and uoon the voitage at oin 1 for
aegative swing. The potennial at pin | getermines the quies-
cent level for transistors Qs, Qs, Q7, anc Qg. This potennial

MOTOROLA LINEAR/INTERFACE DEVICES
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OPERATION AND APPLICATIONS INFORMATION {continued)

snould be related 30 that negative swing at ping 2 or 14 does
not saturate those transistors, See Section 3 for further intorm-
ation regarding selection of these cotentials.

FIGURE 20 — BASIC MULTIPLIER

o
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| o——o0—i- 3%
Ry av13
13 7
13

)I‘
-‘|
t

If an operational amplifier 15 used for level shift, as shown
n Figure 21, the outout swing lof the multiolier) 15 greatly
reduced. Ses Secrion 3 for further derauT™

GENERAL DESIGN PROCEDURE

Selection of component walues is best demonstrated by the
following example: assurne resistive dividers are used at the X and
¥ 1nputs to limit the maximum multiplier 1nput to £5.0 volts (Vx =
Vy [max}fora =10vott nout (V' = Vy'[max] ). (See Figure 211,
1t an overall scale factor of 1/10 is desired, then

5 . v
o Vx' Vy' 12VX) VYD 0 vy

Vo= T 10

Therafore, X = 4/10 for the multinlier iexcluding the divioer
network),

Step 1. Tne first stea s to salect current |3 and current 143
There are no restnictions on the selection of either of these currents
axcept tne power dissipation of the gevice. |3and | {3 will normaity
oe one of two milliamperes, Further, 13 goes not have to be ezusl
t0 113, and there 1s normally no need to make them different. For
this examole, let

Ig=ty3= 1 mA,

To set currents |3 and 113 to the desired value. it is only
necessary to connect a resistor between pin 13 and ground, and be-
tween sin 3 and ground. From the schematic snown in Figure 3,

FIGURE 21 ~ MULTIPLIER WITH OP-AMPL, LEVEL SHIFT
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OPERATION AND APPLICATIONS INFORMATION {continued)

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

tymt

Ryz3+500 o= X107V
13

W -0.7 v

Ra + e
32500 22 s

Let V s .15V

43V
Then R,Josoo:,‘ 3 or Ry3=13.8kN

mA
Let Ryg=12kn
Simularly, Ry =138 k:?
Let Ry= 15k

However, for apphications which require an accurate scale factor,
the adjusiment of R3 and consecuently, 13, offers a convenient
mewmnod of making a final trim of the scale tactor. For this reason,
as snown in Figure 21, resistor R3 15 shown as a fixed resistor in
series with 2 ootentiometer

For apolications not reauiring an exact scale factor ibaianced
mogutator, frequency doubler, AGC amphifinr, etc.), pins 3 and 13
<an be connected together and 2 single resistor trom pin 3 to ground
can be used. In this case, the single resistar would have a value of
one-half the above caiculated vaiue for Ry3.

Step 2. The next step is to select Ry and Ry. To insure
that the inout transistors will always be active, the fotiowing condi-
nons should be met:

\' v
—yl-<l-|3 ——Y <l3.
Ry Ry

A 9000 rule o thumb s 1o make 13Ry # 1,5 Vyimgy) and
N3 RX 2 13 Viimarl:

The targer the 138y and | 13R x Droduit n relation 10 Vy
8and Vyx raspectively, the more accurate the mullishier wall be (see
Figures 17 3na 18:.

Let Ry = Ry = 10ké2
Then 13Ry = 10V
133Rx = 10V
since Vi max) * VVimax} = 5.0voltsthevatueof Ry = Ry = 10 k{2

15 suthicient.

Stes 3. Now that Ry, Ry and |3 have been chosen, R can
be determined”

2R a
RxRyly 10

or (21 1AL L4

10k (10k) (1 mA) 10

Thus Ry = 20 k2.

Step 4. To determine what power-supply voitage is necessary
{or this apotication, sttention must be given to the circuit schematic
shown in Figure 3. From the circurt schematc it can be seen that
in oroer 10 maintain transistors Qy, Q7, Q3 and Qg in an active

regton when the maximum input voltages are applied (V X TMy's
10Vor Vy = 5.0V, Vy = 50 VI, thewr respective collactor voltage
should be at least a few tenths of 3 volt higher than the maximum
iNDUT voitage, It should also b2 noticed that the collector voitage
of transistors Q3 and Q4 are at 3 potential which 1s two 0100e-droos
below the voltage at oin 1, Thus, the voltage at pin 1 snould be about
wo volts higher than the maximum input voltage. Therefore, 0
handle +5.0 voits at the inputs, the voltage at pin 1 must be at least
+7.0 volts. Let V4 = 9.0 Vdc .

Since the current following into pin 1 is aiways equal to
213, the vottage at pin 1 can be set by placing a resistor, Ry from
pin 1 10 the positive supply:

.
A

Ry
213

Let VT = +15YV

Then Ay 15V 0V
(2111 mA)
Ry v 3kn,

Note that the voliage at the base of transistors Cg, Qg, Q7 and Qg
is one dio0e-arop below tne voitage at pin 1. Thus, in order tnat
these 1ransistors stay active, the voltage at pins 2 and 14 should be
approxsmately haliway petween the voltage at pin 1 and 1ne positive-
supply voltage. For this examole, the voitage at pins 2 ang 14 should
e approximatety 11 vohis.

Step 5. For dc applications, such as the muitiplv, avide and
square-root funcuons, it 1s usually desirable 1o convert the ditferenual
Qutput 10 8 single-2n0ed outpul voltage referenced to grounc. The cir-
cuit shown in Figure 22 performs this function. !t can be shown that
the output voltage of this circurt is given dy:

Mg = lla -iqa) Ry
2xly  2VyVy
And since ta -ig =l -t1g = I3 .IJRva

2R Vx'Vy'
Then Vg & oo ——
° 4Ry Rxlg where Vyx'Vy' s the voltage at tne

nput 1o the voitage diiders,

FIGURE 22 —~ LEVEL SHIFT CIRCUIT

v
9
Re g Re
v,
[} 1
—
-8 Vs
Vi
Ul =
—
LI8 Ay

MOTOROLA LINEAR/INTERFACE DEVICES



MC1495L,

MC1595L

OPERATION AND APPLICATIONS INFORMATION (continued)

The choice of an operational amolifier for this apphication
should have low bias currents, low offset cucrent, and a hign
common-mode inout voitage range as well as 3 high common-moge
reiection ratio The MC1556, and MC1741 operational amplifiers
meet these requirements.

Referring to Figure 21, the level shift comoonents will be de-
termined. When Vy = Vy = 0, the currents 12 3nd 114 will be equal
t0193. InSteo 3, R was found 1o be 20 kD and i Step 4, Vg and
V14 were found 10 be aporoximately 11 volts From this informe-
tion, Rg can be found easily from the fotiowing equation {neglect-
g the operational ampiitiers bias current):

-
._2. 0113-\, -V2
Ry Ay
And for this exampte, 11 v vy
———timAs Y
20k Re ;

«Solving for Ry, Ry = 2.6 ki1

Thus, setect fig = 3.0k0

For Rg = 3.0 ki1, the voltage at pins 2 and 14 15 calculated 10 be
V2 = Vig = 104 vouts,

The tinearity of this circunt (Frgure 21} is likety 10 be as good
Or better than the circuit of Figure 5. Further improvements are

possible as snown in Figure 23 where Ry has been increasad sun-
stantally (0 Improve the Y Inearity, ang Ry decrease SOMaw At
30 a5 not 10 materially affect the X linearity, this Avouds inCcreasing
AL sgnibicantly «n order to mantam a K of 0 1

The versauiity of the MC1595 (MC1495) 3liows tne user 1o
o ootimize «ts performance for various nout ang outvut signa
lavelis.

OFFSET AND SCALE FACTOR ADJUSTMENT
Offset Voltages
Within the monohthic muttiptier (Frgure 3) transistor base.

emitter jJunctions are typically matched within 1mV and resistorg
are typically matched withen 2%, Even with this careful magn.
'7g. 8N Ouiput error can occur. This OUIDUT erro7 1§ CoMprises
of X-input offset voltage, Y-input oftset voliage, and oulpu*-
offset voitage. Tnese 2rrors can be acjusted to 2210 wnth the tas=.
niques shown in Figure 21 Offset terms can e snown ang
Iyuicalfy by the transter function:

t
Voo Al

Vo " KIVy 2 VIOXLVX off! (Vy £ Vigy2Vy o =
Mhere K = scaie tacror

Vx 2 X input vohage

Vy e ¥ iaout vottage

VIOX + X.unout offset voitage

VIOY - Y input offset voltage

VX oft* X input off521 adjust voltage

V¥ oft* Y input oftset sdjust vollag

Voo * output ottsat voitage,

FIGURE 23 - MULTIPLIER WlTH’(MPROVED LINEARITY
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OPERATION AND APPLICATIONS INFORMATION (continued)

N\

X. Y ano Qutput Otfet Voitages

VOI Qurout
i Oftset
AU

T

T VX

H
i
()
X Otfsar —e o

Y Otfigr ——=y —

For most gc aoplications, all tnree otfset achust potentiome-
ters (Py, Po, Pg) will be necessary. One or more offset adjust
potentiometers can be eliminated for ac applicatsons (See Figures
28, 29, 30, 33).

If well regulated suoply voltages are available, the oftset ad-
just circurt of Figure 13 1s recommended. Otherwise, the circuit
of Figure 14 will greatty reguce the sensitivity t0 power supoly
changes

Scale Factor

The scate tacter, K, 15 set by P3(F igure 21), Pyvaries) 3 which
inversely controis the scaie factor K. It shouid be noted that
current 13 1s one-natf the current tnrough Ry. Ry sets the bias
tevel for Qg, Qg, O, and Qg (See Figure 31 Tnerefore, to ve
sure that these gevices remain active under 3il conditions of input
and output swing, care snould De exercised in aujusting P3 over
wide voltage ranges {see Secuon 3, General Design Procedure).

Adjustment Procedures

Tne following aajusttnent drocedurs snould be used 10 null
tne offsets anc set tne scale factor for tne muluply mode of
operation. {See Figure 21)

1. X tnput Offset

{al Connectoscillator [1 xHz, 5 Voo sinewave) to the
Y input oin 31

{b) Connect *'X* input toin 91 to ground

te) Acust X offser ootennometer, P3, for an ac nuit
at tne nuiput
2. Y inour Offse:

1ar Sonnect oscrlator 1 kH2, 5 Vop sinewavel 1o the
<X input {pin Q)

{b) Connect

tc) Adjus:
3t the outout
3. Outout Otfser

tar Connect both and Y™ inouts to ground

tb) Agjust outout offset potantiometer, P4, until the
outout voltage Vg 1s zeco volts ac
4, Scate Factor

{al Appiy +10 Vdc 10 bown tne X" and Y’ inputs

fb) Adjust 3 10 acnieve + 10.00 V at tne output.
5. Repeat steos 1 througn 4 as necessary.

The abitity to accuratery adjust the MC1595 (MC1495)
depends ucon the charactenistics of dotentiometers Py
through P4. Mutti-turn, infinite resolution potentiomer-
ers with low-temperature coefficients are recommended.

DC APPLICATIONS
Multiply

The circuit shown 1n Figure 21 may be used 10 multiply
signais from dec 10.100 kHz. tnput Jevels to the actual muiti-
ptier are 5.0 V imax), With resistive votrage dividers the maxi-
mum could be very large — however, for tnis apolication two-
to-one divicters nave been used so that the maximum input
level is 10 V. The maximum cutput level has als0 been designed
tor 10 V (max).

" input 1oin 4] 1o groung
“offset potentiometer, Py,for an ac aull

Squaring Circuit

it the two 1nputs are tied together, the resultant function is
squanng: that 1s Vg = KV2 where K 1s the scale factor. Note
that afl error terms can be ehrminated with ontv three agjustment
potenniorneters, thus ehminating one of the input offset adiust:
ments. Procedures for nulling with adjustments are given as
foliows:

1. AC Procedure:

fa} Connect oscillator {1 kH2, 15 Von) to nout

{b) Monitor outout at 2 kHz with tuneo voltmeter
and adjust P3 for desired gain {be sure to peak responss
of the voitmeter)}

{c} Tune voltmeter to 1 kHz and agjust Pq for a min-
imum output voltage

{d) Ground input and acjust P4 loutput otfset) for
7ero volts dc output

{e) Repeat steps a through d as necessary.
2. OC Procedure:

8 Set Vx = Yy = 0 V and adjust P4 loutout offset
votenuometer) sucn that Vg = 0.0 Vdc

{b} Set Vx = Vy = 1.0 V and adjust Py LY nput
oftset cotenuometer} such that the output voitage s
+0.100 voits

el Set Vy = Vy = 10 Vdc ang adjust P3 such tnat tne
oviput voitage is + 10.00 volis

id) Set Vx = Vy = =10 Vdc. Repeat steps a througn
d as necessarv

FIGURE 24 — BASIC DIVIDE CIRCUIT

g Yy

o VY

Divide Circuit
Consiger tne circurt snown 1n Fgure 24 1n whicn tne saulte
olter 15 placea in ine feedback path of an coerational amoldher.
For this configuration, the ooerational amplriier wili maintam
3 “virtual ground” at the inverting {~1 inout. Assuming tnat the
bias current of the operational amolifier is negligibie, then i =
19 ang
KVxVy -Vz
—

R EY) o
-R1 Vz 12
Solving for Vy, Vy A7 K W( :
f R1=R2
_Vz
Vv« KVy {3}
1] R1 = KR2
-v
vy % (2
Vx
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OPERATION AND APPLICATIONS INFORMATION {continued)

Hence, the output voltage 1s the ratio of V2 1o VX and provices
adwide funcrion, Thisanalysis s, of course, the «deal condruon.
if the multipiter error s taken into account, the cutdut voliage
15 found to oe

vz E

— — . {5)
Vx KVy 5

v [m
v f—
2K

where E 15 the error voltage at the output of the multipher,
From this equanon, it s seen tnat divide accuracy 1s strongly
dependent uDon ihe accuracy at wnrch the multipt:er can be
set. particutarly at small values of Vy. For examople, assume
that RY = RZ, and K = 1710, For these cong:tions the outout
of the divide Lircuit 18 givan by.

-10 vz 10°E |

Vy =
AT Vx

From ¢quation B, it 15 sesn that onwy when Vyx = 10 Vs the
error vaitage of the cwige ircudt 3s low as the error of tne
multipty circurt.  For exainole, vinen Vy is small, 10.1 volt)
tm2 error soitage Of tne awice Gircuil can be expected to be a
hungarea times the error of the pasic multipher circuit.

In termns of percentage error,

2rr0r
oercentage error = —— x 100%
actual

or from gauation {5).

™R MUINIDNEr are tonnNecisg 1oge

From equanon 7, the oercentage error 15 inversely related to
voltage VZ fue,, for increasing vaivzs of V7. the percentage
error decreases).
A crcuit that performs the awige function s shown in
Figure 25,
Two tnings should be emphasizea concerning Figure 25
1. The input voltage ' V'x1 ™yst De greater than rero ang
must be positive.  TRis insures tNat the current out of
win 2 of the muttiphier will Jiways be 1n @ direction com-
Datible weth the polanty of /2.

X

Pins 2 and 14 of tne muitis.ier nave been interchangeg
1N respect to the op2rational amphfiers inpul termemnais,
in this instance, Figure 28 ¢i¥fars from the circuit conneg-
non snown in Figure T1; nastessitated to insure negative
feedback around the looo.
& Suggested Adjusument Procedure for the Divide Circust

1. Set Vz = 0 volts ang agyus: "¢ cutnui offset potentio-
meter -P 4) until tne OUTPUL sD1tage (V) FamMains at some
1IN0t necessarily zerol consiant value as V' s varied
between +1 0 volt and - 10 voits.

"

Kegp V7 at 0 volts, set ¥y a3t ~10 volts ang adjust the
Y nput otfset poteanamersr Pyi until Vg ¢ O vorts

3. Lt Vyx' = Vz ang sojust ime X .nout offset outentio-
meter {P3) unti! the output +Oltage remains at some (not
aecessarily - 10 voitst constant salue 3s Vz = Vy' s
varied between +1 0 ang - 13 vohts.

4 feenVx'*Vzana aaiust tng scale factor notenthiomerer
1Pg) until the average warue of Vg 1s - 10 volts as Vg =
V' s varied between - 1.0 .cli ang +10 voits.

Sepeat sters 1 througn = 5 NeCessdry o acheve oot
mum darformance.

w

Square Root

ARICS The TAOrLLTE T
1 the sqJdare root function

= jo2c:0 2ase of

2 e rrL

FIGURE 25 - DIVIDE CIRCUIT
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MC1495L, MC1595L

OPERATION AND APPLICATIONS INFORMATION {continued!

FIGURE 26 — BASIC SQUARE ROOT CIRCUIT

as inchcated m Figure 26. This circuit may suffer from
!ateh-up deooiems sinwisr 10 those of tne Jwige circuit  Note
.hat only one 2oianity of 1nout s allowed and dioae clumoing
«see Fgure 271 protects against accrdental Jaten-up.

This circint 31S0 may o adjusied In tne <.0sed-I00L MOde as
follows.

1 Set vz 10 - 001 vorts and adjust P4 loutput otfset) for
Vg = -0.316 volts. neing sarefut 10 aoproach the outout
from the Dositive sige (o orecluos (e etfect of the out-
out Ci0ce clamoing.

2. Set Yz to -0.9 voits and adjust Pp X adyust) for Vg =
-3 0 vors.
3 Set /7 w0 - 10 volts anc agjust P3 scare factor adyjusii

for ¥y = =10 vorts.

Stess ) trrougn 3 may De renestec As ~ecessary 10 aThiese
7esireq attueacy

or

AC APPLICATIONS

The sootications that follow demonstrate the versaulity of the
maonolitric ultistier. 1t 3 potted multipleer s useg for these
cases, the resuits genaraily 'would nct be as good bacause the ootred
umits Dave SIrcuits tnat, 3ithougn ey ootimize de Multioication
operation, can niINcer ac sophkCations.

Freauency goyuoling ofien is done with 2 diode wnere the
fungamental oius a series of narmonics are generated. rowever,
extensive filtering 15 requirec 10 obtan the gesirea Rarmonis,
and tne second harmonic ootatned uAger this technicue usually
$ 33N N MagnIuce ang r2gu ras ampiit £aToN.

When 3 muitiotier is used 10 couble frequency tne second
nsrmonic s obtained directlv, except for a dc term, wnich can
De removed with ac coupling :

8 KE2c0s2 L

Ke?

€ 3 1+ cos 2wl
2

A potted muitiplier can be used 10 ootain the coudle fre-
Qquency comoonent, but frequency wouid he limitea by s
nterngl level.sneft amonifier In the monolithic units. :n2 ampls-
fier s ormutted

In 3 typical doubler circuit, conventional = 15-voit supnhas
are used., An input dynsmiZ range of 5.0 volrs Desk to-Deak 15
silowed. The circust generates wave-‘orms tnat are double fra.
Suency;iess tnan 193 chstortian 1s #ncountered v Nout *uisning.
The configuranon nas deen succasstully wseo i @+ 225, f 200
aMz; reducing the scale facior by decreasing tne load resistors
can further expana the bandwioth.

A shghtly mooihed version of the MC1535 (MC1295) -
tne MC 1395 M0 14961 ~ has neen successiuliv used 35 2 20anler
t0 cntain 400 “iH2  See Togurs 23

wgure 29 represents 3an apoication for ine mononinie
Tt oher 35 9 Dalancey MOALIAtOr  —erz, 1ne 3,310 1NDut 5.gnal
151 3 M2 3N tr2 zorrer 08 40 « iy

FIGURE 27 = SQUARE ROOT CIRCUIT
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FIGURE 30 — AMPLITUDE MODULATION

ty rE@iwn’
by " E cotwm!

X MODQULATION
ADJUST

QFFSET AQJUST

MC1495L, MC1595L

OPERATION ANU AFPLICATIONS INFORMATION (continued)

The signal is appl

coupled.

ied to the unit's Y input. Since the total

(A) input range is limited to 1.0 voit p-p, a 2.0-volt swing, a current
ax source of 2.0 mA and an Ry value of 1.0 kilohm is chosen,
a2 12y veg etV This takes best advantage of the dynamic range and insures
linear operation in the Y <channal.
Ay v - Since the X input varies between 0 and +1.0 volt, the current
130k .source selected was 1.0 mA and the Ry value chosen was 2.0
[ kilohms. This also insures linear operation over the X input
u dynamic range.
MCI595L 4 <% L i © Choosing Ry_= 100 assures wide-bandwidth operation. Hence,
(MC1235L) bt the scale factor for this configuration is
LY 13k
Lo Ry -
K= AXAyT3
= A
*SELECT 100
. 4 i
n (201 x)1(2x10%3)
- .'_. v=1
L 40wy
(B) The 2 in_tne NuUMerator of the equation 1s missing in this scale-

factor expression because the output is single-ended and ac

MOTOROLA LINEAR/INTERFACE DEVICES



ORDERING INFORMATION

Sevece Tamom sars Range Puctage
w140 3014
oG Mot Can
oCe »70C
) Coromu 0
G- SUTREOSENAERY |
-l Pasie 0
13945 Metn Can
©95C e + 125°C
I Corame O

MC1496
MC1596

Specifications and Applications
Information

BALANCED
MODULATOR/DEMODULATOR

BALANCED MODULATORI DEMODULATOR

designed for use wnere the output voltage 15 a product cf an
input voliage (signal) and a switching funaciion (carrier).  Typreat
apphcations include suppressed carrier and amolitude modulation
synchronous detection, FM detectioni ' pnase detectiorn, and chopper
appiications. See Motorola Application Note AN-S31 for additionat
aesign informatian.

e Exceilent Carrier Suppression — 6598 (yp@ 0.3 MHz
=50d8 typ @ 10 MH:

® Adjustaole Gain and Signat-Handling

¢ Salanced !Aputs and Outputs

e High Common Moge-Rejection - 85 dB typ

SILICON MONOLITHIC
-INTEGRATED CIRCUIT

¥ G SUFFIX
\%‘, METAL PACKAGE
{,l//\ 4 CASE 603-04
F/;// Ves
f - Signai - Output
0
: Input GKS 3) - Carrier
Gain Adjust Y - é:‘::;,
- i

)
Gain-Adjust \Y Input

1O} 'O
- Signal lnnul‘*@’“‘j- Qutput

FIGURE 1 -
SUPPRESSED CARRIER
QUTPUT WAVEFORM

FIGURE 2 -
SUPPRESSED-CARRIER
SPECTRUM

FIGURE 3 -
AMPLITUOE MODOULATION
OQUTPUT WAVEFORM

Bias {Top View)

L SUFFIX
CERAMIC PACKAGE
CASE 632-08

0 SUFFIX @
PLASTIC PACXAGE | ST

CASE 751A-02 L
SO-14

P SUFFIX
PLASTIC PACKAGE
CASE 546-08

+ Signal

Input Vee
Gain Adjust (4 ¥ 7 NC
Gain Adjust [ =Qutput
- Signal (3 TINC
Ir;?:: — =1 . Carrier Input
1 Output * INC
NC ¢ Carnier £
e— I (Top View)

FIGURE 4 - AMPLITUDE MODULATION SPECTRUM




MC1436, MC15396

MAXIMUM RATINGS® T4 + <25 C unless othenwise noted)

Anting N Symbol Viive Unh
Agoired Yoltage v 0 Vde
Vg V7 Mg - Vi Vg Vi Vg ¥gVy - Vg V7 -V,
Vg - Vg Vg Vg V) - V. Vy - Vg
OMerential ingut Signal vy - Vg v50 Vde .
Ve - | 215 18R,
Mazimum 2ias Current ig 10 mA
Thermal Resistance, Junchion (0 A Raga ow
Cerarmic Dual In-Line Pacrage 100
Plagne Oual In-Line Packaqe 100
Metal Pacrage 150
QOoeranng Temoaralure Rarge Ta C
MC 1476 Ate v 10
MCI596 S5 tn o 128
Storage Temparar "sig. AR
ELECTRICAL CHARACTERISTICS® (Veg -+ 12 Vde. Vee 8.0Vac.ls  tOmAde, Ry - 39%L R, 10w,
TA = 25°C uniass otherwise noted) [Al inout and Outout characterssiics are single-ended uniess otherwise noted.)
MC1598 MC1494
Characteristic Fig. | Note | Symbol | Min |-Tyo | Msx | Min Typ | Max Unht
Carrier Fesdinrougn H 1 VersT uVlems}
Ve = 50 mVirms) sing wave and fe = 1.0 kHr -— 4 - -— 4 -
ofset adyusied t3 rero Ic = 10 MHz = 140 -_ - 140 -
V¢ = 300 mVo-p square wave: mVirm)
oHser adjusted to tero fc = 10w — [ e0d4 | 02 — | 0.0¢ | 02
oHset not adiusted fc = 10%H2 - 20 100 - 0 200
Carniae Suporession H 2 ves <8
s = 10 Mz, 300 mVirmst
IC * 500 ¥Mz, 50 mVirmsi tine wave ] 65 - 40 6% -
e = 10 MM, 80 mVirms) sing wave = 50 -—_ - ¢ - t
Transadmittance 3angwratn iMagnituded (R 2 53 anms) 3 3 BWiag MMz
Carniar Ingut Port, Vo = 50 mvirmsl sine wave — 300 - —_ 309 -
‘g = 10 tHz 300 mVirms) sing wava
Signal Input Pan. Vg = 300 mVirms) s:ns wave - 80 -_ - % -
Vei s 0.5 vde
Signal Gain 10 3 Ayg .5 s = 5 15 - w
Vg = 100 mVirms) I = 10 tHe; Vel » 0.5 Vde
Singte-Endey input Impedance, Signal Port, | = 5.0 Mie 6 -
Paratlel Input Resistance fio = W0 | - — 200 - L]
Paraital Input Capacitance Cig _ 20 - - X0} - | of
Single-Ended Quioul Imoadanca, | » 10 MHz [] -
Paratiel Qutput Resrstanca tao = 10 P — ) — 1)
Paraial OQutout Capacitanca %20 -— 5.0 - -— 5.0 - [
tnput Bias Current 7 - BA
-4 fp v 19 Ins - 12 5 — 12 k]
4 - ! -
bS 5C 3 Ing — 12t s | — 112 %
input OHset Current 7 - ah
tios = 1=lai g = I7-1g Mosl - 0.7 5.0 -— a7 7.0
lioCi = 0.7 5.0 -— a7 7.0
Averaga Temoerature CoeMicient of Inout Otfser Cucrent 7 — {TCiigl — 2.0 —_ —_ 20 - AT
{Ta = =35Cto «125°C)
Outout Otfset Currant 7 - Joor —_ 14 50 — 14 80 »A
fig-1q)
Average Tamperaiure Coefficient of Qutout Otfset Current 7 —_ TCia0! -_ %0 - -— £ - nAC
Ta = =55Cto +125C)
Common-Mode Inout Swing, Signal Pert, ig = 1.0 ¥H? 9 4 cMV — 5.0 - - 5.0 - Ve-p
Common.Mode Gain, Signel Pant, I = 10 tHz, 9 - ACM - -25 - - -3 - <8
Vet = 0.5 Vde
Commaon-Made Quiesceat Dutout Voltage 1Pin 6 or #in i 10 -_ Yout - 8.0 — - .0 —_ Yoo
OsHerenuat Output Voltaga Swing Caosbitity 10 -— Vout -_ 8.0 - - a0 -— Yoo
Powar Suoply Current 7 [3 mAde
15« 1g ‘cc — 230 — | 201} <0
ho eg - 30 4.0 —_ 1.0 8.0
LDC Powar Dissioation 7 H Py -— 3 - - n — mw

° Pin number relerences pertain 1o this device whan paciaged in a metat can, To sscertain the corresponding pin numbers loe plastic or
L ceramic packaged devices refer 1o the first page of this soeciication sheet.




MC1436, MC1596

GENERAL OPERATING INFORMATION *

4
Kot 1 = Carriae Fesathrough

Carcrer tuedthrough s Uelined as the output voltage at carrier
lrequency with only the carrier apohied (signal voltage = O),

Carerer null s 3chieved Dy BI13NCING the currents i the ditur-
¢l amphtier by means of 3 Bras thm potentiometer (A of
Fuqure 51,

Note 2 ~ Carrier Supprasuion

Carever suopresuon is delined as the rano of each sitebana out-
Put to careier Qutpul for the carcrer and signal voltage tevels spec
ted,

Carnier suopression 1§ very decendent on carner nput level, as
snown 0 Figure 22. A low value of the carrier does not luily
itch (he uDO! swilching devices, and results in lower ugnal
qun, Nenca 10wer carner Suppression, A Nigher than ooltmum car-
feer level results 0 unnecesiary device 3G Circuil cCarrier leed:
(Mougn, whrch again degenerates the suporesson higure. The
MC1596 has Deen cnaracterized with 3 60 mViems) unewave
carver 10Ut 3G AL, This level provides ootiMum Cartiar suopres
pon at carnier lrequencies 1n the vicinity of 500 XMz, ang s
generally recommended lor balanced modulaior apphcations.

Cacrier feedtnrough 1s tncependent of signal level, Vs, Thus
cirfier OO ESHION Can Be Maximi2zed Dy 00&TILUNG wilh large %1g-
nal levels. Mowever, a hnear Qoerating Moae must be Mmamnt aned
0 the signalinput trantistor oaw — or harmonucs of the moculating
\qnalvr-il De jenerated ang sopear n the Ofvice Outpul as DuNous
1denanas ol the suporessed cariar. This requiwement places an
»008r hMIt 0N (NDUL-4.gnal amolitude [see Note 3 and Figure 20).
Note alt0 (Nat an Oplimum carrier lavel (3 tecommrended 1n Fig-
ure 22 lor QoOd carrier wppressian 3 MiNEMuUM SOUNOUS Scle-
3and generation.

At hgner trequencies circust layout s very important i order
16 minimize carrver leedthrougn  Shieiding may be necessary in
order 10 prevent CJ0ACIVE COupling Delween Lhe carrier Input
303 an0 the Oultput leads.

Nota 3 = Signal Gain and Maximum Input Level

Signat gain {single-ended) at low trequencies is defined as the
voltage gain,

Vo Ry W mv
Avs .‘V_s' N Rg v 2rq where rg © ig {mA

A constant oc potential is apohed to the carnier inpul terminats to
tully switch two of the upper transistors “an’ and two transistors
" iV » 0.5 Vdel. This in eliect forms a cascode aiiferential
amolilier.

Linear operation requires that the ngnal input b below a it
Cal velue determined by Ag and the Bias current lg

Vs £ I5 Rg Vol pesk)

Note thet 1n the lest cucurt of Figure 10, Vg corresponds 10 o
e value 0 3 valt jpwuk

Nute 4 ~ Common-Mode Swing

The cunvnwmiinaly swiny iy the voltage wlnch‘muy b mpapslignd

10 both bases of the signal arlteruntial anplifier, without satur ating

*the current 30urces Or wilhOut saturating the differentiat anpntier

1seif by swinging it Into the upoer switching devices. This swing

it variable depending on the particular circurt ang braing condi-
uons cnoten {see Note §).

Note 5 — Power Dissipation

Power dusipation, PO. within the integrated crrcuit package
should be caiculated as the summat.on of the voltaga-current prog-
ucts a3t each port, ie. assuming Vg~ Vg, lg = 1g = {g and gnarnng

base current, P 20g Vg = Vg ¢ 15 (V5 - Vgl where sub-
scripts refar 1o 0in Aumbers.,

Note 6 - Osnign Eyuations

The lollowing i 2 pawtiat tist of desgn &juahions needed Lo
Ooperare the Circuit with other supply voltages and Input condgi-
tons. See Note 3 tor Ry equation.
A, Operating Current .

The internal Lias currents are set by the conditons at pin S,
Assume:

igeig=lg
g <<l lorall transistors
fhen:

Rg » Y-T:'z <5004t where: Rg s the resistor between pin
S S and ground
©40.75V at T = +25°C

The MC1596 has been characterized lor tne condstion 1«10
MA Jad 1S the gener aity recommended vailue.

8 Cammon-Mode Quiescent Qutput Voltage
Vg* Vg2V ~igRy

Note 7 - Siasing

The MC 1536 requires three de bias voitage levels whnich must be
set externaily. Guicehnes [or setting up these three tevels include -
mantaning 3t lemt 2 voits collector-Base beas on all transistors
while not gaceeding (Ne voltages given in the 3sdlule Manimum
rating tadte;

30 vae 2 {Ivg, Vgl - (Vy, Vgll 2 2 Vdc
30 Vde 2 {IVy, Vgl = [V, Vgl 2 2.7 vdc
0 Vde 2 [IVy, Vgl = IVgl] 2 2.7 Vde

The loregomng condilions are based on the lollowing 2pprosima-
tians:

VgeVg, Vy=vg Vis=vg

8ias currents Howmg into ping 1, 3, 7, and 8 are transistor base
cutrents and can normally be neglected il external bias divders
ae vesigned 10 carry 1.0 mA or more.

Note 8 = Tranusamittance Bandwidth

« Cartmr teensadinettancs bandwedth 13 the 38 Landwidth of
e dirvice lonww d ransadmittance 33 delined by:

tey Lwwals wastubs wend)
e - T | v, - @

Signal transamiance Denhwedit s the 3B bhardwidth of the
device lorward (ransadmittance a3 Gelined by:

{signal)
v215 * STigaan

Ve 0.5Vde, Vg - 0

‘Pin number references pertain to this device when packaged in 3
metal can. To ascertsin the corresponding pin numbsers for ofas-
fie of ceramic packaged devices refer 13 the liest page of this
1oecsfication sheet




MC1496, MC1596

Note 9 = Coupling and Bypass Capaciton Cy and C3 Note 12 - Signal Port Stabdility
Capacriors Cy and C7 |Figure S} snould be setected for a re- Under certain values ol driving source impecance, ascitlation
actance of less than 5.0 onms at the carnier [requency. may occur. la this event, in RC suppression network shauld bde

connactad directly 10 each input uning thart leads. This will reducs
the O of the source-tuned circuits that Quse the oscillation,

Note 10 - Qutput Signat, V4 SIGNAL INPUT

The output signal i3 taken from ping 6 and 9. sither balanced (PINS | & 4)
o¢ ningle-ended. Figuee 12 shows the cutput levels of each of the 510
two outobul ndehands resutbing fram variations 1n both ine car- 10 of
rer and modulating signal inputs wiah a single-endad outout
conngction.
Note 11 — Nagativs Suoply, VEg An alternate methad lor low-freauency aolicatont is 1o wsrt
a1 hohm renisior in sering with the inputs, pins 1 snd 4. 1n tha
Y ¢g snould be uc onty Thensernion of an RF choke n senies case «noul current drift may cause terious degradation ol carier
with Vg z can snhance the stadildty of the internal cuerent sources, sucaression,
TEST CIRCUITS
FIGURE 5 - CARRIER REJECTION AND SUPPRESSION FIGURE 6 ~ INPUT-OUTPUT IMPEDANCE
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FIGURE 11 = SIDESAND QUTPUT varsus CAR’RlER LEVELS
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TEST CIRCUITS {continued)

FIGURE 9 — COMMON-MODE GAIN FIGURE 10 ~ SIGNAL GAIN AND OUTPUT SWING
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TYPICAL CHARACTERISTICS {continued}
Tyoical CRaracienitics werd DULHARS wilh Circusf snawn 1N Fugura S.1c = 500 X2 tnne wavel,
Ve - 60 mVirms), Ig 2 1 vmeg Vg * 100 mvirmsl, T 4 40 2898 uniest OiNerwite Nated,
FIGURE 12 - SIGNAL-PORT PARALLEL EUUIVALENT
INPUT RESISTANCE versus FREQUENCY
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TYPICAL CHARACTERISTICS {continued)
TyoiCal CRaracteristics were ODIBIAE with Circuit thown 1n Figure S5, te = 500 XHr (sine wove),
Ve * 8O mVIrma, Ig s 1 kHp, Vg » 308 mVirmi), T 4 » +25°C uniess atherwise mrotea,

FIGURE 15 ~ SIDEBAND AND SIGNAL PQRT
TRANSADMITTANCES versus FREQUENCY
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FIGURE 17 - SIGNAL PORT FREQUENCY RESPONSE
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FIGURE 19 —~ CARRIER FEEOTHROUGH versus FREQUENCY
- 18 ==
H ==
= |y o T T T T
2z Ao I P I T gy 5= 3
ES Y IR \ ] PN
] n n T T B T HE)
Py T R i 1l -
E— =
:E , :
=2 M T
2 g ]
2 r L
: T A T
& T
=
S [N R1
- [N ; :
S Tt 0 T
> RN ERI 1 T

305 1 (3] 9 5.0 19 %0

1C. CAARIEA FREQUENCY {MHY)

SUPPRESSION BELOW EACH FUNDAMENT AL
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FIGURE 16 — CARRIEA SUPPRESSION
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FIGURE 18 - CARRIER SUPPRESSION vertus FREQUENCY

i P T 1
el I i
i ! A
0 d
| ]
T
30 { e -
| 1t - 4
a0} /]
1
50 H /
e L ] 7/
50 e
Lis L1
g L gt 2
905 at es 19 8 g %

1. CARRIER FAEQUENCY (Mvrt

FIGURE 20 - SIDEBAND HARMONIC SUPPRESSION
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TYPICAL CHARACTERISTICS [continued)

FIGURE 21 — SUPPRESSION OF CARRIER HARMONIC
SIOEBANDS versus CARRIER FREQUENCY
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FIGURE 22 - CARRAIER SUPPRESSION
versus CARRIER INPUT LEVEL
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OPERATIONS INFORMATION

The MCIE96/MC1496, a monoiithic balanced moduliator cire
cuit, 13 shown 1n Figure 23,

This circurl cansists of an upper quad ditlersntial ampiiler
driven Oy 1 standard dilferential amplifier with duai current
saurces. The outpul collectors are cross-coupled 5o that fullwave
calanced multichzaton of the two inpul voltages occurs. That s,
the oulout signal 13 a constant times the product of the two inout
nonais,

Mathematical anatyus of finear ac signal multiplication indi-
cates that the output spectrum will consist of only the sum and
difterence of the two input frequencies. Thus, the device may de
used as & baanced modulator, doubly balanced mixer, product
Ceiecior, lrecuency doubler, and Other applications requiring
these particular output ignal characienstics.

The lower ditferantial amplifier has its emitters connected 10
the package pins so that an external emitter resistence may De
used, Also, externat 10ad resistors are employed 3l the device
oulpui.

Signal Levels

The uouer quad aitferential ampliher may be operated either
N 8 hnesr or a saturated moxle, The tower dillesentiol sinplifer
Superated In e oaf Nrike TUE L Ay LN

Fur luwlovel uperelion et Loth inpul ports, the vutiul supnal
will conten sum snd dillerence Heguengy compunents snd have
n ampbitudte whicn is 8 tunction uf the preduct of the Input sigial
ampiilutes,

For hign-level cperation st the carrier Nput port and hnear
Qperation at the modulaling si9nal porl, the outbut 51Ignal wiil
contain sum and dillerence trequency companenis of the mogu-
lating signal lrequency and the fundamenal and 63d harmonics of
the carner frequency. The output amplitude will be a constant
Uimes the modulating signal ampiitude. Any amplitude variations
10 1he carrier signal will nOt appear in the Sutpul.
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FIGURE 23 ~ CIRCUIT SCHEMATIC
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FIGURE 24 ~ TYPICAL MODULATOR CirRCUIT
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NOTE  Pin number references pertain 1o thes VOVICH when Dackaged 1n a'metal can. To ascertain the €Orre3DoAdING PN
fumbers f0r Dlasiic Of Coramic packaged devices taler 10 tha firsl page ot this specilication shaet.






