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QUADRATURE PHASE SHIFT KEYING
MODULATOR / DEMODULATOR

Somsak  Khemvivit
Santi Chuannok
Surachai  Trakultaweekoon

Prapakorn Suwanna Advisor

Abstract
Nowadays QPSK (Quadrature Phase Shift Keying) is one of several techniques
that was introduced to increase the rate of digital data transmission ( bits per second ) through
the channel in the form of serial transmission. This technique have an advantage above the
earlier technique, FSK. Because the data transmission of the FSK is limitted only of 1200
bits/sec.
The difference between both techniques besides mentioned above persented by
the demodulation process in the receive side that needs to get carrier signal which coherent in
such in the transmitter cause the receiver to have the carrier recovery process to achieve a true

carrier signal and become to be interesting topic in QPSK technique.
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91 Balanced modulator
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Input Previous Encoded
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4.2.6 UNTILN 0T Biquad Bandpass Filters
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MOTOROLA
SEMICONDUCTCR o _ MC1496
TECHNICAL DATA MC1596

BALANCED
BALANCED MODULATORI DEMODULATOR | MODULATOR/DEMODULATOR

These devices were designed for use where the output voltage
is a product of an input voltage (signal) and a switching function
(carrier). Typical applications include suppressed carrier and
amplitude. modulation, synchronous detection, FM detection,
phase detection, and cnopper . applications. See Motorola

Application Note AN531 for additional design information. CERA:MSC[‘J:;I?KAGE
* Exceilent Carrier Suppression — 65 dB typ @ 0.5 MHz CASE 632
—50dB typ @ 10 MHz O SUFFIX

3 AdiustablaGain-and Signal Handling PLASTIC PACKAGE
e Balanced Inputs and Outputs CASE 7S1A

®- Hign Common Mode Rejection — 85d8B typ (SO-14)

P SUFFIX

PLASTIC PACKAGE
j CASE 646

PIN ASSIGNMENTS

FIGURE 1 — -

SUPPRESSED CARKIER Signatinout (] I1e] Vee
QUTPUT WAVEFORM Gain Adjust E E NC
Gain Adjust E Qurtout
Signal Inout|_¢ | II] NC
ias E @ Carrier Input
Qutput E |__9—] NC
NC E E Inout Carrier
) AHBRIE I
ORDERING INFORMATION
FIGURE 2 — | Device | Temperature Range | Package
SUPPRESSED CARRIER | n
Wecraut® MC148C0 | so-14
| MC1485L 0°C to +7C°C | Ceramic OIP
[ mc12e8p | Prastic DIP
| MC1886L | -35°Cto~125°C | Ceramic OIP
FIGURE 4 - AMPLITUDE-MOOULATION SPECTRUM
FIGURE 3 -

AMPLITUDE MOOULATION
QUTPUT WAVEFORM

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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MAXIMUM RATINGS® (T = +25°C unlesa otherwise noted)

Rating- i Symbol Value Unhit . - A ! -
Applied Voltage - B ) 10 vde T
Vg~ Vg, Vig-Vy, V12 = Vg Vig - Vig, Vg-Vui, ;
Vg-V1, V10 -V4, Vg - V10, V2 - V5. V3-Vg)
Oitferantiat input Signal® - Vg~V +5.0 Vee .
V=V, ={5+igRy)
Maximum Bies Current Is 10 mA
Thermal Rasistance, Junction to Air RagA ‘ow
Ceramic Dual In-Line Package- - 100~ S .
Plastic Ouakin-tine Package* . 1007 - -
Metal Package 160 R - -
Operating Temperature Rsnga o Ta R P o8 .
. R MC1lage i 0 to.+70:-
a MC1596 ~5510 - 125
Storage Temperature Range Tat, -850 +150| *C
ELECTRICAL CHARACTERISTICS (Vg = +12 Vde. VEg = 8.0 Vde, l5 « 1.0 mMAdC, Ry = 3.9KM), Rg = 1.0k, Ty =~ +25°%C,
all input and output characteristics are single-ended, unless otherwise noted.}
MC1596 MC1498.
4 Characteristio Fig. Note | Symbol:| Min Typ | Max:| Mins Typ | Max: Unit-
Carrier Feecthrough : 5 1 Veer aVirma)
Vg = 80 mVirms) sine wave and fc = 1.0 kHz . - 40 - - a0 [ e,
offset adjusted to zero fg = 10 MHz — {140 | — — | 140 | -~
V¢ = 300 mVp-p square wave: mV(irma)
offset adjusted to zero- k fo=1.0kHz - — 1 o004 ] o2 — | o0&} 04
offset not adjusted fc = 1.0 kMz B - 20- | 100 —_ 20| 200-
Carrier Suppression 5 2 Ves a8
g = 10 kHz, 300 mV{rms}: - "
Ic = 500 kHz, 50 mV{rms} sine wave V0T S0 | 65. — 0% | 65; B
fc = 10 MHz, 60 mVirms) sine wave b —_ B - — S — L ok
T i Bandwidth {Magnitude (R{, = 50°chms}- 8 8 | BWags. Mhz-
Carriec.Input Port. Vo = 60 mVirms) sine wavs ~— | e b} L300 — - 300 -— -
fg = 1.0 kHz, 300 mV{rms) sine wave WA
Sigaal Input Port, Vg = 300 mV(rms) sine wave —_ 80 _ - 80 _
Vel = 0.5 vdc .-
Signal Gain 10 3 Avs L5 3s — 25 s — v
Vg = 100 mVirms), f = 1.0 kMz: Vd = 0.5 vde
Single-Ended Input Impedance, Signal Port, f = 5.0 MHz 8 - . N
Parallet Input Resistance fip = 20 =] = 200 = [T w
Parallel Input Capacitance Cige - 20° | — — 2.0 -_— 123
Single-Ended Outout Impedance, f = 10 MHz 8 —
Parallsl Output Resistance fop. — | W=} —| we] Lo
Paraliel Output Caoacitance ‘1 coo —_ 5.0 _ -— S0 —_ pF-
tnput Bias Current 7 "~ i . BA
s % : . —_
s = 1 tla o l2rhig -~ Ins 12 | 25 12 | 3
2 2 e - 12 5] — 12 | 30-
Input Offsat Current 7 - . © o pA
lios = e tioc = =110 fiosl | — {07 50| — |67 | 70
E e — 0.7 5.0. - 0.7 7.0
Average Tamperature Coefficiant of Input Otiset Current 7 - {TChol —_ 20 -— - 20 —_ nASC
T = -55°Cto +125°C) - . - .
Qutput Otfset Current 7 — iloo} —_ 14 50~ - 14 80- nA-
{lg~lg) . -
Average Temperature Cosfficiant of Qutput Offset Current 7 —_ TCio0l. — 90 —_ -— 0 —_ 1 AT
(T, = ~S5Cto +125°C)
Cammon-Mode Input Swing, Signal Port, Ig = 1.0 iz 9 4 CMV - 3.0 - —_ 5.0 - Vp-p.
Common-Mode Gain, Signai Porz, s = LOWMz, 9 - ACM — | =8| — - -85 — q8:
Vel = 05vde .
Common-Mode Quiescent Outout Voltage (Pin 6 or Pin 91% 10 - Vout — 18| =1 —Ja| =7 vop
Differential Qutput Voltage Swing Capability N 10 - Vout - 3.0 —_ — 8.0 —_ Vo-po
Power Supply-Cunent . .. . 7 8 mAde
lg +it2 lce: — | 20 3.0- | —< ) 20 | 40
ETY i feg . - 10 <3 - 10 3.0.-
OC Powsr Dissipaton 7 H o - 33 —_ —_ k<33 - mw

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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GENERAL OPERATING INFORMATION

Carrier Feedthrough

Carrier feedthrough is defined as the output voltage:
at carrier frequency with only the cacrier applied (signak
voitage = 0).

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

Carrier Suppression - -

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

Carrier suppression is very dependent on carrierinput
level, as shown in Figure 22_ A low value of the carrier
does not fully switch the upper switching devices,.and
results in lower signal gain, hence lower carrier
suppression. A higher than optimum carrier level
results in unnecessary device and circuit carrier feed-
through, which.again degenerates the suppression fig-
ure. The MC1596 .has been characterized with a 60
mV{rms) sinewave carrier input signal. This level pro-
vides optimum carrier suppression at ‘carrier frequen-
cigs in the vicinity: of 500 kHz. and is generally recom-
mended for balanced modulator applications:

Carrier feedthrough is independent of signaklevel, Vg.
Thus carrier suppression can be maximized by operating
with large signai levels. However, 3 linear operating mode
must be maintained in the signal-input transistor pair —
or harmonics of the modulating signal wiil be generated
and appear i the device-output as spurious sidebands
of the suppressed carrier. This requirement places an
upper limiton input-signal amplitude (see Figure 20). Note
also that an optimum carrier level is recommended in
Figure 22 for good carrier suppression and minimum spu-
rious sideband generation.

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

Signal Gain and Maximum Input Level.

Sianal gain (single-ended) at low- frequencies is
defined as the'voltage gain;

!Q ——-L——R where rg = AND

AVS = < = Rg+2rg 5 (mA)

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

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

Vg =I5 Re-(Volts peak)

Note that in-the test circuit of Figure 10, Vg corresponds
t0 a3 maximum value of 1 volt peak

i .

Common Mode Swing: -

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

Power Dissipation

Power dissipation, Pp, within the integrated circuit
package should be calzulated as the summation of the
voltage-current pcoducts at each port, i.e. assuming V12
= Vg, I5 =lg.= 112 and ignoring base current, Pp = 215 (Vg

© = Vi4) + I5) Vg ~ V14 whers subscripts refer to pin

numbers.
Design-Equations-

The- following is a partial list. of design equations
needed o operate the circuit with other supply.voltages
and input conditions. -
A. Operating Current

The internal bias currents are set by the conditions at
pin 5. Assume:

Ig=lg =112,

ig<<ic-for all ransistors
then:

_V--9 where: Rg is the resistor between
Rg= 5 ~500 Q. =in 5 and ground
& =075VatTa = +25°C

The MC1596 has been characterized for the condition-
I = 1.0 mA and is the-generally recommended value.”

8. Common-Mode Quiescent Cutput Voltage
Vg=Vi2 =Vt -ig R
Biasing \

The MC1596 requires three- dc bias. voltage levels
which must be set externally. Guidelines for setting up
these three levels include maintaining at least 2 volts
collector-base bias on all transistors while not exceed-
ing the voltages given in the absolute maximum rating
table;

30 Vde 2 {{Vg, V12) - (Vg, Vi)l 2 2 Vde

30 Vde 2 {{Vg. V1g) = (Vq, V4l 2 2.7 Vde

30 Vde 2 {{V4, V4) - (V5)] 2 2.7 Vde
The foregaing conditions are based on the following'
approximations:

Vg =Vi2, Vg =Vi0, V1 = Ve

Bias currents flowing into pins’ 1, 4, 8, and 10 zre.
transistor base ctrrents and can normally be neglected

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

Transadmittance Bandwidth

Carrier transadmittance bandwidth is the 3 d8
bandwidth of the- devics forward transadmittance as
defined by:

ig {each sideband}
nric =

ve (signal) Vo =0

Signal transadmittance: bandwidth is the 3 d8
bandwidth of ther device forward. transadmittance: as
defined by: ~

« Ig [signal} l - v -
s ﬁ———-—-\,s teigna | Ve = 0.5 Vdc, Vg = 0

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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Coupling and Bypass Capacitors

Capacitors C1 and C3 (Figure 5) should be selected for
a reactance of less than 5.0 Q at the carrier frequency.

Output Signal

The. output signal is taken from Pins 6 3and 12 either
balanced or single-ended. Figure 11 shows the output
levels of each of the two output sidebands resuiting
from variations in both the carrier and madulating signal
inputs with a single-ended output connection.

Negative Supply

VEE should be dc only. The insertion of an RF choke in
series with VEg can enhance the stability of the internal
current sources.

Signal Port Stability

Under certain values of driving source impedance,
oscillation may occur. In this eveat, an RC suppression
network should be connected directly to each input
using short leads. This will reduce the Q of the source-
tuned circuits that cause the oscillation.

SIGNAL INPUT
(PINS 1 & 4}

O VA
510

Lo

An alternate method for low-frequancy applications is
to insert a 1.0 kQ resistor in series with the input (Pins 1,
4). In this case input current drift may cause serious
degradation of carrier suppression. =

TEST CIRCUITS

.

FIGURE 5 — CARRIER REJECTION AND SUPPRESSION

vee
12 Vi
T X 2.6:
T .
= Cl_l_ 3, |
H 0.1 uF { Tx l A AL
¢ L, 73 194 15k
CARRIER 0,1 uf :
INPUTVC o3} '? MC14%6 150 Vo
Vs MC1536. \
MOOULATING ! Pty
SIGNAL
INPUT 10K S 10%3 51 S1 g B
t
b < ty 15 388Kk
i Bl i
CARRIEA NULL B

-8 vee
Vee

FIGURE 6 ~ INPUT-OUTPUT IMPEDANCE

Re=lk
b e Vo

- -t . '0'
(L4
?[—.—o- MC1438 Znut

MCIsss o T
————o] 12 a

14 S

-3 Ve

NOTE: Shislding of input and output leads may be needed
10 properly perform these tests.

FIGURE 7 —~ BIAS AND OFFSET CURRENTS

FIGURE 8 — TRANSCONDUF:TANCE BANDWIOTH.

e "
~1zrvu: " g Ik ~f§ vde
- .
Ago ik l = A J_ Ry [
- 5t nat.
. Tt O LT
73 = £
e f“‘ CARRIER o, i s Mg T
— INPUT " 3 v
MCluss o=t Ve | Mcis *y
meisss (5 L | vs S0 Mcisss v,
12 MOOULATING- i2
SIGNAL
2 W Is wpUT  T0%$ 10K TR
. ©Hmee ii“ - 0% Jé_s'“
y .
¥ = CARRIER NULL M
o -avge - . L 3 vee .
VeE veg
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FIGURE ¢ - COMMON MOOE GAIN:

vee

FIGURE 10 — SIGNAL GAIN AND QUTPUT SWING: ...

Vg, OUTPUT AMPLITUDE OF EACH SIDEBAND (V[ims]

. - Vee
1 e12vee ) QRYL I
e Apmik A . L3k Rem 1k
2 3 oy - IR 29+ ¥ .
o.ﬁv 8 39k 39k 1% sV P) 319k 238 %
T o= R -
g L) o "a SRR SN R Ve
v MC1536 Vo VS o o <] ME1s%” Vo
i2 12
14 5
50 1 14 . 1 R
T30 L 5= I 53k
tma
= iVal =
al : < ACM = 20l0g — = =
-8 Ve 7 vs -8 Vde
vee veg
TYPICAL CHARACTERISTICS
Typical charactaristics ware obtained with cireuit shown in Figure 5, fo = 500 kHz (sine wave},
Ve = 60 mV(irms), 'S =1 kHz, Vg = 300 mV(rms), Ta™ +25%°Cuniess otherwiss noted.. .
FIGURE 12 ~ SIGNAL-PORY PARALLEL-EQUIVALENT
_FJGURE 11 ~ SIDEBAND QUTPUT versus CARRIER LEVELS INPUT RESISTANCE versus FREQUENCY
B e
2] 500 : e
z s T T
15 2 T T AT \
8 T AN
SIGNAL INPUT = 500 mv 2 100 B =
12 T 2 0 T ‘\\ :
o - T
400 m¥/ [ N\ I
* =
08 Vd e NN
/ / t 300 my z A\
@
/"’—T 00 mv 3 s T
04 L < = g ™ N
T | tav < =
— A N
. 1 I 1 | | = e
[ s¢ 108 150+ 00° 1.0 5.0 10 E} 100
Ve, CARRIER LEVEL (mV(rms]) {, FREQUENCY (MH2)

FIGURE 13 — SIGNAL-PORY PARALLEL-EQUIVALENT

FIGURE 14 — SINGLE-ENDED QUTPUT

INPUT CAPACITANCE versus FREQUENCY IMPEDANCE versus FREQUENCY"

o
o

=
v

»
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~
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5

Cig. PARALLEL INPUT CAPACITANCE [pF}

™
3
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i e E
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TYPICAL CHARACTERISTICS {continued)
Typlcal characteristics were abtained with circuit shown in Figure S, f = S00 kHz (sine wave),
Ve = 60 mvirms), fg=1kHz, Vg =300 mV{rms), Ta" +25°C uniess otherwise noted,

FIGURE 15~ SIDEBAND AND SIGNAL PORT FIGURE 16'— CARRIEA SUPPRESSION
TRANSADMITTANCES versus FREQUENCY versus TEMPERATURE.
T T | Il !
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£ 0 g w
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FIGURE 17 — SIGNALPORT FREQUENCY RESPONSE FIGURE 18— CARRIER SUPPRESSION versus FREQUENCY
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FIGURE 20 ~ SIDEBAND HARMONIC SUPPRESSION
FIGURE 19 - CARRIER FEEDTHROUGH versus FREQUENCY versus INPUT SIGNAL LEVEL
; 10 e él ~ [}
> ; ErEr =V Z
s 1 [ A E
w T T N + X~ "
2 T : L [ El |
S 16 — = : ‘ . Y
= - E 30 [l
: : P I : = it T 2: a- /
2 H . = 4
£ t ; T i § 3 =y
3 . T 3 &= !
T o v [ T 7 @ w S0
g o 8= i !
§ = = g e 4'1—/1;:{@ /
z e o s e s A ==
- t ATt RN [ £ 0 -
wee T T T 7 z e T T i
> 0 =1 T it NS [T s | ! ! t I !
008 O 95 g 55 10 il 1 29 10 seq 00
I, CARRIEA FREQUENCY (MHz} VS, INPUT SIGNAL AMPLITUOE (mVi{rms})

MOTOROLA UNEAR/INTEF{FAC,E ICs DEVICE DATA



MC1496, MC1596

FIGURE 21 - SUPPRESSION OF CARRIER HARMONIC
SIDEBANDS versus CARRIER FREQUENCY
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FIGURE 22 — CARRIER SUPPRESSION*
versus CARRIER INPUT LEVEL...... .
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OPERATIONS INFORMATION .

The MC1596/MC1496, a monolithic balanced modulator cir-
cuit, is shown in Figure 23.

This aircuit consists of an uoper cuad dilerential amoiifier
driven by a standard differentiat amolhfier with dual current
sources. The output coll s are cr d g0 that full
balanced multiplication of the two inocut vottages occurs. That s,
the output signal is 8 constant times the product of the two input -
signels:

Mathematical analysis of linear ac signal multiplication indi-
cates that the-ouiput specuum will consist of only the sum and
ditferenca of the-two input frequencies. Thus, the device may be
used as 3 balanced modulxor, doubly balanced muxer, product
detector, frequency doubler, and other applications requiring
these particutar output signat chacactaristics:

The lawer differential- amotifler har-its amiqers connected 1o
the peckage pins so that an external emitter resistance may Se
used. Also, external: loadr resistors are-employed at the device
output.

Signal Levels

The upper quad differential amolifier mav ba aperatad either
in a linear or a saturated mode. Thae lower differential amplifier
is operated in-a linear moce for most aoplications.

For low-level coeration at both inout ports, the output signal
will contain sum and difference frequency comoocnants and have
an amplitude which is a functron of e product of the input signal
amplitudes.

For high-level operatron at tne carrier nput port and linesc
operation at the modulating signal cort. the outout signal will
contain sum and ditferenca frequency components of tne mody-
fating signal frequency and the fundamenai and odd harmonics of
the carrier frequency. The-outout itude will be a
times the modutating signal amolitude: Any amolituce variations
in the carrier signatwill not acpear in the outout,

FIGURE 23 — CIRCUIT SCHEMATIC:
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The linear signal handling caoabllicies of a differential amoiifier
are well defined. With no emitter degeneration, the maximum
input voltage for linear operation is approximately 25 mV peak.
Since the upper differential amplifier has its emitters internally

connected, this voltage- applies: to the:carrier input port for aiL.

conditions. -

Since the lower differentiai amplifier has. provisions for an-
external emitter resistance, its linear signal handling range may be
adjusted by the user. The maximum input voltege for linear oo-
eration -may be approximated from the following axpression:

v +{ig) (Rg)volts peak.
This expression may be used to compute the minimum value of
Ag for a given input voltage amplitude.

FIGURE 25 -~ TABLE 1
YOLTAGE GAIN AND QUTPUT FREQUENCIES

Carrier Input Approximate Output Signal
Signat (V) Voltaage Gain Frequancyls)
Ry Vi
Low-levei dc ——LC—K s
2{Rg + 2r,) l?
igh- oAl y
High-level de Ag +2r, M
g Ry Velrmst AN
level ac ctfm
2J2(5 ) Re « 2,

0.637 8 7 =

High-lavel ac kel S C tiu. e 2fu,
Rg « 2y Sfe £iM. - - -

The gain from the modulating signal input part to the output is
the MC1596/MC 1496 gain pararneter which is most often of interest
o the designer. This gain has significance only when the lower
cifferantial ampiifier is operated in a linear mode, but this includas
mostapplications of the device,

As previously mentioned, the upper quad differantial amolifier.
may be operated either in 3 linear or a saturated moede. Aporoxi-
mate gain axpressions. have been developed. for. the. MC1586/
MC 1486 for a tow-level modulating signal input and the following
carrier input conditions:

1) Low-levelidc
2) High-level dc
3} Low-level ac
4) High-| level 2c

These gams are summarized in Table 1, along with the fre-
guency companents contained in the output signal.

NOTES: .

1. Low-levet Modulating Signal, V), assumed in ail cases.
Vg is Carrier tnout Voltage.

2. When the cutput signat contains muitiple frequencies,
the gain expression given is for tha ocutput amplitude of
each of the two desired outputs, ic + Ty and fc ~ fg.

3. All gain axpressions are for a single-ended output. For
a diffy ial cumut muitiply each expras-
sion by wo.

4. Ry = Load resistance.

5. Rg = Ematter resistance between pins 2 and 3.

6. rg = Transistor dynamic emitter resistance, at +25°C;

26 mV
Ig {mA}

fa 52

7. K = Boltzmann's Constant, T = temoperature in degrees-
Keivin, g = the charge on an electron.

ﬂ' =2 26 mV at room temperature

APPLICATIONS INFORMATION

Oouble sideband suporessed carner modutation is the basic
aoplication of the MC1596/MC1496. The suggested circuit for
this aoplication is shown on the front page of this cata sheet.

In some aoplications, it may be necessary to ooperate the
MC1536/MC1496 with a single de supply volmqa ms:ead of dual
supplies. Figure 26 shows a bal gned for
operation with a single +12 Vde suoply. Performance of this cir-
cuit is similar to that of the duat suoply mocutacor.

AM Modulator

The circuit shown in.Figure 27 may be used as an amplitude
modulator with 3 minor modification.

All that is required to shift from suopressed carrier to AM
coeration is to acjust the carrier null potentiometer for the proper
amount of carrier insertion in the outout signal.

However, the suppressed carrier null circwitry as' shown in
Figure 27 does not have sufficient adjustment range. Therefore,
the moduiator may be modified for AM ooperation by changing
two resistor values in the null circuit 2¢ shown in Figure 28.

Product Detector

The MC1536/MC1496 makes an exceilent SS8 product detec-
tor {see Figure 29).

This orodugt detector has a sensitivity of 3.0 microvots and a
dynamic range of 90 ¢B when operating at an interrmediate fre-
quency of ¢ MHz,

The datector is brosdband for the entire high frequency range.
For cperation at very low intermediate frequencies down to SO
kHz the 0.1 LUF caoacitors on pins § and 10 snould be increased o
1.0 uF. Also, the oumu( filter at pin 12 can be tailored o a

ifi v and audio amplifier input im-

inter fr
pedance. .

As in all aoplications of the MC1S86/MC1496, the emitter
resistance between pins 2 and 3 may be increased or decreased to
adjust circuit gain, sensitivity, and dynamic range.

Thisecircuit may also be used as an AM detctor by intreducing
carrier signai st the carrier ingut and an AM signal at the SS8-
inout. -

The carrier signal may be-derived from the intermediate fre-
quency signat or generatad locally: The carrier signal may be in-
roduced with or without modulation, provided its level is
sufficiently high to saturate the uoper quad ditferential amolifier.
It the carrier signal 15 moculated, a 300 mVirmst inout level is
recommendag,
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Doubly Batanced Mixer

The' MC1596/MC1496- may be- used as a doubly balanced
mixer with either broadband- or tuned narrow band input and-
output networks. N -

The locat oscillatar signal is introduced- at the. carrier input
port with a recommended amplituce-of 100 mV{sms):

Figure 30 shows a mixer with:a broadband input and a tuned
output.

Phase Dataction and FM Detection

The-MC1596/MC 1496 wilt function 8s.a phase detectorr High—
lavel input signals are introduced at both inpyts.. When both inputs.
are at. the same frequency the MCIS86/MC1496 will deliven an=
output which-is- a- function:of the phase differsnce between-the-
two input signais:

An FM detector may-be consgucted by using the phase detac-
toe principle. A tuned circuit is added at one-of the inputs - to
causa the two input signals to vary in phase a3 a function of fre-

Frequency Doubler 3 Qquency. The MC1536/MC1496 will then provide an cutput which
The MC1596/MC1496 will operate as a frequency doubler by is 3 function of the input signal frequency.
intr ing the same freq vy at both input ports.

Figures 31 and 32 show a broadband frequency daubler and 3
tuned output very high frequency (VHF) doubler, respectively.

TYPICAL APPLICATIONS

FIGURE 26 — BALANCED MODULATOR

{+12 Vdc SINGLE SUPPLY] FIGURE 27 — BALANCED MOOULATOR-DEMOOULATOR
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FIGURE 30 — DOUBLY BALANCED MIXER -
(BROADBAND INPUTS,.S.0 MH2 TUNED QUTPUT)
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4

FIGURE 31.— LOW-FREQUENCY DOUBLER-
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Linear Four-Quadrant Multiplier

The MC1494/1554 is designed for use where the output voltage is a linear
product of two input voltages. Typical applications include: multiply, divide,
square root, mean square, phase detector, frequency doubler, balanced
modulator/ demadulator, electronic gain control.

The MC1494/1594 is a variable transconductance multiplier with internal
level-shift circuitry and voltage regulator. Scale fagtor, input oifsets and output
offset are completely adjustable with the use of four external potentiometers.
Two complementary regulated voltages are provided to simplify offset
adjustment and improve power supply rejection.
¢ Operates with +15 V Supplies

® Excellent Linearity: Maximum Error (X or Y): +£0.5% (MC1594)
£1.0% (MC1494)

® Wide Input Voltage Range: #10 V

® Adjustable Scale Factor, K (0.1 nominal)

® Single-Ended Cutput Referanced o Ground

o Simplified Offset Adjust Circuitry

* Frequency Response (3 dB Small-Signal): 1.0 MHz

® Power Supply Sensitivity: 30 mV/V typical

Multiplier Transfer Characteristic

MC1494
MC1594

LINEAR FOUR-QUADRANT
MULTIPLIER INTEGRATED
CIRCUIT

SILICON MONOLITHIC
EPITAXIAL PASSIVATED

L SUFFIX
CERAMIC PACKAGE
CASE 620

} | mri ]
8.0 X~ |~ —
X | ey S
. 50 Y > “’.l
s \\ : “
w40 1 - V68" —
2 { k=g Wy
5 20 T /‘ v
g ) oL s il V’f"":
R o ot _\\-hvnwr
i ~20y
277 = TR N
X 2 I NN
A s AN
-8.0 ! I l DS
'10-10 -80 -80 -40 -29 0 20-40 30 80 1w
vy, INPUT VOLTAGE (V)
Linearity Error versus Temperature
£ 100
@
(=}
=
&
0.
E 75
]
ul
“_--_,"_ 0.50 ,
>
= ; 7 ; ORDERING INFORMATION
5 0.25 ]
% ! ‘ I Ambient
w 0 ! | Device Temperature Range Packa
-53 -25 1] 25 0 75 100 125 :
MC1494L 0° to -70°C Ceramic
Ta, AMBIENT TEMPERATURE (°Q)
MC1495L -35%to «+125°C Ceramic
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AAXIMUM RATINGS (Tp = +25°C, unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltages £V =18 Vde
Differential Input Signal Vg-Vg =[6 + i1RYy|<30 Vde
Vig-V13 *6 + 11Rx}<30
Common Mode Input Voltage Vde
Vemy =Vg = Vg Veumy 1.5
VeMX =Vig=Vi3 VoMK +11.5
~ower Dissipation (Package Limitation)
Ta = +25°C Pp 750 mwW
Oerate above T = +25°C 184 5.0 mwrC
Operating Temperature Range MC1494 TA 010 +70 *’C
MC1594 ~5510 +125
Storage Temperature Range Tstg —65t0 +150 °C

ILECTRICAL CHARACTERISTICS (V= =15V, Ta = +25°C, R1 = 16 k. Ry = 30 kQ, Ry =

62 kQ. Ry_= 47 kQ, unless otherwise noted.)

MC1594 }MC1494
Characteristics Fig. Symbol Min Typ Max Min Typ Max Unit
<ineanty 1 ERxorERy %
Qutput error in percent of full scale
~10V <Vy < «10 V (Vv = +10 V3
=10V <Vy < +10V (Vx ==10V)
Ta = +25°C — =0.3 *0.5 —_— 0.5 .0
TA = Thigh 0r Tiow (Note 1) — — 0.8 — —_ 1.3
Input 2.3.4
Voltage Range (Vx = Vy = Vin) Vin +10 - — *10 - — Vok
Resistance (X or Y Input) Ain — 300 — — 300 — NPQ
Offset Voltage (X Input) (Note 1) Vioxl —_ 0.1 1.8 — 0.2 2.5 v
(Y Input) (Note 1) Vioyl — 0.4 1.6 — 0.8 2.5
Bias Current (X or Y input) I — 0.5 1.5 —_ 1.0 25 HA
Offset Current (X or Y Input) ol —_ 28 150 — 50 400 nA
Jutput 3.4
Voltage Swing Capability Vo #10 -— — *10 - —_ Vok
Impedance Ro — 850 — —_ 850 - kQ
Ofiset Voltage (Note 1) Vool —_ 0.8 1.6 1.2 2.5 v
Offset Current {Note 1) llool - 17 34 - 25 52 WA
Temperature Stability (Orift)
Ta = Thigh 1o Tigw
Output Offset (X = 0, Y = 0) Voltage ITCVool 77 1.3 — = 1.3 — | mvrC
Current {TClool T 27 — - 27 — nArC
X tnput Offset (Y = 0) ITCVioxl = 0.3 - - 0.3 - mvrG
' Inout Offset (X = 0} TCVioyi I 1.3 - i~ 1.5 -
Scale Factor 1TCK| - Q.07 -— — 0.07 — %/°C
Total DC Accuracy Drift {X = 10. Y = 10} ITCE| — 0.09 v — 0.09 —
Dynamic Response 5
Small Signal {3.0 d8) BW34g (x) — 0.8 — — 0.8 — MHz
B8Wsgs (V) —_ 1.0 — - 1.0 ° -
Power Bandwidth (47 k) Paw —_ 440 — — 440 —_ kHz
3° Relative Phase Shift fo —_ 240 —_ —_ 240 —
1% Absolute Error €] —_ 30 — -_ 30 —_
Tommon Made 5
Input Swing {(XorY) CMV *10.5 — — +10.5 - -— Vpk
Gain {XorY) AcM — 65 _ -— -5 —_ d8
Power Supply 7
Current Ig+ — 6.0 3.0 - 6.0 12 mAdc
g~ — 6.5 9.0 —_ 6.5 12
Quiescent Power Dissipation Pp —_ 185 260 — 188 350 mw
Sensitivity S+ — 13 50 - 13 100 mvv
S- _— 30 100 — 30 200
Jegulated Offset Adjust Yokages D
PositiverNegative YR+ VR~ 3.5 43 5.0 3.5 4.3 5.0 Vde
Temperamre Coefficient (VR+ or Vg-) TCVR — 0.03 —_ — 0.03 — mvrC
Power Supply Sensttivity (VR+ or V) Sp+. S — 0.6 — — 0.6 —_ mvrv
‘OTES: 1. Offsels can be adjusted to zero with external potendomers. Thigh = +70°C for MC1494 Tiow = _0°C for MC 1494
+125°C lor MC1594 -55°C for MC1594
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Figure 1. Linearity Figure 2. Input Resistance
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Figure 9. Frequency Response of Y Input
versus Load Resistance
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GENERAL INFORMATION

i CIRCUIT DESCRIPTION with the offsel adjust circuits 10 virtually eliminate sensitivity
of the otiset voltage nulls to changes in supply voltage.

As shown in Figure 15, the MC1594 consists of a multiptier
proper and associated peripherat circuitry to provide these

1.1 Introduction
The MC1594 is a monolithic, four-quadrans muttiplier that
operates on the principle of variable transconductance. It

features a single-ended current output referenced to ground features.
and provides two complementary regulated voltages for use
Figure 15
(Recommended External Circuitry Is Depicted within Dotted Lines)
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Reguilator .

The regulator biases the entire MC1494 circuit making it
essentially independent of supply variation. It also provides
two convenient regulated supply voltages which can be used
in the offset adjust circuitry. The regulated output voltage at
Pin 2 is approximately +4.3 V, while the regulated voltage at
Pin 4 is approximately —.3 V. For optimum temperature
stability of these regulated voltages, it is recommended that
[12] =14} = 1.0 mA (equivalentload of 8.6 kQ). As will be shown
later, there will normally be two 20 kQ potentiometers and one
50 k€ potentiometer connected between Pins 2.and 4.

The regulatoralso establishes a constant current reference
thatcontrols all of the constant current sources in the MC1494.
Note that all current sources are related to current I{ which is
determined by R1. For best temperatures performance, R1
should be 16 kQ so that |1 = 0.5 mA for all applications.

Muitiplier

The muiltiplier section of the MC1494 (center section of
Figure 15) is nearly identical to the MC1495 and is discussed
in detail in Application Note AN489, Analysis and Basic
Operation of the MC 1495, The result of this analysis is that the
differential output current of the multiplier is given by:

2V Vy
RxRyl{

Therefore, the output is proportional to the product of the two
input voltages.

IA-Ig =4l =

Differential Current Converter

This portion of the circuitry convens the differential output
current (Ia ~Ig) of the muitiplier to a single-ended output
current (I0); 10 = 1A -1

2V Vy
RyRy!4
The output current can be easily converted to an output
voitage by placing a load resistor R|_from the output (Pin 14) 10
ground (Figure 17) or by using an op amp as a
current-to-voltage converter (Figure 16). The result in both
circuits is that the output voltage is given by:
Vx Vv
vo = 2L VX VY
RxRyly
28
RxRyh

or |

= KVyVy

where, K (scale factor) =

DC OPERATION

Selection ot External Components

For low frequency operation the circuit of Figure 16'is
recommended. For this circuit, R = 30 k@ Ry = 62 kQ,
R1=16kQand, hence, Iy =0.5mA. Therefore, to set the scale
factor (K) equalto 1/10, the value of R{_canbe caiculated tobe:

K—-‘—— 2R
" 10 RxRyly
orRLaﬂnyH=(30kH62M(Q5mA)
{2) (10) 20
RL =465k

Thus, a reasonable accuracy in scale factor can be
achieved by making Ry_a fixed 47 kQ resistor. However, if it is
desired that the scale factor be exact, R\, can be comprised of
a fixed resistor and a potentiometer as shown,in Figure 186,

Figure 16. Typical Multiplier Connection
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It should be pointed out that there is nothing magic about
setting the scale factor to 1/10. This is merely a convenient
factor to use if the VX and Vy input voltages are expected to be
farge, say 210 V. Obviously with Vx = Vy = 10 V and a scale
factor of unity, the device could not hope to provide a 100 V
output, so the scale factor is setto 1/10 and provides an output
scaled down by a factor of ten. For many apptications it may be
desirable to set K = 1/2 or K = 1 or even K = 100. This can be
accomplished by adjusting Ry, Ry and R(_ appropriately.

The selection of Ry_ is arbitrary and can be chosen after
resistors Ry and Ry are found. Note in Figure 16 that Ry is
62 kQ while Ry is 30 kQ. The reason for this is that the “Y" side
of the multiplier exhibits a second order nonlinearity whereas
the “X" side exhibits a simple nonlinearity. By making the Ry
resistor approximately twice the value of the R resistor, the
linearity on both the “X” and “Y" sides are made equal. The
selection of the Ry and Ry resistor values is dependent upon
the expected amplitude of Vx and Vy inputs. To maintain 2
specified linearity, resistors Ry and Ry should be selected
according to the following aquations:

Rx 23 Vy (max) in kQ when Vx is in Volts,
Ry 2 6 Vy (max) in kQ when Vy is in Voits..

For example, if the maximum input on the “X" side is £1.0 V,
resistor Rx can be selected to be 3.0 kQ. If the maximum input
onthe “Y"side is also £1.0 V, then resistor Ry can be selected
tobe 6.0 kQ (6.2 kQ nominal value). If a scale factor of K = 1Qis
desired, the load resistoris found to be 47 kX In this example,
the muttipiier provides a gain of 20 d8.

Operational Amplifier Selection

The operational ampilifier connection in Figure 16 is a
simple but extremely accurate current-to-voltage converter.
The output current of the muitiplier flows through the feedback
resistor R{_to provide a low impedance output voltage from the
op amp. Since the offset current and bias currents of the op
amp will cause errors in the output voltage, particularly with
temperature, one with very low bias and offset currents is
recommended. The MC1458 or MC1741 are excellent
choices for this application.

Since the MC1484 is capable of operation at much higher
frequencies than the op amp, the frequency characteristics of
the circuit in Figure 16 will be pamarily dependent upon the
operational amplifier.

Stability

The current-lo-voltage ccnverter mode is a mos:
demanding application for an operational amplifier. Loop gain
is atits maximum and the feeaback resistor in conjunction with
stray or input capacitance at the multiplier output adds
additional phase shift. It may therefore be necessary to add
(particularly in the case of internally compensated oo amps) 2
small feedback capacitor to reduce toop gain at the higher
frequencies. A value of 10 pF in parallel with R should be
adequate to insure stability over production and temperatura
variations, etc.

An externally compensated op amp might be employea
using slightly heavier compensation tnan that recommendea
for unity-gain operation.

Offset Adjustment !

The noninverting input of the op amp provides a conver
point to adjust the output offset voltage. By connecting
point to the wicer arm of a potentiometer (P3). the output o
veltage can be adjusted to zero (see Offset and Scale F:
Adjustment Procedure).

The input offset adjustment potentiometers, P1 anc
will be necessary for most applications where it is desir
to take advantage of the muitiplier's excellent line
characteristics. Depending upon the particular applica
some of the potentiometers can be omitted (see Figures
19, 22, 24 and 25).

Oftset and Scale Factor Adjustment Procedure
The adjustment procedure for the circuit of Figure 16

A.  Xlnput Offset
1. Connect oscillator (1.0 kHz, 5.0 Vp-p sinewave)
to the "Y" input (Pin 9).
2. Connect X" input (Pin 10) to ground. .
3. Adjust X-offset potentiometer, P2 for an AC null
at the cuipLt.
8. Y Input Offset
1. Connect oscillator (1.0 kHz, 5.0 Vp-p sinewave)
to the “X" input (Pin 10).
2. Connect "Y" input (Pin 9) to ground.
3. Adjust Y-oifset potentiemeter, P1 for an AC null
at the output.
C. Qurput Offset |
1. Connect both “X” and "Y" inputs te ground. -
2. Adjust output cfiset potentiometer, P3 until the
output voltage Vo is 0 Vde.
0. Scale Factor
1. Apply +10 Vdc to both the “X" and “Y" inputs.
2. Adjust P4 to achieve —10 V at the output.
3. Apply —10 Vdc to both “X" and “Y" inputs and
check for Vo = ~10 V.
€. Repeat steps A through D as necessary.

The ability to accurately adjust the MC1494 is dependen
the offset adjust potentiometers. Potentiometers shou!d b
the “infinite” rasoluticn type rather than wirewound,
adjustments in balanced-modulator applications may req
wo potentiometers to orovide “coarse” and “fine” adjustm
Paotentiometers should have low temperature coefficients
be free from backlash.

Temperature Stability

While the MC 1494 provides excellent periormance in its
averall performance depends to & large degree on the qu:
of the external components. Previous discussion shows
directdepenaence on Ry, Ry and R(_andindirectdepende
on R1 (through I1). Any circuit subjected to tempera
variations should be evaluated with these effects in mind

Bias Currents

The MC1484 muitiplier. like most linear ICs, requires a
bias current into its input terminals. The device cannot
capacitively coupied at the input without regard for this ¢
current. If inputs Vx and Vy are able 1o supply the small t
current (=0.5 uA) resistors R can be omitted (see Figure 1€
the MC1494 is used 1n an AC mode of operation .
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is 10 reduce the Q" of the source-tuned circuits which cause
the oscillation,

Inability 10 adjust the citcuit 10 within the specified accuracy
may be an indication of oscitlation.

AC OPERATION
General

For ac operation, such as batanced modulation, frequency
doubler, AGC, etc., the op-ampl. will usually be omitted as
well as the output offset adjust potentiometer. The output
offset adjust potentiometer is omitted since the output will
normally be ac-coupled and the dc voltage at the output is
of no concern providing it is close enough to zero volts that
it will not cause clipping in the output wavelorm. Figure 17

FIGURE 17 — WIDEBAND MULTIPLIER
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shows a typical ac multiplier circuit with 3 scate factor K== 1.
Again, resistor Ry snd Ry are chosen as outlined’in the
previous section, with R chosen to provide the required
scale factor.

The offset voltage thenexisting at the output wilt be squal 1o
the offset curcent times the ioad resistanca. The output off.
set current of the MC1594 is typically 17 uA and 35 A

maximum. Thus, the maximum output offset would be
about 160 mV.
Bandwidth

The bandwidth of the MC1594 i primarily determined by
two factors. First, the dominant pole will be determined by
the load resistor and the stray capacitance at the ouut
terminal. For the circuit shown in Figure 17, sssuming 2
total output capacitance (Co) of 10 pF, the 3 dB bandwidth
would be approximstaty 3.4 MHz. If the load resistor were
47 k01, the bandwidth would be spproximately 340 kHz.

Secondly. a "zer0” i present i the frequency response
charscteristic for both the “X™ snd Y~ inputs which causes
the output signal 1o rise in smpktude at 8 6 dB/octave tlope
st frequencies beyond the braskpoint of the ““zero”. The
“zero” is caused by the paresitic snd substrate capacitance
which is related 10 resstors Ry and Ry and the transistors
suocisted with them. The etfect of .thess trsnsmision

3.3

34

“zeros” is seen in Figures @ and 10. The reason for this
increase in gain is due 10 the bypassing of Ry and Ry at
high frequencies. Since the Ry resistor is approximately
twice the value of the Ry resistor, the zerg associated with
the "Y' input will occur at approximately one octave below
the zero associated with the "X input. For Ry = 30 k2 and
Ay = 62 k02, the zeros occur at 1,5 MHz for the “X™ input
and 700 kHz for the Y™ input. These two measured break.
points correspond to a shunt capacitance of about 3.5 pF.
Thus, for the circuit of Figure 17, the “X" input 2ero and
“Y* input 2ero will be at approximately 15 MHz and
7 MH2 respectively,
It shouid be noted that the MC1594 muitiplies in the time
domain, hence, its frequency response is found by means
of complex convolution in the frequency (Laplace) domain.
This means that:f the "X input does not invoive afrequency,
it is not ,necessary to consider the X' side frequency
response in the output product. Likewise, for the “'Y™ side.
Thus, lor applications such as a wideband linear AGC ampli-
fiew which has a dc voltage as one iaput, the multiplier fre-
quency response has one 2ero and onepole. For applications
which involve an ac voltage on bath the “ X" and Y™ side,
such as a balanced modulator, the product voltage respanse
will have two zeros and one pole. hence, peaking may be
present in the output.
Fromrthis brief discussion, it is evident that for a¢ adplica-
tions; {1) the value of resistors Ry, Ry and R should be
kept as small as possidle to achieve maximum frequency
response, and (2] it is possible to select 2 load resistor Ry
such that the dominant pole (R, Co) cancels the input zero
IRx.3.5 pF or Ry, 3.5 pFl 10 give a flat amplitude character-
1stic with frequency. This is showa in Figures 9 and 10.
Examination of the frequency characteristics of the “X”
and Y inputs will ate that for wideband /}
applications, the best tradeotf with frequency response and
gain is achieved by using the "Y " input for the ac signal,
For ac applications requiring bandwsdths greater than those
specified for the MC1594. two other devices are recom-
ded. For modul duk; applications, the
MC 1596 may be used up to 100 MHz. For wideband multi-
plier applications, the MC1595 (using small collector toads
and ac coupling) can be used.

Stew-Rate

The MC1594 multiplier is not slew-rate limited in the ordi-
nary sense that an op-ampl is. Since all the signals in the
multiplier are currents and not voltages, there is no charging
and discharging of stray capacitors and thus no limitations
beyond the normat device limitations. However, it should
be noted that the quiescent currentin the output transistors
s 0.5 mA and thus the maximum rate of change of the out-
put voltage is limited by the output loed capacitance by
the simple equation:

av 1o
Slew-Rate -A-‘ITO "¢

Thus, if Cg is 10 pF, the maximum slevwrate would be:

Ve 05x1073

=50 Vins
AT q49x10°12

This can be improved if necessary by addition of an emitter:
follower or other type of butter.

Phase-Vector Error

All multipliers are subject to an error which is known as the
phase-vector error. This error is s phase error only end does
not contribute an smplitude error pes se. The phase-vector
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0.5 mA and thus the maximum rate of change of the output
voitage is limited by the output load capacitance by the
simple equation:

V. lo

Slew Rate AT ¢
Thus, if Co is 10 pF, the maximum slew rate would be:
AVp 05x10-3
AT 10x10-12

This can be improved, if necessary, by the addition of an
emitter-follower or other type of buffer:

= 50 Vius

Phase Vector Error
All multipliers are subject to an error which is known as the

phase vector error. This error is a phase error only and does
not contribute an amplitude error per se. The phase vector
error is best explained by an example. If the “X" input is
descrited in vector nctation as; '

X =AZQ°°
and the “Y" input is described as;

Y =Bx0°

then the output product would be expected to be;
Vo = AB X 0° (see Figure 18)

However, due to a relative phase shift between the “X” and
"Y" channels, the output product will be given by:

Vo =ABXo

Notice that the magnitude is correct but the phase angle of the
product is in error, The vector (V) associated with this erroris
the “phase vector error”. The startling fact about the phase
vector efror is that it occurs and accumulates much more
rapidly than the amplitude error associated with frequency
response. In fact, a relative phase shift of only 0.57° will result
in a 1% phase vector errar. For most applications, this error is

Figure 18. Phase Vector Error

XaAZ 0°
YaAg 0

ABZ (e

meaningless. If phase of the output product is not import:
then neither is the phase vector error. If phase is import:
such as in the case of double sideband modulation
demoduiation, then a 1% phase vector error will represer
1% amplitude error a the phase angle of interest.

Circuit Layout

If wideband operation is desired, careful circuit layout m
be observed. Stray capacitance across Ry and Ry should
avoided to minimize peaking (caused by a zero created by
parallel RC circuit).

DC APPLICATIONS

Squaring Circuit

if the two inputs are connected together, the result
function is squaring:

Vo = KV2

where K is the scale factor (see Figure 19).

However, 2 more careful look at the multiplier's defin
equation will provide some useful information. The out
voltage, without initial offset adjustments is given by:

VO = KIVX + Viox =VX off) (VY + Vigy =V off} + VOO
(Refer to “Definitions” section for an explanation of terms.
With Vx = Vy = V (squaring) and defining;

€x = Viox — Vx (off)
€y = Viay =~ Vy (off)

The output voltage equation becomes:

VO = KVy24 KVy (ex + £y) + Kex ey + VOO

Figure 19. MC1594 Squaring Clrcuit
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This shows that all error terms can be eliminated with only
three adjustment potentiometers, eliminating one of the input
offset adjustments. For instance, if the "X input offset
adjustment is eliminated, ey is determined by the internal
ofiset (Viox) bute yls adjustable to the extentthatthe (e + y)
term can be zeroed. Then the output offset adjustment is used
to adjust the Vg term and thus zero the remaining error terms.
An AC procedure for nuﬂing with three adjustments is:

A. AC Procedure:

1. Connect oscillator (1.0 kHz, 15 Vp-p) to input.

2. Monitor output at 2.0 kHz with tuned voltmeter and
adjust P4 for desired gain ( Be sure to peak
response of voltmeter),

3. Tune voltmeter to 1.0 kHz and adjust P1 for a minimum
output voltage.

4. Ground input and adjust P3 (output offsat) for
0 Vde out. .

5. Repeat steps 1 through 4 as necessary.

8. OC Procedure:

i. SetVx = Vy =0V and adjust P3 (output offset
potentiometer) such that Vo = 0 Vde.

2. SetVx = Vy = 1.0V and adjust P1 (Y input offset
potentiometer) such that the output voltage is
-0.100 V.

3. Set Vx = Vv = 10 Vdc and adjust P4 (load resistor)
such that the output voltage is =10 V.

4. SetVx = Vy = ~10 Vdc and check that Vg =10 V.

5. Repeat steps 1 through 4 as necessary.

Divide

Divide circuits warrant a special discussion as a result of
their special problems. Classic feedback theory teaches that if
a multiplier is used as a feedback element in an operational
amplifier circuit, the divide function results. Figure 20
illustrates the theoreticat simplicity of such an approach and a
practical realization is shown in Figure 21.

The characteristic “failure” mode of the divide circuit is
fatch-up. One way it can occur is if Vx is allowed to Ggo
negative, or in some cases, if Vx approaches zero. .

Figure 20 illustrates why this is so. For Vx > 0 the transfer
function through the multiplier is naninverting. Its output is fed
ta the inverting input of the op amp Thus, operation is in the
negative feedback mode and the circuit is OC stable.

Figure. 20. Basic Divide Circuit Using Multiplier
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Sheuld Yy change solarity, the transfar function through
the multiplier becomes inverting; the amplifier has positive
feedback and latch-up resuits. The problem resulting from Vy
being near zero is a result of the transfer through the multiptier
being near zero. The op amp is then operating with a very high
closed-loop gain and error voltages can thus become effective
in causing tatch-up.

The other mode of latch-up results from the output voltage
of the op amp exceeding the rated common mode input
voltage of the multiplier. Tue input stage of the multiplier
becomes saturated. phase reversal results, and the circuit is
latched up. The circuit of Figure 21 protects against this
happening by clamping the output swing of the op amp to
approximately = 10.7 V. Five percent tolerance, 10 V zeners
are used to assure adequate output swing but still limit the
output voltage of the op amp from exceeding the common
mode input range of the MC1494.

Setting up the divide circuit for reasonably accurate
operation is somewhat different from the procedure for the
multiplier itself. One approach. however., is 0 break the
feedback loop, null out the multiptier circuit, and then close
the loop.

Figure 21, Practical Divide Circuit
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A simpler approach, since it does not involve breaking the

loop {thus making it more practical on a production basis), is:

1. Set Vz = 0 V and adjust the output offset potentiometer
(P3) until the output voltage (VQ) remains at some (not
necessarily zero) constant value as Vy is varied
between +1.0 Vand +10 V.

2. Maintain Vz at0 V, set VX at +10V and adjust the

Y input offset potentiometer (P1) until Vg = 0 V.

3. With Vx = Vz, adjust the X input offset potentiomster

(P2) until the output voltage remains at some (not
necessarily =10 V) constant value as Vz = Vx is varied
between +1.0 V and +10 V.

4, Maintain Vx = Vz and adjust the scale factor

potentiomeer (R() until the average value of Vo is

~10 V. as Vz = Yx is varied between +1.0 Vand +10 V.,
5. Repeat steps 1 through 4 as necessary to achieve

cptimum perfermance. i

Users of the divide circuit should be aware that the
accuracy to be expected decreases in direct proportion to the
denominator voltage. As a result, if V is set to 10 Vand 0.5%
accuracy is available, then 5% accuracy can be expected
when Vy is only 1.0 V.

In accordance with an earlier statement, Vx may have onily
one polarity (positive) while Vz may be either pofarity.

Figure 22, Basic Square Root Circuit
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Square Root

A special case of the divide circuit in which the two inputs to
the muitiplier are connected together resuits in the square root
function as indicated in Figure 22. This circuit too may suffer

from latch-up problems similar to those of the divide circu
Note that only one polarity of input is allowed and dioc
clamping (see Figure 23) protects against accidental latch-u
This circuit too, may be adjusted in the closed-loop mode:

1. Set Vz = —0.01 Vdc and adjust P3 (output oftseat) for
Vo = 0.316 Vdc.

2. Set Vz to -0.9 Vdc and adjust P2 (*X" adjust) for
Vo = +3.0 Vdc.

3. Set V7 to ~10 Vdc and adjust P4 (gain adjust) for
VO =+10 Vdc.

4. Steps 1 through 3 may be repeated as necessary to
achieve desired accuracy.

Note: Operation near 0 V input may prove very inaccura
hence, it may not be possibie to adjust VQ to zero &
rather only to within 100 mV to <00 mV of zero.

AC APPLICATIONS

Wideband Amplifier with Linear AGC

If one input to the MC1494 is a DC voitage and a sigf
voltage is applied to the ather input, the amplitude of the outy
signal can be controfled in a linear fashion by varying the'l
voltage. Hence, the multiplier can function as a OC coupls
wideband amplifier with linear AGC controt.

In addition to the advantage of linear AGC control,
multiplier has three other distinct advantages over most ot!
types of AGC systems. First, the AGC dynamic range
theoretically infinite. This stems from the basic fact that w
0 Vdc applied to the AGC, the output wili be zero regardles:
the input. In practice, the dynamic range is limited by the abi
to adjust the input offset adjust potentiometers. By us
cermet mutti-turn potentiometers, a dynamic range of 80
can be obtained. The second acdvantage of the multiplierist
variation of the AGC voltage has no effect on the sig
handling capability of the signal port, nor does it alter the in
impedance of the signal port. This feature is particul:
impontant in AGC systems which are phase sensitive. A
advantage of the muitiplier is that the output vcitage sw
capability and output impedance are unchanged v
variations in AGC voltage.

Figure 23. Square Root Circuit
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The-circuit of Figure 24 demonstrates the linear AGC
amplifier. The amplifier can handle 1.0 V {rms) and exhibits a
gain of approximately 20 dB. It is AGC'd through a 60 dB
dynamic range with the application of an AGC voltage from
0 Vdcto 1.0 Vdc. The bandwidth of the amplifier is determined
by the load resistor and output stray capacitance. For this
reason, an emitter-follower buffer has been added to extend
the bandwidth in excess of 1.0 MHz,

Figure 24. Wideband Amplifier with Linear AGC
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Balanced Modulator

When two-time variant signals are used as inputs, the
resulting output is suppressed-carrier double-sideband
modulation. In terms of sinusoidal inputs. this can be seen in
the following equation:

VO = K(e1 cosomi) (e2 coswct)

where @m is the modulation frequency and wg is the carrier
frequency. This equation can be expanded to show the
suppressed carrier or balanced modulation:

Vo = K192 (cos(meswm) t + costoe —am)t]
2

Unlike many modulation schemes, which are nonlinear in
nature, the modulation which takes place when using the
MC1494 is linear. This means that for two sinusoidal inputs,
the output will contain only two frequencies, the sum and
difference, as seen in the above equation. There will be no
spectrum centered about the second harmonic of the carrier,
or any multiple of the carrier. For this reason, the filter
requirements of a modulation system are reduced to the
minimum. Figure 25 shows the MC1494 configuration to
perform this {unction.

Notice thatthe resistor values for R, Ry and R_have been
modified. This has been done primarily to increase the
bandwidth by lowering the output impoedance of the MC1484
andthenlowering Rx and Ry toachieve againoi 1. Theegcan
be as large as 1.0 V peak and ey as high as 2.0 V peak. No
output offset adjustis employed since we are interested only in
the AC output components.

The input reisstors (R) are used to supply bias.current to
the muitiplier inputs as well. as provide matching input
impedance. The output frequency range of this configuration
is determined by the 4.7 kQ output impedance and capacitive
loading. Assuming a 6.0 pF load, the small-signal bandwidth is
5.5 MHz.

The circuit of Figure 25 will provide at typical carrier
rejection of 2 70 dB from 10 kHz to 1.5 MHz.

Figure 25. Balanced Moduiator
-15V 415V
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The adjustment procedure for this circuit is quite simple.

1. Place the carrier signal at Pin 10. With no signal applied
to Pin 9, adjust potentiometer P1 such that an AC null is
obtained at the output.

2. Place a modulation signal at Pin 9. With no signal
applied to Pin 10, adjust potentiomneter F2 such that an
AC null is obtained at the output.

Again, the ability to make careful zdjustment of these
oftsets will be a function of the type of potentiometers used
for P1 and P2. Multiple turn cermet type potentiometers
are recommended.

Frequency Doubler
If for Figure 25 both inputs are identical:
em= e¢ = E coswt
then the output is given by,
80 = emec = £2 cos? wt
which reduces to,
8o = Ez? (1 + cos2at)

This equation states that the output wili cansist of a OC term
equal to one half the peak voltage squared and the second
harmanic of the input frequency. Thus. the circuit acts as a
frequency doubler. Two facts about this circuit are worthy of
note. First, the second harmonic of the input frequency is the
only frequency appearing at the output. The fundamental does
notappear. Sacond. if the input s sinusoidal, the output will be
sinuscidal and requires no filtering.

The circuit of Figure 25 can be used as a frequency doubler
with input frequencies in excess of 2.0 MHz.
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Amplitude Modulator

The circuit of Figure 25 is also easily used as an amplitude
modulator. This is accompiished by simply varying the input
offset adjust potentiometer (P1) associated with the
mudulation input. This procedure places a OC oftset on the
modulation input of the multiplier such that the carrier still
passes through the multiplier when the modulating signal is
zero. The resultis amplitude modulation. This is easily seen by
examining the basic mathematical expression for amplitude
modulation given below. For the case under discussion,
with K = 1 )

eg = (E + Em cosomt) (Ec coswet)

where E is the DC input offset adjust voltage. This expression *

can be written as:
eg = Eq {1 + M cosuct] cosat
where, Eg = EE¢
and, M = —E_Eﬂ = modulation index.

This is the standard equation for amplitude modulation.
From this, it is easy lo see that 100% modutation can be

achieved by adjusting the input offset adjust voltage tc
exactly equal to the peak value of the modulation (Epy). Th
done by observing the output waveform and adjusting
input offset potentiometer (P1) until the output exhibits
familiar amplitude modulation waveform.

Phase Detector

if the circuit of Figure 25 has as its inputs two signal
identical frequency, but having a relative phase shiit, the
put will be a DC signal which is directly proportional to the
sine of phase difference as well as the double frequency te

ec = E¢ coswet

em = Em cos(wct + 0)

eg- = ecem = EcEm coswgt cos({wet + 9)
Ec

of, ¢g = gm {cosg + cos{2ugt + $)]

The addition of a simple low pass filter to the output (w
eliminates the second cosine term) and return of Ry to ar
set adjustment potentiometer will resultin a OC output vol
which is proportional to the cosine of the phase differe
Hence, the circuit functions as a synchronous detector.

DEFINITION OF SPECIFICATIONS

Because of the unique nature of a multiplier, i.e.. two
inputs and one output, operating specifications are difficult to
define and interpret. Indeed the same specification may be
defined in several completely different ways depending upon
which manufacturer is doing the defining. In order to clear up
some of the mystery, the following definitions and examples
are presented.

MULTIPLIER TRANSFER FUNCTION — The output of the
multiplier may be expressed by the following equation:

Vo = K[Vx % Vigx = Vx(off)] {Vy £ Viey ~Vy(ot)l £ VOO (1)
where, K scale factor

U

Vg = “X"inputvoltage
Vy =" input voltage ~
Viox = *X"inputoffsat voltage
Viegy = 'y inputofisetvoitage
Vx(offy = °X"inputofiset adjust voltage
Vy(offy = y"input ofiset adjust voltage
OO0 = output offset voltage

The voitage transfer characteristc below indicates x, y and
output offset voltages.

VQ| 0

Vg == 10V}

LINEARITY — Linearity is defined to be the maximum
deviation of output voltage from & straight line transier
function. 1t is expressed as a percentage of full-scale output
and is measured for Vyx and Vy separately, either using an X-Y

plotter (and checking the deviation from a straight line) ¢
using the method shown in Figure 1. The latter method
the output signal with the input signal, resulting in disto
components proportional to the linearity.

Example: 0.35% linearity means

Vae XYY & (0.0038)10 V)
SREET

INPUT OFFSET VOLTAGE — The input ofiset voltac
defined from Equation (1). It is measured for Vyx anc
separately and is defined to be that DC input offset a
voltage (x or y) that will result in minimum AC output wher
(5.0 Vp-p, 1.0 kHz) is applied to the- other input (y «
respectively). From Equation (1) we have:

VO(AC) = K [0 £ Vigx ~Vx(off)] [sinmt]
adjust Vx(ctf) 50 that [ Viox —Vi(off)] = 0.

OUTPUT OFFSET CURRENT AND VOLTAGE -— O
offset current {loo) is the DC current flowing in the output
when Vy = Vy =0 and X and Y offset voltages are adju
to zero.

Output offset voltage (VOO) is:

Voo =100 AL

where R is the load resistance.

Nate: Qutput offset voitage is cefined by many manufactt
with allinputs at zero butwithoutadjusting X and Y
voltages to zero. Thus, it includes input ofiset term
output offset term and a scale factor term.

SCALE FACTOR — Scale factor is the K term in Equatio
it determines the gain of the multiplier and is expre
approximately by the following equation.

L &7
= . wh a —_—
PRyl where Ry and Ry >> ol

and Iy is the current out of Pin 1.
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TOTAL DC ACCURACY — The total DC accuracy of a
multiplier is defined as error in multiplier output with DC
(£ 10 Vdc) applied to botn inputs. itis expressed as a percent
of full scale. Accuracy is not specified for the MC 1494 because
error terms can be nulled by the user.

TEMPERATURE STABILITY (DRIFT) — Each term defined
above will have a finite drift with temperature. The temperature
specifications are obtained by readjusting the multiplier
ofisets and scale factor at each new temperature (see
previous definitions and the adjustment procedure) and noting
the change.

Assume inputs are grounded and initial offset voltages
have been adjusted to zero. Then output voltage drift is
given by:

AVQ = £ [KEK (TCK) (aT)] [(TCViox) (aT)]

((TCVigy) (aT)] = (TCVOO) {AT)

TOTAL DC ACCURACY DRIFT — This is the lemperature
drift in output voltage with 10 V applied to each input. The

outputis adjusted to 10 V at TA = +25°C. Assuming initial offset
voltages have been adjusted to zero at TA = +25°C, then:

Vo = [ K&K (TCK) (AT)] {10 + (TCViox) (AT)]
(10 £ (TCVioy} {aT)] % (TCV Q) (aT)

POWER SUPPLY REJECTION — Variation in power supply
voltages will cause undesired variation of the output voltage. It
is measured by superimposing a 1.0 V, 100 Hz signal on each
supply (£15. V) with each input grounded. The resulting
change in the output is expressed in mV/V.

QUTPUT VOLTAGE SWING — Output voltage swing
capability is the maximum output voltage swing (without
clipping) into a resistive load. (Note, output offsst is adjusted
o zero).

ltanop amp is used, the multipliec output becomes a vidtual
ground — the swing is then determined by the scale factor and
the op amp selected.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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LM565/LM565C Phase Locked Loop

General Description
The LMS65 and LM585C are genaral purpose phase locked

loops containing a stable, highly lineer voitage controlled . ..

oscillator for low distortion FM demodulation, and a double
balariced phase datector with good carier suppression. The
VCO frequency is set with an external resistor-and capaci-
{or, and & tuning range of 10:1 can be obtained with the
same capacditor. The cheracteristics of the closed loop sys-
tem—bandwidth, response speed, cepture and pull in
range—may be adjusted over a wide range with an external
resistor and capaciter, The loop may be broken between the
VCO and the phase dstactor for Insertion of & digital fre-
quency divider to obtain frequency muitiplication.

The LM565H is spacified for oparaticnt over the —55°C to
+125°C military temperature range. The LMS65CH and
LMS65CN are specifiad for oparation over the 0°C to
+ 70°C temperature rangs.

Features

| 200 ppm/*C frequency stability of the VCO

u Power supply range of 5 to 212 volts with
100 ppm/% typical

E 0.2% linearity of demodulated output

April 1687

¥ Linear triangle wave with in phase zero crossings
available

& TTL and DTL compatible phase dstector input and
« squarg wave oufput .

u Adjustable hold in ranga from +1% to > +60%

Applications

Data and tape synchronization
Modems .

FSK demodulation

FM demodutation

Frequency synthesizer

Tone decoding

Frequency multiplication and division
SCA demodulators

Telemetry recaivers

Signal regeneration

x
[ ]
L}
-]
[
=
]
[
|
& Cohersnt demodulators

Connection Diagrams
Melal Can Package

TIMING .
CAPACITOR

TEMING
RESISTOR

YCO CONTROL
VOLTAGE

REFERENCE
ouTPUT

PHASE COMPARATCR
VIS INFUT

TUHIT883-2
rder Number LM365H or LMS65CH
See NS Package Number H10C

Dual-In-Line Package

1 14
~Vec ——f —— NC
INPYT —2 2 e -
PUT —2] L2 e
vco 4 _r 1
ouTPUT "] veo Ne
PXASC COMFARATOR & 10 w
VO INPUT L__.L__' ee
REFERENCE 6 S TIMING
outeyT T ] e [~ caraciTon
vCO CONTROL __ 0 ! TiMING
VOLTAGE | | RESISTOR
TL/H/7853~3

Order Number LM565CN
See NS Package Number N14A
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Applications Information

In designing with phese locked loops such as the LMSSS,
the important parameters of interest are:

FREE RUNNING FREQUENCY

0.3
. o Co .

LOOP GAIN: relates the amount of phass change between
the input signat and th'e VCO signal for & shift in input signal

«frequency {assuming the loop remains in lock). In servo the-
ory, this is called the “valocity error coefficient.”

. 1
Loop gain = KoKp (a) -

fo ™

adians/sec\ -
Ko = oscillator sensitivity (r——e) i

volt

: I
Kp = phase detector sensitivity (r:‘:):
h

The loop gain of the LM565 is dapendent on supply voltage,
and may be found from:

Ko Koy = 33.6 1

e ~-

fo = VYCO frequency in Hz

Ve = total supply voltage to circuit
Loop gain may be reduced by connecting a resistor be-
tween pins 6 and 7, this reduces the load impedance on the
output amplifier and hence the loop gain.
HOLD IN RANGE: tha range of frequencies that the looprwill
remain in lock after initially being locked.

8fo

fyy = +—=

H Ve

fo = free running frequency of YCO

Ve = total supply voltage to the circuit
THE LOOP FILTER
In almost all- applicalions, it will be dasirable to filter the

signal at the output of the phass datector {pin 7); this filter
may take one of two f&rms:

Simple Lag Filier

M

3]

RY = 3.8k

LM54S

Lag-tead Filler

A3 = 3.6

LMS85

TL/H/T8S3-12
A simple lag fiiter may be used for wide closed loop band-
width appiications such as modulation following where the
frequency deviation of the cartier is fairly high (greater than
10%), o where widebend moduiating signals must be fol-
lowed.

The naturel bandwidth of the dosed loop response may be

found from:
' 1 E Ko
" 2n R{Cq

Associated with this is & damping factor:

s s 1 f 1
’ 2'VR1C1KoKp

For namow band epplitations where & narrow noise band-
width is desired, such as applications involving tracking &
slowly varying carder/'a lead lag fiter should be used. in
goneral, it 1/R4Cy < K, Kp, the damping factor for the loo?
becomes quite small resulting in large overshoot and possi-
ble instability in the transient responsa of the loop. in this

‘case, the natural frequency of the loop may be found fiom

1 KoKp

fh= o

2% Ty v T2

- Ty + 2= (Ry +Ry) Cy
Ry is selected.to produce e desired demping factor 8, usual.
ly betwean 0.5 and 1.0. The damping faclor is found from
the approximation: ™

8 = 1 7tofy

These two equetions are plotted for convenienca.

Fliter Time Consian! vs Natural Frequency
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TL/F/7853-13

Damping Time Conslant vs Natural Frequency
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Capacitor C; should ba much sme..er than Cy since its func-
tion is to provide filtering of carrier, In ganeral C; < 0.1 Cy.
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Absolute Maximum Ratings

It Military/Asrospace specitied devices are required, ' Operating Temperature Rande
please contacl the Natlonal Semiconductor Sales LM565H «55Cto +125°C
Otfice/Distributors for avallablilly and specifications. LM565CH, LM565CN 0°Cto +70°C
Supply Voltage ti2v Storage Temperature Range —65!Cto +150°C
Power Dissipation (Nots 1) 1400 mW Lead Temperature (Soldering, 10 sec.) 260°C
Differsntal input Voltage £V :
Electrical CharacterIstics ACTestCrouit, Ty = 25C,Vog = 26V
Parameter Condltions LME6S _tMsese Units
- Min Typ Max Min Typ Max
Power Supply Current 5.0 125 8.0 12,5 mA
Input Impedance {Pins 2, 3) —4Y < Vz,V3 < OV 7 10 5 kN
VCO Maximum Operating Co = 27pF 300 500 250 500 KHz
Frequency :
VCO Fres-Running Co = 1.5nF F” B .
Frequency ‘Rp = 20kQ -10 0 +10 | —30 [¢] . +30 %
fo = 10kHz
Operating Frequency = = .
Temperature Coefficient 17 = ppm/°C
Frequency Drift with ; o
Supply Voliage 0.1 1.0 i | o2 1.5 %/V
Triangte Wave Output Voltage 2 2.4 3 2 2.4 3 Vpp
Triangle Wave Output Linearity 0.2 0.5 %
Square Wave Output Level 47 54 47 54 Voo
Output Impedance (Pirr4) 5 5 kn
Squasre Wave Duty Cycle 45 50 55 40 50 60 %
Square Wave Riss Time 20 20 ns
Squere Wave Fall Time 50 50 ns
Output Current Sink (Pin 4} 0.6 1 06 | 1 mA
VCO Sensitivity fo = 10kH2 6600 6600 Hz/v
o o . o« X
Dt.rmodu!a!ed Output Voltage +10% Frequency DevnatnonA 250 200 400 200 200 450 .y
(Pin7) y ; e
_Total Harmonic Distortion +10% F;equency Deviation 0.2 0.75 0.2 1.5 %
Outout Impedancs (Pin 7) 3.5 3.5 kN
DC Level {(Pin 7) 4.25 4.5 4.75 | 4.0 4.5 5.0, "2
Output Oftsst Voitaga 30 | 100 50 | 200 | mv
V7 = Vel )
Temperature Drift of [V; — Vel 500 500 pV/*C
AM Rejection 30 40 40 d8
Phase Detector Sensilivity Kp .68 .68 V/radian.
Note 1: The maximum juaction temperstuse of the LV565 and LM565C i + 150°C, For operation at eleveted empentivaes Ze.098 in the TO-5 package mustde

dersled based on & Drermal resistance of + 150°C/W juaction to embieat or +45°C/W junction 1> case. Thermal retisin o of the duakindine sachage is

+85'C/W,
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Typical Performance Characteristics
Power Supply Curren{ ac a Lock Range as s Funcilion
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SEMICONDUCTOR
TECHNICAL DATA

Highly Flexible Voltage
Comparators

The ability to operate from a single power supply of 5.0 V10 30 V or +15 V
split supplies, as commonly used with operational amplifiers, makes the
LM111/LM211/LM311 a truly versatile cdmparator. Moreover, the inputs of the
device can be isolated from system ground while the output can drive loads
referenced either to ground. the Vc g or the VEE supply. This flexibility makes
it possible to drive DTL, RTL, TTL, or MOS logic. The output ¢an also switch
voltages to 50 V at currents to 50 mA. Thus the LM111/LM211/LM311 can be
used to drive relays, lamps or solenoids.

Typical Comparator Design Configurations

Spiit Power Supply w{th Oftset Balance

Single Supply
¢ Voo

Ground-Referred Load
? Vee

Output
* ——
VEE T
Input polarity is reversed when Input polarity is reversed when
Gnd pin Is used as an output. Gnd pin is used 2s an output.

{.0ad Referred to Positive Supply Strobe Capability

LM111
LM211
LM311

HIGH PERFORMANCE
VOLTAGE COMPARATORS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

N SUFFIX
PLASTIC PACKAGE
CASE 628

J-8 SUFFIX
CERAMIC PACKAGE
CASE 693

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

%

PIN CONNECTIONS

(Top View)

CRDERING INFORMATION

Device Temperature Range Package
LM111J-8 ~35° tc +125°C Ceramic DIP
LM2110 $0-8
LM211J-8 “25°00485°C | Coramic DIP
LM311D S0-8
LM311J-8 0°10 +70°C . Ceramic DIP
LM31IN Plastic OIP

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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MAXIMUM RATINGS (Tp = +25°C, unless otherwise noted.).

Rating Symbot LM111/LM211 LM31t Unit
Total Supply Voitage vVee +Veg! .36 .. ... 3 ... Vdc
Output to Negative Supply Voltage Vo -Vee 50 40 | Vde
Ground to Negative Supply Voltage VEE 30 30 Vdc
Input Differantial Voltage Vio 30 30 Vde
Input Voltage (Note 2) Vin *15. . 15 - vde
Voltage at Strobe Pin —_ VectoVee—5 | Voo to Vo5t Vde.
Power Dissipation and Thermal Characteristics -
Plastic and Ceramic Dual-In-Line Packages Pp 625 mwW
Derata Above Tp = +25°C 17844 5.0 . mW/rC
Operating Ambient Temperature Range TA . *C
=55t0 +125 _s T
-251t0 +85 -
— Oto +70
Operating Junction Temperature TJimax) +150 +150 °C
Starage Temperature Range TS;g -35 to +150 -35 10 +150 *C

ELECTRICAL CHARACTERISTICS (VoG = +15V, VEg = ~15 V, Ta = 25°C, unless otherwise noted [Note 11)

LM111/LM211 LM311
Characteristics Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Note 3) Vio mv
Ag ¢ S0k, Tp = +25°C — 0.7 3.0 — 2.0 75
Rg ¢ 50 kQ, Tigw S TA < Thigh” —_ —_ 4.0 —_ — 10
Input Offset Current (Note 3) Ta = +25°C o — 1.7 10 — 1.7 S0 nA
Tiow S TA < Thigh™ — - 20 — - 70
Input Bias Current Tp = +25°C i — 45 100 - 45 250 nA
Tiow S TA < Thigh” — — 150 —_ - 300 |
Voltage Gain Ay 49 200 - 40 200 —_ Vimv
Response Time (Note 4) — 200 — —_ 200. —_ ns
Saturation Voltage Vou .- v
VID $-5.0 mV, Ig = S0 mA, Tp = 25°C _ 0.78 1.5 - — -
Vip =10 mV, g = S0 mA, T = 25°C - —_ — - 0.78 1.5
Veg 24.5 V. VeE = 0. Tiow S TA S Thign” - -
V1D £25.0 mV. lgink $8.0 mA -—_ 0.23 0.4 _— -_ -—
VID 4510 mV, Igink < 8.0 mA° — — — — 0.23 0.¢
Strobe "On” Current {Note 5) I — 3.0 — — .0 — mA
Qutput Leakage Current
Vip 25.0 mV, Vo= 35V, Tp = 25°C, Israbe= 3.0 mA - 0.2 10 —_ - — nA
VID 2 10 mV, VO=35 V. Tp = 25°C, lgirope= 3.0 mA - - — - 0.2 50 nA
VID25.0 mV. YO= 35 V. Tiow € TA < Thigh” — 0.1 0.5 — — — uA
Input Voltage Range (Tigw-S TA S Thigh') vVics =145 | -1470 | +13.0 ~145 | -14.7t0 | +13.0 '
13.8 13.8
| Positive Supply Current lcc — +2.4 +6.0 — +2.4 +7.5 mA
| Negative Supply Current Ieg — -1.3 -5.0 —_ -1.3 ~5.0 mA

* Tiow- ==55°C for LM111.—
==25%C for LM211
= 0°C for LM311

Thighr = +125°C forLM111
= +85°C for LM211
= «70°C for tM3 13-

NOTES: 1. Offset veltage, offset current and bias current specifications apply for a supply voltage range from a single 5.0V suﬁply upto +15V:

supplies.. .

2. This rating applies for £15 V suopiies. The cositive input voltage timn-is 30 V abave the negative supply. The negative input voltage-

limit is equal to the negative suooly voltage or 30 V below the positive supply, whichever is less.
3. The Offset voltages and offset curents giverr are the maximum values rzquired 10 drive the output within a volt of either supply with.
2 1.0 mA load: Thus, these rarameters define an error band and taka into account the. ‘worst case” effects ot voltage gain and input

impedance.

4, The response tima specified is for 2 100 mV input step with 5.0 mV overdrive.
5. Do not short the sirobe pin to ground; it should be current driven at 3.0 MA 0 5.0 mA.

MOTOROLA LINEAR/INTERFACE.ICs DEVICE DATA
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1y INPUT BIAS CURRENT (o)
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Figure 1. Circuit Schematic. - o -

Figure 2. Input Bias Current
versus Temperature:

Figure 3. Input Otfset Current
versus Temperature

140 T 5.0 T
Voo =+15V — Voo = +15Vv
oo Vgg=-i5V z ' Vgg=-15V
o
T 1 o~ 41} Pins 5 & 6 Tied
— X 7 \\ g:: to Vcc
100 Pins 5 & 6 Tied 3 30 L L |
o VCC E I’/V' B .
o :
Y § >
40 ppemee——"" S Z 10 Normab . n
- & =} ! I -
0 - 0 || —
-55 -25 0 25 S0 75 100 125 -55. -25 0 25. 50 75, 100 125
TA, TEMPERATURE (°C) T, TEMPERATURE (°C)
Figure 4. input Bias Current versus Figure 5. Common Mode Limits
Differentiat Input Voltage versus Temperature-
140 I 1T 1 1] R ! T T-
i Veo=+15V 7 Vee Referred o Supply Voltages:
'20 ) VEE:-‘SV‘ - S -05 e e e _
T Ta=+25C ] by
100 | . = 1.0
=
T 3.-15
€ 1 = N
® ‘ E /1" =X
] = —
[« 30
N D =
© ‘ g 0.4
1 © 02
20 i Ve
|
giG -2 30 -40 0 4.0 8.0 12 16 -55 -25 4} 35 50 75 100 125
DIFFERENTIAL INPUT VOLTAGE (V) Ta, TEMPERATURE (°C)
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Figure 6. Response Time for

£ Various Input.Overdrives 1
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Figure 8. Response Time tor
Various Input Overdrives
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Figure 10. Output Short Circuit Current
Characteristics and Power Dissipation
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Figure-7. Response Time for.
Various Input Overdrives
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versus Qutput Current
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Figure.12: Output Leakage Current -

Figure 13. Power Supply Current

versus-Temperature- - versus-Supply-Voltage
100} 36 —=F .
F— Voo = +15V — = Z a0 [ Ta= +25°C
Vegg=-15V = & " . e
10 o= Positive Supply — Output Low.
s = w24 =
i i =]
o=t = ~ ; = SART
: = Output Vg = +50V {LM11R211 only) = g Positive and Negative Power Supply— Outpt High ___
3 12 =
[=d
0.1 ug.:
— — g 06
7 i | T T -
0.01 == 1 0 .
25 45 85 85 105 1287 0. °50 0 - 15 20 ‘25
.Ta, TEMPERATURE [°C; Voo-Vee, POWER SUPPLY VOLTAGE (V)
‘ﬁgure 14. Power Supply Current
versus Temperature
30 i ‘I
/- P Veg= +15V
26 VEE =-15V -
z Postive Supply — Output Low
% 22 N :
7 1373
3 ] = ™.
Z A T N .
3., Postive and Negative Supply — OuiputHigh =
5 LN - N
1.0 - -
-55 -25. 0 25 0 75 100 125 ——
. Ta, TEMPERATURE (°C} - - -
) APPLICATIONS INFORMATION
Figure 15, Improved Method ot Adding
Hysteresis Without Applying Positive Figure 16. Conventional Technique
Feedback to the inputs for Adding Hysteresis.
o +{5V —:-f—————o—o +15V
47%.
Input © -

Output
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V050,
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when a high speed comparator such as the LM111 is used
with high speed input signals and low source impedances, the
output rasponse will normally be fast and stable, providing the
power supplies have beem bypassed (with 0.1 pF disc
capacitors), and that the output signal is routed well away fromr
the inputs (Pins. 2 and 3) and also away from Pins 5 and 6.

However, when the input signal is a voltage ramp or a slow
sine wave, or if the signal source impedance is high (1.0 kQ
to 100 kQ), the comparator may burst into oscillation near the
crossing-point. This is due to the high gain and wide bandwidth
of comparators like the LM111 series. To avoid oscillation or
instability in such a usage, several precautions are
recommended, as shown in Figure 15.

The trim pins (Pins 5 and 6) act”as unwanted auxiliary
inputs. If these pins are not connected to a trim-pot, they
should be shorted together. If they are cannected to a irimi-pot,
a 0.01 uF capacitor (C1) between Pins 5 and 6 will minimize-
the susceptibility to ac coupling. A smaller capacitor is used if
Pin 5 is used for positive feedback as in Figure 15.

Certain sources will produce a cleaner comparator output
waveform if a 100 pF to 1000 pF capacitor (C2) is connected
directly across the-input pins. When the signal source is
applied through a resistive netwerk, R1, it is usually
advantageous to choose R2 of the same value, both fordc and
for dynamic (AC) considerations. Carbon, tin-oxide, and
metal-film resistors have all been used with good results in
comparator input circuitry, but inductive wirewound resistors
shouid be avoided.

When comparator circuits use input resistors (e.g.,
summing resistors), their value and placement are particularly
important. In all cases the body of the resistor should be close
to the device or socket. In other words, there should be a very
shortlead length or printed-circuit foil run between comparator
and resistor to radiate or pick up signals. The same applies to.
cepacitors, pots, etc. For.example. if R1 = 10 kQ. as little as
3 inches of lead between the resistors and the input pins can
result in oscillations that are very hard to dampen, Twisting
these input leads tightly is the best alternative to placing
resistors close to the comparator.

Figure 17. Zero-Crossing Detector
Driving CMOS Logic

. Voo =+15V
Qal - 3.0k t

12 CHOS Logie

Veg =-15V

TECHNIQUES. FOR AVOIDING OSCILLATIONS IN COMPARATOR APPLICATIONS T

Since feedback to almost any pin of a comparator can result
in oscillation, the printed-circuit layout should be engineered
thoughtfully. Preferably there should be a groundplane under
the LM111 circuitry (e.g., one-side of a double layer printed.
circtit board). Ground, pasitive supply or negative supply foif
should extend between the output and the inputs, to act as a-
guard. The foil connections for the inputs should be as small

‘and- compact as possible, and should be essentially

surrounded by ground foif on all sides, to guard against:
capacitive coupling from any fast high-level signals (such as
the output). If Pins 5 and 6 are not used, they should be
sherted together. Ii they are connected to a trim-pot, the
trim-pot should be located no more than a few inches away
from the LM 111, and a 0.01 uF capacitor should be-installed
across Pins 5 and-6. If this capacitor cannot-be used, a
snigiding panied-circuit ot may be advisable between Pins §
and 7. The power supply bypass capacitors should be located:
within a couple-inches of the LM111.

A standard procedure is to add hysteresis to a comparator
to prevent oscillation, and to avoid excessive noise on the
output. In the circuit of Figure- 16, the feedback resistor at-
510 kQ from the output to the positive input will cause abaut
3.0mV of hysteresis. Howaver, if R2 is larger than 100 Q. sucir
as 50 k€. it would not be practical to simply increase the value
of the positive feedback resistor proportionally above 510 kQ
o maintain the same amount of hysteresis.

When both inputs of the LM111 are connected-to active
signals, or if a high-impedance signal is criving the positive
inout of the LM111 so_that positive feedback would be
disruptive, the circuit of Figure 15 is ideal. The positive
feedbackis applied to Pin 5 (one of the offset acjustment pins).
This will be sufficient io cause 1.0 mV to 2.0 mV hysteresis and
sharp transitions with input triangle waves from a few Hz to.
hundreds. of kHz. The positive-feedback signal across the
82 ( resistor swings 240 mV below the positive supply. This __
signalis centered around the nominal voltage at Pin 5, so this.
feedback does not add to the offset voltage of the comparator.
As much as 8.0 mV of offset voltage can be trimmed out, using
the 5.0 kQ pot and 3.0 kQ resistor as shown,

Figure 18. Relay Driver with-.Strobe Capabllity
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1.0k. protacts the comparator
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