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ECG

Semiconductors

Features

¢ Excellent carrler suppression
66 dB typ at 0.6 MHz
60 dB typ at 10 MHz

e Adjustable galn and signal handling
¢ Balanced inputs and outputs

¢ High common mode rejection
86 dB typ

ECG973 1s a metal package and ECG973D Is a
14 pin DIP. They are sillcon monolithic In-
tegrated circuits designed for use as a
balanced modulator-demodulator where the
output voltage Is & product of an Input
voltage and a switching function. Typlcal ap-
pllcations include suppressed carrler and
amplitude modulation, synchronous detec-
tion, FM detaction, phase detection and
chopper applications,

ECG973, ECG973D
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Maximum Ratings (T =26°C unless otherwlise noted.}

17E [) M bbL53928 0004452 b -‘7".7"7,-6(?

Characteristic Symbol Rating Unit
Applied Voltage AV 30 Vde
VeV7, v3.v1, Vg-V7, Vo-Vg,
V7-Vyg, V7-Vy, Vg-V4, Ve-Vg,
V3-Vg, V3-Vs)
, . V7, Vg +5.0
Differential Input Signal Va, Vq +(6+I5Rg) Vde
Maximum Bias Current Is 10 mA
Power Dissipation {(Package p
Limitation) D
Dual In-Line Package 576 mw
Derate above Tp = +26°C 3.85 mw/°C
Metal Package 680 mwW
Derate above Ta = +25°C 4.6 mw/°C
Operating Temperature Topg 0to +70 °C
Storage Temperature Range Tstg —65 to + 150 °C
Electrical Characteristics* (Vo= +12 Vde, Vgg=8.0 Vdc, Ig= =1.0 mAdc, Ry =3.9 k?, Rg=1.0 k2,
Ta= +26°C unless otherwise noted.) (All input and output characteristics are single-ended unless otherwise
noted.)
Characteristic Fig. | Note| Symbol| Min | Typ | Max| Unit
Carrier Feedthrough 5 1 VCFT HVRMS
V=60 mVRms sine wave and offset
adjusted to zero -
fo=1.0 kHz - 40 -
fo=10 MHz - 140} -
V¢ =300 mVp-p square wave:
offset adjusted to zero mVRMS
fo=1.0 kHz - 1004] 04
offset not adjusted
fo=1.0 kHz - 20 | 200
Carrier Suppression 6 2 Vcs dB
fg =10 kHz, 300 mVRymMms
fe =500 kHz, 60 mVRpms sine wave 40 | 65 -
fc =10 MHz, 60 mVgps sine wave - 5 | - k
Transadmittance Bandwidth
(Magnitude) (R) =50 Q) 8 | 8 |BWaus MHz
Carrier Input Port, V=60 mVrms
sine wave - |30 -
fs=1.0 kHz, 300 mVRps sine wave
Signal Input Port, Vg =300 mVRms
sine wave - 80 - MHz
Vel =0.5 Vde
Signal Gain 10 3 Ays 251 35}] - VIV
Vg=100 mVRms, f=1.0 kHz;
Vgl =0.6 Vdc
Single-Ended Input Impedance, Signa! 6
Port, f=6.0 MHz -
Parallel Input Resistance fip - 1200 - kQ
Parallel Input Capacitance Sip - 120 - pF
229 ECG973, ECG973D
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Electrical Characteristics* (cont.)

1L7E

Characteristic Fig. | Note| Symbol| Min | Typ | Max| Unit
Single-Ended Output Impedance, 6
f=10 MHz -
Paralle! Output Resistance fop - 40 - kQ
Parallel Qutput Capacitance Cop - |60} - pF
Input Bias Current 7 - uA
lbg = 1514, 1o = 718 s | ~ | 12| %
2 2 e - 12 | 30
Input Offset Current 7 - HA
lios=W - 14i lioc=17-18 os| | -~ | 071 70
7 Ihoct - 107] 70
Average Temperature Caefficlent of Input
Tt Crorant Put 2 1 - bmegol | - | 20| ~ |narcc
(TA= —B65°C to +126°C}
Output Offset Current 7 - [foo! - 14 | 80 uA
(1g - lg)
Average Temperature Coefficient of
Output Offset Current 7| - |ITCiol | - | 0| -~ [nA/°C
{Ta= —56°C to +126°C}
Common-Mode Input Swing, Signal Port,
f3= 1'0 kHz 9 - CMV - 5-0 - VP.p
Cofm;nm-l:(ﬁl‘c‘)g’e Gain, Signal Port, 9 . ACM - | -es| -- dB
E[vc| =0.5 Vdo
Common-Mode Qulescent Qutput Voltage
(Pin 6 or Pin 9) L Vo - |80 - | Vde
Differential Output Voltage Swing .
Capability 100~ Vout | ~ |80 - | Vpp
Power Supply Current 7 6 mAdc
lg+lg Ice - 1201 40
o Igg - | 30| 5.0
DC Power Dissipation 7] 68 PD - 13| - mw

* pin number references pertain to this device when packaged in a metat can. To ascertain the cor-
responding pin numbers for plastic packaged devices refer to the first page of this specification.

Notes
1.  Carrler Feadthrough
Carrier feedthrough is defined as the

output voltage at carrier frequency with

only the carrier applied (signal
voitage=0),

Carrigr null s achieved by balancing the

currents in the differential amplifier by

means of a blas trim potentiometer (R4

of Figure B).

2. Carrler Supprassion
Carriar suppression s defined as the

ratio of each sideband output to carrier
output for the carrier and signal voltage

levels specified,
ECG973, ECG973D
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Carrier suppression is very dependent on
carrier input level, as shown in Figure
22, A low value of the carrier does not
fully switch the upper switching devices,
and resuits in lower signal gain, hence
lower carrier suppression. A higher than
optimum carrier level results in un-
necessary device and circuit carrier feed-
through, which again degenerates the
suppression figure. The ECG973 has
been characterized with a 60 mV(Rms
sinewave carrier input signal. This Ieve,
provides optimum carrier suppression at
carrier frequencies in the vicinity of 600
kHz, and is generally recommended for
balanced modulator apptications.
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Carrler feedthrough s independent of
signal lavel, Vg. Thus carrier suppres-
slon can be maximized by operating
with large slgnal levels, However, a
linear operating mode must be maintain-
ed In the signal-input transistor pair—or

harmonlcs of the modulating signal will 6.

be generated and appear in the device
output as spurious sidebands of the sup-
pressed carrier. This requirement places
an upper limit on input-signal amplitude
(see Note 3 and Figure 20), Note also
that an optimum carrier level is recom-
mended in Figure 22 for good carrler
suppression and minimum spurious side-
band generation,

At higher frequencles circuit layout is
vary Important In order to minimize car-
rler feedthrough, Shielding may be
necessary In order to prevent capacitive
coupling between the carrier input leads
and the output leads.

Signal Galn and Maximum Input Level

Signal gain (single-ended) at low fre-
quencles Is defined as the voltage gain,

V. Re 28 mV
A =__0‘= . wh o=
VS Vg "oty O Ty mA)

A constant d¢ potential is applied to the
carrler Input terminals to fully switch
two of the upper transistors “on’’ and
two transistors “off” (Vg=0.6 Vdc).
This In effect forms a cascode differen-
tial amplifier.

Linear operation requires that the signal 7.
Input be below a critical value determin-
ed by Rg and the bias current Ig

Vs < Ig RE (Voits peak)

Nota that In the test clrcuit of Figure 10,
Vg corresponds to a maximum value of
1 voit peak,

Commaon-Mode Swing

The common-mode swing is the voltage
which may be applied to both bases of
the signal differential amplifier, without
saturating the current sources or without
saturating the differential amplifier itsetf
by swinging it into the upper switching
devices. This swing is variable depending
on the particular circuit and blasing con-
ditions chosen (see Note 6),

Power Dissipation

"Pawer dissipation, Pp, within the In-

tegrated circuit package should be
caleulated as the summation of the

231
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voltage-current products at each port,
l.e., assuming Vg=Vg, Ig=Ilg=Ig and'ig-
noring base current, Pp=2 15 (Vg —
Vi0) + Ig (Vg — V1g) where subscripts
refer to pin numbers,

Design Equations

The following is a partial list of design
equations needed to operate the circuit
with other supply voitages and input
conditions. See Note 3 for Rg equation.

A. Operating Current

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

I5=lg=lg
Ig << I for all transistors
then:

V- -0 _

where:

Rg is the resistor between pin 6 and
ground
$©=0.76 V at Tp= +25°C

The ECG973 has been characterized for

the condition l5=1.0 mA and is the

generally recommended value.

B. Common-Mode Quiescent Qutput
Voltage

Vg=Vg=V+ —15R

Blasing

The ECG973 requires three dc bias
voltage levels which must be set exter-
nally. Guidelines for setting up these
three levels include maintaining at least 2
volts collector-base bias on all transistors
while not exceeding the voltages given in
the absolute maximum rating table:

30 Vdc > [(Vg,Vg) —{V7,Vg)]l > 2 Vdc
30 vde = [(V7,Vg) —{V1,V4)] 2 2.7 Vdc
30 Vde 2 HV4,V4) —(Vs)] 2 2.7 Vdc

The foregoing conditions are based on
the following approximations:

Vg=Vg, V7=Vg, V1=V4

Blas currents flowing into pins 1, 4, 7,
and 8 are transistor base currents and
can normally be neglected if external
bias dividers are designed to carry 1.0
mA or more.

ECG973, ECG973D
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Transadmittance Bandwlidth

Carrier transadmittance bandwidth is the
3-dB bandwidth of the device forward
transadmittance as defined by:

lo (each sideband)
vg (signal)

y21C= V=0

Signal transadmittance bandwidth is the .

3-dB bandwidth of the device forward
transadmittance as de‘ined by:

io {signal)
vg (slgnal}

1218~ Vg=0.6 Vde, Vo=0

*Pin number references pertain to this
device when packaged in a metal can.
To ascertain the corresponding pin
numbers far plastic packaged devices
refer to the first page of this specifica-
tion sheet.

Coupling and Bypass Capacitors Cy and
C2

Capacitors C1 and Cg (Figure 6) should

be selected for a reactance of less than

6.0 ohms at the carrier frequency.

Performance Characteristics

Figure 1 —
Suppressed Carrier Output Waveform

T e~ 500kHE
_ fg=tORHZ "

) Figure 3 — .
Amplitude Modulation Output Waveform

I = 80O NHY, by = VOKHE, o

10.
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Output Signal, Vg

The output signal is taken from pin 6
and 9, either balanced or single-ended.
Figure 12 shows the output levels of
each of the two output sidebands
resulting from variations in both the car-
rier and modulating signal inputs with a
single-ended output connection,

Signal Port Stabllity

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

SIGNAL INPUT 510
pins1a4 O W& l

10 pF

An alternate method for fow-frequency
applications is to insert a 1 k-ohm
resistor in series with the inputs, pins 1
and 4. In this case input current drift
may cause serious degradation of carrier
suppression.

Figure 2 —
Suppressed Carrier Spectrum

4o9sn!  so0nHi

Figure 4 —
Amplitude Modulation Spectrum

800'sH:

499 kni S0t kM

Pin number references pertain to this device when packed in a metal can. To ascertain the cor-
responding pin numbers for plastic packaged devices refer to the first page of this specification.
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Test Circuits

Figure 6 — Carrier Rejection and Suppression

17E £ WM bb53928 000445k 3 M@ T -77-09

Figure 8 — Input-Output Impedance
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Figure 7 — Bias and Offset Currents
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Figure 8 — Transconductance Bandwidth
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Figure 9 — Common-Mode Gain

Figure 10 — Signal Gain and Output Swing
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Pin number references pertain to this device when packaged in a metal can. To ascertain the cor-
responding pin numbers for plastic packaged devices refer to the first page of this specification.
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Typical Characteristics
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Typleal characteristics were obtained with circuit shown in Figure 6, f¢ =500 kHz (sine wave),
V=60 mV(Rms). fs =1 kHz, Vg =300 mV(ams). TA= +26°C unless otherwise noted.

Figure 11 —
Sideband Output vs Carrier Levels
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Figure 13 —
Signal Port Parallel Equivalent input
Capacitance vs Frequency
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Figure 16 —
Sideband and Signal Port Transadmittances
vs Frequency
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Figure 12 —
Signal Port Parallel Equivalent Input
Resistance vs Frequency
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Figure 14 —
Single-Ended Output Impedance
vs Frequency
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Figure 16 —
Carrier Suppression vs Temperature
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Typical Characteristics (cont.)
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Figure 17 — Figure 18 —
Signal Port Frequency Response Carrier Suppression vs Frequency
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Carrier Feedthrough vs Frequency Sideband Harmonic Suppression
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Typlcal Operation Information

Figure 23 — Circuit Schematic Figure 24 — Modulator Circuit
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Figure 26 — AC and DC Voitage Galn and Output Frequencies
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TYPICAL APPLICATIONS
FIGURE 26 ~ BALANCED MODULATOR
1+12 Vds SINGLE SUPPLY) FIGURE 27 - BALANCED MODULAYOR.DEMODULATOR
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FIGURE 29 - PRODUCY DETECTOR

FIGURE 28 - AM MODULATOR CIRCUIT {+12 Vde SINGLE SUPPLY)
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Pin number references pertain to this device when packaged in a metal can. To ascertain the cor-
responding pin numbers for plastic packaged devices refer to the first page of this specification.
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TYPICAL APPLICATIONS (continued)

FIGURE 30 — DOUBLY BALANCED MIXER
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(BROADBAND INPUTS, 9.0 MHz TUNED OUTPUT) FIGURE 31 — LOW-FREQUENCY DOUBLER
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' Pin number references pertain to this device when packaged in a metat can. To ascertain the cor-
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FIGURE 32 — 150 to 300 MHz DOUBLER

vee
11} 1% V' @V
0001 uF 14
| LoT T
= rﬂ“l.ﬁ- “ree u
100 = R ’Oﬂ.n 1801
00 Mg
L L qurrT
0091 4F o1 ] 1-iggr Mo
150 Mty .
NPT @ ! 1-100F
4
, -
100 19 s
SUL (1 TURNANG

NO 10WIRE, /32" 10

BALANCE AV&”
DEFINITIONS
1 2 3
g Lo
5 = =
: 2 2 ? 2
D Bo o D . HEE" )
2 2 E &8 LE- -8
gle|e g| 2 I g HHE
Litld RN (1l
FAEQUENCY ~me———————gie BALANCED MODULATOR SPECTAUM
16 CAMRIER FUNDAMENTAL I¢ £ afs FUNDAMENTAL CARRIER SIOEBAND HARMONICS
1§ MODULATING SIGNAL af¢  CARRIER HARMONICS
(¢ 215 FUNDAMENTAL CARRIER SIDEBANDS G £ nfs CARRIER HARMONIC SIDESANDS

i responding pin numbers for plastic packaged devices refer to the first page of this specification.
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