Differential Amplifiers

CA3040

Video and Wide-band Ampilifier

For Industrial and Commercial
Equipment at Frequencies up to 200

Features:

m High differential push-pull voltage
gain - 37 dB typ.

m Single-ended voltage gain -
31 dB typ.

MHz

m Low output resistance - 125 Q typ.
m Bias options for temperature
compensation:
Bias Mode A: “Constant” Voltage
Bias Mode B: “Constant” Gain

m Wide [3dB) bandwidth -
55 MHz typ.
m Balanced input and output
m High input resistance - 150 kQ typ.

The RCA CA3040 is a monolithic silicon integrated circuit
designed to meet the requirements of a wide variety of
applications requiring high gain and wide bandwidth. The
cascode-connected differential amplifier achieves a
double-ended gain of 37 dB with a typical 3 dB bandwidth of
55 MHz. Emitter-Follower input and output stages provide
the desirable high input impedance and output impedance
for coupling to other circuits.

The CA3040 includes two biasing options, allowing the user
to optimize his design over the entire military temperature
rarige of —55 to +125° C. Bias Mode A yields a substantially
constant voltage at the output terminals for applications
using DC coupling to succeeding stages or requiring maxi-
mum dynamic range over the temperature range. DC output
voltage varies less than 0.1 volt (typically) over the entire
temperature range while gain varies = 2 dB. Bias Mode B
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Fig. 1 — Schematic Diagram for CA3040.
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Applications

m Video amplifier
m Schmitt trigger
® Modulator

m /F Amplifier

m Mixer

m DC Amplitier

m Sense Amplitier

provides extremely stable gain over the temperature range.
Gain variation is 0 dB (typically) in this Bias Mode. DC
variation is £+ 0.8 volt.

Provisions are also made for stabilizing the operating point
for either singie or split power supplies.

The resistance values included on the schematic dingram have
been supplied as a convenience to ussist Equipment Manufac-
turers in optimizing the selection of “‘outbourd’’ components
of equipment designs. The values shown may vary as much
as t30%.

RCA reserves the right to make anychanges in the Resistance
Values provided such changes do not adversely affect the
published performance characteristics of the device.
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Differential Amplifiers

ABSOLUTE-MAXIMUM RATINGS

DISSIPATION * . .. ... . . e
Derating factor for TA > 85°C. ...............

TEMPERATURE RANGE:

Operating . .. ........ .. ... 0 vuniun.n.
Storage. . ... ... .. e

LEAD TEMPERATURE (During Soldering):
At distance 1/16 + 1/32 inch (1.59 + 0.79mm)

from case for 10 seconds max. . ........ e e

* Limitatior imposed by the thermal resistance of package.

CA3040

... -559C to +125°C
<.« -85°C to +150°C

MAXIMUM VOLTAGE RATINGS at Tp = 25°C
The following chart gives the range of voltages which can be applied to the terminals

listed vertically with respect to the terminals listed horizontally. For example, the
voltage range of the vertical terminal 2 with respect to terminal 11 is 0 tc +14 volts.

MAXIMUM
CURRENT RATINGS

Wac| 1 2 3 4 54 [ 6 7 9 10 | 114 12 TRAFl n | Tout
No. No. mA mA
1 NI EIEE R R
2 - +é4 +64 +é4 % * +é4 +U14 +34 2 _ _
3 * tg * * * * jg * 3 5 5
4 * tg * * * * * 4 1 0.1
54 A " _+§0 f; . Nél)te . 5 _ _
6 " * * * * 6 1 0.1
7 * LI I 7 5 5
8 ‘:g * * * 8 5 5
9 * a * 9 1 0.1
10 * * 10 - 10
114 A * n - -
12 12 - 10

A Reference Substrate

Note 1: External connection required for proper operation.

* Voltages are not normally applied between these terminals.
Voltages appearing between these terminals will be safe if
the specified limits between all other terminals are not
exceeded.
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Differential Ampilifiers

CA3040

ELECTRICAL CHARACTERISTICS AT TA = 25°C Unless Otherwise Specified

Limits Typical
Test Characteristics
Characteristics Symbols Circuits | Special Test Conditions CA3040 Units Curves
Fig. Min. | Typ. I Max. Fig.
STATIC CHARACTERISTICS Vee = +6V, VEE = -6V
vporvi | 33 | e e | aa |2 | a7 | v 5
Bias Mode A
2(a) : - -17 - v -
Base Bias Voltage Vg Switch Closed
Bias Mode B
2(b) Switch Closed -7 v -
Input Bias Reference Voltage Vi %Eg; BiaSA“g(:dBe: g\g:tr::h -1 - +1 \' 9
Input Bias Current 14,16 o BiasMode Switeh | _ | 15 | 45 | wA -
Input Unbalance Current | Ig-14 l gga; BlasAN(I’t:d;: ‘S:\;vétsz% - - 6 A -
Iz 0r 2(a) Mode A
Ig +111 Switch open or closed
Power Supply Current Drain Tp o 20 Mode B 4.7 8.5 15.5 mA 10
I5+1Ig +111 Switch open or closed
DYNAMIC CHARACTERISTICS Voo = +12v, VEE = 0, Split Voltage Supply (Optional) = +6V
Differential Voltage Gain -
Single-Ended Input f=1MHz _ _
Differential Output ADIFF(DE) 3 Rg = 50 # | & dB
Single-Ended Input f=1MHz _
and Output ADIFF(SE) 3(a) Rg = 50() 2 1 3 8 45
-3dB Bandwidth BW 3(a) Rg = 50 Q 40 55 - MHz 4,7
) ) i ADIFF(SE)10 -
Differential Voltage Gain Balance L ADIFF(SE)12 3(a) f = 1MHz -1 0 +1 dB -
Vg or V -
i 8 10 f= 1MHz
Output Voltage Swing RMS 3(a) Rg = 50 - 0.5 - VRMS 7
{Note 1}f = 30 MHz
Noise Fi NF 3(a - 75 9 dB 8
oise Figure (a) Rg = 400 )
Parallel Input Resistance Ry 3(a) - 150 - K -
Paralle! Input Capacitance C 3(a) f= 1MHz - 2.2 - pF -
Output Resistance Ro 3(a) - 125 - Q -
TEMPERATURE DEPENDENT CHARACTERISTICS
Temperature coefficients for ambient temperature: -550C <Tp <+ 12500
Avigordviz]|  3(a Bias Mode A - 0 - mv/oC
Output Voltage
P € oC 30) Bias Mode B T4 | - | mvAC ’
Power Supply Current Drain Alp/oC 3(a) Bias Mode A - 5 - uA/OC 11
. . R 3(a) Bias Mode A - 0.0166 -
Differential Voltage Gain A °C 0
¢ DIFF/ 3(b) Bias Mode B R e 12

Note 1: Replace 1-k$) resistors between Term. 1 and 4 and Te ~i. 1 and 6 with suitable chokes so that reactance at 30 MH; exceeds 5k§)

522




Ditferential Amplifiers

STATIC CHARACTERISTICS TEST CIRCUITS FOR CA3040

BIAS MODE A: BIAS CIRCUITS
OF TERMINALS NO. 3, 7, 8,
AND 5 ARE CONNECTED TQO
ACHIEVE CONSTANT DC OUT-
PUT VDLTAGE REFERENCE
LEVEL WITH VARYING AM-
BIENT TEMPERATURE.

ALL RESISTORS IN OHMS.

Fig.2(a) - Bias Mode A

92C5-15455

DYNAMIC CHARACTERISTICS TEST CIRCUITS FOR CA3040

x
1|

ol Vig

OUTPUT

0.001

S
(GPTIONAL)

vee 92CS- 5446

+6YV +12V

* VARIABLE CAPACITANCE (05 -1 OufF) ADJUSTMENT FOR
EQUAL 3d8 BANDWIDTH AT AMPLIFIER QUTPUTS.
TERMINALS 10 AND 12

ALL RESISTORS IN OHMS

ALL CAPACITORS IN MICROFARADS (UNLESS OTHERWISE
INDICATED)

BIAS MODE A IS AS DEFINED IN FIG. 2 (a)

Fig.3(a) - Bias Mode A

CA3040

BIAS MODE B: BIAS CIRCUITS

OF TERMINALS NO. 3, 7, 8,

AND 9 ARE CONNECTED'TO
ACHIEVE CONSTANT RF GAIN

WITH VARYING AMBIENT TEXP-
ERATURE.

ALL RESISTORS IN OHMS. dhcs-isasa

Fig.2(b) - Bias Mode B

*
ol Vig
OQUTPUT
1K
1K =
Vio
QuTPUT
S (OPTIONAL)
0.00I
Ve
+6V +12v 92CS—15447

*SEE FI6 3(a)
BIAS MODE B IS AS DEFINED IN FIG 2(b)
ALL RESISTORS IN OHMS.
ALL CAPACITORS IN MICROFARADS (UNLESS OTHERWISE
INDICATED).

Fig.3(b) - Rias Mode B

COLLECTOR SUPPLY VOLTS (vgc)=+12 IR
AMBIENT TEMPERATURE (T4)=25°C
SINGLE-ENDED INPUT AND OUTPUT
MODE A SWITCH CLOSED, FIG 3ta)
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Fig.4 - Differential Voltage Gain vs Frequency
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Fig.5 -Differential Voltage Gain vs DC Supply Voltages
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CA3040

OPERATING CONSIDERATIONS
General

The CA3040 is designed to provide flexibility in
the selection of power supply configurations and to
provide the circuit designer the choice between twomodes
of temperature-compensated performance. Mode A,
which provides constant DC output voltage, is recom-
mended for most applications. The control of the opera-
ting point provided by this mode maintains the dynamic
range of the device while gain variation over most of
the range is less than =1 dB. Mode B provides constant
gain for applications where this consideration is critical,
but will exhibit a reduction of dynamic range at the
temperature extremes.

Power Supply Considerations

Figures 2 and 3 illustrate the use of the CA3040
with balanced dual supplies and single power supplies,
respectively. Both figures demonstrate that the inputs
may be directly referenced to the center point of the
supply (ground in Fig.2) by closing the included switch.
This is the natural connection in Fig.2. This connection
is optional, however, and need not be made. Use of this
connection in Fig.3 implies the presence of another
DC supply or a ‘“‘stiff”’ bleeder. If such a source is
present its use is suggested in order to maintain maxi-
mum common mode range. Dynamic performance and
dynamic range of the output circuit are unaffected by the
choice of biasing scheme used so that in most cases
direct connection of Terminal No.1 to the center point
of the supply is not required. Where direct connection
is not used, Terminals No.4 and No.6 must be hiased
from Terminal No.1 for proper operation.

High-Frequency Considerations

Stable high-frequency operation requires that proper
high-frequency construction techniques be followed.
The photograph of Fig.6 illustrates the precautions
taken in the construction of the test circuit of Fig.3.

Extreme caution isrequired because of the extended
gain bandwidth capability of the device. Oscillations
have been observed in the 400-to-800 MHz range when

precautions were not taken. In addition to normal con-
siderations of shielding, parts layout, and isolation,
the following specific suggestions are made:

1. Use sockets only when necessary. Sockets, when
used, must provide shielding within the pin circle.
The socket shown in the chassis of ['ig.61s a
Barnes MG-1201, or equivalent, modified by drilling
a 178" hole in the center and inserting a grounded
brass pin.

2. Do not bypass Terminal No0.9 in normal operation.
Fig.3 shows the use of neutralization between
Terminal No.9 and one output to balance the amplifier
at high frequencies. Experience shows that stable
operation, while possible, is difficult to achieve
if Terminal No.9 is bypassed to ground.

3. In DC testing, 1 k{2, 1/4 W carbon resistors should
be soldered directly to the socket Terminals No.4
and No.6 to suppress parasitic oscillations. All
current carrying connections are made at the other
end of the resistors. Direct sensing of Terminal
No.4 or No.6 voltage should not be attempted.
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Fig.6 - Test Circuit Layout
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CA3040
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Fig.9 - Output Volts or Input Bias Reference Volts
vs Ambient Temperature

T T 1 T
o cotcecton swent vours wegve FLFTETE ] U T e LT
E MODE A,SWITCH CLOSED,FIG. 3(0} jnag R ! B | SINGLE ENDED INPUT AND O uTe ol :
| i s I 40. MODE A OR B,SWITCH CLOSED Fi6 310)
= I s T jegnsi RS-500 R 1k 2
) t { ) s” Lo =
2 : T R L L] SRS RS
3 ; | MODE A
& NS i % FTORRG
- H L
2z 1 ¥ i 11 < T

10 2 30
g y . z [T MODE 8

|
3 i = e ©
) H T w

O ' i g
a 44— =
2 ; H g

5 20
@x + p}
o T <«
S <
t’) 4] ;
] ; L ¥ &
= t + + + + i
¢ e RRaEisassarasaes: | £ :

o f i 1 e ! 1 = b

250 -25 0 25 50 75 100 125 50 -5 o0 25 50 75 100 125
AMBIENT TEMPERATURE (Tp)—°C AMBIENT TEMPERATURE (Ty) —°C
92C5-1545) 92C5-15450
Fig.11 - Collector Supply Current Drain (I) Fig.12 - Single-Ended Differential Voltage Gain
g g g

vs Ambient Temperature vs Ambient Temperature

525




