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CA3094, CA3094A, CA3094B Types

Programmable Power Switch/

Amplifier

For Control & General-Purpose Applications

CA3094: For Operation Up to 24 Volts
CA3094A: For Operation Up to 36 Volts
CA30948B: For Operation Up to 44 Volts

APPLICATIONS:

& Error-signal di | with th
sensor; speed oonttol for shunt wound dc motor

® Over-current, over-voltage, over

® Dual-tracking power supply with RCA CA@BS

8 Wide-frequency-range oscillator ® Analog timer

® Level detector ® Alarm systems ® Voltage follower

8 Ramp-voltage generator 8 High-power comparator

® Ground-fault interrupter (GF1) circuits

The CA3094 is a differential-input power-control switch/ampli-

fier with auxiliary circuit features for ease of programmability.
For example, an error or unbalance signal can be amplified by
the CA3094 to provide an on-off signal or proportional-control
output signal up to 100 mA. This signal is sufficient to
directly drive high-current thyristors, relays, dc loads, or power
transistors. The CA3094 has the generic characteristics of the
RCA-CA3080 operational amplifier directly coupled to an
integral Darlington power transistor capable of sinking or
driving currents up to 100 mA.

The gain of the differential input stage is proportional to the
amplifier bias current (lagc). permitting programmable
variation of the integrated circuit sensitivity with either
digital and/or analog programming signals. For example, at
an 'ABC of 100 pA, a one-millivolt change at the input will
change the output from 0 to 100 mA (typical).

The CA3094 is intended for operation up to 24 volts and is
especially useful for timing circuits, in automotive equip-
ment, and in other applications where operation up to 24
volts is a primary design requirement (see Figs.27,28 and 29 in
Applications Section). The CA3094A and CA3094B are
like the CA3094 but are intended for operation up to 36
and 44 volts, respectively (single or dual supply).

Application Note ICAN-6668 describes the rudiments of
Operational Transconductance Amplifiers (OTA’s).

These types are available in 8-lead TO-5 style packages with
standard leads (“T* suffix) and with dual-in-line formed leads
“DIL-CAN" ("S" suffix). Type CA3094 is also available in
an 8-lead dual-in-line plastic package ‘“MINI-DIP” (“E" suffix),
and in chip form (“H" suffix).

APPLICATION NOTE ICAN-6048 GIVES DETAILED APPLICATION
INFORMATION FOR THE CA3094, CA3094A, AND CA30948.
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Fig. 1—-Schematic disgram of CA3094.

LINEAR INTEGRATED CIRCUITS

Tcoueron)
COMPENSATION OR INN|§|‘YT|°N (COLLECTOR)
OR INHIBIT INPUT
INPUT
2 —® v*
DRIVE OUTPUT ‘\)/:JFLFTEAZEENTIA
(EMITTER) INPUTS 3 RN QureuT
%FLFYE‘DEENHAL
Ipac CURRE GROUND ; V™ IN Ipgc CURRENT
] e SpCS O [
GROUND ; V™ IN (STROBE OR AGC) TOP VIEW USTROBE OR AGc]
DUAL-SUPPLY
OPERATION
92Cs-24882
NOTE : PIN 4 I$ CONNECTED TO CASE
TOP VIEW
92CS-24881
TO-5 Style Package Plastic Package
Features:
[} Deslmed for slngle ov dual power wpply
g, gating, squel g, AGC capabilities
[] Can deliver 3 watts (avg.) or 10 W (peak) to external load (in switching mode)
® High-power, single-ended class A amplifier will deliver power output of 0.6
watt (1.6 W device dissipation)
u Total harmonic distortion (THD) @ 0.6 W in class A operation — 1.4% typ.
= High current-handling capability — 100 mA (avg.), 300 mA (peak)
® Sensitivity controlled by varying bias current
® Output: “sink” or “‘drive” capability
MAXIMUM RATINGS, Abso/ute-Maximum Values:
! RA CA3094 CA3094A CA3084B
DC SUPPLY VOLTAGE:
Dual Supply ..... t12v 18V t22v v
Single Supply 24V 36V a“uv \
DC DIFFERENTIAL INPUT VOLTAGE
(Terminals2and3) .................ccoinnn. +65* v
DC COMMON-MODE INPUT VOLTAGE .............. Term.4<Term.2& 3< Term. 7
PEAK INPUT SIGNAL CURRENT
(Terminals2and3) ...............coiiiinnnnn., 1 mA
PEAK AMPLIFIER BIAS CURRENT
(Terminal B) .......c.covviiiiiiiiiiiininninnnnne, 2 mA
OUTRUT CURRENT:
Peak 300 mA
Average 100 mA
DEVICE DISSIPATION:
Up to Ta = 550C:
Without heatsink .....................c.co... 630 mW
Withheatsink  .............cooiviiinnnnn, 1.6 w
Above Tp = 55°C*
Without heat sink derate linearly .............. 6.67 mw/oC
With heat sink derate linearly  ................ 16.7 mW/°C
THERMAL RESISTANCE
(Junctionto Air) ... ...t 140 oc/W
AMBIENT TEMPERATURE RANGE: .
Operating ..........oooeiiiiiiiii —55 to +125 oC
SHOTBOR ... e v vvreee ettt e e et ee et —65 to +150 oc
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 £ 1/32 in. (1.59 + 0.79 mm)
fromcase for 10smax.  ...............coua.n +300 oC
*Exceeding this voltage rating will not damage the device unless the peak input signal current (1 mA) is also exceeded.
Typical Characteristics Curves
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Fig 2—Input offset voltage vs. amplifier bias
current (I o g terminal No. 5).

Fig.3—Input offset current vs. amplifier biss
current (1 4 8¢, terminal No. 5).
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LINEAR INTEGRATED CIRCUITS

CA3094, CA3094A, CA3094B Types

ELECTRICAL CHARACTERISTICS at Tp = 256°C For Equipment Design

TEST CONDITIONS LIMITS 107 SYPPLY VOLTS: V¥ 418, v=+-15 T T
1 b
Single Supply V=30V T % % N
Dual Supply V¥ =15V, T 103 - A
CHARACTERISTIC SYMBOL J"‘R V—= 15V Chor. | \en | Typ. | max. | uniTs = s
o 1ABC = 100 yA Curves & z
Unless Otherwise 3 02 T = + .
Fig. No. Specified Fig. No. § P +
INPUT PARAMETERS 20 RN 250 :
Ta=259C 04| s v 0 Za N s
= - X m P i
Input Offset Voltage Vio 17 T: 010 700C 2 I g = N ool :
= : —
Change in V|0 ‘P ) )
Input-Offset-Volitage Change | AV|0| Between 1ABC = 100 A - 1 8 mvV 0! .‘ l l %
0.1 0.08 pA- 1000
and IABC =5 MA AMPLIFIER BIAS mcnom?:a:s (x.scl
T = zsoc _ 0.02 . 92C5-20414
Input Offset Current lio 18 A 3 02 uA Fig 4—Input bias current vs. amplifier bias
TA=0to 700C _ - 0.3 HA current (1 ABC, terminal No. 5).
Input Bias Current 1 19 Ta=260C 4 - | 02| 0% HA
L |
Ta =0to 700C - — 0.70 uA 5
Device Dissipation PD 18 |lout=0 5,6 | 8 10 12 mwW ${AMBIENT TEMPERATURE (T4)*257C
2
Common-Mode Rejection Ratio CMRR 20 70 | 110 | — d8 5 0t L
vt = 30y High , Lz |ss| - v 1S
2
Common-Mode Input— v % Low 10|08 - v e
Voltage Range ICR vt=15V , [+2]+38] - v & 1
a
v-=15V -14|-145| - v %ot BES
z 1
Ic=7.5mA ; :jo?v» //
Unity Gain-Bandwidth VCE=15V - | 30 - MHz >0 A
1ABC = 500 uA °
Open-Loop Bandwidth lc=7.5mA :
n- andwi
= - - ol | 0 100 1000
At —3 dB Point BWoL VCe=15V 12 4 kHz AMPLIFIER BIAS culnn:nr (Iapc)—uA
IABC = 500 A 92CS-20385
Total Harmonic Distortion Pp = 220 mW - 0.4 _ Fig.5—Device dissipation vs. amplifier bias
. THD 0 ’ % current (1 5 g, terminal No. 5).
(Class A Operation) Pp = 600 mW - 1.4 -
Amplifier Bias Voltage v 0.68 v
(Terminal (No.5 to Terminal No.4) ABC ’ OA[SURPLY VOLTS VT I V= S35 7w ey
o 3
Input Offset Volt 1 1] ;
p':emparat e ;fﬂ' jent AVio/AT - 4 - Kvfec Iy 0. e ‘L//l'
ur icien 3°, + H
Power-Supply Rejection avio/av| 17 ~ | 18] 150 | wvpNv z AN D
« T B t
f=10 Hz £ 102- e o L
1/F Noise Voltage EN 21 8 | - 18] - Wz ° 2
1ABC = 50 uA g . R
=10 Hz aw e
1/F Noise Current IN 2| 50 uA 9 |- 18| - pANRz € :Zo\nzls-c T
ABC = g
Differential Input Resistance Ry IABC = 20 uA 0.50 1 - MQ g ‘;
Differential Input Capacit c f= 1 MHe 26 F e
erential Inpu pacitance {] - o - p X
vt=30V 0.1 i ‘] l I‘l [
0.1 1 10 100 1000
AMPLIFIER BIAS CURRENT (Iagc)—puA o2¢5-20386
Fig 6—Amplifier supply current vs. amplifier
bias current (I ogc, terminal No. 5).
B[ SUPPLY VOLTS:V* s +15, v~ =-I5 —SoT
> 14.5| AMBIENT TEMPERATURE (Ta)e25°C l SUPPLY VOLTAGE (V*)e+18 V; (V)e-I18Y ‘| Y VOLTAGE lV’)"ﬁV.(Vﬂ'-‘SV
1 | 45| SOURCE RESISTANCE (Rs)+00 SOURGE WESISTANCE (Rs)
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2 [ cun | & FOR TEST CIRCUIT, SEE FIG. 2! E FOR TEST CIRCUIT, SEE FIG. 2!
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Fig.7—Common mode input voltage vs. smp-
lifier bias current (1 ogc, terminal
No. 5).
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Fig.8-1/F Noise voltage vs. frequency.

Fig.9—1/F Noise current vs. frequency.




CA3094, CA3094A, CA3094B Types

ELECTRICAL CHARACTERISTICSat Tp = 25°C For Equipment Design

LINEAR INTEGRATED CIRCUITS

"_'W: FORCED BETA=10
TEST CONDITIONS LIMITS ,§_ AMBIENT TEMPERATURE (Ta):25°C | | |
Single Supply V+ =30 V z /
Test | Duel Supply V¥ =15V, | o . 5 1000 :
CHARACTERISTIC | SYMBOL | . V-=15V come | Min | Tve. | Max | uNITS H ? ° !
1ABC = 100 LA 4 NN
Unless Otherwise £ A i
Fig. No. Specified Fig. No. sy 1 REE
2 %0q < —
OUTPUT PARAMETERS (Differential Input Voltage = 1V) g = i
2 ;
Peak Output Voltage: § x
(Terminal No. 6) v+=30V § 1 t
With Q13 “ON" V+OM RL = 2 k€2 to ground 26 27 - v | 4 &5 00
With Q13 “OFF"* V-0M - 0.01 0.05 \ .
Peak Outout Voltage: - 05 COLLECTOR CURRENT (I¢)*mA .
(Tef‘:hip:al No. 6?. V*=+15V,V = -16V Fig. 10—Collector-emitter saturation voltage secszso
Positive V+OM RL=2kQto 15V 11 w2 | - v v collector current of output tran
sistor
Negative V-OM — | -14.99 | ~1495 v =
Peak Output Voltage:
(Terminal No. 8) vt=30V
With Q13 “ON"’ VoM _ 29.95 29.99 - \%
With Q13 “OFF" v—oM RL=2k2t030V - oo | - v
Paa(lff 0“'?“: \l{longe: V=15V, V 15V 108 ¢ 23’[{2{,}’8;‘:8‘;.}.’,‘,’;5? \\IIOLTAGE (VCE)=10V
‘erminal No. = L Vo= - § EnpE Daecveer
Positive V+OM RL=2kQto+ 15V +14.95 | +1499 | - v of AMBIENT TENPERITURE (Ta):20%C
Negative V-OM - 14.96 - \ »
Coliector-to-Emitter v+=30V 3 AT\
A
Saturation Voltage VCE(sat) Ic = 50 mA 10 _ 0.17 | 080 v §0°
(Terminal No. 8) Terminal No.6 grounded E o \
Output Leakage Current § L1
(Terminal No. 6 to v+=30V - 2. 10 HA o I
Terminal No. 4) §|o‘
Composite Small-Signal vt=30V 3
Current Transfer Ratio (Beta) | hfe VCe=5V " 16,000 | 100,000 - 8
(Qy2 and Q13) Ic = 50 mA
Output Capacitance: =1 MHz -
Terminal No. 6 Co All Remaining - 5.5 - pF 10 n 5 515 50 1000
Terminal No. 8 Terminals Tied to - 17 - pF
. COLLECTOR MILLIAMPERES (I¢)— mA
Terminal No. 4 92C5-20391RI
TRANSFER PARAMETERS
+ =
v 3_0 v 20,000 | 100,000 - VIV 0 T N r - r
Voltage Gain A tagc = 100 A AMPLIFIER BIAS CURRENT (Iagc):500 1A
AVout =20V <o
2| e % 12 86 100 - d8 8 o
= S uA
Forward Transconductance 13 1650 2200 | 2750 N ‘:‘g S AN \ °
To Terminal No. 1 9m pumnos i 70 - - o §
" z PHASE ANGLE
. ) - *
Positive Slope 1aBC = 500 A - 500 - Vius 5 0
Y 23| g =2kQ 14 5 \ Moo &
Negative Slope L=2 - 50 - V/us H N \‘\ z
Unity Gain ] ”‘s%:;u; YOLTAGE (v*1: 415V, ()+-15 \\ 200,
(Non-Inverting, 24 | 'ABC= 500uA 15 - 0.7 - Vips i zo.?:m:‘rﬁvzzuféax;) n:)(r : 25°¢C §
Compensated) RL=2k$ § 10}-FoR TEST CiRCUIT. SEE Fid 22 \
Rl N
| o 100 100 w0t 0® it w0
FREQUENCY (f)1—Hz
92C5-20392
Fig. 12—0pen-loop voltage gain vs. frequency.
STSUPPLY VOLTS! V¥ =415, V- :-15 H H SUPPLY VOLTAGE (V1= +15V; (V- )=-I5V 100 ¢ SUPPLY VOLTAGE (V¥ =418V, (V)e-18V
105V : : T 1 6| AMBIENT TEMPERATURE (Ta):25°C - 6| AMPLIFIER BIAS CURRENT (Izpc)e 5004 A
e a1 -— B |__FOR TEST CIRCUIT, SEE FIG. 23 o| AMBIENT TEMPERATURE (1) = 25°C o
A 2___{ i U;» e t o fw'-;tc // FOR TEST CIRCUIT SEE FIG. 24 il
LT T T e iy e ! -
L S G £ S e 8 17 I * 0 7l 0
g ot ¢ T vesc LAY ! 3 S e
Z 031 — N —— 1 .
2 2' T P - 7 M | / g o e
S e -
(i i %
2
o = = A P 1A
T 7 o N 2 - o
=S I A L] [
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@ 10 7
H //
H
e e h
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Fig.13—Forward transconductance vs. amp-
lifier bias current.

Fig. 14—Slew rate vs. amplifier bias current.

Fig. 15—Slew rate vs. closed-loop voltage gain.
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LINEAR INTEGRATED CIRCUITS

CA3094, CA3094A, CA3094B Types

3

SN SUPPLY VOLTAGE (VH)a+ ISV (V)-15V
NA___| AMPLIFIER BIAS CURRENT (Iogc)*500uA
AMBIENT TEMPERATURE (Tp):25°C”

\\IOOO-‘;%‘QSBSYT SIGNAL WITH 10%

FOR PHASE COMPENSATION
\ TEST CIRCUIT, SEE FIG. 25
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Fig. 16—Phase compensation capacitance and
resistance vs. closed-loop voltage gain.

INPUT OFFSET VOLTAGE:
. Eour
Vio = =50

FOR POWER SUPPLY
REJECTION TEST:
(1) VARY V* BY -2 VOLTS;
THEN {2) VARY V- BY
+2VOLTS
EQUATIONS:
(1) V+ REJECTION =
EQ OUT — £3 OUT
200
(2) V- REJECTION =
EQ OUT - E20UT
260

POWER SUPPLY REJECTION
[}
=20LOG ——
(ee) VREJECTION®

*MAXIMUM READING OF
STEP 1OR STEP 2

92C3-20396

- !

418V +30v

Fig 17—Input offset voltage and power-supply rejection test circuit.

>
> 10K
>

Eour

CMRRe lloo- 26V

€20uT-E)out
INPUT VOLTAGE RANGE FOR CMRR= | TO 27V

CMRR (d8)+20 LoG | 120226V
E2out-Erour
92CS-20399
Fig.20—C ode range and rejection ratio test circuit.

92CS-20402

-5V
Fig.23—Open-loop slew rate vs. | 4 e test circuit.
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OPERATING CONSIDERATIONS

The “Sink” Output (terminal No. 8) and the “Drive’’ Output
(terminal No. 6) of the CA3094 are not inherently current
(or power) limited. Therefore, if a load is connected between
terminal No. 6 and terminal No. 4 (V— or ground), it is
important to connect a current-limiting resistor between
terminal 8 and terminal No. 7 (V*) to protect transistor Q13
under shorted load conditions. Similarly, if a load is
connected between terminal No. 8 and terminal No. 7, the
current-limiting resistor should be connected between ter-
minal 6 and terminal No. 4 or ground. In circuit applications
where the emitter of the output transistor is not connected
to the most negative potential in the system, it is recom-
mended that a 100-ohm current-limiting resistor be inserted
between terminal No. 7 and the V* supply.

+15V ¢ O

1=
4

PoissipaTioN* (VI

OFFSET CURRENT Tog* —2or

106 VOLTS
AMPS 92C5-20397R!

Fig.18—Input offset current test circuit.

+I5V
Tasc 5000
Lasc
‘ wA  |Ccomp(pF)
s [}
50 50
500 500

*Rg*IMQ (/F NOISE CURRENT
S
TEST)

Rg =08 (VF NOISE VOLTAGE
TEST)

&—= OUTPUT ( RMS)

3Ka

92¢5-20400

-15v
Fig.21—1/F noise test circuit.

+ISV

0.00IxF
P sy 92C5-20403

Fig.24—Slew rate vs. non-inverting unity gain test circuit.

TEST CIRCUITS

1/F Noise Measurement Circuit

When using the CA3094, A, or B audio amplifier cir-
cuits, it is frequently necessary to consider the noise perform-
ance of the device. Noise measurements are made in the circuit
shown in Fig. 21. This circuit is a 30-dB, non-inverting amp-
lifier with emitter-follower output and phase compensation
from terminal No. 2 to ground. Source resistors (Rs) are set to
0.2 or 1 MQ for E noise and ! noise measurements, respec-
tively. These measurements are made at frequencies of 10 Hz,
100 Hz, and 1 kHz with a 1-Hz measurement bandwidth.
Typical values for 1/f noise at 10 Hz and 50 uA IABC are

E,=18 nVQ//'gzand IN= I.BDNﬁz

+30v

sV INPUT CURRENT (l’x)'lf

92¢5-20398
Fig 19—Input biss current test circuit.

415V

Rs Rg | Tasc
g BA
-5V 10KQ +5vV 56K 500
s60K | 50

oka  TaBC Pre

£l 08

-i18v 92CS - 20401
Fig.22—Open-loop gain vs. frequency test circuit.
+18v
CLOSED
LB | Ry | Ry | Ry
16 | xa|xa| xa
o 0| o 0
20 0] 1 10
40 o] 10
QouTtPuT
=15V 925 -2040+

Fig.25—Phase compensation test circuit.
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LINEAR INTEGRATED CIRCUITS

CA3095E

Super-Beta Transistor Array

Differential Cascode Amplifier Plus 3 Indepen

RCA-CA3095E is a monolithic array of transistors con-
nected as a super-beta differential cascode amplifier with
three independent n-p-n transistors. (Refer to Fig. 1 for
following description.)

The differential cascode amplifier incorporates two cascode
amplifiers consisting of transistors Q1, Q3 and Q2, Q4,
respectively, plus a voltage-limiting circuit, consisting of
diodes D1, D2 and p-n-p transistor Q5. Two of these
transistors, Q1 and Q2, are super-beta types that have an
hEg > 1000 and are capable of operating over a wide current
range of 1 uA to 2 mA. Each of these types comprises the
input section of its respective cascode amplifier. The output
section of each cascode amplifier employs a conventional
n-p-n transistor, Q3, Q4, respectively. The output signal is
obtained at the collectors of these transistors. See Operating

dent Transistors

The exceptionally high-beta characteristics of Q1 and Q2,
plus the large signal-voltage swing capability of Q3 and Q4,
make the composite differential cascode amplifier an excel-
lent choice for a broad range of small-signal, high-input-
impedance amplifier applications including low-noise video
amplifiers. This amplifier is also recommended for use in
long-interval timers, oscillators, and long-duration one-shot
applications.

The independent transistors, Q6, Q7 and Q8, are high-voltage
silicon n-p-n conventional types for general use in signal
processing systems in the frequency range from dc through
vhf. Separate terminals for each of these transistors permit
maximum flexibility in circuit design.

The CA3095E is supplied in a 16-lead dual-in-line plastic
package and operates over the ambient temperature range of

Considerations for bias considerations of the differential —56°C to +125°C

cascode amplifier.

MAXIMUM RATINGS, Absolute-Maximum Values at T = 25 °C “07 os') | N-P-N T $(Q3, 4, a6,

Power Dissipation: Collector-to-Base Voltage (Vcgo) ... . . . 45 v
Any One Transistor ................ 300 mw Collector-to-Emitter Voltage (Vcgg) ... 35 v
Total Package— Emitter-to-Base Voltage (VEBQ) ....... 6 v

Upt026°C ..onninnrnnnnns 750 mw  Collector-to-Substrate Voltage (Vci0)*. . 45 v
Above 25°C ....... derate linearly 6.67 mw/°C Collector Current (ic) 50 mA

Ambient Temperature Range: Base Current (Ig) . ... 20 mA
OPerating ...........c..oueuinnnn. —55 to +125 °c  Gonventional P-N-P Transistor (Q5)—

Storage 55 to +150 °c Collector-to-Base Voltage (Vcgg) ... .. —45 \

Lead Temperature (During Soldering): Collector-to-Emitter Voltage (VCgQ) .. . -35 v
At distance not less than 1/32" (0.79 mm) Limiting Circuit Current (Ipjn 19) ........ 20 mA

from case for 10 seconds max. ......... +265 Cc
Voitage and Current Ratings Apply for Each * The collector of each transistor is isolated from the substrate by
Specified Transistor: an integral diode. The substrate must be connected to a voltage
Super-Beta Transistors (Q1, Q2)— which is more negative than any collector voltage in order to
Collector-to-Base Voltage (Vcgo) - ... .. 6 V. maintain isolation between transistors and provide normal transistor
Emitter-to-Base Voltage (VEgQ) ...... 6 V  action. To avoid undesired coupling between transistors, the
Collector-to-Substrate Voltage (Vc)0)* . . 45 V  substrate terminal should be maintained at either dc or signal {ac)
Collector Current (I¢) 50 mA  ground. A suitable bypass capacitor can be used to establish a signal
Base Current (Ig) .................. 20 mA  ground.
STATIC CHARACTERISTICS
Test Conditions Limits
Characteristics Symbol TA=25 °c Units
Min. | Typ.| Max.
Characteristics Apply for Each Super-Beta Cascode Amplifier Transistor
Pair (Q1, Q3) and (Q2, Q4), Unless Indicated Otherwise
Coll -to-Base Breakd Voltage V(BR)CBO| !c = 10uA, Ig =0 See Note 1 6 - - \
Emitter-to-Base Breakdown Voltage _ _n Term.9to8or
(Applies only to Q1 & Q2) VigRrIEBQ 'E = 100 KA. Ic =0 Term.7t0 8 6 8 v
Collector-to-Substrate Breakdown Voltage V(BR)cio| fci =100 kA, Ig=1g =0 45 | - - \
Ve— Vig—g =10V, 111 =100 uA
Collector Cutoff Current ICER 6-80r V10-8 n # - - 100 nA
Rgg = 100 mMQ
Vi0-8=5V Ic=1mA — | 1s00] --
or '
DC Forward-Current Transfer Ratio hgg Vg-8=5V Ic = 100 uAj 1000| 2000 | 5000
lc=10pA | - | 1500 -
Base-to-Emitter Voltage _ - )
(Applies only to Q1 & Q2) VBE Ic=100pA, Vg_gorVig_g=5V 0.50| 0.59 | 0.68 \"
. lgorlig=1mA, 11 =100 uA,
Saturation Voltage Vsat 17 or Ig = 100 wA - 1022|107 \"
For Cascode Amplifiers as a Differential Matched Pair
Magnitude of Input-Offset Voltage hol Ic = 100 uA -1 |s mv
Magnitude of Input-Offset Current ol Ve-8=Vi0-8=5V - 4 | 20 nA
Magnitude of Input-Offset Voltage Drift 1&vyol
(Temp. Coeff.) AT - 133 - uv/°c
Magnitude of Input-Offset Current Drift lAnol
(Temp. Coeff.) o - loos| - nA/°C

Note 1: Terminal No. 9 to terminals 10 and 11 connected or terminal No. 7 to terminals 6 and 11 connected.

Features

® Two super-beta n-p-n transistors — hgg > 1000
® Voltage-limiting circuitry (D1, D2, Q5)
® Operation possible at Ijg down to < 1 nA
® Matched pair (Q1 and Q2) —
Vi0 =5 mV max. at ic = 100 uA dc
110 = 20 nA max. at Ic = 100 uA dc
® Wide current range — < 1 uA to 2 mA

Independent Transistors:

® hgg = 300 typ. for each transistor
® Wide current range — < 1 A to 10 mA

& Matched 1

® High voltage — VcBO = 45 V max.

Applications

Differential Cascode Amplifier:
Super-beta pre-amplifier for op-amp
High-impedance dc meter amplifier
Low-noise video amplifier
Piezoelectric transducer amplifier
Long-interval timer
Long-di one-shot
Comparator with high-input impedance
Long-time-constant integrator

Photocell amplifier

Low-noise amplifier—for operation from high-source
m|

i
Independent Transistors:
® General use in signal processing systems in dc through vhf range

NOTE: SHADED TRANSISTORS ARE
SUPER BETA TYPES

(5) SUBSTRATE
92¢3-20380

Fig. 1—Functional diagram.

Test Circuits for Measurement of Super-Beta

Cascode Amplifier Ch istics

10 uA

9

© o "

92C5-20351

* SEE FIG. 27

Fig.2—V(gR)CBO test circuit.

Qv=-3v

- Fi1G- 27
SEE FIG-2 92¢S-20352

Fig.3-Icgp test circuit

235




LINEAR INTEGRATED CIRCUITS

CA3095E

STATIC CHARACTERISTICS (Cont'd)

Test Circuits for Measurement of Super-Beta

Test Conditions Limits Cascode Amplifier Characteristics
" vtaazy
Characteristics Symbol Ta=25°C Units Q
Min. | Typ.| Max.
hee® lo:)pA ©)
8 * SEE FIG 27
For Each C i n-p-n T (Q3, a4, a6, Q7, Q8)
Collector-to-Base Breakdown Voltage “ V(BR)CBO|!C=10uA,Ig=0 45 | 95 - v
Collector-to-Emitter Breakdown Voltage V(BR)CEO]!Ic=1mA,Ig=0 35 | 50 | - \ Viee
Emitter-to-Base Breakdown Voltage V(BR)EBO| !g = 100 1A, Ic =0 6 8 - v Its
Collector-to-Substrate Breakdown Voltage | V(gR)CIO | Ici1 = 100 uA, Ig = Ig = 0 45 | 95 - \" mfaf?&n
Collector Cutoff Current IcEO VCE=10V,Ig=0 - | - |1o0 nA
Collector Cutoff Current IcBO Veg=10V,Ig=0 - - 10 nA 925~ 20383
c=10mA| - | 210 — Fig.4—DC Beta (hgg) test circuit.
DC Forward-Current Transfer Ratio hEg VCg=5V Ic=1mA [ 150|300 |500
Ic=10pA - 180 -
Base-to-Emitter Voltage VBE Ic=1mA,Vcg=6V 0.60}0.69 [0.78 \%
Collector-to-Emitter Saturation Voltage VCE(sat) |!lc=10mA, ig=1mA - |0.22 0.7 v
Dynamic Characteristics
Test Conditions Limits
["Voutace
: Ay
. N
isti Ta=25 C Units L
Characteristics Symbol A min. | Typ. | Max. q
(D 1004
O 92CS -
Characteristics Apply for Each Super-Beta Cascode Amplifier Transistor * SEE Fi6.27 20354
Pair (Q1, Q3), Unless Indicated Otherwise Fig.5—V,, test circuit for super-beta cascode pairs.
Gain-Bandwidth Product fr Ic=100uA, Vg_g=Vio_g=5V. - 17 |- MHz
Noise Voltage (Referred to Input) En Ic =50 kA, f=10Hz - |13 | - [nvi/Hz o TFiIN 6-T0-FIN 8 VOLTAGE TV —2T+i0 v on =
For Differential Amplifier Operation «  S[PIN 10-To-PIN 8 vOLTAGE (Vfo-ss" oV ll
Noise Current (Referred to Input) IN Ic=5uA, f=10Hz - [012 | — | pA/JHz |= 2| CURRENT AT PIN 11(1))+ 100 kA /
For Differential Amplifier Operation e 7
7
Collector-to-Base Capacitance Cce Ve_7=V10-9=5V,Ig=0 - |03 pF k1
Collector-to-Substrate Capacitance Ccio V6_5=V10-5=5V,ig=0 - |30 - pF :‘; 1o~ 7
v e
7
For Each Conventional Transistor (Q3 through Q8) é /
w P4
Ic =100 uA, VCE =5 V - |100 | - & 02 »
Gain-Bandwidth Product fr ¢ - Ce MHz 3 7
Ic=3mA,VCE=5V - 1320 - 3 ~7
Noise Voltage (Referred to Input) EN Ic=100uA, VCg =5V, f=10Hz - |s - | avidRz )
. 7
Noise Current (Referred to Input) In Ic=10uA, VCg =5V, f=10Hz - |98 | - |pA/JHz I /I
Coll -to-Base Cap [ Vcg=5V.lIg=0 - |04 - pF g w‘: y4
to- ; - - - 2 — -75 -50 -25 [} 25 50 ] 100
Collector-to-Substrate Capacitance Ccio Ve =5V,Ig=0 pF AMBIENT TEMPERATURE (T, 1— °C
¥ Curve plotted for ICEO characteristic. 92C5-20355
Fig.6—Collector cut-off current vs ambient
temperature for super-beta cascode
pairs.
w
- PIN 6-TO-PIN 8 VOLTAGE (Vg.g):5V OR PIN 6-TO-PIN 8 VOLTAGE (Vg_g) * 5V OR
& PIN 10-TO-PIN 8 VOLTAGE (V|g.g)=5V > __|PIN 10-TO-PIN 8 VOLTAGE (V|o-g)=* 5V 08
= TEMP. (1) +85°C VYT T T 17
2 'Pl_,‘_ - N | AmeiENT TEMR (Ty)e-doc)| [T é
I e +25%C N B —t1 / g .
= LT N § _H |1 B1oe AMBIENT TEMPERATURE (Tp)® 4 85°C
wise e’ 06 =
g L+ \ 8 vesec| LY ’_/ g 3
F 2 L+ L =5 fromc
S —40°C [ 1 =
v P g & +85°c |1 P Al
z = t o4 e W o. 1A
@ | H = H o / 40%c]
: M e i /
g . & 1]
£ 500 w a2 g o2 g
& 2 § =11
<
o
e o 0 Q)
4 4 2 s
S fooo .IO.,(;OO [ % . 100 1000 10000 ' 10 100 1000 10000
COLLECTOR CURRENT (Ic)— - COLLECTOR CURRENT (I¢)—uA
ENT (Ic)—uA 926820386 COLLECTOR CURRENT (IC) — A (o e CImph cs-zome

Fig.7—hgg vs. I¢ for each super-beta cascode

amplifier transistor pair (Q1,
(@2, Q4).
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Q3) and

Fig.8—Vgg vs. Ic for each super-beta tran-

sistor (Q1 and Q2).

Fig.9—VcE(sat) vs. Ic for each super-beta
cascode amplifier transistor pair (Q1,
Q3) and (@2, Q4).
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1048

Fig.19—Ep vs. f for each super-beta cascode

amplifier transistor pair (Q1, Q3) and
(@2, 4).

Fig.20-Ccg vs. Vg for each super-beta
cascode amplifier transistor pair (Q1,
Q3) and (Q2, Q4).

500 I 2000 I K3 T
. o o
99’7 162 « 4
-3 1600 P f 3
o 3 CURRENT (g 8 \Nq’/, 12304 1 |o3§
=9, [T essESigm ® s s 8
o % Ya 200 & /0 8 ¢
zg 3 210, S & / =]
az AT 10 nA r z]l 3 850 nA = o2
wZ - (] w — &
Qe A 130 A Lt 1] | & A g S
H 90mA_L L1 3 450 na +— w &
€ 500A] | 1t g3 o A T & 10 A
3 100 0 nA - — 3 4 T 5 <,
3 - o y 50 nA P4
) 1 g 2 &7
o o4 o08 12 16 2 o o4 o8 12 18 2 S e Oe,i, ~
-
VOLTAGE ACROSS PINS 6 AND 8 (Vg_g) OR PINS 10 AND 8 VOLTAGE ACROSS PINS © AND 8{Ve-g0R PING 10AND § 3 * 7
(Vip-g)—V 10-8)— 3 =
92¢3-20360 Lo L)
92Cs- 20389 <100 -5 -50 -25 28 50 75 100
. AMBIENT TEMPERATURE (Tq)—°C
Fig.10—I-V characteristics for the super-beta Fig.11-I-V characteristics for the super-beta 92¢8-20310
cascode pairs. cascode pairs. Fig.12—Collector cutoff current vs ambient
temperature for the conventional
transistors Vee=5V.10V).
|o3g'r ~ COLLECTOR-TO-EMITTER OS] COLLECTOR-TO-EMITTER VOLTAGE (Vgg)*5V
< | W 400| YOLTAGE (Veg) =8V 1 AMBIENT TEMPERATURE (Tp)s25°C
| £ TT >
F] K)Z!I 2 AMBIENT TEMPERATURE (Tp)s 485 °C 1 o8
Q & 1 ™~ ]
2T £ . - e | TN S Pt
c
z L~ | — N~ N W L1
w ot / 1 2 o7 e,
[ 3 g 1 \ s -
g & 1 N L1
3 s - / N § 1
2 =3 /
& i — E e L+
Q1 L -40° ] | ——
" |t T~ E
@« 2 o
o -
& o' § ! 4 08
- [4 <
3 > L
8 .2 g
102 1 [¢] 04
z 2 4 O
SO ) 28 %0 ™ 100 o0l ol 10 10 0.0l . ! 10
AMBIENT TEMPERATURE (TAl—*C COLLECTOR CURRENT (I)—mA COLLECTOR CURRENT (Ic)—mA
92cs-2031 92Cs- 20361 92Cs-20313
Fig.13~Collactor curog’ cur;'r:m v ""b,m" Fig.14—hgg vs. Ic for each conventional Fig.15=Vgg as a function of collector current
s transistor (Q6, Q7, Q8). for the conventional transistors.
transistors (Vg =5 V, 10V, 15 VI, istor
- T
DC FORWARD CURRENT PIN 6-TO-PIN 8 VOLTAGE (Vg.g)*5V OR AMBIENT TEMPERATURE (Tp)=25°C
TRANFER RATIO (hpg)s PIN 10-TO-PIN 8 VOLTAGE (Vig_gl*5V A
§ ° . 300 |~ AMBIENT TEMPERATURE (Ta )= 25°C 0
g ' 4 3 : .
of [% |
é s < - | — RN
g 0.8 3 - L1 < N
0-1, 2/ [o 5200 // lz R I™R_COLLECTOR CURRENT (I()=50 uA
bk ) 5/ 3 =] e~
x 206 w1, I ~—
- 5/ /4 a s A, m
%+ 2f | ot
2, & T § ° \‘
Y 04 § H / s s
2 Iz % 100 N
S y 3 L~ 8 SuA
S 02 “9\‘"\‘ z 2
“ a z
§ L]
(3] o o0l
¥ 2 4 e8' 2 4 e 2 K] 4 88
0.1 ! 100 100 [ 2000 0 nmmu " —n 10,000
—_ p— - Hz
COLLECTOR CURRENT (IC)—mA_ . . COLLECTOR CURRENT (I¢) — pA o2cs—20384
92¢s-20362
Fig.16-V g say) @ @ function of collector Fig.17—Gain bandwidth product vs collector Fig.18-Ip vs. f for each super-beta cascode
current for the conventional current for the super-beta cascode amplifier transistor pair (Q1, Q3) and
transistors. pairs. (@2, Q4).
AMBIENT TEMPERATURE (Tp)=25°C AMBIENT TEMPERATURE (Ta)»25°C " AMBIENT TEMPERATURE (Tp)*25°C
o
100 H
o, u i
92 £
R o <
3 2F 3
| E-I- w
3 88 24
o2 28 o5 Za 50
M |~~~ COLLECTOR CURRENT (I¢)=5uA ™ 5l
R . ™ 8¢ 8%,
2 ! 53 29
3', o Qg
g 504A 22 g
w o I3
2 o028 s 28
2z 2 2
e =]
2 3 3
1
0000 s 10 15 o s 10 15
° F,.m;"?m () —He 000 ! COLLECTOR-TO-BASE VOLTAGE (VcBo)— V COLLECTOR-TO-SUBSTRATE VOLTAGE (Vcro)—V
92CS - 20363 92Cs- 20365 92CS$-20366

Fig.21-C¢y vs. Vcyo for each super-beta
cascode amplifier transistor pair (Q1,

Q3) and (@2, Q4).
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#90 CoLLECTOR - TO-EMITTER VOLTAGE (Vcg) =5V COLLECTOR-TO-EMITTER VOLTAGE (VCE)*S V COLLECTOR-TO-EMITTER VOLTAGE (Vcg)s5 V
2 AMBIENT TEMPERATURE (Ta )+ 25°C . AMBIENT TEMPERATURE (Tp)=25°C AMBIENT TEMPERATURE (Tp)*25°C
3
i 300 et li 2 Q N
£ P N, 3 N
E s 3 w0, ',
I e COLLECTOR CURRENT (I¢)+10 uA—H [ I _COLLECTOR CURRENT (I¢)*I00 kAT T]
> — . 3 N N~
£ 200 b g SSi 1 g ~ ==y
z p M () N .
= o 2 z 2
H b & TN~
H 31 € 0l -
§ > : 3 :
p 100 8 ] o pA TN
z s * s *
e z g
o
2 2
0 00l
ol 2 « 6 810 2 4 6 810 2 468 o e . J
—_ 10 1000 10,000 10 1000 10000
COLLECTOR CURRENT (I¢) —mA FREQUENCY (f)—Hz " FREQUENCY (f)—Hz
92C5-20329 92C8-20367 92Cs-20368

Fig.22—Gain bandwidth product vs coll

Fig.23—Noise voltage vs frequency for the
conventional transistors.

current for the conventional
transistors.
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|

22 N EMITTER- TO- BASE

<o CAPACITANCE (Cgg)

08

SE

2 N e

<4 06

90 \

r [——1—C0k LECTOR-TO-BASE CAPACITANCE (c.
TWo4 cp)!
g

sld

g 0.2

43

3

[ ] 2 3 4 € 10

B1AS VOLTAGE—V

Fig.25—Collector-to-base and emitter-to-base
capacitances vs bias voltage for the

conventional transistors.

Operating Considerations

Operation Considerations for the Super-Beta Differential
Cascode Amplifier

An internal voltage-limiting network (diodes D1, D2 and
p-n-p transistor Q5) incorporated in the differential cas-
code amplifier, assures that the applied collector-to-emitter
voltage of each super-beta unit is maintained below two
volts. Fig. 27 shows a typical bias arrangement of the
super-beta differential cascode amplifier.

Bias current for this network must be supplied by an
external source.’ This bias current can be obtained by
simply connecting a resistor from Pin 11 to the positive
supply of the differential amplifier. The return path for
most of the bias current is through the substrate, Pin 5,
rather than through the common emitter, Pin 8. This
arrangement provides superior common-mode and power-
supply rejection. As a general rule-of-thumb, the current
supplied into Pin 11 should be approximately 0.04 to 0.1
times the value of the quiescent current of Pin 8.
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92CS-20369

TYPICAL APPLICATIONS

Fig.24—Ip vs. f for each conventional tran-
sistor (Q6, Q7, Q8).

92C8-20371

[}
35
w 3 \
=
5, N
z, 225 \\
)
20 -
Qe N~
Qu?
&2 It
22 s
go
EH
3g 1
8d
osf ——f -
0 3 4 6. 7 9
BIAS VOLTAGE—V
92€5-20370
Fig.26—Coll b P vs bias voltage
for the conventional transistors.
Qvt-isv
VOLTAGE
LIMITH
NETWORK
+0
2)p =20 MR TYP
_O;
V=s-i5V #SEE F16.27
92C8-20372
by Fig.28—Super-beta Op-Amp with diode drive network.

Fig.27—Bias o for op of the supx

differential cascode amplifier.
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TYPICAL APPLICATIONS (Cont'd)
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S0 ka p: oveesv
vtei2y
i9 1Ma
, ZERO ADY
I 820 k2
° 200 k0
o J 93] VOLTAGE | 4 | o Ce { TEST PROBE Mg 75w
500 pF Z)y+ 40 M
O NETWORK 7 &
+ 2 200 Q
210 =20 MQ (TYR) Q3 O
-O—
1o M8 v VOLTAGE
: = 0 LMITHG
R T 18M0
00K T TR yve we % oov 9 0
+ 10Hz IMQ 20 dB :
Ik IMQ 0.3 48 200 k8
£ .3.503048) i O
Ay g 92¢5-20374 PtV ! A
» SEE FI6.27 B
] Ny . . L ©
Fig.30—High-inpu d: /e fier circuit. NOTE: TOTAL SUPPLY
v (5) CURRENT =300
Qg s + A
92C8-20373
» SEE FI6. 27 Vor-3v 92cs-20378
Fig.29—Super-beta Op-Amp with resistor drive network. Fig.31-Typical high-input-imped: dc circuit.

Qv*asy
R . Iv*.0v
120 k2 2201231200 3100 MA
OouTPUT
200k8
» SEE FIG. 27

TRIGGER

NOTE:

I18mi50a
AT THRESHOLD

Q @ 4
Y e — e —— * VRer
NOTE: Vv T 62M0 X
T+ (RC) 2 22 v » SEE FIG.27
FN " v*siov
+(RC)tn §-0.47 RC l N
~22 SEC.
928-20376¢ 820 %0 120 kQ

Fig.32—Long-delay monostable multivibrator circuit. Fig.33—Low input-bias current comparator circuit.
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<
/Hx'

60

40

EQUIVALENT INPUT NOISE VOLTAGE (ENTi)—nV/.

» . Rg 220 K
Rg*1000
. 39kQ  Ays33e8
BW 3dB =I0MHz (] ' |
. ViiSy = SEE FIG.27 ° ° il - iy
92C$-20476 -
FREQUENCY (f)—Hz 92C5-20475
Fig.34—CA3095E wideband smplifier. Fig.35-Equivalent input noise voltage vs. frequency

for circuit of figure 34.
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