[PMI OP-44

HIGH-SPEED, PRECISION
6 Precision Monolithics Inc.

OPERATIONAL AMPLIFIER (Avycp = 3)

FEATURES 12 bits (0.01%) is 800ns, typical. Wideband noise is minimized
® SIEWRALE .. ..\ 100V/us Min by only 12nV/y/Hz flatband noise.
® Gain-Bandwidth Product.................... 15MHz Min Excellent DC precision makes the OP-44 unique among high-
® Common-Mode Rejection..................... 86dB Min speed amplifiers. Offset voltage below 750uV and 10uV/°C
® Open-Loop Gain .......................... 500V/mV Min maximum drift eliminates the need for external nulling poten-
¢ Offset Voltage .......oo.viicinamiminpns 750uV Max tiometers in most applications. Common-mode rejection of
® BlasCument.........ovvininniiviiiisns 200pA Max 86dB minimum and an open-loop gain of 500V/mV ensures
® Excellent AC CMR and PSR high linearity. Errors due to bias current are virtually eliminated
® Radiation Hard with the OP-44's 200pA maximum input current.
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GENERAL DESCRIPTION ONTACT WER LCC
. The OP-44 is a fast precision JFET-input operational amplifier (AC{Suffix)
delivering a 120V/us typical slew rate in closed-loop gains of
three or more. Full-power bandwidth is 2MHz for a 20V,_,
sine-wave, and 4MHz for a 10V, signal. Gain-bandwidth
productis typically 23MHz. Settling time to 0.1% is 200ns, and to ~—7
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Applications for the OP-44 include data acquisition systems,
pulse amplifiers, RF, IF and video amplifiers, and signal
generators.

The OP-44 conforms to the standard 741 pinout with nulling to
V—. It offers an excellent upgrade for circuits using the LF400
and AD509. The HA-2520/22/25 are easily upgraded by re-
moving any external nulling components.

For a unity-gain stable amplifier sharing many of the OP-44's
characteristics, consult the OP-42 data sheet.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Operating Temperature Range

OP-44A (J,Z) v —55°C to +125°C

OP-44E, F (J,2) sononnaiabein iy —25°C to +85°C
Junction Temperature . . ................... —65°C to 175°C
Lead Temperature Range (Soldering, 60sec) ......... 300°C
NOTES:

1. Absolute maximum ratings apply to both DICE and packaged parts, unless
otherwise noted.

2. For supply voltages less than +20V, the absolute maximum input voltage is
equal to the supply voltage.

3. See table for maximum ambient temperature and derating factor.

MAXIMUM AMBIENT DERATE ABOVE
TEMPERATURE MAXIMUM AMBIENT

Supply Voltage . coceaprviniisn oiion s sl danmsss +20V PACKAGE TYPE FOR RATING TEMPERATURE
Internal Power Dissipation (Note 3) ................. 500mW TO-99 (J) 80°C 7.1mW/°C
Input Voltage (Note 2) oo +20V Hermetic 8-Pin DIP (2) B BTG
Differential Input Voltage (Note 2) ............ccovnnnn. 40V FarTriellE 20-Contact ECC (AC) " epr—
RUE CUITENE S e ni s S S 50mA
erupPRrature Range ... -65°C to 175°C
CT TICS = +15V, T = 25°C, unless otherwise noted.
\Mﬂu/ m OP 44E OP-44F OP-44A
YMBOL an‘r:o MI MIN  TYP  MAX MIN  TYP  MAX UNITS
Offset VoTtage /vJs\ \\ / / 0.3 \o s [ 0.4 15 = 03 10 mv
_Iﬂeut Bias Current Ig__ oM = ﬂ—— 25°C \ \ / { 80 )20 / / = 130 /\2& - 80 200 PA

Input Offset Current lgg Veom = 0V B

e//m/\et 40 pA

+12
Input Voltage Range IVR {Note 1) £ k\ * R 7‘\\’
I\ I~
[ Mode -
ommaon-
p CMR Vou =11V 86 96 — 0 9 86 96
Rejection
Power-Suppl Vs = +10V Q
gwer subply: PSRR s — g 40 - m
Rejection Ratio to +20V
e RLo=10k0 _ 500 900 - 500 900 - —
s p Big Re=2kn O 200 260 - 200 260 - 200 260 = v
SHBRRERE Ry=1kn | 100 170 - 100 170 — 100 170 —
Qutput Voltage v ik s +12.5 115 +12.5 - e +12.5
Swing o L S -11.9 - -11.9 e -11.9 - v
Cutput +33 +33 +33
+ — +92 ih 4+ _
Current lout 20 -28 . -28 el -28 mA
No Load
Supply Current lay D08 - 6.5 75 - 6.5 75 - 6.5 75 mA
Vg =0V
R = 2k(}
Slew Rate SR b 100 120 — 80 100 - 100 120 e Vius
C_ =50pF
Full-Power Vg =210V
BW 15 2.0 — 12 1.6 - 15 2.0 -
Bandwidth P (Note 2) Mkt
Gain-Bandwidth Ay=10
GBW 15 23 — 15 23 - 15 23 =
Product (Note 3) Mhiz
x : 10V Step 0.1%
Settling Time ty [Note 4) — 0.2 = — 0.2 — = 0.2 — us
. Vo = £200mV -
Rise T t — 25 50 25 50 e 25
L ’ {Note 3, 4) 2 ns
Vo = £200mV
Overshoot - 25 40 — 25 50 2 25
vershoo (Note 3., 4) 40 By
Overload Recovery
t &= 700 — e 700 e - 700 —

Time OR . ns
Capacitive Load c, AycL=3 s0 150 _ 50 150 o 50 - B F
Drive Capability (Note 3) P
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ELECTRICAL CHARACTERISTICS at Vg = +15V, T, = 25°C, unless otherwise noted. (Continued)
OP-44E OP-44F OP-44A
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
i Risi (Note 3) 100 107 - 10 107 — 10° 10" = a
Resistance
Open-Loop
= 50 . - 50 — — 50 — 0
Output Resistance o
Voltage Noise €n p-p 0.1Hz to 10Hz . 2 = — 2 — - 2 — “Vop
fg = 10Hz — 38 e = 38 - = as —
Voltage Noise fo = 100Hz — 16 — — 16 — . 16 =
ViH
Density n fo = 1kHz - 13 - - 13 - = 13 pe,  MNOVEE
fo = 10kHz — 12 — — 12 — — 12 -
Current Noise
i = 1kH - 007 — — 0.007 — — . - A/NH
Density ia fo = 1kHz 0.00 0 0.007 pA/\Hz
External Vg Rpgy = 10k — 4 — - 4 —_— — 4 = mv
— 5 = — 5 - - 5 - o
month
(Nr(_(ﬁ—\\ +8 +15 +£20 +8 +15 20 +8 +15 +20 v

ELECTRICAL CHARACTER
otherwise noted.

#o

Guaranteed but not tested.
See test circuit, page 7.

C for E/Ffgrpdes, and 55

| ——

09-44% OP-44F
PARAMETER SYMBOL CONDITIONS MIN TYP MA I TYP MAX MIN UNITS
Offset Voltage Vos - 0.4 12 = 6 25 / / — /0% mv
Offset Voltage L/
Temperature TCVgs — 4 10 — 8 —_ — 10 u\V/°C
Coefficient
Input Bias Current  Ig (Note 1) — 0.5 1.2 — 0.6 2.0 - 6 20 nA
Input Offset Current lgg (Note 1) - 0.05 0.2 — 0.06 0.4 — 0.2 1.0 nA
+12.5 +12.5 +12.5
1 t Volt R IVR s | - + e + —_
nput Voltage Range (Note 2) 1 120 1 190 +11 190 v
FOMPR RS o Vom =11V 84 94 80 92
Rejection CM = - o 84 94 B e
Power-Supply Vg =210V
- ; PSRR —_ 2 40 — 6 s
Rejection Ratio to £20V 0 R « Y
Large-Signal A R, = 10k{} (MNote 1) 200 500 — 200 500 e 160 350 = Wy
Voltage Gain vo RL=2k{l Vg=+10V 100 160 — 100 160 o 80 110 . o
Output Voltage +12.3 +12.3 +12.3
: V R = 2k{} +11.0 - +11.0 - M. —
Swing a L -11.8 -11.8 L ¥
Output | 48 i8
i s £ + e e
Current QU i - 0 A
No Load
Supply Current lgy -_ 6.5 7.5 — 6.5 75 - 6.5 75 mA
Vo =0V
_SJEw_Bate SR Ry = 2kil; C = 50pF 80 100 — 70 90 = 80 100 — Vius
Capacitive Load AycL=3
Drive Capability L (Note 3] 50 100 == 50 100 - 50 100 - pF
NOTES:
1. T;=85°C for E/F Grades; T, = 125°C for A grade.
2. Guaranteed by CMR test.
3. Guaranteed but not tested.
3 10/87, Rev. B1
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DICE CHARACTERISTICS

1. OFFSET VOLTAGE NULL
2. INVERTING INPUT

3. NONINVERTING INPUT
4. NEGATIVE SUPPLY

5. OFFSET VOLTAGE NULL
6. AMPLIFIER OUTPUT

7. POSITIVE SUPPLY

For additional DICE ordering information, refer
to 1988 Data Book, Section 2.

DIE SIZE 0.098 X 0.070 inch, 6860 sq. mils
(2.49 X 1.78 mm, 4.43 sq. mm)

W/ER‘F\E\NLIMITS at Vg = £15V, T; = 25°C, unless otherwise noted.
[—

/P#h\METER ) //mm DITIONS OP:::H?II'
f\eet \a’oltage/- N '\-u{ / Y 15

anutOffsetCurremLK_.__/IéS} \‘0‘4\_'%“/ /7
(Notd 1) L

Input Voltage Range \Tﬁ \ Not
Common-Mode Rejection CMR A1
Power-Supply B D M

Rejection Ratio s=*10Vto 50

Large-Signal X EL:;Okfz ’Q 500
Voltage Gain Vo il s
R =1k} 100

\

/\\
T~

Output Voltage Swing Vo Ry =1k *11.5
Qutput |
Current ouT =20
No Load
Supply Current lgy 75
- VO = GV — — —
Slew Rate SR 80
Capacitive Load Ayl =3

Drive Capability (Note 2}

NOTES:
1. Guaranteed by CMR test.
2. Guaranteed but not tested.

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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APPLICATIONS INFORMATION

The OP-44 is a high-speed amplifier internally compensated for
closed-loop gains of 3 or more. Slew rate is typically 120V/us,
which allows the OP-44 output to handle a 20V,,_, sine wave at
2MHz. Stability is ensured by the OP-44’s guaranteed capacitive
load drive ability of 50pF.

The input capacitance of high-speed op amps often causes a
noticeable degradation of pulse response, resulting in exces-
sive overshoot and ringing. The pole introduced by the input
capacitance can be compensated by placing a similar capaci-
tance in the feedback loop of the amplifier. For the OP-44, the
input capacitance is typically 6pF.

Small-signal and large-signal transient responses are shown in
Figures 1 and 2. These photos were taken using the gain of 3
test circuit shown in Figure 3.

yith most JFET-input op amps, the output of the OP-44 may

FIGURE 2: Large-Signal Transient Response
(AVCL =43, CL = 50pF)

Supply decoupling must be used to overcome inductance and
resistance associated with the supply lines to the amplifier. For
most applications, a 01uF to 0.01uF placed between each
supply pin and ground is adequate. If supply lines are extremely
long and/or noisy, an additional tantalum capacitor between
3.3uF and 10uF should be placed in parallel with each of the
smaller decoupling capacitors.

The OP-44 displays excellent resistance to radiation. Radiation
hardness data is available by contacting the factory.

FIGURE 3: Transient Response Test Circuit

-T_ —OVour
;E 50pF

13330

BETIL

OFFSET V@

AGE ADJUSTMENT
: sted with a 10k() to 100k{) potentiometer
e polemtiqmeter is connected between

Vosg change. Altg
=patentiometer

ALTERNATE METHOD

STANDARD METHOD NOTE:
Vos CAN BE TRIMMED WITH
POTENTIOMETER RANGING
FROM 10k{} TO 100k(),
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Digital offset correction is possible using the nulling pins. The FIGURE 6: High-Speed, Low-Offset, Low-Drift Amplifier
circuit of Figure 5 will correct for greater than +4mV of offset, .
allowing correction of some system errors in addition to the A1

OP-44's offset voltage. One of the four voltage-output DACs on S
the PM-7226 is used to apply a voltage between 0V and 10V to
the 200k () resistor, while the 255k (] resistor is tied to the +10V

reference. One LSB of the 8-bit PM-7226 is equivalent to VinO—4
approximately 35uV of offset change around the zero offset |
pOi:"ll, —O Vour

FIGURE 5: Digital Offset Correction

k() 18k}

DIGITAL
INPUT

A common problem with many high-speed amplifiers is a
requirement for more DC precision than the amplifier's capa-
bility. While the OP-44 already offers an order of magnitude or

more improvements in precision over previous high-speed FIGURE 8: Combination Amp“fierVL/STemp rafure
amplifiers, some users may find a need for even greater i

precision. %

100 T
Figure 6 shows a combination amplifier melding the precision = Ve =[;1sv ' |
DC characteristics of an OP-97 with the high speed of the 3 80 Veu=0 1T ]
OP-44. The OP-97 reacts for low-frequency and DC signals, § 80 | T
while the OP-44 is dominant at higher frequencies. Over- g [ l‘
compensation of the OP-97 ensures that it operates only at low E il I S N i ‘7.'/
frequencies. Resistor matching is important to optimize this £ 5 LT |
circuit's transient response. The overall supply current of this g / [
combination amplifier is only slightly higher than that of the £ .
OP-44 alone. This is due to the minimal consumption of the b B
OP-97, only 600uA. Transient response of this circuitis shown in 5
Figure 7 Its initial offset voltage is 20V, while TCVog is less than 3 .
0.6uV/°C. 83 |
-50 —-25 o 25 50 75 100 125
TEMPERATURE (°C)
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FIGURE 9: Programmable Baseline Restorer

VeroGRAM

Rprocram

nominal DC line contains the important inforkatan

While a simple high-pass filter may be adequate for som
situations, the baseline restorer shown in Figure 9 allows a wide
degree of flexibility for analog adaptive filtering techniques, and
offers some benefits not available with a frequency-domain
filter.

The baseline restorer behaves as a nonlinear filter, acting upon
the slew rate of the input signal rather than its frequency. Its
output will restore the base of the pulses to an arbitrary level, set
by Vgrer. The slew rate cutoff of the filter is set by the current
flowing through Q1, which is in turn set by Vprogram- Vaes and
VeroGgRraM May be controlled by a voltage-output DAC such as
the PM-7226. If current programming is desired, Rprogram Mmay
be removed and replaced by a current-source, such as a bipolar
DAC.

To understand the circuit's operation, assume that capacitor C
has charged to the DC baseline. If the output swings above the
baseline, IC2 swings low, reverse biasing diode D2. D1 is pulled
low, and forward biases. A current (I, - ;) discharges the
capacitor until equilibrium is restored. If the output drops below
the baseline, IC2 swings high, and D2 becomes forward biased.
I> is supplied by the output of IC2 while |, charges C until the
baseline is restored. The rate of restoration depends upon the
current available to charge or discharge C.

FIGURE 10: Baseline Restorer Response

For symmetric operation, with the same restoration rate for
positive or negative excursions from the baseline, I, must be
twice |4. This provides an equal current for charging and
discharging the capacitor. |; is set by the current flowing
through Q1 in the MAT-04. An identical current flows through
each transistor. The MAT-03 matched PNP pair, Q5 and Q6, act
asacurrentmirror to reflect the current through Q2 (14). Q3 and
Q4 create I, which is twice |4. |y may be set anywhere between a
few nanoamps to several mA. Higher currents will result in
rejection of faster-slewing signals, while lower currents will
allow passage of slower signals.

The OP-44 is configured for a gain of —1, but gain is adjustable
by R1and R2, and is simply —(R2/R1). OP-44 stability is main-
tained by the dominant pole introduced by C.
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