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. B HARRIS '.HA-G

PRELIMINARY Ultra-Low Noise, Precision

Operational Amplifier

Features

e High Slew Rate 10 V/us
¢ Low Noise anv/JVHz
® Low Drift 0.2 uv/oC
* Low VOs 10 uv
® High Gain 1800 V/mV
¢ High CMRR 126 dB
* Wideband 8.5 MHz
Description

The HA-OP27 is a low noise operational amplifier offering
a remarkable blend of AC and DC parameters. Through
advanced processing techniques, this design offers
3nV/VHz of noise at 1kHz while combining the
characteristics of precision and wideband amplifiers.

Laser trimming results in a typical input offset voitage of
10uV while stabilizing TCVps to 0.2uV/9C without
affecting the 8.5 MHz bandwidth or the 10V/us slew rate.
Precision performance is further enhanced by Ayg of
1800V/mV, PSRR of 1 uV/V, and CMRR exceeding 120 dB.
A modest power consumption of 80 mW and on-chip

Applications

e Low Level Transducer Amplifiers
¢ Precision Summing Amplifiers

¢ Audio Preamplifiers

¢ Integrators

® Precision Threshold Detectors

compensation' for unity gain stability increase the
potential uses of this device.

These features make the HA-OP27 an excellent choice for
low level signal transducer applications. Additionally, the
HA-OP27 is ideally suited for precision summers, audio
preamplifiers, stable integrators, and precision threshold
detectors.

The HA-OP27 can also be used as a design enhancement
by directly replacing the 725, OP05, OP06 and OP07. The
HA-OP27 is available in TO-99 Metal Can, both Epoxy and
Ceramic 8 pin Mini-DIPs, as well as 20 pin LCC packages.
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Specifications
Absolute Maximum Ratings
Supply Voltage ... +22V  NOTES:
Internal Power Dissipation (Note 1) ...c.....iceveeee.. 500MW 1. Maximum Package Power Dissipation vs. ambient temperature.
input Voltage (Note 3) ....ccucuuee Maximum Ambient [Derate Above Maximum
Output Short Circuit Duration ... e Indefinite Package Type Temperature for Rating| Ambient Temperature
Differential Input Voltage (Note 2) .... e 207V ;?;99H(J) i DIP @) sggg ;;mng
Differential Input Current (Note 2) ............ . £25mA | o Tin Hermefic m

-Pin P| DIP (P 620C 5.6mW/0

Storage Temperature Range ............... -650C to +1500C §-Fin Plastic DIP (F) mwree

Operating Temperature Range

HA-OP27A, OP278, OP27C (J,2) ....... -550C to +1250C
HA-OP27E, OP27F, OP27G (J.Z) ....cevs -250C to +850C
- HA-OP27E, OP27F, OP27G (P) ......ccceene. 0OC to +700C

2. The OP 27's inputs are protected by back-to-back diodes. Current
limiting resistors are not used in order to achieve low noise. If
ditferential input voltage exceeds 0.7V, the input current should be
fimited ta 25mA.

3. For supply voltages less than 22V, the absolute maximum input
voltage is equal to the supply voltage.

Electrical Characteristics at Vg = £15 V, Ta = 250C, uniess otherwise noted.

HA-op27A/E | HA-OP27B/E | HA-0P27C/G

PARAMETER SYMBOL CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX UNITS
Input Ofiset Voltage Vos {Note 1) - 10 25 - 20 60 - 30 100 w
Long-Term Vog

Stability Vog/Time {Note 2) - 0.2 1.0 - 03 1.5 - 04 20 HViMo
taput offset Current los - - 7 35 - 9 50 - 12 75 nA
Input Bias Current g - - +10 | £40 - xt2 | £55 - +15 | 80 nA
Input Noise Voilage 8np-p 0.1 Hz to 10 Hz - 0.08 0.18 - 008 0.18 - 0.09 025 HVp-p

(Note 3, 5}
Input Noise en fo = 10Hz (Note 3) . - 35 55 - 35 55 - 38 8.0
Voltage Density fo =30 Hz (Note 3) - 34 45 - aa 45 - 33 56 nV/\/Hz
1o = 1000 Hz (Note 3) - 30 38 - 30 38 - 32 4.5
Input Noise ln fo = 10 Hz (Note 3) - 1.7 40 - 17 40 - 1.7 -
Current Density fo = 30 Hz (Note 3) - 1.0 23 - 1.0 23 - 1.0 - pAI\/Hz
fo = 1000 Hz (Note 3) - 0.4 0.6 - 04 06 - 0.4 0.6
Input Resistance— RN (Note 4) 1.5 6 - 12 5 - 08 4 - MQ

Differential-Mode
input Resistance— RiNCM (Note 4) - 3 - - 25 - - 2 - GN

Common-Made
Input Voltage Range VR +11.0 } %123 - +11,0 | %123 - +11.0 | £123 - v
Common-Mode CMRR VoM =211V 14 126 - 106 123 - 100 120 - dB

Rejection Ratio
Power Supply PSSR Vg=24 Vio £18V - 1 10 - 1 10 - 2 20 uNnN

Rejection Ratio
Large-Signal AVO R =20, Vo =210V 1000 | 1800 - 1000 | 1800 - 700 1500 -

Voltage Gain R Z 1kQ, Vg =210V 800 | 1500 | - 800 {1500 | - 600 | 1500 | - V/imv

F(L = 6000, Vo= £V, 250 700 - 250 700 - 200 500 -
VS = 14V, (Note 4)
Output Voltage Vo .RL =2k +12,0 | 138 - +12.0 | £13.8 - £11.5 | £135 -

Swing R = 6000 +10.0 |15 - =100 { 115 - £10.0 | 115 - v
Stew Rate SR R 2 2k0 (Note 4) 70 10 - 7.0 10 - 70 10 - Vips
Gain Bandwidth Prod. GBW {Note 4) 50 85 - [ S0 85 - 50 85 - MHz
Open Loop Output Ro Vo=0ig=0 - 70 - - 70 - - 70 - 1]

Resistance - (Note 4)

Power Consumption Pq Vo=0 - 90 140 - 90 140 - 100 170 mw
Oftset Adjustment
Range Rp =10 kn2 - 4.0 - - 4.0 - - 4.0 - mv

NOTES:

1. Input Offset Voltage measurements are performed by automated test
equipment approximately 0.5 seconds after application of power. A/E
Grades Guaranteed Fully Warmed up.

2, Long Term Input Offset Voltage Stability refers to the average trend
line of Vpg vs. Time over extended periods after the first 30 days of

operation. Excluding the initiat hour of operation, changes in Vog
during the first 30 days are typically 2.5 uV.

3. Sample tested.
4. Guaranteed by design.
5. See test circuit and typica! 0.1 Hz to 10 Hz noise photograph.
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Electrical Characteristics for Vg = +15 v, -550C < Ta < + 1250C, unless otherwise noted

| Ha-op27a ] HA-OP278B | HA-OP27C
PARAMETER SYMBOL CONDITIONS { MINT TvP T MAX|"MIN | TYP | MAX | MIN | TYP | MAX. ] _unNits
lnput Ofiset Voltage Vos {Note 1) - 30 60 - 50 200 - 70 300 w
Average input TCVos

Ofiset Dritt TCVosN {Nate 2) - 0.2 0.6 - 0.3 13 - 04 18 mIoc
Input Ofiset Current los - 1§ 50 - 22 85 - 30 135 nA
Input Bias Current Is - +20 | 60 - +28 | 195 =] 35 | x50 nA
Input Vollage Range IVR 103 | £115| - 103 fans| - 102 [ £115) - v
Common Mode CMRA Vom = 210V 108 | 122 - 100 | 19 - 94 16 - dB

Rejection Ratio .
Power Supply PSRR Vg=%45VIiox18V c - 2 16 - 2 20 - 4 51 N

Rejection Ratio
Larga Signal

Voltage Gain Avo R 22K, Vg = 210V 600 | 1200 - 500 1000 - 300. | 800 - vimv
Qutput

Voltage Swing Voum Ry & 2kN +11.5] %135 - 110 | 132 - +10.5 | £13.0 - v

Electrical Characteristics for Vg = +15 v, -250C < Tp =+850C, 00C < Ta <+ 700C,
unless otherwise noted.
1 HA-OP27E | HA.OP27F I HA-0P27G
PARAMETER - SYMBOL CONDITIONS L MINT TYF [ MAX | MIN [ TVP | MAX [ MIN T 7YP | MAX UNITS
Input Offset Valtage Vos - 20 | so - 0 | w | - ss | 220 w
Average Input . TCVpg :

Offset Drift TCVosn {Note 2) - 02 06 - 0.3 1.3 - 04 1.8 m/°c
Input Offset Current fos - - 10 50 - 14 85 - 20 135 nA
Input Bias Cuyrant is - - %14 $60 - *18 *95 - +25 § +150 A
Input Voltage Range VR +105 | +118| - 105 {21181 -~ [ 105 {118 - v
Common Moda CMRR VoM = 10V 10 | 124 - 102 | 21 - 96 18 - d8

fejection Ratio
Power Supply PSAR Vg = 4.5V to £18V - 2 15 - 2 16 - 2 32 W

Rejection Ratio
Larga Signat

Voliage Gain Avo R Z 2k, Vg = £10V 750 | 1500 - 700 | 1300 - 450 | 1000 - Vimv
Qutput, .

Voltage Swing Vom R 2 2k0 LT ) 2136 - 114 | £135 | - 110 (#1383 - v

NOTES:

1. Input Otfsel Voltage measurements are performed by automated test
equipment approximately 0.5 seconds after application of power.

2. The TCVg performance Is within the specitications unnulled or when

nulled with Rp = 8kQ to 20kQ.

Test Circuits

LARGE AND SMALL SIGNAL RESPONSE
TEST CIRCUIT

LARGE SIGNAL RESPONSE

SMALL SIGNAL RESPONSE
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Test Circuits (continued)

SUGGESTED OFFSET VOLTAGE ADJUSTMENT

V+

* Offset adjustment range is approximately t4mv

1 C
——WAA——
o——«w-—+> . R2
R -
R3 M‘ o
A a +>
me | l
ve Lqpd
C3 M

SUGGESTED STABILITY CIRCUITS

Low resistances are preferredl for low noise applications as a 1KQ resistor
has 4nVV/Hz of thermal noise. Total resistances of greather than 10KQ on
either input can reduce stabifity. In most high resistance applications, a
few picofarads of capacitance across the feedback resistor will improve

stability.
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HA-0P27
Typical Performance
0.1Hz to 10Hz NOISE TEST CIRCUIT
0.uF
100KS2
100
—l_:w_‘ w WF goopE
Rin = MO
—~ VOLTAGE GAIN 10KQ
= =50,000

NOTE: ALL CAPACITOR VALUES ARE FOR
NON-POLARIZED CAPACITORS ONLY

LOW FREQUENCY NOISE

VOLTAGE NOISE FREQUENCY
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