M HARRIS

HA-5147/883

Ultra-Low Noise, Precision, High Slew Rate

January 1989

Wideband Operational Amplifier

Features

» This Circuit is Processed In Accordance to Mil-Std-
883 and Is Fully Conformant Under the Provisions of
Paragraph 1.2.1.

e HighSlewRate ........................ 28V/us (Min)
* Wide Gain Bandwidth (Ay > 10) ....... 100MHz (Min)
¢ Low Noise (@1kHZ)............... 4.5nV/\/ﬁ'i (Max)
e Low OffsetVoltage .................... 100pV (Max)

» Low Offset Drift With Temperature .. 1.8uV/9C (Max)
eHIghCMRR. ...ovviiiniriiiaaiinnias 100dB (Min)
* High VoltageGain ................... 700V/mV (Min)

Applications

e High Speed Signal Conditioners

e Wide Bandwidth Instrumentation Amplifiers
e Low Level Transducer Amplifiers

« Fast, Low Level Voltage Comparators

* Highest Quality Audio Preamplifiers

* Pulse/RF Amplifiers

Description

The HA-5147/883 monolithic operational amplifier features
an unparalleled combination of precision D.C. and
wideband high speed characteristics. Utilizing the Harris
D.l. technology and advanced processing techniques, this
unique design unites low noise precision instrumentation
performance with high speed wideband capability.

This amplifier's impressive list of features include low Vos,
wide gain-bandwidth, high open loop gain, and high
CMRR. Additionally, this flexible device operates over a
wide supply range while consuming only 120mW of
power.

Using the HA-5147/883 allows designers to minimize
errors while maximizing speed and bandwidth in applica-
tions requiring gains greater than ten.

This device is ideally suited for low level transducer signal
amplifer circuits. Other applications which can utilize
the HA-5147/883’s qualities include Iinstrumentation
amplifiers, pulse or RF amplifiers, audio preamplifiers, and
signal conditioning circuits.

This device can easily be used as a design enhancement by
directly replacing the 725, OP-25, OP-08, OP-07, OP-27
and OP-37 where gains are greater than ten. The
HA-5147/883 is available in TO-99 Metal Can, Ceramic 8
Pin Mini-DIP, and 20 Pin Ceramic LCC packages.
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Specifications HA-5147/883

Absolute Maximum Ratings

Voltage Between V+andV-Terminals...................... 44V
Differential Input Voltage (Note 6} ...............c..oaae 0.7V
Voltage at Either Input Terminal ..............coiiiiaes V+toV-
InputCurrent .. ...oo i e i i e 25mA
Differential Qutput Current . .......... Full Short Circuit Protection
Junction Temperature (Ty) .... +1750C
Storage Temperature Range ................. -650C to +150°C
ESDRaling ....cvviniiiiiiiiiriieninannireinenanaans <2000V
Lead Temperature {(Soldering10sec)............couue +2750C
CAUTION: Absclute maximum ratings are limiting values, applied

individually beyond which the serviceability of the circuit may be impaired.
Functional operability under any of these conditions is not necessarily
implied.

Thermal Information

Thermal Resistance 8ia Oic
CeramicDIPPackage ................. 820C/W  250C/W
CeramicLCCPackage ................ 840C/W  250C/W

Metal Can Package 980C/W  300C/W
Package Power Dissipation Limit at +750C for Tj < +175°C

CeramicDIPPackage ..... ..o iiiiiiin i iiiiinans 1.22wW
CeramicLCCPackage ........ovviiiiinviernieeninnnns 1.19W
MetalCanPackage ...........ccooviiiiiiviiiiiiaan. 1.02W

Package Powaer Dissipation Derating Factor Above +75°C
CeramicDIPPackags ......covvvvvnnenanrnenenns 12.2mwW/oC
Ceramic LCC Package . .. 11.9mw/oC
Metal CanPackags ........covvievnirnnernecnnnn. 10.2mwyeC

Recommended Operating Conditions

Operating Temperature Range
Operating Supply Voltage

ViNem < 1/2 (V+ - V-)
RL > 60001

TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Device Tested at: Supply Voltage = £15V, RSOURCE = 500, R OAD = 100k§2, VoyT = OV, Unless Otherwise Specified.

MIT:
D.C. GROUP A u S
PARAMETERS SYMBOL CONDITIONS SUBGROUP TEMPERATURE MIN MAX UNITS
Input Offset Voitage Vio VoM =0V 1 +25°C ~-100 100 Ny
2,3 +1250C, -550C -300 300 uv
Input Bias Current g VM =0V 1 +250C - 80 nA
Rs = 10kQ, 5002
[+1g]+-1p] 2,3 +1250C, -550C - 150 nA
B B
2
Input Ottset Current io Vem =0V 1 +250C -75 75 nA
+Rg = 10k
-Rg = 10kQ} 2,3 +1250C, -550C -135 135 nA
Common Mode Range +CMR V+ =47V 1 +250C 10.3 - v
V-=-253V
2,8 +1259C, -550C 10.3 - v
-CMR V+ =253V 1 +25°C - -10.3 v
V-=-47V
2,3 +1250C, -550C - -10.3 \
Large Signal Voltage Gain | +AyoL | Vout=0Vand +10V 4 +250C 700 - kv
RL = 2k
5,6 +250C, -550C 300 - kV/V
-AvoL | Vout=0Vand-10V 4 +259C 700 - kV/V
RL = 2k
56 +1250C, -550C 300 - kVV
Common Mode Rejection | +CMRR | Avgpy =+11V 1 +250C 100 - dB
Ratio
AVom = +10V 2,3 +1250C, -550C 100 - dB
-CMRR | Avgm=-11V 1 +250C 100 - dB
AVem =-10V 2,3 +1250C, -55°C 100 - dB

CAUTION: This device is sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed.

3-392




HA-5147/883

TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued)
Device Tested at: Supply Voltage = 15V, RSQURCE = 50, RLOAD = 100k}, VoyuT = 0V, Unless Otherwise Specified.

GROUP A LIMITS
D.C.PARAMETERS  |SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | MAX |uNITS
Output Voltage Swing +VouTt | RL=2k) 4 +259C 1.5 - v
586 +1259C, -559C 115 - \"
VouTt | RL=2kn 4 +250C - 118 v
5.6 +1250C, -550C - -115 v
+VouTe | RL=6000 4 +250C 10 - v
-VouT2 | RL=6000 4 +250C - -10 A
Output Current +louT VouT =-10V 4 +25°C 16.5 - mA
-lout | Vourt=-+10V 4 +250C - -165 | mA
Quiescent Power +ice VouT =0V 1 +259C - 4 mA
Supply Current 10UT = OmA 2,3 +1250G,-550C | - 4 mA
-lcc Vout=ov 1 +25°C -4 - mA
1oUT =OmA 2,3 +1250C, -550C | -4 - mA o g
Power Supply +PSRR | Aveup= 14V 1 +259C 86 - B g E
Rejection Ratio AVsup = 135V 2,3 +1259C, -550C | 86 N dB <5
“PSRR | AVgyup =14V 1 +250C 86 - a8 © §
AVgUp = 135V 2.3 +1250C,-55°C | 86 N B
Offset Voltage +VijpAdi | Note5 1 +25°C Vio -1 - mv
Adjustment 2,3 #1250C,-5650C | Vig-1 | - mv
~VioAdi | Note5 1 +250C Vio+1 | - mv
2,3 +1250C,-550C |Vig+1 | - mv

TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Device Tested at: Supply Voltage = 15V, RSOURCE = 508, RLOAD = 2k}, CLOAD =50pF, AycL = +H10V/,
Unless Otherwise Specified.

GROUP A LIMITS
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE MIN MAX UNITS
Slew Rate +5R VOUT = -4V fo +4V 7 +250C 28 - Vs
-5R Vout = +4Vto -4V 7 +250C 28 - Vips
Rise & Fall Time TR Vout =0to +200mV 7 +250C - 50 ns
10% < TR < 90%
TE VouT =0 to -200mV 7 +250C - 50 ns
10% < TF < 90%
Overshoot +08 Vour = 0to +200mV 7 +250C - 40 %
-0s Vourt = 0 to -200mV 7 +250C - 40 %
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HA-5147/883

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS

Device Characterized at: Supply Voltage = £15V, R{ 0AD = 2k{1, CLOAD = 50pF, Ay = +10V/V, Unless Otherwise Specified.

LIMITS
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN MAX | UNITS

Average Offset vigTc | vem=ov 1 -550C to +1250C - 18 | sv/oC
Voltage Drift
Differential Input RN VoM =0V 1 +250C 0.8 - MQ
Resistance
Low Frequency Enp-p 0.1Hzto 10Hz 1 +250C - 0.25 Wo-p
Peak-to-Peak Noise
Input Noise Voltage En Rg = 20Q, fo = 10Hz 1,4 +250C - 8.0 nV/y/Hz
Density

Rg = 200, {5 = 100Hz 1,4 +250C - 5.6 nV/\/Hz

Rg =20Q, fo = 1kHz 1,4 +250C - 4.5 nV/\/Hz
Input Noise Current In Rg = 2M0, fg = 10Hz 1,4 +250C - 4.0 pA/y/Hz
Density

Rg = 2MQ, 15 = 100Hz 1,4 +250C - 2.3 pA//Hz

Rg = 2MQ, tg = TkHz 1,4 +250C - 0.6 |pA/Hz
Gain Bandwidth Product GBWP Vo = 100mV, fq = 10kHz 1 +250C 120 - MHz

Vo = 100mV, fg = TMHz 1 +250C 100 - MHz
Fuil Power Bandwidth FPBW VPEAK = 10V 1,2 +250C 445 - kHz
Minimum Closed Loop CLSG AL = 2k, C = 50pF 1 -559C 1o +1250C +10 - v
Stable Gain
Settling Time Tg To 0.1% for a 10V Step 1 +250C - 600 s
Output Resistance RouT Open Loop 1 +250C - 100 [y}
Quiescent Power Consumption PC VouT = oV, lout = 0mA 1,8 |-559Cto +125°C - 120 mwW

NOTES: 1. Parametars listed in Table 3 are controlled via dasign or process parameters and are not directly lasted at final production. These parameters are
lab characterized upon initial design release, or upon design changes. These parameters are guaranieed by characterization based upon data
from multiple production runs which refieci lot ta lot and within lot variation.

o & 0N

This test is for functionality only to assure adjusiment through OV.

o

the back-to-back input diodes.

Offset adjusiment range is [ V|0 (Measured) * 1MV | minimum referred to output.

Full Power Bandwidth guarantes based on Slew Rate measurement using FPBW = Slew Rate/(2aVpg k).
Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs)

Input Noise Voltage Density and Input Noise Current Density is sample tesiad on every lot.

For differential input voltages greater than 0.7V, ihe inpul current must be limited to 25mA to protect

TABLE 4. ELECTRICAL TEST REQUIREMENTS

MIL-STD-883 TEST REQUIREMENTS

SUBGROUPS (SEE TABLES 1 & 2)

Interim Electrical Parameters (Pre Burn-in}

1

Final Electrical Test Parameters

1%,2,3,4.5,86,7

Group A Test Requirements

1,2,3,4,5,6,7

Groups C & D Endpoints

1

* PDA app!lies to Subgroup 1 only.

The Subgroup assignmenis of the parameters in these tables were patterned after Mil-M-38510/135,
with the exception of V|3, which is Subgroups 1, 2, and 3.
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HA-5147/883

Test Circuit (Applies to Tables 1 and 2)

200 1.8K
ANA AAN- ’ ACout
+Vee 200
J_ ALL RESISTORS = + 1% ()
50pF* ALL CAPACITORS = + 10% ( uF)

*INCLUDES STRAY
CAPACITANCE

FOR LOOP STABILITY,

10K
v — AAA——— USE MIN VALUE CAPACITOR
TO PREVENT OSCILLATION
OPEN 20 , .
s 2
51 o o Jox
S5 1
OPEN 20 1 S6 1257 o0k
< s2 1213 V
3 | OPEN 12 ]
< Vi
10K
4 v2
o —t % 600
G <
A\VAAY) VW
- VEE
50K 02 OPEN
Vv 1 54

For Op-Amp Test Circuits and Conditions, Refer to the Harris Tech Brief “HA-5147 Op-Amp Test
Methods”. The HA-5147/883 is A.C. Tested (Table 2) at Ay = +10V/V.

Test Waveforms
SIMPLIFIED TEST CIRCUIT (Applies to Table 2)

SLEW RATE WAVEFORM

+0.4V +04V  +4O0V——— — + 4.0V
INPUT
-0.4y — | L -oav - 4.0V -40v
+ SR -SR
TRANSIENT RESPONSE WAVEFORM
v —VFINAL= + 200mV
+ 20mV ov PEAK -V i
INPUT | outeur |
we /v A

o —— o oe— "2omv ov i | - 200mV

A Fr e e i ek, PEAK

NOTE: Measuraed on Both positive and negalive transitions.
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HA-5147/883

Burn-In Circuits
HA7-5147/883 CERAMIC DIP

R2
A
Y
] 8]
Ry
r’*’W——E 7} _I_ OVv+
3 E_ Cq b4
—
v-o T 4] 5]
Dy Co R,
HA4-5147/883 CERAMIC LCC
Ry
AA
\AAZ
Ry
_L O V+
%; G4 Dy
R3
.
HHEHERE
Co ¥ 02
le]
V-
HA2-5147/883 (TO-99) METAL CAN
Ra
AN
v+
Ry D4

NOTES:
Ry = R3 = 1k}, £5%, 1/4W (Min)
Rg = 10k £5%, 1/4W (Min}
= Cp = 0.01uF/ per Socket (Min) or 0.1 uF/Row (Min)
D¢ = D3 = IN4002 or Equivalent/Board
[v+) - (v-) | = 30V
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HA-5147/883

Schematic Diagram

o
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HA-5147/883

Die Characteristics

DIE DIMENSIONS:
104.3 x 65 x 19 mils
(2650 x 1650 x 483 uym)
METALLIZATION:
Type: Aluminum
Thickness: 16k& + 2k&
WORST CASE CURRENT DENSITY:
3.6 x 105A/cm2 @15mA
This device meets Glassivation Integrity Test
requirement per Mil~-Std-883 Method 2021 and
Mil-M~-38510 paragraph 3.5.5.4.

SUBSTRATE POTENTIAL (Powered Up): V-

Metallization Mask Layout

GLASSIVATION:
Type: Silox
Thickness: 7k& + 0.7kR
TRANSISTOR COUNT: 63
PROCESS: HFHB Bipolar Dielectric Isolation
DIE ATTACH:
Material: Gold/Silicon Eutectic Alloy
Temperature: Ceramic DIP — 46090C (Max)
Ceramic LCC — 420°C (Max)
Metal Can — 4200C (Max)

HA-5147/883

BAL V+

BAL ~-IN +IN

OUTPUT NC

-V

NOTE: Pin Numbers Correspond to 8 Pin Metal Can and Mini-DIP Package Only.
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HA-5147/883

Packaging T

8 PIN CERAMIC DIP

. 140 .245
005 MIN —-1»-— r 62 1265
—

2

*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Bip Finish

200 MA)(
0‘5 ] “ 150 MIN 290
oso 310 o
125 —— 055 MAX ~Jl.__ .oos* =
180 015 L .100 015
=2 BSC
050" « INCREASE MAX LIMIT BY .003 INCHES
MEASUREC AT GENTER OF FLAT FOR
-0E5 SOLDER FINISH
20 PAD CERAMIC LCC
.003 075
015 r 095
,006 I
022 2
3
! .022 r 9 . 342
028 015 MmN 358
045 [T > 050
055 VAN BSC
342 i
358 ~ 063
_i 0717
H I j}
073
~089
8 PIN TO-99 METAL CAN
185 508
= 185 — 560
— 016
080 o .
33 an ;
370 325

LEAD MATERIAL: Type B
LEAD FINISH: Type A
PACKAGE MATERIAL: Ceramic, 90% Alumina
PACKAGE SEAL:

Material: Glass Frit

Temperature: 4500C + 100C

Method: Furnace Seal
INTERNAL LEAD WIRE:

Material: Aluminum

Diameter: 1.25 Mil

Bonding Method: Ultrasonic
COMPLIANT OUTLINE: 38510 D-4

PAD MATERIAL: Type C
PAD FINISH: Type A
FINISH DIMENSION: Type A
PACKAGE MATERIAL: Ceramic, 90% AlpOg3
PACKAGE SEAL:
Material: Gold/Tin (80/20)
Temperature: 3209C + 100C
Method: Furnace Braze
INTERNAL LEAD WIRE:
Material: Aluminum
Diameter: 1.25 Mil
Bonding Method: Ultrasonic
COMPLIANT OUTLINE: 38510 C-2

LEAD MATERIAL: Type A
LEAD FINISH: Type C
PACKAGE MATERIAL: Kovar Header with
Nickel Can
PACKAGE SEAL:
Material: No Seal Material
Temperature: Room Temperature
Method. Resistance Weld
INTERNAL LEAD WIRE:
Material: Aluminum
Diameter: 1.25 Mil
Bonding Method: Ultrasonic Bonded
COMPLIANT OUTLINE: 38510 A-1

NOTE: All Dimensions are , Dimensions are in inches.
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B HARRIS HA-5147

DESIGN INFORMATION Ultra-Low Noise, Precision, High Slew Rate
Wideband Operational Amplifier

The information contained in this section has been developed through characterization by Harris Semiconductor and is for
use as application and design aid only. These characteristics are not 100% fested and no product guarantee is implied.

Typical Performance Curves Uniess Otherwise Specified: Ta = +25°C, VguppLy = 215V

OFFSET VOLTAGE TYPICAL DRIFT vs. TEMPERATURE NOISE CHARACTERISTICS
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HA-5147

DES'GN |NFORMAT|0N {Continued)

The information contained in this section has been developed through characterization by Harris Semiconductor and is for
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied.

Typical Performance Curves Uniess Otherwise Specified: Tp = +250C, VguppLy = £15V

PSRR vs. FREQUENCY OPEN LOOP GAIN AND PHASE vs. FREQUENCY
ST < e~ - T
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%5
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VouT MAX vs. FREQUENCY

SUPPLY CURRENT vs. TEMPERATURE UNDISTORTED SINEWAVE OUTPUT
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HA-5147

DES'GN lNFORMATlON (Continued)

The information contained in this section has been developed through characterization by Harris Semiconductor and is for
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied.

Typical Performance Information uniess Otherwise Specified: Tp = +25°C, Vguppry = 15V

SUGGESTED OFFSET VOLTAGE ADJUSTMENT

Tested Offset Adjustment Range is | Vog +mV | minimum referred 1o output. Typical Range is +4mV with Ry = 10kQ.

LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT

MEASURED LARGE SIGNAL RESPONSE MEASURED SMALL SIGNAL RESPONSE
Vertical Scale: (Volts: Input = 0.5V/Div.) Vertical Scale: (Volts: Input = 10mV/Div)
(Volts: Output = 5V/Div.) {Voits: Output = 100mV/Div.)
Horizontal Scale: (Time: 500ns/Div.) Horizontal Scale: (Time: 100ns/Div.}

our
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HA-5147

DESIGN INFORMATION (continuea)

The information contained in this section has been developed through characterization by Harris Semiconductor and is for
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied.

Typical Performance Information uniess Otherwise Specified: Tp = +259C, Vgupppy = 15V

SETTLING TIME TEST CIRCUIT
+15

0
0SCILLOSCOPE

VINO
2002

* Ay =-10

* Feedback and summing resistors should ba 0.1%

* Clipping diodes are optional. HP5082-2810
recommendad

2K

SUGGESTED STABILITY CIRCUITS

OP AMPs &
COMPARATORS

L]

Ry

Low resistances are preferrad for low noise applicalions as a 1k(} resistor has 4nV/y/Hz of thermal noise. Tolal resistances
of grealer than 10k{2 on either input can reduce slability. In most high resistance applications, a few picofarads of capaci-
tance across the feadback resistor will improve stability.

0.1Hz TO 10Hz NOISE WITH AycL= 25,000V/V
Horizontal Scale = 1sec/Div.
Vertical Scale = 0.002pV/Div.
0.08uVp-p RTI
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HA-5147

DESIGN INFORMATION (continued)

The information contained in this section has been developed through characterization by Harris Semiconductor and is for
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied.

TYPICAL PERFORMANCE CHARACTERISTICS
Device Characterized at: Supply Voltage = £15V, R|_ = 2k{2, C_ = 50pF, Unless Otherwise Specified.

DESIGN
PARAMETERS CONDITIONS TEMP TYPICAL LIMIT UNITS
Offset Voltage VoM =0V +250C 30 Table 1 pv
Full 70 Table 1 pv
Offset Voltage Drift Versus Temperature Full 04 Table 3 uv/oC
Versus Time +450C 071 15 uV/Month
Bias Current VoM =0V +250C +15 Table 1 nA
Full 35 Table 1 nA
Differential Input Resistance +250C 6 Table 3 M0
Input Noise Voltage to = 10Hz +250C 4.4 Table 3 nv//Hz
to = 100Hz +250C 34 Table 3 nvi/Hz
fo=1kHz +250C 3.2 Table 3 nV/vHz
Input Noise Current fo=10Hz +250C 1.7 Table 3 pA/\/HZ
fo = 100Hz +250C 1.0 Table 3 pAN/HZ
fo=1kHz +250C 0.4 Table 3 pA/HZ
Voltage Gain VouT =10V +250C 1.8 Table1 MV
Full 1.2 Table 1 MV
CMRR AV =110V Full 126 Table 1 dB
PSRR Vg=4to+18V Full 10 Table 1 dB
Slew Rate VouTt = 5V +250C 35 Table 2 V/ps
Overshoot VouT = £200mV +250C 20 Table 2 %
Settling Time 10V1i00.1% +250C 400 Table 3 ns
10V1i0 0.01% +250C 800 1000 ns
Minimum Supply Voltage Functional Operation Only. +250C +4 +5 v
Other Parameters Will Vary.
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