e T e 7 et

i e T e

MIL-M-38510/114A
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SUPERSEDIN
MIL-M-38510/114
25 April 1979
MILITARY SPECIFICATION
MICROCIRCUITS, LINEAR,
BI-FET OPERATIONAL AMPLIFIERS,
MONOLITHIC SILICON
This specification is approved for use by all De-
partments and Agencies of the Department of Defense,
1. SCOPE
1.1 Scope. This specification covers the detail requirements for monolithic silicon, BI-FET
operational amplifiers. Three product assurance classes and a choice of case outline and lead
finish are provided for each type and are reflected in the complete part number.
1.2 Part number. The part number shall be in accordance with MIL-M-38510.

1.2.1 Device type. The BI-FET operational amplifiers shall be internally compensated and shall

be distinguis y the following circuit characteristics:
Device type Circuit
0 JFET Input, low power
02 JFET Input, wide band
03 JFET Input, wide band, undercompensated
04 JFET Input, low power, low offset
05 JFET Input, wide band, low offset
06 JFET Input, wide band, undercompensated, low offset

1.2.2 Device class. The device class shall be the product assurance level as defined in
MIL-M-38510.

1.2.3 Case outline. The case outline shall be designated as follows:

Outline letter MIL-M-38510 appendix C case outline

6 A-1 (8-lead can)
H F-4 {10-lead, 1/4" X 1/4" flat package)
P D-4 (8-lead, 1/4" X 3/8", dual-in-line)

Beneficial comments (recommendations, additions, deletions) and any pertinent data which may be of
use in improving this document should be addressed to: Rome Air Development Center, RADC(RBRD) ,
Griffis AFB NY 13441, by using the self-addressed Standardization Document Improvement Proposal
(DD Form 1426) appearing at the end of this document, or by letter.

FSC 5962
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1.3 Absolute maximum ratings.

Supply voltage range - = - = = « o = = = = = - . o 22 ¥

Input voltage range 1/ - = = = = « - - - =~ $20V
Differential input voltage range - - - = - - - - - +40 V

Storage temperature range- - -~ - - - = = = - - - o -65°C to +150°C
Outpug short-circuit duration- - - - = = = « - - < Unlimited 2/
Lead temperature (soldering, 60 sec.)- - -~ - = « - 300°C

Junction temperature - = - = = = « = = = - - o o o TJ = 175°C 3/

1.4 Recommended operating tonditions.

Supply voltage range « - - - - - - - - - - - - . . +5 to 420 Vdc
Ambient temperature range- - - - - - « - - 2« o - < -55°C to +125°C

1.5 Power and thermal characteristics.

Maximum allowable Max imum Max imum

Package Case outline power dissipation aJ-C aJ-A
8-lead can G 330 mW @ TA = +]125°C 40°C/W 150°C/W
10-lead flat pack H 330 W @ TA = +125°C 60°C/W 150°C/W
8-lead DIP P 400 mW @ TA = +125°C 35°C/uW 120°C/W

2. APPLICABLE DOCUMENTS

2.1 Issues of documents. The following documents, of the issue in effect on date of invitation
for bids or request for Proposal, form a part of this specification to the extent specified herein.

SPECIFICATION
MILITARY
MIL-M-38510 - Microcircuits, Generatl Specification for,
STANDARD
MILITARY

MIL-STD-883 - Test Methods and Procedures for Microelectronics.

(Copies_of specifications, standards, drawings, and publications required by contractors in
connection with specific procurement functions should be obtained from the procuring activity
or as directed by the contracting officer.)

%j The absolute maximum negative input voltage is equal to the negative power supply voltage.
2/ Short circuit may be to ground or either supply. Rating applies to +125°C case temperature
or +75°C ambient temperature.

3/ For short term test (in the specific burn-in and life test configuration when required and up
to 168 hours maximm), TJ = 275°C.
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3. REQUIREMENTS

3.1 Detai) specifications. The jndividual item requirements shall be in accordance with
MIL-M-38510, and as specified herein.

3.2 l)esign| constructionf and ggisicﬂ dimensions. The design, construction and physical
dimensions s as spec n -M- and 1.2.3 herein.

3.2.1 Terminal connections. Terminal connections shall be as specified on figure 3.

3.2.2 Schematic circuit. The schematic circuits shall be as specified on figure 2.
3.3 Lead material and finish. Lead material and finfsh shall be in accordance with MIL-M-38510.

3.4 Electrical performance characteristics. The electrical performance characteristics shall
be as specified in table 1 and, uniess otherwise specified, apply over the full operating ambient
temperature range for supply voltages from +5 Vdc to +20 Vdc. Unless otherwise specified, source
resistance (RS) shall be 50 o for all tests.

3.4.1 Offset null circuits. The nulling inputs shall be capable of being nulled 1 mV beyond
the specified offset voltage limits for -55°C < TA < 125°C using the circuit of figure 3.

3.4.2 Instability oscillations. The devices shall be free of escillations when operated in the
test circuits of this specification.

3.5 Rebonding. Rebonding shall be in accordance with MIL-M-38510.

3.6 Electrical test requirements. Flectrical test requirements shall be as specified in table
111 for the applicable aev%ce type and device class. The subgroups of table III and 1imits of
table 1V which constitute the minimum electrical test requirements for screening, qualification and
quality conformance, by device class are specified in table II.

3.7 Marking. Marking shall be in accordance with MIL-M-38510 and 1.2 herein. At the option of
the manufacturer, the country of origin may be omitted from the body of the microcircuit, but shall
be retained on the initial container.

3.8 Microcircuit group assignment. The devices covered by this specification shall be in
microcircuit group number a5 (see MIL-M-38510, appendix E).
4. QUALITY ASSURANCE PROVISIONS

4.1 Sampling and inspection. Sampling and inspection procedures shall be in accordance with MIL-
M-38510 ana mtﬁﬁ 5605 nnﬁ 5007, as applicable, of MIL-STD-883, except as wmodified herein.

4.2 Qualification 1nsEection. Qualification inspection shall be in accordance with MIL-M-38510.
Inspections perfo! shall be those specified herein for groups A, B, C and D inspections
(see 4.4.1, 4.4.2, 4.4.3, and 4.4.4).

4.3 Screening. Screening shall be in accordance with method 5004 of MIL-STD-883, and shall be
conduc_:tea on lﬁ devices prior to qualification and quality conformance inspection. The following
additional criteria shall apply:

a. Burn-in (method 1015 of MIL-STD-883).

1. For Class S devices: Test condition D using the circuit shown on figure 4.

2. For Class B devices: Test condition D using the circuit shown on figure 4, or test
condition € using the circuit shown on figure 5, or test condition F using the circuit
shown on figure 6.

NOTE: If accelerated high-temperature test conditions are used, the device manufacturer
shall ensure that at least 85 percent of the applied voltage is dropped across the

device at temperature. The device is not considered functional under accelerated test
conditions.
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b. Reverse bias burn-in (method 1015 of MIL-STD-883). This screen test shall apply to Class S

devices only using the circuit shown on figure 5.

¢. Interim and final electrical test parameters shall be as specified in table Il herein, except

interim electrical parameters test prior to burn-in is optional at the discretion of the

manufacturer.

d. Percent defective allowable (PDA) . The PDA for class $ devices shall be as specified in
MIL-M-38510. The PDA is specified as 10 percent for class B devices based on failures from
group A, subgroup ] test after cooldown as final electrical test in accordance with method

5004 of MIL-STD-883, and with no intervening electrical measurements.

parameter tests are performed prior to burn-in, failures resulting from
may be excluded from the PDA. If interim electrica} parameter tests pri
omitted, then all screening failures shall be included in the PDA.

If interim electrical
pre-burn-in screening
or to burp-in are
The verified failures of

group A, subgroup 1 after burn-in divided by the total number of devices submitted for burn-in
in that Yot shall be used to determine the percent defective for that Jot, and the lot shall be
accepted or rejected based on the PDA for the applicable device class.

TABLE II. Electrical test requirements.

Subgroups (see table III)

(method 5005)

MIL-STD-883 test requirement Class S Class B Class €
devices devices devices i

Interim electrical parameters ] ] None '

{Pre Burn-in) (method 5004)

Final electrical test - -

parameters (method 5004) ™. 2, 3,4 .2, 3,4 !

Group A test requirements 1,2, 3, 4, 1,2, 3,4, 1,2,3,4,7

(method 5005) 5.6,7,8,12 5, 6,7

Group ¢ end point and group B, class S, 1, 2, 3 and table 1 and table 1V 1 and table 1v

electrical parameters IV delta Yimits delta limits delta limits

parameters (method 5005)

Additional electrical subgroups Not applicable 8,.12 5, 6, 8, 12
for group C periodic

inspections

Group D end point electrical 1,2,3 1 1

* PDA applies to subgroup 1 (see 4.3d)

4.4 Quality conformance inspection. Quality conformance inspection shall be in accordance

with MIL-H-38510.

4.4.1 Group A inspection. Group A inspection shall be in accordance with table I of method 5005

of MIL-STD-883 and as follows:

a. Subgroups 9, 10 and 11 shall be omitted.

b. Tests shall be as specified in table II herein.
c.

LTPD for subgroup 12 shall be 5 for all classes.

Subgroup 12 shall be added to group A inspection as shown in table III herein. The

4.4.2 Group B inspection. Group B inspection shall be in accordance with table II of method 5005

of MIL-STD-883 and as follows:

a. End point electrical parameters shall be as specified in table Il herein.
b. Life test for class S devices shall be in accordance with table Ila (subgroup 5)

of method 5005 of MIL-STD-883, using the circuit on figure 6.

burn-in conditions are used, the circuit on figure 5 shall be used.

If the alternate



Device types 01, 02, 03, 04, 05, and 06

(case G)
NC
8
Lo
OFFSET
NULL | £ Q7 +VCC

06 OUTPUT

INPUTS
ofs OFFSET
NULL

-Vee
(Pin 4 connected to case)

8 lead can (top view)

Device types 01, 02, 03, 04, 05 and 06

{case P)
( . 8
OFFseET _| | L8 ne
NULL
7
1_ — +Vee
INPUTS
3 6
— — QUTPUT
4 5 OFFSET
-Vee — NULL

8 lead dual-in-line (top view)

FIGURE 1. Terwminal connections.
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Circuit B
Device 01, 02, 03

MIL-M-38510/114A

CURRENT
SOURCE
REF ¢

EE‘

() rj (-) t

+Vee

OFFSET 3
NULL
r—— p
(SEE N
Ry N
’_?}?-_T ) 4 3 ouT
' A 4
b Y oy 25‘\?{.0_@)
FT
Nee E:E% +Vee
AN L. B—” )—t)
1 1

!

N
== I0pF

[ k50N
5k * 3 -Vce
——o— —@

SIGNETICS CORPORATION

1/ For device 01 and 02, C2 = 10 pF.

For devic

e 03, C2 = 2 pF.

FIGURE 2. Schematic circuits - Continued.
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+Vee

o0—>
INPUTS OUTPUT

o—i+

-Vee
FIGURE 3. Offset null circuit.

R2
+20V
RI
AN MPUT +5V
L SR
+ L -5V
E!'n o 2 2kfL
y o
- ® e L
5 HZ SIGNAL =
GENERATOR
Conditions @ T, = 125°¢
Device E
type IN R] R2
01, 02, 04, 05| +5/-5V oo 0
03, 06 +1/-1V | 20k | 82 k@

FIGURE 4.

NOTE: A1l resistor tolerances are #5%.

Test circuit for burn-in and operating life tests.

14
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+20V

- 20v

Ta= 125°C

FIGURE 5. Test circuit , burn-in (steady state power and reverse bias) and operating 1ife test.
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+40V

NOTE: A1l resistors are £20%.

FIGURE 6. Accelerated burn-in and 1ife test circuit.
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(SEE NOTE 19
49.9

) 2

— = — —sopF |~ - - - - — =

I oeE NorE 3 O PF o |

B A |

| T ao5kn (S5E ,, i |

L [SEENOTE 3| = .

l ! 1F K2 K6qg »d/Keb T JGD
| ¢ +20V I

| in2kn K84 k7 P |

499N

4.99MN. 3

g
@rnNocownecTion K! & 1.1 $ 2050 = |
(SEE NOTE 3} kLY N -20V

| L H% | 1% |

= 0—-—-’}- ________ 3
L (SEE NOTE 3) |
| - 49.9kN !
l + 1% |
N (\) e e e B —
2)_ TEST CIRCUIT PIN-OUT FOR ALL DEVICES

NOTES:

1. Al resistors are +0.1% tolerance and all capacitors are +10% tolerance
unless otherwise specified.

2. Precautions shall be taken to prevent damage to the D.U.T. during insertion
into socket and change of state of relays {i.e. disable voltage supplies,
current limit £ V ., etc).

3. Compensation capacitors should be added as required for test circuit stability.
Two general methods for stability compensation exist. One method is with a
capacitor for nulling amp feed back. The other method is with a capacitor in
parallel with the 49.9 ko closed loop feedback resistor. Both methods should
not be used simultaneously. Proper wiring procedures shall be followed to prevent
unwanted coupling and oscillations,etc. Loop response and settling time shall
be consistent with the test rate such that any value has settled for at least 5 loop
time constants before the value is measured.

4. Adequate settling time should be allowed such that each parameter has settled
to within 5% of its final value.

5. A1l relays are shown in the normal de-energized state.

6. The nulling amplifier shall be a M38510/10101XXX. Saturation of the nulling
amplifier is not allowed on tests where the (pin 5) value is measured.

7. The load resistors 20500 and 11.1 kQ yield effective load resistances of
2 k and 10 kQ respectively.

8. Any oscillation greater than 300 mV in amplitude (peak-to-peak} shall be cause
for device failure.

FIGURE 7. Test circuit for static tests.
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10 pF
{7 SEE NOTE 2

l
|
K9b '
I
I

NOTES:
1 Resistors are +1.0% tolerance and capacitors are :10% tolerance.
This capacitance includes the actual measured value with stray and wire capacitance.

2.

3. Precautions shall be taken to prevent damage to the D.U.T. during insertion into
socket and in applying power.

4,

Pulse input and output characteristics are shown on the next page.

FIGURE 8. Test circuit for transient response and slew rate.




DEVICE TYPES

\ 03,06 , 101,02,04,05 ,

OUTPUT VOLTAGE (mV)

OUTPUT VOLTAGE (V)

DEVICE TYPES

MIL-M-38510/114A

+» TIME {ns)

[ 1 '} AVo
250 (- — - - — 0|- —-=— - -
225|— - — —~— 45 |(— — - — —
25| - — — - §|— — ~-p—~0.lVo
(o) 0
WAVEFORM |
(TRANSIENT RESPONSE)
+5
+2.5
-2.5
-5

- TIME (ps)

(POSITIVE SLEW RATE)

WAVEFORM 2

WAVEFORM 3

(NEGATIVE SLEW RATE)

Parameter Device Input pulse Output pulse Equation

symbol type signal @ t. < 50 ns signal

TR (t,) all +50 my Wave form 1 TR (t) = At

TR (og) all +50 m¥ Waveform 1 TR(OS) = 100 (2VO/vo) %
Rl e e o IEU R
ST T T B T

e L

FIGURE 8. Test circuit for transient response and slew rate - Continued.
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tVee =I5y

i

P N SR

NO '
Cd’counec'now Anf | tsi-)

-Vee=~-15v
NOTES:
1. Resistors are $1.0% and capacitors are :10% unless otherwise specified.
2. Precaution shall be taken to prevent damage to the D.U.T. during insertion into
socket and in applying power.
3. for device types 01, 02, 04 and 05, S1 is open, AV = -1 and VIN =170 V.
4. For device types 03 and 06, SI is closed, AV = -5 and VIN =2V.
5.

Settling time, ts’ measured on pin 5, is the interval during which the summing
node is not nulled within the specified accuracy referred to the output.

FIGURE 9. Test circuit for settling time.
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Table II1. - Group A inspection - Continued.

NOTES:

1/ The equations take into account both the closed loop gain of 1,000 and the scale factor multi-
plier so that the calculated value is in table I units. The measured value units should,
therefore, be used in the equation. (For example: If E.l = 2 V and VIO = E], then VIO =2 mv.)

2/ Each device shall be tested over the common mode range as specified in table III. ch conditions
are achieved by grounding the inputs and algebraically subtracting ch from each supply. (For
example: If ch = -15V, then + VCC =4+ 20V - (-15) = + 35V and -Vcc =-20V - (-15) = - 5 V.)

3/ Common mode rejection is calculated using the offset voltage values measured at the common mode
range end points.

4/ To minimize thermal drift the reference voltage for the gain measurement (E3, £,y and 540)

shall be taken immediately prior to or after the reading corresponding to device gain (546’ E47,

Egg» Espr Egg and Egp).

5/ The output shall be shorted to ground for 25 ms or less.

6/ Tests 26 and 48 which require a read and record measurement pius a2 calculation may be omitted
except when subgroups 2 and 3 are being accomplished for group A sampling inspection and groups
C and D end point measurements.

1/ Broadband noise NI(BB) shal) be measured using a true RMS voltmeter with a minimum bandwidth
of 10 Hz to 20 kHz. "Popcorn" noise NI(PC) shall be measured for 15 seconds.

8/ Device types 01, 02, 04, and 05 are tested with a -5V to +5V step input as shown in figure 8.
The circuit gain is 1V/V.
3/ Device types 03 and 0C ave tested with a -1V Lo +1V step inpul as shown in Tigure 8. The Cirwuit

gain is 5v/V.
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4.4.3 Group C inspection. Group C inspection shall be in accordance with table IlI of method
5005 and as follows:

a. End point electrical parameters shall be as specified in table 1l herein.

b. Life test for classes B and C devices (method 1005 of MIL-STD-883). Test condition D
using the circuit shown on figure 5 or test condition F using the circuit shown on
figure 6 {see note for 4.3a, item 2).

c. Subgroup 12 shall be added to group C inspection as shown in table 1II herein. The
LTPD for subgroup 12 shall be 5 for all classes.”

4.4.4 Group D inspection. Group D inspection shall be in accordance with table IV of method
5005 of MIL-STD-883. End point electrical parameters shall be as specified in table I1 herein.

4.5 Methods of examination and test. Methods of examination and test shall be as specified in
the appropriate tables. Electrical test circuits as prescribed herein or in the referenced test
methods of MIL-STD-883 shall be acceptable. Other test circuits shall require the approval of the
qualifying activity.

4.5.1 Voltage and current. All voltage values given, except the input offset voltage {or
differential voitagei are referenced to the external zero reference level of the supply voltage.

Currents given are conventional current and positive when flowing into the referenced terminal.
4.5.2 Life test cooldown procedure. When devices are measured at 25°C following application of

the operating Tife or burn-in test condition, they shall be cooled to room temperature prior to
removal of the bias.

4.6 Inspection of preparation for delivery. Inspection of preparation for delivery shall be in
accordance with H![-H-§§5§6.

TABLE IV. Group C end point electrical parameters.
(TA = 25°C, Ve = +20 V for all device types)

Limzts
Table III Test Device type 01, 02, 03 | Device type 04, 05, 06 Units
test no. min. max. min. max.
3 VIo Limit -5 +5 -2 2 my
Delta -1 +1 -.5
7 +IIB Limit -100 +100 =100 +100 pA
Delta -50 +50 -50 +50
1" 'I]B Limit -100 +100 -100 +100 pA
Delta -50 +50 -50 +50
5. PACKAGING

5.1 Packaging requirements. The requirements for packaging shall be in accordance with
MIL-M-385T10.

6. NOTES

6.1 Notes. The notes specified in MIL-M-38510 are applicable to this specification.

6.2 Intended use. Microcircuits conforming to this specification are intended for use for
Government microcircuit applications (original equipment) and logistic purposes.
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