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25 April 1979

MILITARY SPECIFICATION

MICROCIRCUITS, LINEAR, 8 BIT,
DIGITAL-TO-ANALOG CONVERTERS,
MONOLITHIC SILICON

This specification is approved for use by all Depart-
ments and Agencies of the Department of Defense.

1. SCOPE

1.1 Scope. This specification covers the detail requirements for monolithic gilicon, 8 bit,
digital-to-analog converters. Three product assurance classes are provided for each type and are
reflected in the complete part number,

1.2 Part number. The complete part number shall be in accordance with MIL-M-38510.

1.2.1 Device type. The device types shall be as follows:

Device type Circuit
01 D/A Converter, 8 bit, 0.19% linearity
02 D/A Converter, 8 bit, 0.10% linearity

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:

Qutline letter MIL-M-38510, appendix C, case outline

E D-2 (16 lead, 1/4" x 7/8", dual-in-Tine)
1.3 Absolute maximum ratings.

Supply voltage [+VCC-(-VCC)] -------------- 36 Vdc
Voltage, digital input to néyative supply

Y]ogic'("vcc) """""""""" 0 to 36 Vdc
Voltage, logic control (VLC) -------------- -Vcc to +VCC
Reference voltage input (V]4, V15) ----------- Voo to Hee
Reference input current (114) ------------- 5.0 mA
Reference input differential voltage BV14-V]5{]~ - - - 18 Vdc
Lead temperature (soldering, 60 sec.) - - - - - « - - - 300°C
Junction temperature - = - ~ = = ~ = - - = - - -« - - 175°C
Storage temperature - - - = = = ~ = = = = - - - - - - - -65°C to +150°C

1.4 Recommended operating conditijons.
Supply voltage range -~ = = ~ = = ~ = = = = = = = ~ = - - +5 Vdc to *15 Vdc 1/
Ambient temperature range =~ - - - = - = = = - = - - - - -55°C to +125°C

1/ A slight degradation in linearity can occur when the supply voltage is near the 5 ¥V end of the
recommended operating range.

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, (RBRD), Griffis AFB,
NY 13441, by using the self-addressed Standardization Document Improvement Proppsa) (DD Form 1426)
appearing at the end of this document or by letter.

FSC 5962
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1.5 Power and thermal characteristics.

Package Case outline Maximum af]owable Maximum Maximum
power dissipation 8J -C Q) - A
Dual-in-Tine E 400 mi @ TA = 125°C  35°C/M 120°C/u

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, General 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.)

3. REQUIREMENTS

3.1 Detail specifications. The individual item requirements shall be in accordance with
MIL-M-385T0, and as specified herein.

3.2 Design, construction, and physical dimensions. The design, construction, and physical
dimensions shall be as specified in MIL-M-38510 and herein.

3.2.1 Terminal connections. The terminal connections and block diagram shall be as specified
on figure 1.

3.2.2 Schematic circuit. The sthematic circuit shall be as specified on figure 2.

3.2.3 Case outline. Case outline shall be as specified in 1.2.3.

3.3 Lead material and finish. Lead material and finish shall be in accordance with MIL-M-38510.

3.4 Electrical performance characteristics. The following electrical performance characteristics
apply unless otherwise stated in table I:

:vcc = +15 Vdc Source resistance = 50 ohms IREF =2.0mA
Ambient temperature range = -55°C to +125°C

3.5 Rebonding. Rebonding shall be in accordance with MIL-M-38510.
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TABLE 1. Electrical performance characteristics.
Pevice .
Characteristics Symbol Conditions: 3.4, table III 0T Timits [ 02 Timits Units
and figures 6, 7, and 8 Min Max Min Max
Supply current Ieet A1l input bits high 0.4 3.8 0.4 | 3.8 ([ mA
from +V
cC
Supply current ICC- AT1 input bits high -7.8 -0.8 -7.8 ]-0.8 mA
from -V
cC
Full scale current Ieg A11 input bits high, TA = 25°C 1.94 2.04 1.984| 2.000| mA
Measure I0 [ <_J
T ATl input bits Tow, Ty = 25°C 1.06 | 2.04 | 1.984| 2.000] mA
Measure I0
Zero scale current IZS A1l input bits Tow, -2.0 2.0 -1.0 1.0 LA
Measure I0
Tc A11 input bits high, -2.0 2.0 | -1.0 | 1.0 | vA
s Measure Ta
Powe: sup%ly Peglpgtt A1l 1input bits higﬁ; Measure I, -4.0 4.0 -4.0 4.0 uA
sensitivity _ =
From +V, e =45V 0455V, Vo= <18V
PoslrsT | ATl input bits Tow, Measure Ty, 4.0 | 4.0 | -4.0 | 4.0 | WA
Hee = 4.5V to +5.5 V, —VCc =-18V
Power sugp]y PSSIFS+2 A11 input bits high, Measure IO -8.0 8.0 -8.0 8.0 HA
sensitivity - =
from +VCC Hee = 12V to 18 V, -VCC =-18 V
PSSIFS+2 A1l input bits low, Measure Ta, -8.0 8.0 | -8.0 ([ 8.0 { ud
+VCC =12V to18YV, -VCC =-18 YV
Power §upp1y PSSIFS'] A1l input bits high, Measure IO -8.0 8.0 ~-8.0 8.0 vA
sensitivity W =18V, -V..=-12V to ~18 V
from -Vcc cC * ¢C
PssIps-1 | A1l input bits Tow, Measure Tj, -8.0 | 8.0 | -8.0 [ 8.0 | WA
+Vcc =18V, —VCc =12V to -18 YV
Poweft§ugg1y PSSIFS'Z A1l input bits high, Measure 10 -2.0 2.0 -2.0 2.0 VA
sensitivity - -
From -V, e =18V, -V = -4.5V to 5.5V
PssTrs~2 | A1l input bits low, Measure T, -2.0 2.0 [ -2.0 | 2.0 [ A
Hee = 18V, -Vcc = -45V to -5.5V
Output current IRy A1l input bits high, Measure I, 2.1 - 2.1 - | mA
range - . -
-Vcc = =10V, VREF 15V
TeeRy A11 fnput bits Tow, Measure Ty, 2.1 - 2.0 | --- ) mA
-Vcc = -10V, VREF =15V
Output current IesRy A11 input bits high, Measure I 4,2 - 4.2 -—-- | m
range Von = =12V, Voo = 25 V 0
o > "REF
IeeRy A1l input bits low, Measure Ta} 4,2 -— 4.2 - mA
Ve = =12V, Vpgg = 25V
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TABLE I. Electrical performance characteristics - Continued.
evice
Characteristics Symbo1l Conditions: 3.4, table III 1 1ts 02 Hmits Units
and figures 6, 7, and 8 Min Max Min Max
Reference bias IREF_ A1l input bits Tow -3.0 0 -3.0 0 WA
current
I:th level IIH A1l input bits VIN =18 V, each -0.01 |10.0 -0.01 (10.0 WA
input current input measured separately
Low Tevel IIL A1l input bits VIN = =10 V, each +10.0 -=- |-10.0 --- VA
input current input measured separately
Full scale | A1l input bits high, Measure I, 1.90 2.08 1.90 | 2.08 | mA
FS 0
current at Voo =18 ¥
+18 V compliance 10
Test A1l input bits low, Measure Tj, 1.90 | 2.08 | 1.90 { 2.08 | mA
Vm =18V
Full scale ) A1l input bits high, Measure 1., 1.90 2,08 1.90 | 2.08 | mA
FS 0
current at Voo = 10V
-10 V compliance 10
TF—S_ A1l input bits Tow, Measure TB'. 1.90 2.08 1.90 | 2.08 | mA
Vﬁ) = =10V
Change in full Alpse A1l input bits high, 25°C<T,<125°C | -4.0 40 |-4.0 | 4.0 | VA
scale current Measure IO’ VIo =18 YV
due to voltage _ o _ -
compliance to -10 V TA = -55°C 8.0 8.0 8.0 8.0 WA
MFSC A1l input bits Tow, 25°C_<_Tk5125°c -4.0 4.0 -4.0 4.0 uA
Measure IO’ Vﬁ) =18 YV
to -10 V TA = -55°C -8.0 8.0 -8.0 8.0 uA
Positive bit N Measure I, 0 0.19 | 0 0.10 | %
errors { ZPositive bit errors)/IFS
N Measure E 0 0.19 ] 0 0.10| §
(zPositive bit errors)/TFS
Negative bit ENL™ Measure Io -0.19 0 -0.10| O %
errors (INegative bit errors)/IFS
INC Measure T(-)_ -0.19 | O -0.10| 0 3
(ENegative bit errors)/TFS
Positive and AINL Measure Io -0.05 0.05 | -0.03 | 0.03 %
negative bit + -
error difference [ENL”]-[ZNC | ]
AZNC Measure 'IE -0.05 0.05 { -0.03 | 0.03 %
[ZNCY | - | ZNL- |
Positive NLY Measure I 0 . 0.19 0 0.10 %
relative +
accuracy JINL* | +]AINL |
NC* Measure T 0 0.19 | © 0.10| %
| SNT* |+ | AZNT)
Negative NL- Measure I0 0 0.19 0 0.10 %
relative -
accuracy | ZNL™ |+ |AZNL | ]
[ Measure Ty 0 0.19{ 0 0.10| %
B |ZNL- | +|ZNL |
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TABLE I. Electrical performance characteristics - Continued.
Device

Characteristics Symbo1l Conditions: 3.4, table III 01 limits 02 limits Units

and figures 6, 7, and 8 Min | Max Min Max
Monotonicity A1) Measure IO' (ION'ION-I) 20 at 0 16.0 0 16.0 uA

each major carry point

£AY Measure T(;. (W‘WJ) > 0at 0 |16.0 0 16.0 wh

each major carry point
Output symmetry AIFS IFS' £s -8.0 8.0 -4.0 4.0 HA
Full scale current TC(IFS) A1l input bits high, Measure I0 -50.0 [ 50.0 | -50.0 | 50.0 ppm/°C
temperature
coefficient TCzIFS; A11 input bits-low, Measure Ta' -50.0 {50.0 | -50.0 | 50.0 ppm/°C
Propagation delay tPHL Figure 7, Measure V0 6.0 | 60.0 6.0 | 60.0 ns
time, high-to-low )
Tevel
Propagation delay tPLH Figure 7, Measure V0 6.0 160.0 6.0 | 60.0 ns
time, low-to-high
level
Reference dIO/dt Figure 8, Measure V0 1.5 --- 1.5 --- mA/us
amplifier input
slew rate
Settling time tohL Figure 7, Output within 1/2 10 135 10 135 ns
high-to-low LSB of final value of I0
level
Settling time tSLH Figure 7, Output within 1/2 10 135 10 135 ns
low-to-high LSB of final value of Io
Tevel
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3.6 Electrical test requirements. Electrical test requirements shall be as specified in table III
for the app]icab]e dev3ce type and device class. The subgroups of table III and 1imits of table IV
which constitute the minimum electrical test requirements for screening, qualification and quality
conformance, by device class are specified in table II.
TABLE II. Electrical test requirements.

Subgroups (see table III)

MIL-STD-883 test requirement Class S Class B Class C
devices devices devices

Interim electrical parameters 1 1 None

(Pre burn-in) (method 5004)

Final electrical test 1*, 2, 3 1*, 2, 3 1

parameters (method 5004)

Group A test reguirements 1, 2, 3, 9, 1, 2, 3, 9, 1, 2, 3, 9

(method 5005) 10, 11 10, 11

Group C end point and group B, 1, 2, 3, and table 1 and table IV 1 and table IV

class S, electrical parameters IV delta limits delta limits delta limits

(method 5005)

Additional electrical subgroups Not 12 10, 11, 12

for group C periodic applicable

inspections

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

parameters (method 5005)

* PDA applies to subgroup 1 (see 4.3d).

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

a. Country of origin.

3.8 Microcircuit group assignment. The devices covered by this specification shall be in micro-
circuit group number 56 (see MIL-M-385T0, appendix E).

4. QUALITY ASSURANCE PROVISIONS

4.1 Sampling and 1nsgection. Sampling and inspection procedures shall be in accordance with
MIL-M-38510 and metho o -STD-883, except as modified herein.

4.2 Qualification inspection. Qualification inspection shall be in accordance with MIL-M-38510.
Inspections to be performed 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
conducted on all aevices 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 in figure 3.
2, For class B devices: Test condition D using the circuit shown in figure 3, test
condition C using the circuit shown in figure 4, or test condition F using the
circuit shown in figure 5.

NOTE: If accelerated high-temperature test conditions are used, the device manu-
facturer 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). For class S devices only using the
circuit shown on figure 4,

c. Interim electrical parameters shall be performed for class S and B devices and shall be
as specified in table II herein.

d. Percent defective allowable (PDA) - The PDA for class S 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 1 test after cooldown as final electrical test in accordance
with method 5004 of MIL-STD-883 and with no intervening electrical measurements. If
interim electrical parameter tests are performed prior to burn-in, failures resulting
from pre burn-in screening may be excluded from the PDA. If interim electrical
parameter tests prior to burn-in are omitted, then all screening failures shall be
included in the PDA. The verified failures of group A, subgroup 1 after burn-in in
that lot shall be used to determine the percent defective for that lot, and the lot
shall be accepted or rejected based on the PDA for the applicable device class.

4,4 Quality conformance inspection. Quality conformance inspection shall be in accordance with

MIL-M-385T0. Inspections to be performed shall be those specified in method 5005 of MIL-STD-883 and
herein for groups A, B, C, and D inspections (see 4.4.1, 4.4.2, 4.4.3, and 4.4.4).

4.,4.1 Group A insgection. Group A inspection shall be in accordance with table I of method 5005
of MIL-STD- and as follows:

a. Subgroups 4, 5, 6, 7, and 8 shall be omitted.
b. Tests shall be as specified in table II herein.

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 golrows:

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

b. Life test for class S devices shall be in accordance with table IIa (subgroup 5) of
method 5005 of MIL-STD-883, using the circuit on figure 5. If the alternate burn-in
conditions are used, the circuit on figure 3 shall be used.

4.4.3 Group C inspection. Group C inspection shall be in accordance with table III of method 5005
of MIL-STD-883 as follows:

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

b. Life tests for class B and C (method 1005 of MIL-STD-883): Test condition D using
the circuit shown on figure 3 or test condition F using the circuit shown on
figure 5 (see 4.3a.2, note).

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

4.5 Methods of examination and test. Methods of examination and test shall be as specified in the
appropriate tables. ETectrical test circuits as prescribed herein or in the referenced test methods
of ?IL-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 voltage) 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 MIL-M-385T0, except that the rough handling test shall not apply.
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VREF VREF +v LSB
comp (=) ) °® "gg 87 86 8BS
16 15 14 13 12 M 0 9

| 2 3 4 5 6 7 8

T

Vic I—O—U_'T —Vcc lour BI B2 83 B4
mss

Jerminal connections.

+ CEL Lsa
Vec V¢ B' B2 B3 B4 BS5 B6E BT B8

OTQOO ¢ 92 9 9
13 ILSSTGLS 0 1) {2

\

-0 ! out

CURRENT]| | «
SWITCHES A QI

VREF#)0——t 2 o
+
REF 1
AMP

16 3 K M K 1K K IK

CL d Functional block diagram.
COMP -Vee

Figure 1. Terminal connections and functional block diagram.
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+18V
oKQE5 % +18v
+Vee | *VREF
13 14
Vi |
¢, . ouT
louT
D. U. T. 2
v
REF| .
5 6 7 8 9 10 Il 12 3 i6
COMP.

I 0.001 uf,50V

v 0 3 V square wave

t
5<f<10HZ

=0
IN @

FIGURE 3. Test circuit, burn-~in and operating life test device types 01 and 02.
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Device types 01 and 02

+i8 v

-8V

1)

9k +5%
C] .001 Mfd 450 V

()

FIGURE 4. Test circuit, burn-in (steady state power and reverse bias)

and operating life test.
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Device types 01 and 02

+8v
69 ‘ ‘ \ | \
' 0 9

6 15 14 13 12 1l

}_Q

Ci

D. Un T ’
! 2 3 4 5 6 7 8
-8 V
R] = 9k +5%
C] = .001 Mfd ,50 V

FIGURE 5. Test circuit, accelerated burn-in and life test,

device types01 and 02,
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NOTES:

W N
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The reference D/A converter selected should have a resofution of 8 bits or more,

and ‘a linearity of 0.015% or better.
The voltage reference should have an accuracy of 0.02% or better.

A1l relays are shown in their unexcited state.

FIGURE 6. Test circuit for static test - Continued.
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_"(,f tr=ts <|ons

VouT FfHL _sb

iléLSB

TURN— ON

+ '/2 LSB= 4mVv

UpLH 'rf“_
|
i tsih i

TURN — OFF

FIGURE 7. Test circuit for propagation delay and settling time, device types 01 and 02 - Continued.
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+5v FOR_VOUT
oy FOR VOuT

VouT

5KQ 56 78 9|0|||2\\\
14 4

15
! 2008 13 16 3

15
+ pf
lpf Ionf 1Ouf
35V Juf |+35V
TANT, TANT
+15V —I5vV

tr < 10 s

dl AV { mA

oV v UKQIAL At us

Vout or VouT

FIGURE 8. Test circuit for slew rate, device types 01, 02.
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TABLE 1V, Group C end point electrical parameters.
= 25°C; zV.. = 15 V)
A ccC
Test SymboT Device type 01 Device type 02
no. ‘ Limits Limits
Min Max Delta Units Min Max Delta Units
3 IFS 1.94 2.04 0.01 mA 1.984 2.000 0.005 mA
4 TFE 1.94 2.04 0.01 mA 1.984 2.000 0.005 mA
5 IZS -2.0 +2.0 0.5 MA -1.0 +1.0 0.3 | LA
6 ng -2.0 +2.0 0.5 WA -1.0 +1.0 0.3 § HA

PACKAGING

5.

5.1 Packaging requirements. The requirements for packaging shall be in accordance with
MIL-M-385T0.
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.

6.3 Ordering data. The contract or order should specify the following:

a. Complete part number (see 1.2).
b. Requirements for delivery of one copy of the quality conformance inspection data pertinent
to the device inspection Tot to be supplied with each shipment by the device manufacturer,
if applicable.
c. Requirement for certificate of compliance, if applicable.
d. Requirements for notification of change of product or process to procuring activity in
addition to notification to the qualifying activity, if applicable.
e. Requirements for packaging and packing.
f. Requirements for failure analysis (including required test condition of method 5003,
MIL-STD-883, corrective action and reporting of results, if applicable.

Requirements for product assurance options.

Requirements for carriers, special lead lengths or lead forming, if applicable. These
requirements shall not affect the part number. Unless otherwise specified, these
requirements will not apply to direct purchase by or direct shipment to the Government.

P ylfe]

6.4 Abbreviations, symbols, and definitions. Abbreviations, symbols, and definitions used herein
are defined in MIL-M-38510 and MIL-STD-1331.

6.5 Logistic support. Lead materials and finishes (see 3.3) are interchangeable. Unless other-
wise specified, microcircuits procured for Government logistic support will be procured to device
class B (see 1.2.2), lead material and finish C (see 3.3?. Longer length Teads and lead forming
shall not affect the part number.

6.6 Substitutability. The cross-reference information below is presented for the convenience
of users.” Microcircuits covered by this specification will functionally replace the listed Generic-
Industry type. Generic-Industry microcircuit types may not have equivalent operational performance
characteristics across military temperature ranges or reliability factors equivalent to MIL-M-38510
device types and may have slight physical variations in relation to case size. The presence of this
information shall not be deemed as permitting substitution of Generic-Industry types for MIL-M-38510
types or as a waiver of any of the provisions of MIL-M-38510.

Military device type Generic-Industry type
01 DAC-08
02 DAC-08A
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