| INCH-POUND |
MIL-M-38510/126C
30 April 2004
SUPERSEDING
MIL-M-38510/126B
30 December 1988

MILITARY SPECIFICATION

MICROCIRCUITS, LINEAR, REGULATING, PULSE WIDTH MODULATOR, MONOLITHIC SILICON

Reactivated after 30 April 2004 and may be used for either new or existing design acquisition.

This specification is approved for use by all Departments and Agencies of the Department of Defense.
The requirements for acquiring the product herein shall consist of this specification sheet and MIL-PRF-38535.
1. SCOPE
1.1 Scope. This specification covers the detail requirements for monolithic silicon, pulse width modulator
microcircuits. Two product assurance classes and a choice of case outlines and lead finishes are provided and are
reflected in the complete part number. For this product, the requirements of MIL-M-38510 have been superseded by
MIL-PRF-38535, (see 6.3)

1.2 Part or Identifying Number (PIN). The PIN is in accordance with MIL-PRF-38535, and as specified herein.

1.2.1 Device types. The device types are as follows:

Device type Circuit
01 Regulating, pulse width modulator
02 Regulating, pulse width: modulator
03 Regulating, pulse width modulator
04 Regulating, pulse width modulator

1.2.2 Device class. The device class is the product assurance level as defined in MIL-PRF-38535.

1.2.3 Case outlines. The case outlines are as designated in MIL-STD-1835 and as follows:

Outline letter Descriptive designator Terminals Package style
E GDIP1-T16 or CDIP2-T16 16 Dual in line
\ GDIP1-T18 or CDIP2-T18 18 Dual in line

Comments, suggestions, or questions on this document should be addressed to: Commander, Defense
Supply Center Columbus, ATTN: DSCC-VAS, 3990 East Broad St., Columbus, OH 43216-5000, or email
linear@dscc.dla.mil. Since contact information can change, you may want to verify the currency of this
address information using the ASSIST Online database at www.dodssp.daps.mil.

AMSC N/A FSC 5962
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1.3 Absolute maximum ratings.

INPUE VOITBGE ..o 42V
Collector supply voltage:
DEVICE TYPE 0L ..ottt e e e e 42V
Device types 02, 03, 04 ....oooiiiiiiiiieieee et 37V
Output current (each output):
DEVICE TYPE 0L .ooieiiieiiiiiiiee ettt e s e +100 mA
Device types 02, 03, 04 .... +200 mA
Reference output current ..... -50 mA
Oscillator charging current ... -5 mA
LOGIC INPULS ..uviiiiiiee it e e e e e e e s etrraaee s -0.3Vto VREpr
ANAIOG INPULS et e e e e e e -0.3Vto VN
Lead temperature (soldering, 10 seconds) +300°C.
Storage temperature range -65°C to +150°C
Junction temperature (Tj) +150°C
1.4 Recommended operating conditions.
Input voltage range :
DEVICE TYPE 0L .ooiiiiiiiiiiiiei ettt e e e +8 Vto +40V, class B
+8Vto +40V, class S
Device types 02 and 04 1/ ..o +8 Vto +30V, class B
+8Vto +27 V, class S
DeViCe tyPe 03 L/ oo +8 Vto +20V, class B

+8Vto+20V, class S
Oscillator frequency range :

DEVICE TYPE 0L .ooiiiiieiiiiiiiiie ettt e e 10 kHz to 200 kHz

Device types 02 and 04 .... 150 kHz to 300 kHz

DeViCe tYPE 03 ..oiiiiieiiiiiiieeee e eeeiiieee e e e b e bavemanb b e e vepaiananes 100 kHz to 350 kHz
Collector supply voltage:

DEVICE tYPE 0L ..ottt e e e +45Vto +40V

Device type 02, 03, and 04 .........oeeiiiiaiiiiiiieee e +4.5Vto+35V
Operating temperature raNQge ........c..eeeeieeeeeiiiiiieiee e e e eriiieeeaa e e e -55°C to +125°C

1.5 Power and thermal characteristics.

Package Case Maximum allowable Maximum Maximum
outline power dissipation 83c 03A

16 lead dual in line E 250 mW at Ta = +125°C 60°C/W 100°C/wW

18 lead dual in line \ 250 mW at Ta = +125°C 42°C/W 100°C/wW

1/ +8Vto+35V operation is allowed if the maximum junction temperature is not exceeded.
Heat sinking may be required.
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2. APPLICABLE DOCUMENTS

2.1 General. The documents listed in this section are specified in sections 3, 4, or 5 of this specification. This
section does not include documents cited in other sections of this specification or recommended for additional
information or as examples. While every effort has been made to ensure the completeness of this list, document
users are cautioned that they must meet all specified requirements of documents cited in sections 3, 4, or 5 of this
specification, whether or not they are listed.

2.2 Government documents.

2.2.1 Specifications, standards, and handbooks. The following specifications and standards form a part of this
specification to the extent specified herein. Unless otherwise specified, the issues of these documents are those
cited in the solicitation or contract.

DEPARTMENT OF DEFENSE SPECIFICATIONS

MIL-PRF-38535 - Integrated Circuits (Microcircuits) Manufacturing, General Specification for.
DEPARTMENT OF DEFENSE STANDARDS

MIL-STD-883 - Test Method Standard for Microelectronics.

MIL-STD-1835 - Interface Standard Electronic Component Case Outlines.

(Copies of these documents are available online at http://assist.daps.dla.mil/quicksearch/ or www.dodssp.daps.mil or
from the Standardization Document Order Desk, 700 Robbins Avenue, Building 4D, Philadelphia, PA 19111-5094.)

2.3 Order of precedence. In the event of a conflict between the text of this specification and the references cited
herein the text of this document takes precedence. Nothing in this document, however, supersedes applicable laws
and regulations unless a specific exemption has been obtained.

3. REQUIREMENTS

3.1 Qualification. Microcircuits furnished under this specification shall be products that are manufactured by a
manufacturer authorized by the qualifying activity for listing on the applicable qualified manufacturers list before
contract award (see 4.3 and 6.4).

3.2 Item requirements. The individual item requirements shall be in accordance with MIL-PRF-38535 and as
specified herein or as modified in the device manufacturer's Quality Management (QM) plan. The modification in the
QM plan shall not affect the form, fit, or function as described herein.

3.3 Design, construction, and physical dimensions. The design, construction, and physical dimensions shall be as
specified in MIL-PRF-38535 and herein.

3.3.1 Terminal connections. The terminal connections shall be as specified on figure 1.

3.3.2 Functional block diagrams. The functional block diagrams shall be as specified on figure 2.

3.3.3 Schematic circuits. The schematic circuits shall be maintained by the manufacturer and made available to
the qualifying activity and the preparing activity upon request.

3.3.4 Case outlines. The case outlines shall be as specified in 1.2.3.

3.4 Lead material and finish. The lead material and finish shall be in accordance with MIL-PRF-38535 (see 6.6).

3.5 Electrical performance characteristics. The electrical performance characteristics are as specified in table I,
and apply over the full recommended ambient operating temperature range, unless otherwise specified.
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TABLE I. Electrical performance characteristics.

Conditions Device Limits
Test ViN =20V dc, RT =2 kQ +0.1 % type Units
Symbol Min Max
Ct1=0.01 pF £0.1 %
-55°C < Tc < +125°C
unless otherwise specified
Error amplifier section
Input offset voltage Vio VeMm = 2.5V 01 -5 5 mv
Input bias current s VeMm = 2.5V 01 .01 10 HA
Input offset current o VeMm = 2.5V 01 -1 1 HA
Compensation current lcos1 ViN(D) = Vin(ND) = 150 mV, 01 65 170 HA
(sink) Tc = +25°C
Compensation current lcos2 | VIN(IN) = Vin(D) = 150 mV, 01 -170 -65 HA
(source) Tc = +25°C
Commgn mode CMR 1.8V<Vem<3.4V 01 70 dB
rejection
Open loop voltage Avs Tc = +25°C 01 72 dB
gain Tc = -55°C, +125°C 68
Unity gain bandwidth Gew Tc = +25°C, see figure 5 01 2 MHz
Reference section
Output voltage VREF 01 4.8 5.2 \%
Line regulation VRLINE | 8V<sVin<40V 01 -20 20 mV
Load regulation VRLOAD | -20 mA < IRgg <0 mA 01 -50 50 mv
Ripple rejection AVIN VIN=20V, =1V ms, 01 50 dB
AVREFE f=2400 Hz, Tc = +25°C
Short circuit current t<25ms, VREE=0V, 01 -120 mA
imi los ¥
limit T = +125°C
t<25ms, VRep =0V, -190
Tc =-55°C, +25°C
Output noise voltage No 10 Hz < f< 10 kHz, T¢ = +25°C 01 200 uv rms
Oscillator section
Maximum frequency fosc RT = 2 kQ +0.1 %, 01 250 kHz
(MAX) | CT=0.001 uF +1.0 %
Initial frequency fosci | Tc =+25°C 01 47 58 kHz
Oscillator fosca Tc = +125°C 45 60
Frequency fosca Tc =-55°C 45 60
Frequency change Afosci/ | 8V <ViN<40V, Te = +25°C 01 -2 2 %
with voltage AVIN

See footnotes at end of table.
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Conditions Device Limits
Test Symbol | vy =20V dc, RT=2kQ+0.1% type Units
Cr=0.01 uF 0.1 % Min Max
-55°C < T¢ £ +125°C
unless otherwise specified
Oscillator section - continued
Output amplitude Vosc 01 2.4 \%
Output pulse width tpw 01 0.3 us
Ramp voltage VRAMP 01 3.0 3.8 \%
Saturation voltage VsaT | lcT=5mA, Vosc =5V, 01 0.7 11 \
(OSC) | ¢ =+25°C
Comparator section
Duty cycle adjust 2/ ton / Min value: Vem =25V, 01 0.001 %
range tosc Veomp =0.5V
Max value: VoM = 2.5V, 45 50
Veomp =3.8V
Output section 3/
Collector leakage ICEX | V=40V 01 10 HA
current
Saturation voltage VsaT | VIN(ND) = ViN(D). = 150 mV, 01 2.0 \
Ic =50 mA
Emitter output voltage VEO VIN(ND = Vin() = 150 mV, 01 17 \%
Tc=+25°C,Vc =20V,
IE =-50 mA
Rise time trr) | VINCNI = ViN(T) 2 150 mV, 01 0.4 Hs
Rc=2kQ,Vc=20V,
Tc=+25°C, CL = 15pF
Fall time tRaf) | VINCNI = ViN(D) 2 150 mV, 01 0.2 Hs
Rc=2kQ,Vc=20V,
Tc=+25°C, CL =15 pF

See footnotes at end of table.
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TABLE I. Electrical performance characteristics.

Conditions Device Limits
Test Symbol | v\ =20V dc, Rt =2kQ 0.1 % type Units
Cr=0.01 uF 0.1 % Min Max
-55°C < T¢ £ +125°C
unless otherwise specified
Shutdown circuit section
Sense voltage VSEN VIN(ND) = ViN() = 150 mV, 01 190 210 mV
VEoA =2V, Tc =+25°C
VIN(ND = Vin() = 150 mV, 165 235
VEoA =2V, Tc =-55°C, +125°C
Shutdown 4/ VsD VIN(ND = Vin() = 150 mV 01 1.4 \%
(HD)
Vsp | VIN(ND) = Vin() = 150 mV 0.4
(LO)
Total standby current section
Total standby current N ViN =40V 01 10 mA

See footnotes at end of table.

www.DataSheetdU.com



TABLE |. Electrical performance characteristics — Continued.
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Conditions Device Limits
Test Symbol | v\ =20V dc, RT =3.6 kQ 0.1 %, type Units
Rp = 0 kQ, C1 = 0.01 pF +0.1 %, Min Max
-55°C < T¢c £ +125°C
unless otherwise specified
Reference section
Output voltage VREE Tc = -55°C, +125°C 02, 04 5.0 5.2 \
Tc = +25°C 5.05 5.15
Line regulation VRLINE | VIN=8V 1035V 02, 04 -30 30 mv
Load regulation VRLOAD | IREE = 0 to —20 mA 02, 04 -50 50 mv
Short circuit current los 1/ | VREF=0V, t<25ms 02, 04 -125 mA
Output noise voltage No 10 Hz < f< 10 kHz 02, 04 200 uvV rms
Ripple rejection AVIN/ | VIN=20V, +1V rms, f = 2400 Hz, 02,04 50 dB
AVREF Tc =+25°C
Oscillator section
Initial frequency fosc Tc = +25°C 02, 04 37.5 42.5 kHz
Oscillator frequency fosc2 Tc = -55°C, +125°C 02, 04 36 44 kHz
over temperature
Saturation voltage VSAT Ipis =5 MA, Vosc =5V, 02, 04 0.5 11 \
(0SC) | 1¢=+25°C
Clock amplitude Vosc 02, 04 3.0 V
Clock pulse width tpw Tc = -55°C, +25°C 02, 04 0.3 1.0 us
Tc = +125°C 0.3 1.4
Ramp voltage VRAMP 02, 04 3.0 3.6 \%
Voltage stability Mosci/ | VIN=8V1to 35V, Tc = +25°C 02, 04 -1 1 %
AVIN
Minimum frequency fosc RT = 150 kQ 0.1 %, 02,04 150 Hz
(MIN) | 1= 0.1 uF £1.0 %, Rp = 0 kQ
Maximum frequency fosc RT =2 kQ +0.1 %, 02, 04 300 kHz
(MAX) | c1=0.001 pF +1.0 %, Rp = 0 kQ
Sync 4/ VSYNC 02, 04 0.8 \%
(LO)
VsyNC 28
(H)
Sync input current ISYNC Sync voltage = 3.5V 02,04 2.5 mA

See footnotes at end of table.
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TABLE |. Electrical performance characteristics — Continued.

MIL-M-38510/126C

Conditions Device Limits
Test Symbol | vy =20V dc, RT = 3.6 kQ +0.1 % type Units
Rp = 0 kQ, CT = 0.01 pF 0.1 % Min Max
-55°C < T¢ £ +125°C
unless otherwise specified
Error amplifier section
Input offset voltage Vio 02, 04 -5 5 mV
Input bias current s 02, 04 .01 10 HA
Input offset current ho 02, 04 -1 1 HA
Open loop voltage Avs Vem =25V 02, 04 60 dB
gain
Common mode CMR Vem=15Vt05.2V 02, 04 60 dB
rejection
Supply voltage PSRR | yjy=8Vto35V 02, 04 60 dB
rejection ratio
Unlty galn bandWIdth GBW AV = O dB, see flgure 5’ TC +25°C 02, 04 2 MHz
Output high level VHI 02,04 3.8 \%
Output low level VLo 02, 04 0.5 V
P.W.M. comparator section
Maximum duty cycle |{,.MAX/ | Vcomp = 3.6 V 2/ 02, 04 45 50 %
tosc
Minimum duty cycle tonMIN/ | Vcomp = 0.6 V 2/ 02, 04 0.001 %
tosc
Output section 5/
Output low VoL ISINK = 20 mA 02, 04 0.4 V
IsiINK = 100 mA 2.0
Output high VOH ISOURCE = -20 mA 02, 04 18 \Y/
ISOURCE = -100 mA 17
Under voltage lockout VuL 02, 04 6 8 V
Shutdown delay tsp Tc =-55°C, +25°C, Vsp = 3 V 02, 04 500 ns
Tc = +125°C, Vsp =3 V 700
Rise time tR(tr) 02, 04 600 ns
Fall time tR(tf) 02, 04 300 ns
V¢ standby current Ic Vc=35V 02 200 HA

See footnotes at end of table.
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TABLE |. Electrical performance characteristics — Continued.

MIL-M-38510/126C

Conditions Device Limits
Test Symbol | v\ =20V dc, RT = 3.6 kQ +0.1 % type Units
Rp = 0 kQ, CT = 0.01 pF 0.1 % Min Max
-55°C < T¢c £ +125°C
unless otherwise specified

Soft start section

Soft start current Iss Vsp =0V 02, 04 -80 -25 HA
Shutdown input IsD Vsp=25V 02, 04 1 mA

current
Soft start voltage Vss Vsp=2V 02, 04 0.6 \
Shutdown voltage 4/ \/gp(LO) 02, 04 0.5 \
Vsp(HI) 16
Total supply current N Tc = -55°C, +25°C, V|N = 35 V 02, 04 20 mA
Tc=+125°C,VIN=35V 18

See footnotes at end of table.
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TABLE |. Electrical performance characteristics — Continued.

MIL-M-38510/126C

Conditions Device Limits
Test Symbol | vy =15V dc, RT = 4.12 kQ +0.01 % type Units
Rp = 0 kQ, CT = 0.01 pF +0.1 % Min Max
-55°C < T¢ < +125°C
unless otherwise specified
Reference section
Reference output VREE 03 4.9 5.1 \
voltage
Line regulation VRLINE | VIN=8V 1035V 03 -20 20 mv
Load regulation VRLOAD | ILoAD = 0 to —20 mA 03 -30 30 mV
Short circuit current los 1/ | VREF=0V, t<25ms 03 -125 mA
Output noise voltage No 10 Hz < f < 10 kHz, T¢ = +25°C 03 200 uvV rms
Ripple rejection AVIN/ | VIN=15V, +1V rms, Tc = +25°C, 03 50 dB
AVReg | Sinewave at 2.4 kHz
Oscillator section 6/
Initial frequency fosc Tc = +25°C 03 38 42 kHz
Voltage stability Mosc/! | 8V<VN<35V 03 -1 1 %
AVIN
Oscillator frequency fosc2 | Tc =-55°C, +125°C 03 36 44 kHz
Minimum frequency fosc RT = 150 kQ 0.1 %, 03 100 Hz
(MIN) | ¢t =0.20 uF +1.0 %, Rp = 0 kQ
Maximum frequency fosc RT =2 kQ +0.1 %, 03 350 kHz
(MAX) | cr=1.0nF 1.0 %, Rp = 0 kQ
Clock width tpw Tc = -55°C, +25°C 03 us
Tc = +125°C 3
Sawtooth peak VRP VIN=35V 03 2.5 3.5 \
voltage
Sawtooth valley VRv ViN=8V 03 0.45 \
voltage
Error amplifier section
Input offset voltage Vio Vem =25V 03 -5 5 mv
Input bias current s Vem =25V 03 -1 HA
Input offset current ho Vem =25V 03 -0.5 0.5 HA
Open loop voltage Avs 03 60 dB
gain
Common mode CMR Vem=01t05.2V 03 70 dB
rejection

See footnotes at end of table.
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TABLE |. Electrical performance characteristics — Continued.

MIL-M-38510/126C

Conditions Device Limits
Test Symbol | vy =15V dc, RT = 4.12 kQ +0.01 % type Units
Rp = 0 kQ, CT = 0.01 pF +0.1 % Min Max
-55°C < T¢c £ +125°C
unless otherwise specified
Error amplifier section — continued
Supply voltage PSRR | vy=8V1t035V,Vem =25V 03 66 dB
rejection ratio
Unity gain bandwidth GBW Ay = 0 dB, see figure 5, 03 2 MHz
Tc = +25°C
Output high level VHI Vpin1 — Vpin2 2 150 mV, 03 3.6 \
Icomp = -100 pA
Output low level VLo Vpin1 — Vpin2 = 150 mV, 03 0.4 \
Icomp =100 pA
P.W.M. comparator section
Maximum duty cycle |{,.MAX/ | Vcomp = 3.6 V 2/ 03 45 50 %
tosc
Minimum duty cycle tonMIN/ | Vcomp = 0.4V 2/ 03 0.001 %
tosc
Output drivers section 7/
Saturation voltage VCE(SAT) | Ve =15V, Isink = 20 mA 03 0.3 \
Ve =15V, IsinK = 100 mA 2.0
Output high VOH Ve =15V, ISOURCE = -20 mA 03 125 \
Vc =15V, Isoyrce = -100 mA 12.0
Shutdown delay tsp Vc =15V, Te = -55°C, +25°C 03 0.5 ps
Ve =15V, Tc = +125°C 0.7
Rise time tR(tr) Vc=15V 03 0.3 us
Fall time tR(t) Vc=15V 03 0.2 us
V¢ standby current Ic Vc=35V 03 150 HA
Digital ports: SYNC , RESET , SHUTDOWN
High input current I VIH=24V 03 -200 HA
Low input current m ViL=0.4V 03 -360 HA
High output voltage VOHP ISOURCE = 40 pA 03 2.4 \
Low output voltage VoLp ISINK = 3.6 MA 03 0.4 \
Current limit comparator section
Sense voltage Vs 03 80 120 mv
Input bias current IIBS 03 -10 HA

See footnotes at end of table.
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TABLE |. Electrical performance characteristics — Continued.

Conditions Device Limits
Test Symbol | vy =15V dc, RT=4.12kQ+0.01% | tyPe Units
Rp = 0 kQ, CT = 0.01 pF +0.1 % Min Max
-55°C < T¢c £ +125°C
unless otherwise specified
Soft start section
Error clamp voltage VEC 03 0.4 \%
Capacitor charging Ics 03 -150 -50 HA
current
Under voltage lockout section
Reset output (low) VR (LO) | VREF=3.8V 03 0.4 \
voltage
Reset output (high) VR(HI) | VREEF=4.8V 03 24 \
voltage
Power consumption section
Standby current N SHUTDOWN = 0.4V, Vjy = 35 V, 03 30 mA
Tc =-55°C, +25°C
SHUTDOWN = 0.4V, VjN =35 V, 25
Tc = +125°C

1/ Continuous short circuit limits will be less than indicated test limits.
2/ tosc is the period of the output waveform.

3/ Each output transistor shall be tested for all parameters listed.

4/ This is a go-no-go test, the limit values are used for input voltages.

5/ Each output shall be tested for all parameters listed. V¢ = 20 V unless otherwise specified.

6/ A 2.7 kQ pullup resistor is added from the Sync pin to VRgE to limit the effects of stray capacitance in automatic
test equipment.

7/ Each output shall be tested for all parameters listed V¢ = 15 V unless otherwise specified.

8/ Only use the Shutdown pin, not the Sync pin, to deactivate the device.

3.6 Electrical test requirements. Electrical test requirements for each device class shall be the subgroups specified in
table Il. The electrical tests for each subgroup are described in table Il1.

3.7 Marking. Marking shall be in accordance with MIL-PRF-38535.

3.8 Microcircuit group assignment. The devices covered by this specification shall be in microcircuit group number 52
(see MIL-PRF-38535, appendix A).
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TABLE Il. Electrical test requirements.

Subgroups (see table IIl)
MIL-PRF-38535 Class S Class B
test requirements devices devices
Interim electrical parameters 1 1
Final electrical test parameters 1* 2,3, 1%, 2, 3,
4,5,6 4,5,6
Group A test requirements 1,2,3,4,5, 1,2,3,4,5,
6,7,9, 10,11 6,7,9,6 10,11
Group B electrical test parameters when 1, 2,3, and N/A
using the method 5005 QCI option table IV
delta limits
Group C end-point electrical 1, 2,3, and 1land
parameters table IV table IV
delta limits delta limits
Group D end-point electrical 1,2,3 1
parameters

*PDA applies to subgroup 1.

4. VERIFICATION.

4.1 Sampling and inspection. Sampling and inspection procedures shall be in accordance with MIL-PRF-38535 or
as modified in the device manufacturer’'s Quality Management (QM) plan. The modification in the QM plan shall not
effect the form, fit, or function as described herein.

4.2 Screening. Screening shall be in accordance with MIL-PRF-38535, and shall be conducted on all devices prior
to qualification and quality conformance inspection. The following additional criteria shall apply:

a. The burn-in test duration, test condition, and test temperature, or approved alternatives shall be as specified
in the device manufacturer's QM plan in accordance with MIL-PRF-38535. The burn-in test circuit shall be
maintained under document control by the device manufacturer's Technology Review Board (TRB) in
accordance with MIL-PRF-38535 and shall be made available to the acquiring or preparing activity upon
request. The test circuit shall specify the inputs, outputs, biases, and power dissipation, as applicable, in
accordance with the intent specified in test method 1015 of MIL-STD-883.

b. Interim and final electrical test parameters shall be as specified in table Il, except interim electrical
parameters test prior to burn-in is optional at the discretion of the manufacturer.

c. Additional screening for space level product shall be as specified in MIL-PRF-38535.

4.3 Qualification inspection. Qualification inspection shall be in accordance with MIL-PRF-38535.
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Device types 01 02 and 04 03 and 04
Case outlines E E V
Terminal
number Terminal symbol
1 INV INPUT INV INPUT +ERROR
2 NONINV INPUT NONINV INPUT -ERROR
3 OSC OUTPUT SYNC COMP
Css
4 +CUR LIM SENSE OSC OUTPUT
Cr
5 -CUR LIM SENSE RESET
RT RT
6 -CURRENT SENSE
C
7 T DISCHARGE +CURRENT SENSE
8 GND SOFT START SHUTDOWN
R
9 COMPENSATION COMPENSATION T
C
10 SHUTDOWN SHUTDOWN T
R
11 EMITTER A OUTPRUT A P
12 COLLECTOR A GROUND SYNC
Ve
13 COLLECTOR B OUTPUT A
Ve
14 EMITTER B OUTPUT B
Y, \Y,
15 N N GROUND
\Y \Y
16 REF REF OUTPUT B
\Y,
17 IN
\Y
18 REF

Figure 1. Terminal connections.
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DEVICE TYPE 01

VREF
REFERENCE *5 v 10 ALL
VN REGULATOR INTERNAL
CIRCUITRY 45 y
L Q b
. OSCILLATOR
+5 FLIP
o ouTPUT  — Frob | AC
Rro— w
CT OSCILLATOR o | 1
T — -
(RAMP)
+5
AL \
COMPARATOR

INV INPUTC}———i:\ji\\\ O +SENSE
ERROR CURRENT

AMP ¢ é LIMIT
NONINV INPUTO— - ——CO -SENSE
COMPENSATION

SHUTDOWN

10 kQ
GROUND
(SUBSTRATE)

FIGURE 2. Functional block diagram.
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MIL-M-38510/126C

DEVICE TYPES 02 AND 04

VREF
T0 UNDER fmmmmm e -
VINO RN ‘AT—»INTERNAL VOLTAGE [ ! DEVICE TYPE
CIRCUITRY | LOCKOUT | 02
GROUND O————————% '
nd NOR
SYNC = OSCILLATOR :
o—| QUTPUT !
o Q_ H -
R OSCILLATOR ? FLIP
¢ FLOP
crO a 9 NoR
DISCHARGE o\| *
:/l COMPARATOR R o =
— + s
COMPENSATION O— ¢ - LATCH
\ N P
N
INVERTING O———>
INPUT
NONINVERTING O——— %
INPUT — ERROR| S04A
SOFT-START O - VReF
5 kQ
SHUTDOWN O AAA |/
5 ko L

IHe-<
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FIGURE 2. FEunctional block diagram - Continued.

A
OUTPUT

B
OUTPUT

OUTPUT



MIL-M-38510/126C

VREF SYNC

VINO REFERENCE T

o

DEVICE TYPE 03

UNDER
REGULATOR 1 XgIEEGSE
T0
GROUND O f INTERNAL
= CIRCUITRY
RDO—I
RT O—|
CT OSCILLATOR »
ro-y
MEMORY F/F
_ V4 s 0
RESET O— SOFT —l_c T
CspFTsTART O—1__START } R T 3
COMPENSATION O TOGGLE
+V F/F
IN s
+ ERROR O—2 b . Q
- ERRORO——1~ 3
+ CURRENT SENSE O——— METERING F/F
- CURRENT SENSE O———= -

FIGURE 2. Functional block diagram — Continued.
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DEVICE TYPE 03
(UNITRODE/TEXAS INSTRUMENTS)

VIND REFERENCE

° ° v
REGULATOR I ? U VREF
UNDER
J:‘ T0 VOLTAGE
INTERNAL LOCKOUT
CIRCUITRY
4
Prvrers THERMAL v
SYNCD—| SHUTDOWM —{1Ve
Rp O—

R7[}— 0SCILLATOR [CLOCK

H10oUTPUT
CTD—T— A
¥
S/ CONB—(S R j >
RESET [ SOFT Q

b
CsoFTsTARTC—L_START Rl SR

PWM
COMPENSATION LATCH o
+VIN T ﬁ

—JouTPUT
+ ERRORC———3 B
- al TOGGLE
R OR T F/F {1 GND
100 MV
+ CURRENT SENSED—| —+ = S—
Vs {1 SHUTDOWN
- CURRENT SENSE[——=

NOTE: The oscillator's SYNC (pin 12) is not connected to the output gates.

FIGURE 2. Functional block diagram — Continued.
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NOTES:

o s wbdE

MIL-M-38510/126C

INV DEVICE TYPE 01
INPUT -
+20 V
1000 251
+0.17 K1 O
----- 1V
ST [
1 kQ *0.1% 2400 Hz
1000 $0.1% 1 ko £0.1% > = Ri5d3!
NONINV 25 K& :I !__‘SE}! v
INPUT E\%ﬁll T N
B0 3] 14-0¢s

¢
SEE "i > CURRENT |:4
NOTE 4 —— LIMIT SENSE
~CURRENT
LIMIT SENSEO_| 5

Rt
2017 5g--5 QRT
O‘Ov—?—| 6

DUT

E—OEA
100

0 SHUTDOWN

COMPENSATION

Operational amplifier is M38510/13502 or similar.
Resistors are +1 % and capacitors are £10% unless otherwise specified.

VN = 2.5 V unless otherwise specified in table IlI.
CL < 20 pF (including probe and jig capacitance).
+1.0 % for tosc (max) test.

FIGURE 3. Test circuit for static and dynamic tests.
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NOTES:

A

MIL-M-38510/126C

INV DEVICE TYPE 02 AND 04
INPUT
+20 V
Ry 100 7777
k4 1 1
0.1% Ke__ . ’T E'—OVREF 1 Vgus
1 ka £0.17 2400 Hz
1000 $0.1% 1 k& £0.1% K13
O 2 15 e veey
NIONNPIUNTV Ry oo o9 v
K3 | OUTPUT IN
SYNCO—————— 3 E—OB
SEE NOTE 4 0scO— 4 E’_OVC
C1:0.1% PR Cr DUT
L_‘-H l_k'_Z__lss_' 5 E—QGND
e R
RT:0.12~---~ T OUTPUT
11 \
°‘0~f—l 6 110
— DISCHARGE
1000 .-1---1? [
VYV ho G 7 E——OSHUTDUNN
I SOFT
STARTO_E d

O
COMPENSATION

Operational amplifier is M38510/13502 or similar.
Resistors are +1 % and capacitors are £10% unless otherwise specified.

VN = 2.5 V unless otherwise specified in table IlI.
+1.0 % for fosc (min) and fosc (max) test.

FIGURE 3. Test circuit for static and dynamic tests — Continued.

20

vwvw.DataSheet4U.com



MIL-M-38510/126C

DEVICE TYPE 03

+15 Vv

Ve

-0
DUT EI_O

-=-==1

~CURRENT 1 i
SENSE O_E :|13 !UUTPUT:_:El_l:_J' 1 ka
A —

SENSE

NOTES:
1. Operational amplifier is M38510/13502 or similar.
2. Resistors are +1 % and capacitors are +10% unless otherwise specified.
3. VN = 2.5V unless otherwise specified in table III.
4. +1.0 % for fosc (min) and fosc (max) test.

FIGURE 3. Test circuit for static and dynamic tests — Continued.
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MIL-M-38510/126C

DEVICE TYPE 01

3.0 V MIN,
ﬂ 3.8 V MAX w
v RAMP
RAMP ~0.5 vy REFERENCED
700 V)
oV
>2.4V
|| oV
‘.ItPNI“
3.8V
Vcomp="V 0EA
v
=~ Vee
Vea 507 DUTY CYCLE (%)
TRANS Al | = (ton/tpEr) x 100
0V
ton
tper
[ ~Vee
v
B |
TRANS Bz >0%
oV
~ Vee
90%
QUTPUT
A AND B
102

(t,) (tp)

FIGURE 4. Test waveforms.
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MIL-M-38510/126C

DEVICE TYPES 02 AND 04

3.0 V MIN,
3.6 V MAX
VRaAMP
oV
Vasc R—ﬂ—ﬂ* 50%
[ .
*Itpwl*
DEVICE TYPE 02 DEVICE TYPE 04
toN—= -t
" PERﬂ
— 50% — 50%
<—tpER—> <_t0N
- "tUN ~—tPER
E— — 50% _ — 50%

<—tPER——I - l‘_tUN

a. Maximum duty cycle
b. Approximate minimum duty cycle (actual = 0%). Duty cycle (%) = (ton/ tpER ) X 100.

FIGURE 4. Test waveforms — Continued.
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MIL-M-38510/126C

DEVICE TYPES 02 AND 04

907

OUTPUT
A AND B

10%

— 907

10%

——‘tR | — tRlld—

(t,) (te

DEVICE TYPE 02

SHUTDOWN
DELAY

—3V
Vgp (PIN 10)

+————+——50% 3 V PULSE
AT 100 Hz

—S VvV
Vosc (PIN 45 v,

50 us PULSE
(RESET OF LATCH)

—£ 50% OUTPUT

A AND B

"| tR]I“

(te

"|tR<‘

(t)

DEVICE TYPE 04

—3V

—— 50%

—S5 V

—T 50%

FIGURE 4. Test waveforms — Continued.

24




MIL-M-38510/126C

DEVICE TYPES 02 AND 04

VSYNCTEST
2V
CT[PIN 5)
0V
__>| 5us '<_
2.8V
Vsyne
(PIN 3)
—— 0.8 V
0V
Vosc
(PIN 4)
0V
(MEASURING POINT) (MEASURING POINT)

FIGURE 4. Test waveforms — Continued.
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MIL-M-38510/126C

DEVICE TYPE 03

VRP

VRAMP

VR

o

i tpy -

‘ tPER A !“tON
OUTPUT E ( x _ — 502
A AND B —50%

|
I*tcm—— <—tPER——I

MAXIMUM DUTY CYCLE MINIMUM DUTY CYCLE
DUTY CYCLE (%) = (tON/tPER) x 100 (ACTUAL = 0%)
907
OUTPUT
A AND B
10%

-’|tR“ "tRI“

(tn) (tp)

FIGURE 4. Test waveforms — Continued.
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MIL-M-38510/126C

DEVICE TYPE 03

SHUTDOWN
DELAY

3V

Vgp (PIN 8) / oz

100 Hz j °
C,(PIN 10)
QUTPUT

A AND B ?k J 50%

FIGURE 4. Test waveforms — Continued.
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NOTES:

MIL-M-38510/126C

DEVICE TYPE 01

20 v
0O
A
Lo0n s1z O OLAF
*5V 5k 1%
ORO—— AV~ [ |NONINY IN v
VREF B | —
5 o 17 —{ osc our Es |—
e. =20 mV p_p +CURRENT
c
—[ LIMIT Bj_
1 as ~CURRENT
—_|Rr Al
e SHUTDOWN | |—
_| e
o— |oND  comPENSATION| | oo
CL~
SEE NOTE 2

Gpw is measured by increasing signal frequency (starting at 100 kHz) until eo = 20 mV(p-p).
The frequency at which this occurs is Ggyy.

(CL) capacitance load = 20 pF, -10%, on eq including scope probe and jig capacitance.
Alternative method: Set signal frequency (ej) to the Gew minimum limit if eo = 20 mV(p-p) then
Gpw is = the minimum limit.

FIGURE 5. Unity gain bandwidth test circuit.
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MIL-M-38510/126C

DEVICE TYPES 02 AND 04

20 v
(@)
10 kQ £1%
AAA
1000 1% 0.01 mF
E s e
5V 5 KkQ £13
° [
 ORO—— [ | noNINv TN vin| —
REF
5 kQ £1% SYNC ouTPUT[ | —
e.I = 20 mV[P_P] B
—{ osc our ve|
- B oo —
R OUTPUT =
—_|”r el =
—{ | PISCHARGE SHUTDOWN | |—
SOFT  COMPENSATION |—o—oe
— ] START 0
L~
SEE NOTE 2

NOTES:
1. Gpw is measured by increasing signal frequency (starting at 100 kHz) until eo = 20 mV(p-p).
The frequency at which this occurs is Ggyy.
2. (Cy) capacitance load = 20 pF, -10%, on eg including scope probe and jig capacitance.
3. Alternative method: Set signal frequency (ej) to the Gew minimum limit if eo = 20 mV(p-p) then
Gpw is = the minimum limit.

FIGURE 5. Unity gain bandwidth test circuit — Continued.
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MIL-M-38510/126C

DEVICE TYPE 03

15
+5V 5 kQ 1%
0RO A [ | +ERROR v
V N wer [ 1
REF
5k 212 [ |-ErRoR W1y
10 kK £1%
= ¢\ — COMPENSATION OUTPUT
—( oo
C
1 e sS GND }—J
0.01 uF =< 00 —L] il
o, — |rese Ve|
EEE NOTE 2 CURRENT QUTPUT
1000 1% = _E SENSE A :l_
+CURRENT —
"_[ SENSE SYNC}
B SHUTDOWN R
e; = 20 nVip_p) _|: D:I—
= O Aus

NOTES:
1. Gpw is measured by increasing signal frequency (starting at 100 kHz) until eo = 20 mV(p-p).
The frequency at which this occurs is Ggyy.
2. (Cy) capacitance load = 20 pF, -10%, on eg including scope probe and jig capacitance.
3. Alternative method: Set signal frequency (ej) to the Gew minimum limit if eo = 20 mV(p-p) then
Gpw is = the minimum limit.

FIGURE 5. Unity gain bandwidth test circuit — Continued.
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TABLE Ill. Group A inspection - Continued.

NOTES:
1/ This test applies to device type 02 only.
2/ 5V, 50 ps pulse, toggles the “on state” between transistors A and B.

3/ Vary Vcm from 1.5 V to 5.2 V and measure change on pin 9, VN = 2.5 V.

Equation for CMR test is : CMR = 20 Log | AVcwm (101) / (AEX - AVem )|
Test 18, AEX = AE16
Test 40, AEX = AE35
Test 61, AEX = AE53

4/ Load resistance on outputs A and B = 1 kQ.

5/ 0.8 Vto 2.8V transition on Vsync must cause a transition in Vosc.
2.8 V t0 0.8 V transition on Vsync must not cause a transition in Vosc.

6/ Apply 0.5V to the shutdown pin, output should be on. ( Device type 02 either output >2.5V)
( Device type 04 either output<2.5V).

7/ Apply 1.6 V to the shutdown pin, output should be off. ( Device type 02 both outputs < 2.5 V)
( Device type 04 both outputs > 2.5 V).

8/ Equation for PSRR is as follows with VN = 5.1 V:

PSRR =20 Log | AV|n (101) / (EX—EY) |

Test 81, (EX—EY )= (E61—E62)
Test 96, (EX — EY ) = (E67 — E68)
Test 112, (EX-EY) = (E73-E74)

9/ Increase V|N = from 5 V to the point where outputs are on: ( Device type 02 on state = either output > 2.5V ),
( device type 04 on state = either output <2.5V).

10/ Device type 02, tsp = toutput( low ) — tpin 10(high).
Device type 04, tgp = toutput( high ) — tpm 10(h|gh)

11/ Apply a 3.6 V, 50 pus pulse to CT to switch output transistor (which is on).
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TABLE Ill. Group A inspection - Continued.

NOTES:

12/ VN =2.5V. Equation for CMR is as follows:
CMR=20Log[5.2V (201)/ |(EX—-EY-=5.2)|]
Test number 19: EX = E17, EY = E16

Test number 50: EX = E40, EY = E39
Test number 81: EX = E63, EY = E62

13/ VN =0.5Vto 3.5V. Equation for Ays is as follows:
Ays =20 Log (AVN (201) / | AEX |)
Test number 101: AEX = E73
Test number 118: AEX = E84
Test number 135: AEX = E95
14/ VN =2.5V. Equation for PSRR is as follows:

PSRR = 20 Log [ AViN (201) /| (EX—=EY) | ]

Test number 102: (EX—-EY)=(E75-E74)
Test number 119: (EX—-EY ) =(E86 —-E85)
Test number 136: (EX—-EY ) =(E97-E96)

15/ Increase voltage on +C.S. until V shutdown < 0.4 V.. Record V. | +C.S.

16/ See figure 4.
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4.4 Technology Conformance inspection (TCI). Technology conformance inspection shall be in accordance with MIL-PRF-
38535 and herein for groups A, B, C, and D inspections (see 4.4.1 through 4.4.4).

4.4.1 Group A inspection. Group A inspection shall be in accordance with table Ill of MIL-PRF-38535 and as follows:

a. Tests shall be as specified in table Il herein.
b. Subgroup 8 shall be omitted.

4.4.2 Group B inspection. Group B inspection shall be in accordance with table Il of MIL-PRF-38535.

4.4.3 Group C inspection. Group C inspection shall be in accordance with table IV of MIL-PRF-38535 and as follows:

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

b. The steady-state life test duration, test condition, and test temperature, or approved alternatives shall be as
specified in the device manufacturer's QM plan in accordance with MIL-PRF-38535. The burn-in test circuit shall
be maintained under document control by the device manufacturer's Technology Review Board (TRB) in
accordance with MIL-PRF-38535 and shall be made available to the acquiring or preparing activity upon request.
The test circuit shall specify the inputs, outputs, biases, and power dissipation, as applicable, in accordance with
the intent specified in test method 1005 of MIL-STD-883.

c. Special subgroups shall be added to group C inspection requirements for class B devices, and shall consist of
the tests, conditions, and limits of subgroups 10 and 11 as specified in table Ill herein.

4.4.4 Group D inspection. Group D inspection shall be in accordance with table V of MIL-PRF-38535. End point electrical
parameters shall be as specified in table Il herein.

4.5 Methods of inspection. Methods of inspection shall be specified and as follows.

4.5.1 Voltage and current. All voltage values given are referenced to the external zero reference level of the supply.
Currents values given for conventional current and are positive when flowing into the referenced terminal.

5. PACKAGING

5.1 Packaging requirements. For acquisition purposes, the packaging requirements shall be as specified in the contract or
order (see 6.2). When actual packaging of materiel is to be performed by DoD personnel, these personnel need to contact the
responsible packaging activity to ascertain requisite packaging requirements. Packaging requirements are maintained by the
Inventory Control Point's packaging activity within the Military Department of Defense Agency, or within the Military Department's
System Command. Packaging data retrieval is available from the managing Military Department's or Defense Agency's
automated packaging files, CD-ROM products, or by contacting the responsible packaging activity.
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TABLE IV. Group C end-point electrical parameters. T¢ = +25°C

Device Test Limits Unit Delta Unit
type Min Max
Al Vio 5 mv +0.7 mv
All B 0.1 10.0 LA +1 MA
01 VREE 4.8 5.2 \Y +20 mV
02, 04 VREE 5.0 5.2 \ +20 mv
03 VREE 4.9 5.1 \Y +20 mV

6. NOTES

6.1 Intended use. Microcircuits conforming to this specification are intended for original equipment design applications and
logistic support of existing equipment.

6.2 Acquisition requirements. Acquisition documents should specify the following:

a.

b.

I

Title, number, and date of the specification.
Pin and compliance identifier, if applicable (see 1.2).

Requirements for delivery of one copy of the conformance inspection data pertinent to the device
inspection lot to be supplied with each shipment by the device manufacturer, if applicable.

Requirements for certificate of compliance, if applicable.

Requirements for notification of change of product or'process to' acquiring activity in addition to
notification of the qualifying activity, if applicable.

Requirements for failure analysis (including required test condition of MIL-STD-883, method 5003),
corrective action and reporting of results, if applicable.

Requirements for product assurance options.

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

Requirements for "JAN" marking.

Packaging requirements (see 5.1).

6.3 Superseding information. The requirements of MIL-M-38510 have been superseded to take advantage of the
available Qualified Manufacturer Listing (QML) system provided by MIL-PRF-38535. Previous references to MIL-M-38510 in
this document have been replaced by appropriate references to MIL-PRF-38535. All technical requirements now consist of this
specification and MIL-PRF-38535. The MIL-M-38510 specification sheet number and PIN have been retained to avoid
adversely impacting existing government logistics systems and contractor's parts lists.

6.4 Qualification. With respect to products requiring qualification, awards will be made only for products which are, at the
time of award of contract, qualified for inclusion in Qualified Manufacturers List QML-38535 whether or not such products have
actually been so listed by that date. The attention of the contractors is called to these requirements, and manufacturers are
urged to arrange to have the products that they propose to offer to the Federal Government tested for qualification in order that
they may be eligible to be awarded contracts or purchase orders for the products covered by this specification. Information
pertaining to qualification of products may be obtained from DSCC-VQ, 3990 E. Broad Street, Columbus, Ohio 43123-1199.
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6.5 Abbreviations, symbols, and definitions. The abbreviations, symbols, and definitions used herein are defined in
MIL-PRF-38535 and MIL-STD-1331.

6.6 Logistic support. Lead materials and finishes (see 3.3) are interchangeable. Unless otherwise specified, microcircuits
acquired for Government logistic support will be acquired to device class B (see 1.2.2), lead material and finish A (see 3.4).
Longer length leads and lead forming should not affect the part number.

6.7 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 should 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-PRF-38535.

Military device type Generic-industry type
01 1524
02 1525A
03 1526
04 1527A

6.8 Changes from previous issue. Asterisks are not used in this revision to identify changes with respect to the previous
issue, due to the extensiveness of the changes.

Custodians: Preparing activity:
Army — CR DLA-CC
Navy - EC
Air Force - 11 Project 5962-2037
DLA-CC

Review activities:
Army - MIl, SM
Navy - AS, CG, SH, TD
Air Force — 03, 19, 99

NOTE: The activities listed above were interested in this document as of this date of this document. Since organizations and
responsibilities can change, you should verify the currency of the information above using the ASSIT Online database at
www.dodssp.daps.mil.
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