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HIGH - CURRENT SWITCHING POWER SUPPLY
FOR

HEAVY METAL SEPARATION FROM WASTE WATER
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ABSTRACT

This project presents the design and test report for high current switching power supply to
“Heavy Metal Separation from Water with Electrical System” with Electrical base on “Faraday’s
Electrolysis” by putting direct current voltage in plate electrode in waste-water treatment. The
most important purpose of the treatment are saving energy used in this. The first experiment are
designing plate electrode and switching power supply which part of high current switching power

supply circuit .Specification of switching are Constant output voltage and output current.
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A1957199 5.1 N1SNARBUBINEIT 10 THAIAT AN IO FHHAIY

R, v, I, P, Vou 1, P, Eff
Q) V) (A) (W) v) (A) (W) (o)
2.28 306.7 1.15 3527 24.08 10.56 254.2 72.09
1.81 304.8 1.41 429.7 24.06 13.26 319.0 74.24
1.42 303.9 1.79 543.9 24.02 16.86 404.9 74.45
1.11 302.7 2.28 690.1 2401 21.46 515.3 74.67
0.63 301.6 3.98 1200.3 23.98 37.78 905.9 75.47
0.59 299.5 4.27 1278.8 23.96 40.56 971.8 75.99
0.46 298.7 5.16 1541.2 23.68 50.52 1196.3 77.62
0.31 296.7 3.75 1112.6 15.78 50.72 800.3 71.93
0.19 289.8 2.65 767.9 9.97 50.82 506.6 65.98
0.09 288.2 1.45 417.8 4.59 50.88 234.0 56.01
0.07 282.1 1.26 3554 3.64 50.92 185.3 52.15
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au 4.7117 4.9170 0.2059
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m3azaly  CuSo, ) UHHIWANB: giliHuN 1

30 (W1#) Lmﬁuﬁzmﬁvm (V) ﬂituﬁﬁlmﬁﬂﬂ (A)
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SEMICONDUCTOR v

TIP32 Series(TIP32/32A/32B/32C)

Medium Power Linear Switching Applications
« Complement to TIP31/31A/31B/31C

1 TO-220
1.Base 2.Collector 3.Emitter
PNP Epitaxial Silicon Transistor
Absolute Maximum Ratings T¢=25°C unless otherwise noted
Symbol Parameter Value Units
Vepo Collector-Base Voltage : TIP32 -40 v
1 TIP32A - 80 v
: TIP32B -80 v
: TIP32C -100 '
Veeo Collector-Emitter Voltage : TIP32 -40 v
1 TIP32A -60 v
:TIP32B -80 v
:TIP32C -100 v
Vego Emitter-Base Voltage -5 v
lc Collector Current (DC) -3 A
lcp Collector Current {Pulse) -5 A
Ig Base Current -3 A
Pec Collector Dissipation (T¢=25°C) 40 w
Pc Collector Dissipation (T,=25°C) 2 w
T, Junction Temperature 150 °C
Tste Storage Temperature -65~150 °C
Electrical Characteristics T=25°C unless otherwise noted
Symbol Parameter Test Condition Min. | Max. | Units
Veeolsus) * Collector-Emitter Sustaining Voltage
1 TIP32 lc=-30mA, Ig=0 -40 \
1 TIP32A -60 v
: TIP32B -80 A
: TIP32C -100 \
lceo Collector Cut-off Current
1 TIP32/32A Veg=-30V.1g=0 -0.3 mA
: TIP32B/32C Veg=-60V.Ig=0 -03 mA,
lces Collactor Cut-off Current
1 TIP32 Veg=-40V, Vgg=0 - 200 HA
: TIP32A Veg=- 60V, Vgg =0 -200 | pA
: TIP32B Vee=-80V, Vgg=0 -200 HA
1 TIP32C Veg=-100V, Veg=0 - 200 A
lego Emitter Cut-off Current Veg=-5V,Ig=0 -1 mA
heg * DC Current Gain Vep=-4V, lc=-1A 25
Veg=-4V,Ic=-3A 10 50
Vce(sat) * Collector-Emitter Saturation Voitage lc=-3A, lg=-375mA -1.2 A
Vge{sat) * Base-Emitter Saturation Voltage Vee=-4V, lc=-3A -1.8 v
fr Current Gain Bandwidth Product Vee=- 10V, Ig = - 500mA 3.0 MHz

* Pulse Test: PW<300us, Duty Cycles2%

©2000 Fairchikt Semiconductor internationat

Rev. A Fetrusry 2000
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ HiS~C™ SuperSOT™-8
Bottomless™ ISOPLANAR™ SyncFET™
CoolFET™ MICROWIRE™ TinyLogic™
CROSSVOLT™ POp™ UHC™
E2CMOS™ PowerTrench® VCX™
FACT™ QFET™
FACT Quiet Series™ Qs™
FAST® Quiet Series™
FASTr™ SuperSOT™.-3
GTO™ SuperSOT™-6

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR
INTERNATIONAL.

As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, or (c) whose failure to perform
when properly used in accordance with instructions ~r use
provided in the labsling, can be reasonably expected to
result in significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status Definition

Formative or In
Design

Advance Information

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

Preliminary First Production

This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

€2000 Faschia Semiconductor International
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TIP31, TIP31A, TIP31B, TIP31C,
(NPN), TIP32, TIP32A, TIP32B,

TIP32_P, (PNP)

Complementary Silicon
Plastic Power Transistors

Designed for use in general purpose amplifier and switching

applications.

et RN O QUK 15 5

ON Somiconductor®

http://onsemi.com

® Collector-Emitter Saturation Voltage - 3 AMPERE
VeE(say = 1.2 Vde (Max) @ Ic = 3.0 Ade POWER TRANSISTORS
® Collector-Emitter Sustaining Voltage - COMPLEMENTARY
VcEogsus) = 40 Vde (Min) - TIP31, TIP32 SILICON
=60 Vdc (Min) - TIP3 1A, TIP32A 40-60-80-100 VOLTS
=80 Vdc (Min) - TIP31B, TIP32B 40 WATTS
= 100 Vdc (Min) - TIP31C, TIP32C
® High Currcrlt Gain - Band'\wdth Prciduct MARKING
f‘[ =3.0MHz (Mln) @ lc =500 mAdc 4 DIAGRAM
e Compact TO-220 AB Package % o
MAXIMUM RATINGS ' AYWW
Rating Symbol Value Unit ‘ TIPoo¢
Collector-Emitter Voltage TIP31, TIP32 VeeO 40 Vdc i 5'“:5: BASE
TIP31A, TIP32A 60 il > GONECTOR
TIP31B, TIP32B a0 12 3. EMITER
TIP31C, TIP32C 100 3 4 COLLECTOR
Collector-Base Voltage TIP31, TiP32 Ves 40 Vdc TO-220AB
TIP31A, TIP32A 60 CASE 221A-09
TIP31B, TIP32B 80 STYLE 1
TiP31C, TIP32C 100
o = Specific Device Code:
Emitter-Base Voltage Veg 5.0 Vdc 31, 31A, 318, 31C, 32, 32A, 32B, 32C
Collector Current Continuous 2.0 Adc A =Assembly Location
Peak 5.0 Y o =Year
WW = Work Week
Base Current 1.0 Adc
o pe— = e o e«
@Tenose o w | wets ORDERING INFORMATION
Derate above 25°C 0.32 wWree See detailed ordering and shipping information in the package
- dimensions section on page § of this data sheet.
Total Power Dissipation Pp
@Ta=25°C 20 Watts
Derate above 25°C 0.016 w/i°e
Unclamped Inductive 32 mJ
Load Energy (Note 1)
Operating and Storage Junction T, Tstg -6510 °C
Temperature Range +150

1. Ic=18A L=20mH, PR.F.=10Hz, Vcc =10 V,Rpge = 100 Q2.

(-] Sommnductor Cornpomrus I@sm: ue, 2003 '
January, 2003 - Rev. 8

A S R, 58

" Publication Order Number:
TIP3AD



TIP31, TIP31A, TIP31B, TIP31C, (NPN), TIP32, TIP32A, TIP32B, TIP32C, (PNP)

THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient Raya 62.5 °CW
Thermal Resistance, Junction to Case Reic 3.125 *CW
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)
l Characteristic I Symbol ' Min Max I Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (Note 2) TIP31, TIP32 | Vceo(sus) 40 - Vdc
(lc =30 mAdc, Ig = 0) TIP31A, TIP32A 60 -
TIP318B, TIP32B 80 -
TIP31C, TIP32C 100 -
Coilector Cutoff Current (Vge = 30 Vdc, Ig = 0) TIP31, TIP32, TIP31A, TIP32A Iceo - 03 mAdc
(Vcg =60Vdc, Ig=0) TIP31B, TIP31C, TIP32B, TIP32C - 03
Collector Cutoff Current Ices pAdc
(Vce =40 Vdc, Veg = 0) TIP31, TIP32 - 200
(VCE = 60 Vdc, VEB =0) TIP31A, TIP32A - 200
(Vg = 80 Vde, Vgg = 0) TIP31B, TIP32B - 200
{Vge = 100 Vdc, Vgg = 0} TIP31C, TIP32C - 200
Emitter Cutoff Current (Vgg = 5.0 Vdc, Ic = 0) leso - 1.0 mAdc
ON CHARACTERISTICS (Note 2)
~ DC Current Gain {l¢ = 1.0 Adc, Vg = 4.0 Vdc} bre 25 - -
{lc = 3.0 Adc, Ve = 4.0 Vdc) 10 50
Collector-Emitter Saturation Voitage {I¢ = 3.0 Adc, Ig = 375 mAdc) VCE(sat) - 1.2 Vdc
Base-Emitter On Voitage (I = 3.0 Adc, Vg = 4.0 Vdg) VBE(on) - 1.8 Vdc
DYNAMIC CHARACTERISTICS
Current-Gain - Bandwidth Product {Ic = 500 mAdc, Vcg = 10 Vdc, figst = 1.0 MHZ) fr 3.0 - MHz
Small-Signal Current Gain (I = 0.5 Adc, Vg = 10 Vdc, f = 1.0 kHz) hte 20 - -

2. Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.

'http:h’onsemi.cdm
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TIP31, TIP31A, TIP31B, TIP31C, (NPN), TIP32, TIP32A, TIP32B, TIP32C, (PNP)
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40 4.0
@ N
E N
g T
Z 30 3.0 c
Z
o
e N
& N
7 20 2.0 ~
7 N
a ™
o
$ 10 10 Ta I \
@) ’ N \
a
a N
B 0 \\
0
0 20 40 60 8 100 120 140 160
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Figure 1. Power Derating
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V, ! 0.5 ~<l1
e % . i —
. = t@Vec=10V
—o] ty b Cja << Cep 0 w .
APPROX L = X
*1v I f<70ns 40V ot 0.1 N
| }100<t2<500us ' — —
Vin—L——J L <150s 0.07 4 @ Veg(om = 2.0V ]
! | 0.05
' I 0.03 T
e DUTY CYCLE = 2.0% 002
TURN-OFF PULSE APPROX -9.0V 003 005 0.1 03 05 10 3.0

Rg and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS.

Figure 2. Switching Time Equivalent Circuit
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Ic, COLLECTOR CURRENT (AMP)

Figure 3. Turn-On Time



1¢, COLLECTOR CURRENT (AMP) 1ft), TRANSIENT THERMAL RESISTANCE (NORMALIZED)

1, TIME (us)

TiP31, TIP31A, TIP31B, TIP31C, (NPN), TIP32, TIP32A, TIP32B, TIP32C, (PNP)
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Figure 4. Thermal Response
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There are two limitations on the power handling ability of
a transistor: average junction temperature and second
breakdown. Safe operating area curves indicate Ic - V¢g
limits of the transistor that must be observed for reliable
operation; i.e., the transistor must not be subjected to greater
dissipation than the curves indicate.

The data of Figure 5 is based on Typyy = 150°C; Tc is
variable depending on conditions. Second breakdown pulse
limits are valid for duty cycles to 10% provided Tj(pk)
= 150°C. Typky may be calculated from the data in
Figure 4. At high case temperatures, thermal limitations will
reduce the power that can be handled to values less than the
limitations imposed by second breakdown.
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Figure 7. Capacitance

W S AR T

http :llon;émi.cdm

4



V, VOLTAGE (VOLTS) hfg, DC CURRENT GAIN

Ic., COLLECTOR CURRENT (j4)

TIP31, TIP31A, TIP31B, TIP31C, (NPN), TIP32, TIP32A, TIP32B, TIP32C, (PNP)
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TIP31, TIP31A, TIP31B, TIP31C, (NPN), TIP32, TIP32A, TIP32B, TIP32C, (PNP)

ORDERING INFORMATION

Device Package Shipping
TIP31 T0-220AB 50 Units/Rail
TIP31A TO-220AB 50 Units/Rail
TIP31B TQ-220AB 50 Units/Rait
TIP31C TO-220AB 50 Units/Rail
TIP32 TO-220AB 50 Units/Rail
TIP32A TO-220AB 50 Units/Rail
TIP32B TO-220AB 50 Units/Rail
TIP32C TO-220AB 50 Units/Rail
PACKAGE DIMENSIONS
TO-220AB
CASE 221A-09
ISSUE AA
T ] e K DMENSIONNG AND TOLERANCING PER ANSI

Y14.5M, 1982
2. CONTROLLING DIMENSION: INGH.

—> B |« F T— > C e 3. DHMENSION Z DEFINES A ZONE WHERE ALL
| S | [ BODY AND LEAD IRAEGULARITIES ARE
% ALLOWED.
J J/ T I- INCHES MILLIMETERS
D] MIN | MAX | MIN | MAX
Q A T ~ A ] 0570 {0820 | 1448 | 1575
l l 123 ‘ u B [ 0380 | 0405 | 966 | w28
. C | 0160|0190 | 407 | 482 |
H —- f D | 0025 | 0035 | 066 | 088
— F 0142 | 0347 | 361 | 313
J K G [ 0095 | 005 ] 242 | 286
z H | 0110 [ 0155 | 280 | 383
{ 4 ] 0018 | 0025 | 046 | 064
K | 0500 | 0562 | 1270 | 14.27
i L | 0045 0060 | ti5 | 152
L R * N o150 jozi0] 483 | 53
v | J Q| 0100 | 0120 | 25¢ | 304
R 10080 [ 0110 | 204 1 279
G —isd ffe— S | 0045 [ 0085 | 115 | 139
STYLE1: T | 0235 | 0255 | 587 | 647
be—D PIN1. BASE u | 0000 o050} 000 [ 127
N 2. COLLECTOR v ooss | —§ 5] ——
3. EMITTER 7] — oo - 204
4. COLLECTOR

ON Semiconductor and ‘D are registered trademarks of Semiconductor Components industries, LLC (SCILLC). SCILLC reserves the right to make
changes without further notice to any produdts herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any
particutar purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and s pecifically disclaims any and all
liability, including without limitation special, consequential or incide * * famages. *Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actuat performance may vary over lime. All operating parameters, including “Typicals® must be
validated for each customer application by customer's technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC produds are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death
may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC
and its officers, employees, subsidiaries, affiliates, and distibutors harmless against all daims, costs, damages, and expenses, and reasonable atiomey fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.

¢ kb e A o
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PUBLICATION ORDERING INFORMATIO

Literature FuMfiliment: JAPAN: ON Semicondudor, Japan Customer Focus Center
Literature Distribution Center for ON Semiconductor 2-9-1 Kamimeguro, Meguro-ku, Tokyo, Japan 153-0051
P.0. Box 5163, Denver, Colorado 80217 USA Phone: B81-3-5773-3850
Phone: 303-875-2175 or B0O-344-3860 Toll Free USA/Canada Email: r14525@onsemi.com

Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada

Email: ONiit@hibbertco.com
N. American Technical Support: 800-282-9855 Toll Free USA/Canada gg;:sdg'::‘:eﬂ;::g{i':: fion. piease contact you local

ON Semiconductor Website: hitp:/onsemi.com
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MOTOROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by MUR3020PT/D

SWITCHMODE™ Power Rectifiers MUR3020PT

.. . designed for use in switching power supplies, inverters and as free MURMPT *
wheeling diodes, these state—of-the—art devices have the following features: Munsosop-r*
« Ultrafast 35 and 60 Nanosecond Recovery Time *Motorola Prefarred Devices

+ 175°C Operating Junction Temperature

+ High Voltage Capability to 600 Volts

» Low Forward Drop ULTRAFAST RECTIFIERS
* Low Leakage Specified @ 150°C Case Temperature 30 AMPERES

= Current Derating Specified @ Both Case and Ambient Temperatures 200-400--600 VOLTS

+ Epoxy Meets UL94, Vo @ 1/8”
+ High Temperature Glass Passivated Junction

Mechanical Characteristics:
« Case: Epoxy, Molded
+ Weight: 4.3 grams (approximately)

« Finish; All External Surfaces Corrosion Resistant and
Terminal Leads are Readily Solderable 1

¢ Lead Temperature for Soldering Purposes: 260°C Max. 24
for 10 Seconds '

» Shipped 30 units per plastic tube
* Marking: U3020, U3040, U3060

CASE 340D-02, Style 2
TO-218AC
MAXIMUM RATINGS, PER LEG
Rating Symbol MUR3020PT | MUR3040PT | MUR3060PT | Unit
Peak Repetitive Reverse Voltage VRRM 200 400 600 Volts
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR
Average Rectified Forward Current (Rated VR) 'F(AV) Amps
PerLeg 15@ Tg =150°C 15@Tg=
Per Device 30@ T =150°C 30 145°C
Peak Rectified Forward Current, Per Leg IFRM 30 30 Amps
{Rated VR, Square Wave, 20 kHz, T¢ = 150°C) @ T =150°C @ Tc =145°C
Nonrepetitive Peak Surge Current IFSM 200 150 Amps
(Surge applied at rated load conditions,
halfwave, single phase, 60 Hz} Per Leg
Operating Junction and Storage Temperature TJ Tstg ~6510 +175 °C
THERMAL CHARACTERISTICS PER DIODE LEG
Maximum Thermal Resistance — Junction to Case Rguc 1.5 °CW
— Junction to Ambient RgJja 40
ELECTRICAL CHARACTERISTICS PER DIODE LEG
Maximum Instantaneous Forward Voltage (1) VF Volts
(F =15 Amp, Tg = 150°C) 0.85 1.12 1.2
{IF =15 Amp, T = 25°C) 1.05 1.25 15
Maximum Instantaneous Reverse Current (1) iR HA
(Rated DC Voltage, T = 150°C) 500 1000
(Rated DC Voltage, T ; = 25°C) 10 10
Maximum Reverse Recovery Time tr 35 60 ns
(iF = 1.0 Amp, di/dt = 50 Amps/us)

(1) Pulse Test: Pulse Width = 300 ps, Duty Cycle < 2.0%.

SWITCHMODE is a trademark of Motorola, Inc.

Preferred devicas are Motorola recommended choices for future use and best overall value.

Rev 4
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MUR3020PT MUR3040PT MUR3060PT
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i, INSTANTANEOUS FORWARD CURRENT (AMPS)
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MUR3020PT MUR3040PT MUR3060PT
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r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED)

MUR3020PT MURJ040PT MUR3060PT
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MUR3020PT MUR3040PT MUR3060PT
OUTLINE DIMENSIONS

p— c b
J NOTES
B— —Q E "I nil 1. DIMENSIONING AND TOLERANGING PER ANSH
Y14.5M, 1962
y 2. CONTROCLING DIMENSION: MILLIMETER,
| WLLIVETERS | INGHES
| v [ o[ WAX | W | uax
Al — 2w | — o8
- B | 1470 | 1520 | 0578 | 0588
< 4.70 490 | 0185 | 0,183
D | 110 | 130 | 0043 | 0.051 |
E | 147 | 137 | 0046 | 0.054 |
] 540 555 | 0213 | 0.215
W] 200 | 300 | 0070 | 0.118
J | 050 078 ] 0020 | poyt
K | 31.00REE 1220REF
L —Twm| —[oem
Q| 400 | 410 | 0158 [ 0181
J _.J | S 1780 | 18.20 | 0.701 | 0.717
* Ul 4mREr 0157 REF
H p— v | 1I5REF 0.069
STEZ
PIN 1. ANODE §
2 CATHODE(S)
3. ANODE 2
4. CATHOODE(S)
CASE 340D02
ISSUEB

Motorola reserves the right to make changes without further notice to any products herein. Matorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential orincidental damages. “Typical* parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals”
must be validated for each customer application by customer's technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the faiture of the Motorola product could create a situation where personal injury
ordeath may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shallindemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, cosls, damages, and expenses, and reasonable attomey fees
arising out of, directy or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are regislered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

Mfax is a trademark of Motorola, Inc.
How to reach us:
USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.: SPD, Strategic Planning Office, 4-32-1,
P.O. Box 5405, Denver, Colorado B0217. 1-303-675-2140 or 1-800—441-2447  Nishi-Gotanda, Shinagawa—ku, Tokyo 141, Japan. 81-3-5487-8488

Customer Focus Center: 1-800-521-8274

Mfax™: RMFAXO@email sps.mot.com — TOUCHTONE 1-602-244-6608 ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; 8B Tal Ping industrial Park,
Motorola Fax Back System - WS & Canada ONLY 1-8n" 774-1848 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298

— http #/sps motorola.comimtax/
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MUR1510, MUR1515,
MUR1520, MUR1540,
MUR1560, MURF1560

R A s

Praferred Devices

SWITCHMODE™ .
Power Rectifiers ON Semiconductor
http://onseml.com

These state-of-the-art devices are a series designed for use in e et

switching power supplies, inverters and as free wheewug diodes.

Features ULTRAFAST RECTIFIERS
® Ultrafast 35 and 60 Nanosecond Recovery Time 15 AMPERES: 100-600 VOLTS
® 175°C Operating Junction Temperature e 5 5

® High Voltage Capability to 600 V

® Low Forward Drop

® T ow Leakage Specified @ 150°C Case Temperature

® Current Derating Specified @ Both Case and Ambient Temperatures

& Pb-Free Packages are Available*

Mechanical Characteristics:

® Case: Epoxy, Molded

® Weight: 1.9 Grams (Approximately)

® Finish: All External Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable

® Lead Temperature for Soldering Purposes: 260°C Max. for

10 Seconds TO-220AC TO-220 FULLPAK
CASE 221B CASE 221E
STYLE 1 STYLE 1
MARKING DIAGRAMS
AY WWG AYWWG
U15xx MURF1580
KA

U\ I

A = Assembly Location
Y = Year

ww = Work Week

G

= Pb-Free Package
U15xx = Device Code
xx =10, 15, 20, 40 or 60

KA = Dlode Polarrty
ORDERING INFORMATION
» A . . See detailed ordering and shipping information in the package
*For additional information on our Pb-Free strategy and soldering details, please dimensions section on page 7 of this data sheet.
download the ON Semiconductor Soldering and Mounting Techniques . e e ——— e s ————
Reference Manual, SOLDERRM/D. Prererrod dewces are recommended chouces for future use

and best overall value.

+ i s e e

© mmdoac«mmrnaumu LLC zoos 9 ' 14 ' : Publrcatron Order Number
January, 2008 - Rev. 5 MUR1520/D



MUR1510, MUR1515, MUR1520, MUR1540, MUR1560, MURF1560

MAXIMUM RATINGS
MUR
Rating Symbol | 1510 | 1515 | 1520 | 1540 1560 Unit
Peak Repetitive Reverse Voltage Vaam 100 | 150 | 200 | 400 600 Vv
Working Peak Reverse Voltage VewM
DC Blocking Voltage Vg
Average Rectified Forward Current (Rated Vg) Irav) 15 @ T = 150°C 15 @ T¢ = 145°C A

30 @ Tg = 150°C

V@Tc=145C | A

Peak Rectified Forward Current (Rated Vg, Square Wave, 20 kHz) IFAM
Nonrepetitive Peak Surge Current (Surge applied at rated load IFgm 200 150 A
conditions halfwave, single phase, 60 Hz)

Operating Junction Temperature and Storage Temperature Range | Ty, Teg -6510 +175 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the

Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect

device reliability.

THERMAL CHARACTERISTICS
Parameter Symbol Value Unit
MUR1510 Series: Thermal Resistance *CIW
Junction-to-Case Rayc 1.5
Junction-to-Ambient Roga 73
‘MURF1560: Thermal Resistance CW
Junction-to-Case Rasc 425
Junction-to-Ambient Raga 75
ELECTRICAL CHARACTERISTICS
Characteristic Symbol 1520 1540 1560 Unit
Maximum Instantaneous Forward Voltage {Note 1) VE v
{ir = 15 A, Tc = 150°C) 0.85 1.12 1.20
(i = 15 A, Tg = 25°C) 1.05 1.25 1.50
Maximum Instantaneous Reverse Current (Note 1) iR pA
(Rated DC Voltage, T¢ = 150°C) 500 500 1000
{Rated DC Voltage, T¢ = 25°C) 10 10 10
Maximurmn Reverse Recovery Time ter 35 60 ns
(Il = 1.0 A, di/dt = 50 Ajus}
1. Pulse Test: Pulse Width = 300 ps, Duty Cycle < 2.0%.
hitp://onsemi.com
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ig, INSTANTANEOUS FORWARD CURRENT (AMPS)

IF{av), AVERAGE FORWARD GURRENT (AMPS)

MUR1510, MUR1515, MUR1520, MUR1540, MUR1560, MURF1560

MUR1510, MUR1515, MUR1520
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Figure 1. Typical Forward Voltage
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iF, INSTANTANEQUS FORWARD CURRENT (AMPS)

IF(av): AVERAGE FORWARD CURRENT (AMPS)

MUR1510, MUR1515, MUR1520, MUR1540, MUR1560, MURF1560
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i, INSTANTANEOUS FORWARD CURRENT (AMPS)

IF(av), AVERAGE FORWARD CURRENT {AMPS)

MUR1510, MUR1515, MUR1520, MUR1540, MUR1560, MURF1560

MUR1560, MURF1560
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MUR1510, MUR1515, MUR1520, MUR1540, MUR1560, MURF1560
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MUR1510, MUR1515, MUP1520, MUR1540, MUR1560, MURF1560
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ORDERING INFORMATION
Device Package Shipping?t
MUR1510 TO-220AC
MUR1510G TO-220AC
(Pb-Free)
MUR1515 TO-220AC
MUR1515G TO-220AC
(Pb-Free)
MUR1520 TO-220AC
MUR1520G TO-220AC
(Pb~Free) 50 Units / Rail
MUR1540 TO-220AC
MUR1540G TO-220AC
{Pb-Free)
MUR1560 TO-220AC
MUR1560G TO-220AC
{Pb-Free)
MURF1560G TO-220FP
(Pb-Free}

tFor informaticn on tape and reel specifications, inciuding part orientation and tape sizes, please refer to our Tape and Reef Packaging
Specifications Brochure, BRD8011/D.

o R

httpjonsemicom
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MUR1510, MUR1515, MUR1520, MUR1540, MUR1560, MURF1560

PACKAGE DIMENSIONS
TO-220 TWO-LEAD
ZASE 221B-04
ISSUE D
NOTES:
C— 1. DIMENSIONING AND TOLERANCING PER ANSI
B F Y14.5M, 1982,
Q-L r j/- T S 2. CONTROLLING DIMENSION: INCH.
> — INCHES _ | MILLIMETERS |
_C}_ ? | O wiN T MAX | MIN | MAX
T 4 A | 0595 [ 08207 1541 | 1575
A _}— B 103000405 | 965 1 1029 |
U € | 0160 | 0.190 4.06 482
1 3 l D | 0025 | 0005 | 064 | 080
F 0142 |ota7 | 361 [ a3
H T G | 0190 | 0210 | 483 [ 539
f H oo |o01% | 219 [ 330
K 4 0.018 | 0.025 048 0.64
K 0500 | 0582 | 1270 | 14.27
_ l L | 0045 [ 0060 | 144 ] 152 |
L | Q@] 0100 | 0120 2.54 3.4
D n——‘ h— 0.080 | 0410 | 204 | 279
| 0045 | 0055 | 144 ] 139 |
G J 0295 [ 0265 | 507 | 648 |
u | 0000 [ 0050 [ 0ooo | 127
TO-220 FULLPAK, 2-LEAD
CASE 221E-01
ISSUE A
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
7| SEATING Y14.5M, 1982,
PLANE 2. CONTROLLING DIMENSION: INCH.
: el
} s e
T B
HE, : g
A F
G
| ;
} H ¥
L 0
Q
R
—fi G —_:ll.—J ;-]
—in N — R u
M L STYLE 1
PIN 1. CATHODE
—e{le— D2pPL 2. NA

[@]o250010)®] B @]Y]

SWITCHMODE is a trademark of Semiconductor Components industries, LLC.

ON Semiconductor and Q are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes without further notice
10 any products hersin. SCILLC makes no waranty, representation or guarantee regarging the suitability of its products for any particular purpose, nor does SCILL C assume any kabiity
arising oul of the application or use of any product or circult, and specifically disciaims any and all liability, including without limiation special, consequential or incidental damages.
“Typical" parametars which may be provided in SCILLC data sheets and/or spaecifications can and do vary in different applications and actual performance may vary over time. All
operaling parameters, inciuding “Typicals” must be validated for each customer application by customer's technical experts. SCILLC does not convey any license under iis patent rghts
nor the rights of others. SCILLC products are not designed, intanded, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended 10 support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death may occur. Should
Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC and its officors, empioyees, subsidiaries, affiliates,
and distributors harmiess against all ciaims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that SCHILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

UTERATURE FULFILLMENT N. American Technicsl Support: B00-282-9855 Toll Free  ON Semiconductor Website: www.onsemi.com
Literatura Distribution Center for ON Semicenducior USA/Canada §
P.O. Box 5163, Danver, Colorado 80217 USA Europe, Middie East and Africa Technical Support: Qrder Literature: http //www.onsemi.com/orderiit

Phone: 303-675-2175 or B00-344-3860 Toll Free USA/Canada  Phone: 421 33 790 2010 o
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada Japan Customer Focus Center For additional information, please contact your local
Emali: orderit@onsermi.com Phone: 81-3-5773-3850 Sales Represenative
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904
DUAL OPERATIONAL AMPLIFIERS

SLOS068J - JUNE 1876 - REVISED MARCH 2004

® Wide Range of Supply Voltages: LM158, LM158A . .. JG PACKAGE
- Single Supply ...3Vto 30V LM258, LM258A . . . D OR P PACKAGE
LM358 .. .D, DGK, P, PS, OR PW PACKAGE
(LM2904 ... 3 V to 26 V) LM358A ... D, DGK, OR P PACKAGE
(LM2304V...3Vto 32 V) or LM2904 ... D, DGK, P, PS, OR PW PACKAGE
= Duat Supplies (TOP VIEW)
® Low Supply-Current Drain, Independent of J
Supply Voltage . .. 0.7 mA Typ 10uT 1 8flVee
1IN-[} 2 7 20uT
® Common-Mode Input Voltage Range 1N+ {3 6 [] 2IN-
Includes Ground, Allowing Direct Sensing ano 4 5[] 2N+
Near Ground E
® Low Input Bias and Offset Parameters: M58, LM1SBA . .. FK PACKAGE
- Input Offset Voltage ... 3 mV Typ ’ e
A Versions ...2 mV Typ (TOP VIEW)
- Input Offset Current . . . 2 nA Typ o 5 oS4
- Input Bias Current . . . 20 nA Typ £2:55%
A Versions ... 15 nA Typ 4 '—31L2"1—"5"E'
® Differential Input Voltage Range Equal to NC[]4 18[J NC
Maximum-Rated Supply Voltage ... £32V 1IN- ] 5 17[] 20Ut
(LM2904 . . . +26 V) Nclls 16[] NC
(LM2904V . .. +32V) 1IN+[] 7 15[] 21N~
® Open-Loop Differential Voltage NC ]39 1011 12 1314|: NC
Amplification . .. 100 V/mV Typ oo Tow T Tom |
® Internal Frequency Compensation 2ggos@
O W
description/ordering information NC - No internal connection

These devices consist of two independent,

high-gain, frequency-compensated operational

amplifiers designed to operate from a single

supply over a wide range of voltages. Operation from split supplies also is possible if the difference between
the two supplies is 3 V to 30 V (3 V to 26 V for the LM2904 and 3 V to 32 V for the LM2904V), and V¢ is at
least 1.5 V more positive than the input common-mode voltage. The low supply-current drain is independent
of the magnitude of the supply voltage.

Applications include transducer amplifiers, dc amplification blocks, and all the conventional operational
amplifier circuits that now can be implemented more easily in single-supply-voltage systems. For example,
these devices can be operated directly from the standard 5-V supply used in digital systems and easily can
provide the required interface electronics without additional £5-V supplies.

Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

A Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of

PRODUCTION DATA information la curtent as of publication dats.
Products

Copyright © 2004, Texas Instruments Incorporated

tering of sl perameters.

corform {0 specifications per the lerms of Truss Insruments w On products complan 10 MIL-PRF-33535, oll paramaters are tested
TEXAS ey

does ot Y inciude unisss otherwiss moled. On off ether
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904
DUAL OPERATIONAL AMPLIFIERS

SLOS088J - JUNE 1976 - REVISED MARCH 2004

description/ordering information (continued)

ORDERING INFORMATION

™ oG | Maxvee PACKAGET PART NUMBER MARKING
PDIP (P) Tubeof 50 | LM358P LM356P
Tube of 75 LM358D
SOIC (D) Reel of 2500 | LM358DR LM358
7 mv 30V SOP (PS) Reel of 2000 | LM358PSR L358
Tube of 150 | LM358PW
0°C t0 70°C TSSOP (PW) Reel of 2000 | LM358PWR L358
VSSOP (DGK) Reel of 2500 | LM358DGKR M5S
PDIP (P) Tubs of 50 | LM358AP LM358AP
Tubeof 75 | LM358AD
3mv oV SoIC (@) Reel of 2500 | LM358ADR LM358A
VSSOP (DGK) Reel o[ 2500 | LM35BADGKR M6S
PDIP (P) Tube of 50 | LM256P LM258P
5mv 0V Tube of 75 | LM256D
. ) soic @) Reel of 2500 | LM258DR LM258
2°CloBSC PDIP (P) Tubeof 50 |LM258AP LM258AP
3mv 30V Tube ol 75 | LM256AD
soic (@) Reel of 2500 | LM258ADR LM258A
POIP (P) Tube of 50 | LM2904P LM2904P
Tubeof 75 | LM2904D
SoIC (D) Reel of 2500 | LM2904DR LM2904
7mv 26V SOP (PS) Reel of 2000 | LM2904PSR 2904
Tube of 150 | LM2304PW
-40°C to 125°C TSSOP (PW) Reel of 2000 | LM2304PWR 12904
VSSOP (DGK) Reel of 2500 | LM2904DGKR MBS
SOIC (D) Reel of 2500 | LM2904VQDR L2904V
Tmv 32v TSSOP (PW) Reelof 2000 | LM2904VOPWR 12904V
SOIC (D) Reel of 2500 | LM2904AVQDR L2904AV
2mv 2V ssop (PwW) Reel of 2000 | LM2904AVQPWR L2904V
COIP (JG) Tubeof 50 | LM158JG LM158JG
Smv v LCCC (FK) Tube of 55 | LM158FK LM158FK
~55°C to 125°C
oy oy CDIP (JG) Tube of 50 | LM158AJG LM158AJG
LCCC (FK) Tubo of 55 | LM158AFK LM158AFK

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/sc/package.

symbol (each amptifier)
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904
DUAL OPERATIONAL AMPLIFIERS

SLOS068J - JUNE 1576 - REVISED MARCH 2004

schematic (each amplifier)

[ ) S G

vVee+

=6-uA =6-pA =100-uA
Current Current Current
Regulator Regulator Regulator

out

=50-uA
Current
Regulator

GND (or Vce-)
To Other Amplifier

IN+

COMPONENT COUNT
Epi-FET 1
Diodes 2
Resistors 7

Transistors 51
Capacitors 2

{'F TeEXAS
INSTRUMENTS
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904
DUAL OPERATIONAL AMPLIFIERS

SLOS068J - JUNE 1976 - REVISED MARCH 2004

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

LMT58, LM158A
Ll MGSER | s |
) LM2904V
Supply voltage, Vo (see Note 1) 116 or 32 13 or 26 \'s
Differential input voltage, V|p (see Note 2) +32 126 \
Input voltage, V| (either input) -0.3t0 32 -0.3to 26 A
la)tu(r:rt '32&??5‘3 :r:(;nacl:r:aur:;(;g?:t:r: F(’t'r(l?g ;ogc\,/l;r;:ee Note 3} Unlimited | Unlimited
D package 97 97
DGK package 172 172
Package therma! impedance, 0 a (see Notes 4 and 5} P package 85 85 °CW
PS package 95 95
PW package 149 149
) FK package 5.61
Package thermal impedance, 8¢ (see Notes 6 and 7) JG packags %5 *CAW
LM158, LM158A -551t0 125
. ) LM258, LM258A -25 16 85 .
Operating free-air temperature range, Ta, M358 LM358A 0t 70 C
LM2804 -40 to 125 -40to 125
Operating virtual junction temperature, T 150 150 °C
Case temperature for 60 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG package 300 300 °C
Storage temperatura range, Tstg -6510 150 -65to 150 °C

1 Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device, These are stress ratings only, and
tfunctional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1.

All voltage values, except differential voltages and V¢ specified for measurement of lns, are with respect to the network ground
terminal.

Differential voitages are at IN+ with respect to IN-.

Short circuits from outputs to Voo can cause excessive heating and eventual destruction.

Maximum power dissipation is a function of T j(max), 84, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T j(max) ~ Ta)6 4. Operating at the absolute maximum T of 150°C can affect reliability.

The package thermal impedance is caiculated in accordance with JESD 51-7.

Maximum power dissipation is a function of T j(max}, 8)C. and Tc. The maximum aflowable power dissipation at any allowable case
temperature is Pp = (T j(max) — Tc)¥6 yo. Operating at the absolute maximum T of 150°C can affect reliability.

The package thermal impedance is calculated in accordance with MIL-STD-883.

{’) TeEXAs
INSTRUMENTS
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904
DUAL OPERATIONAL AMPLIFIERS

SLOS088J - JUNE 1976 - REVISED MARCH 2004

electrical characteristics at specified free-air temperature, Vgc = 5 V (unless otherwise noted)

LM158
LM353
PARAMETER TEST CONDITIONST Tat LM258 UNIT
MIN TYPS MAX| MIN TYPS mMAX
Voo =5V to MAX, 25°C 3 5 3 7
Vio input offset voltage | VIC = VICR(min). mv
Vo=14V Full range 7 9
Average temperature
coefficient of Full range 7 7 uvrC
Yio
input offset voitage
| | s v 1av 25°C 2 30 2 50 A
1o neutofiset curent | Vo = 1.4 Full range 100 150
Average temperature
a) coefficient of Full range 10 10 pAS°C
10 input offset current
| | b Ve =14V 25°C -20 -150 -20 -250 A
iB nput bias current o=1 Full range 300 500 n
Oto Oto
25°C
Common-mode Vce-1.5 Vce-1.5
VICR input voltage range Vee =5V to MAX Ful Oto Oto v
ull range Voo-2 Voo-2
R 22kQ 25°C Vee-1.5 Vee—1.5
v High-level RL 210 kQ 25°C y
OH output voltage v RL=2kQ Full range 26 26
CC=MAX I > 10ka |Fulrange | 27 28 27 28
VoL tﬁ:;j?;;’lmge RL<10kQ Full range 5 20 5 20| mv
Large-signal Ve =15V, 25°C 50 100 25 100
AVD differential Vo=1Vto 11V, vimv
voltage amplification | Ry =22 kQ Full range 25 15
Common-mode Voo =5V ito MAX, o
CMRR rojection ratio Vic = VicR(min) 25°C 70 80 65 80 dB
Supply-voitage
kSVR rejection ratio Vee =5V ito MAX 25°C 65 100 85 100 dB
(AVpp/avip)
Vo1Vo2 Crosstalk attenuation | f= 1 kHz to 20 kHz 25°C 120 120 dB
Vec=15V.Vp=1V, 25°C -20 -30 ~20 -30
Vo=0 Fullrange | -10 -10 A
m
o Output current Voo =15V, Vip=-1V, 25°C 10 20 10 20
Vo=15V Full range 5 5
Vip=-1V, :"13 =200 25°C 12 30 12 30 WA
Short-circuit Vecat5V,GNDat-5v, o
l0s output current Vo= 0 25°C +40 60 +40 160] mA
Vo =25V, Noload Full range 0.7 1.2 0.7 1.2
I Supply current Voo —MAX Ve =05V mA
cc (two amplifiers) Nl T POTES Y Full range 1 2 1 2

t All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX Vo for
testing purposes is 26 V for the LM2904 and 30 V for others.

tFul range is ~55°C to 125°C for LM158, -25°C to 85°C for LM258, 0°C to 70°C for LM358, and -40°C to 125°C for LM2904.

§ All typical values are at Ta = 25°C.

¥ Toyas
INSTRUMENTS
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LM158, LM158A, LM258, LM258A

LM358, LM358A, LM2904
DUAL OPERATIONAL AMPLIFIERS

SLOS068J - JUNE 1976 - REVISED MARCH 2004

electrical characteristics at specified free-air temperature, Vo = 5 V (unless otherwise noted)

LM2904
PARAMETER TEST CONDITIONST TAi N TYPS  MAX UNIT
Vee = AX 25°C 3 7
Vio input offset voltage VE;C= V?:;;::,), V 0=14V Full range 0 mv
o e e e st 1 [
Non-V device 25 2 20
llo Input offset current Vo=14V Full range 200 nA
. 25°C 2 50
V-suffix device Ful range 150
o peste empers cotof R
25°C -20 -250
i Input bias current Vp=14V Full range 500 nA
25°C vgctfts
VICR Comrmon-mode input voltage range | Vog =5V to MAX 0o v
Full range Vog-2
RL 2 10kQ 25°C Vee-1.5
Ve = MAX, R =2kQ Full range 22
VoH High-level output voltage Non-V device Ry 2 10kQ Full range 23 24 \v
Ve = MAX, Rp=2kQ Full range 26
V-suffix device R 2 10 kQ Full range 27 28
VoL Low-level output voltage RL < 10 kQ Full range 5 20 mV
D Large-signal differential ch =15V, Vg =1Vto 11V, 25°C 25 100 VimV
voltage amplification RL=22kQ Full range 15
Vee =5V to MAX, | Non-V device 25°C 50 80
CMRR  Common-mode rejection o Vi - VICR(min) | Vesuffix device | 25°C 85 80 a8
kSVR (SAU\?ng;X%ng)e rejection rafio Voo = 5V to MAX 25°C 65 100 dB
Voi1/Vo2  Crosstalk attenuation f=1kHzto 20 kHz 25°C 120 dB
25°C -20 -30
Vee =15V, Vip=1V,. Vg =0 Full range 0
25°C 10 20 mA
o Output current Vee =15V, V|p=-1V,Vg=15V Full range 5
Vip=-1V, Non-V device 25°C 30
Vo =200 mv V-suffix device |  25°C 12 40 wA
los Short-circuit output current Vecat5V,GNDat-5V, Vg =0 25°C 0 60| mA
lec Supply current (two amplifiers) Vo=25V, No load Full range 0.7 1.2 .
Vee = MAX, Vg =05V, No load Full range 1 2

t All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX Vo for
testing purposes is 26 V for the LM2904, 32 V for the LM2904V, and 30 V for others.

T Full range is -55°C to 125°C for LM158, -25°C to 85°C for LM258, 0°C to 70°C for LM358, and -40°C to 125°C for LM2904.

§ Al typical values are at Tp = 25°C.

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904
DUAL OPERATIONAL AMPLIFIERS

SLOS068J - JUNE 1876 - REVISED MARCH 2004

electrical characteristics at specified free-air temperature, Voc = 5 V (unless otherwise noted)

LM158A LM258A
PARAMETER TEST CONDITIONST Tal UNIT
MIN TYP§ MAX| MIN TYPS MAX
Voo =5Vto30V, 25°C 2 2 3
Vio Input offset voltage Vic = VICR(min) mvV
Vpo=14V Full range 4 4
Average temperature
v coefficient of Full range 7 15* 7 15| uvrC
input offset voltage
| Input offset ‘ Ve = 14V 25°C 2 10 2 15
Te) nput offset curren 0=1. Full range 30 30 nA
Average temperature
“'.o coefficient of Fuli range 10 200 10 200 | pArC
input offset current
| nout bi v 14V 25°C -15 -50 -15 ~80
t =14
1B nput bias curren 0 Full range -100 oo ™
Oto Oto
25°C
v Common-mode Ve =30 V Vee-15 Vee-15 v
ICR input voltage range cc=3 Oto Oto
Full range Vog-2 Veg-2
R 22k2 25°C Vee-1.56 Vee-1.5
High-level =
VoH output voitage Veg=30V R =2k | Full range 26 26 v
R 210 k2 | Full range 27 28 27 28
VoL IC;S;TJ?:?)IItage RLs10kQ Full range 5 20 5 20 mv
Large-signal Voo =15V, 25°C 50 100 50 100
AVD differential Vo=1Vtoily, VimV
voltage amplification |RL =22 kQ Full range 25 25
Common-mode o
CMRR rejection ratio 25°C 70 80 70 80 dB
Supply-voltage
ksvR rejection ratio 25°C 65 100 65 100 dB
(aVpp/avip)
Vo1Vo2  Crosstalk attenuation | f=1 kHz to 20 kHz 25°C 120 120 dB8
Ve =15V, Vip=1V, 25°C -20 -30 -60 -20 -30 -60
Vo=0 Fullrange | -10 -10 mA
lo Qutput current Vec=15V,Vip=-1V, 25°C 10 20 10 20
Vo =15 Full range 5 5
Vip = -1V, Vg = 200 mV 25°C 12 30 12 30 pA
los Short-circuit output Vcc_at S5V GNDat-5V, 259 +40 +60 +40 160 mA
current Vo=0
Vo =25V, Noloac Full range 0.7 1.2 0.7 1.2
Icc Supply current (two v IR 05V mA
amplifiers cCc*= VO =R0V,
P ) No load Full range 1 2 1 2

*On products compliant to MIL-PRF-38535, this parameter is not production tested.
T All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX Vg for

testing purposes is 26 V for LM2904 and 30 V for others.
¥ Full range is -55°C to 125°C for LM158A, —25°C to 85°C for LM258A, and 0°C to 70°C for LM358A.

§ All typical values are at T = 25°C.
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904
DUAL OPERATIONAL AMPLIFIERS

SLOS068. - JUNE 1976 - REVISED MARCH 2004

electrical characteristics at specified free-air temperature, Vg = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONST Tat LM3SaA
A A MIN_ TvP§  wmAx| UNT
v Input offset volta Vec=5Vie30V, 2570 2 A "
10 nput offset voltage Vic= VICR(min)v Vo=14V Full range 5
Average temperature coefficient of o
.
Vio input offset voltage Full range 7 20 | uVrC
25°C 2 30 A
o Input offset current Vo=14V Full range 75
Average temperature coefficient of
a
o input offset current Full range 10 300§ pASC
v 25°C -15 -100 A
i =14
IT:] Input bias current Vo Full range ~200
o 0to
25°C Vee-1.8
VICR Common-mode input voltage range Voo =30V 0o A
Full range Vee-2
RL 22k 25°C Vee-1.5
VoH High-level output voltage R =2k Fult range 26 v
Voo =30V
R 210 kQ Full range 27 28
VoL Low-leve! output voltage Ry s10kQ Full range 5 20| mv
A Large-signal differential Vee=15V.Vp=1Vio 11V, 25°C 25 100 iy
VD voltage amplification RL =22k Full range 15
CMRR Common-mode rejection ratio 25°C 65 80 dB
Supply-voltage rejection ratio o
k 25°C 65 100 de
SVR (AVDD/AVIO)
Vo1/Vo2 Crosstalk attenuation f=1kHzto 20 kHz 25°C 120 d8
Voo =15V.Vp=1V, 25°C -20 -30 ~60
Vp=0 Full range -10 mA
lo Cutput current Vec=15V,Vip=-1V. 25°C 10 20
Vo =15V Full range 5
Vip=-1V, Vo =200 mV 25°C 30 A
los Short-circuit output current \\58‘3:?; SV.GNDat-SV, 25°C 40 60| mA
Vo =2.5V, Noload Full range 0.7 1.2
} Supply current {twi lifi = = mA
CcC pply {two amplifiers) \r:‘lg%adMAx, Vo=05V Full range 1 2

1 All characteristics are measured under open-loop conditions, with zero comman-mode input voltage, unless otherwise specified. MAX Vcc for

testing purposes is 26 V for LM2904 and 30 V for others.
1 Full range is —55°C to 125°C for LM15BA, -25°C to 85°C for LM258A, and 0°C to 70°C for LM358A.

§ Al typical values are at Ta = 25°C.
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904
DUAL OPERATIONAL AMPLIFIERS

SLOS068J - JUNE 1676 - REVISED MARCH 2004

operating conditions, Vg =15V, Tp = 25°C

PARAMETER TEST CONDITIONS TYP | UNIT
= = = v
SR Slew rate at unity gain 2'; R I-Ji gﬁg‘ %L 30 pF, Vi = £10 03] Vigs
By Unity-gain bandwidth Ry = 1 MQ, C_ = 20 pF (see Figure 1) 0.7 MHz
Vn Equivalent input noise voltage (R;se e=F1i33r?2\;l SOV f=1kHz 40 | nvivAz
Vee+
L ,
"t 1 i
Vee- CL RL
Figure 1. Unity-Gain Amplifier
900 Q
'2%%
Vee+
1000
VisovVv AN
RS

Figure 2. Noise-Test Circuit

W3 Texas
INSTRUMENTS
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MECHANICAL DATA

MCEROO1A - JANUARY 1995 — REVISED JANUARY 1997

JG (R-GDIP-T8) CERAMIC DUAL-IN-LINE
¢ 0.400 (10,16) ,
0.355 (9,00)
0.280 (7,11)
P 0.245 (6,22)
1 4
0.065 (1,65)
0.045 (1,14)
( 0.310 (7,87
0.063 (1,60 0.020 (0,51) MIN 0310(787) 14
0.015 (0,38) €— 0.290 (7,37)
_J 0.200 (5,08) MAX
r ¢ Seating Plane
T 0.130 (3,30) MIN
' 0.023 (o, 58) 0°—15°
_"L 0.015 (0,38) > \"
0. 100 (2 54) 0.014 (0,36)
0.008 (0,20)
4040107/C 08/96
NOTES: A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a ceramic lid using glass frit.

D. Index point is provided on cap for tarminal identification.

E. Falls within MIL STD 1835 GDIP1-T8

‘U TEXAS
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MECHANICAL DATA

MLCCO06B — OCTOBER 1936

FK (S-CQCC-N*") LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
) NO. OF A B
18 17 16 15 14 13 12
3 TERMINALS "IN | mAX | WIN MAX
20 0342 | 0358 | 0307 | 0.358
®69) | 9.09) | 7.80) | (9,09
»8 0442 | 0458 | 0406 | 0.458
(11.23) | (11.63) | (10,31) | (11,63)
B “ 0640 | 0660 | 0495 | 0.560

(16,26) | (16,76) | (12,58) | (14,22)

52 0739 | 0761 | 0.495 | 0560
(18,78) | (19,32) | (12,58) | (14,22)

0.938 0.962 0.850 0.858
(23.83) | (24,43) | (21,6} (21,8)

1141 | 1165 | 1.047 | 1.063
(28.99) | (29.59) | 26.6) | (27.0)

ASQ

68

0.020 {0,51) | 0.080(2,03)
0.010 {0,25) "'l j | I' ’ 0.064 (1,63)
f 0.020 (0,51) H
0.010 (0,25)
L ¢
L
[
K
0.055 (1,40) T
0.045(1.14) 0.045 (1,14)
> [ ¢ 0.035{0,89)
H
3 d
0.028 (0,71) _.I L_ | 0.045{1,14)
0.022 (0,54) 0.035 {0,89)
0.050 (1,27)
4040140/D 10196
NOTES: A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a metal lid.
D. The terminals are gold plated.
E. Falls within JEDEC MS-004
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MECHANICAL DATA

MPDI001A — JANUARY 1995 — REVISED JUNE 1999

PLASTIC DUAL-IN-LINE

P (R-PDIP-T8)

0.400 (10,60)
4 0355(002) 7
5
P
0.260 (6,60)
0.240 (6,10)
o]
=g e R_l
—J L 0.070 (1,78) MAX
0.325 (8,26)
0.020 (0 51} MIN 0.300(7,62)

[——\ l_ 0.015 (0,38)
Gage Plane

I l 0.200 (5,08) MAX
\. Seating Plane
0.125 (3,18) MIN 0.010 (0,25) NOM

L—J—m L- 0.430 (10,92) J
MAX

9.021(0.53) (5 T5 510 (0,35 @)

0.015 (0,38)

4040082/D 05/98

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001

For the latest package information, go to http://www.ti.com/sc/docs/package/pkg_info.htm
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MECHANICAL DATA

DGK (S—PDSO—GB8) PLASTIC SMALL—-OUTLINE PACKAGE

—P
ole
(e

(]

oy
olo
afen
~J| S
wlon
l———

_l\,

[e——— "ol

4

Gauge Plane

15

o
P
o

-

& Seating Plane ‘
0,15
— 110 MAX 0,05

4073329/D 12/03

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion.
D

. Falls within JEDEC MQ-187 wvarigtion AA.

NOTES:

“'f TEXAS
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MECHANICAL DATA

MS0I10028 - JANUARY 1995 — REVISED SEPTEMBER 2001

D (R-PDSO-G**)
8 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

HHH

”l [ W

0.020 (0,51)
0.014(0,35)

4 | 0.010(0,25®

0.157 (4,000
0.150 (3,81)

v

|

0.244 (6,20)

0.228 (5,80)

3

— 0.069 {1,75) MAX

g WU

| 0.010 (0,25)

©.008 (0, 20) NOM

0°-8

Seating Plane ¢

Gage Plane
[ 0.010 (0,25)

0.044(1,12)
0.016 (0,40)

£ | 0.004 (0,10)

0.004 (0,10)
PINS *~*
8 14 16
DIM
0.197 0.344 0.394
AMAX | (500 | @75 | (10,00)
0.189 0.337 0.386
A MIN (4,80) (8,55) (9,80)

=)

4040047/E 09/01

NOTES: A All linear dimensions are in inches (millimeters).

OOow

Falls within JEDEC MS-012

This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion, not to exceed 0.006 (0,15).
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MECHANICAL DATA
Ps (R-PDS0-G8) PLASTIC SMALL-OUTLINE PACKAGE

] [
HHHH

.U'|U-
33
>l|_uo
Lt
[=] =1
——

O
R

T ey (=
v L Seatin: PIone‘ '
s NG

L~ 2,00 MAX ) =lo.10

4040063/C 03/03

NOTES: A, Al linear dimensions ore in millimeters.
B. This drawing is subject to chonge without notice.
C. Body dimensions do not include mold flosh or protrusion, not to exceed 0,15.
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MECHANICAL DATA

MTSS001C — JANUARY 1935 - REVISED FEBRUARY 1933

PW (R-PDSO-G*)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

=4
—
4
[--]

€« — A —

\
i Seating Plane f
L. 1,20 MAX 0.15
0,05
PINS **
1 1 2 2
DIM 8 4 6 0 24 8
A MAX 3,10 5,10 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 01/97

NOTES: A

cow

All linear dimensions are in millimetars.
This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0,15.

Falls within JEDEC MO-153
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other ¢ =nges to its products and services at any time and to discontinue
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LM139, LM139A, LM239, LM239A,
LM339, LM339A, LM2901, LM2901V
QUAD DIFFERENTIAL COMPARATORS

SLCS006L - OCTOBER 1979 - REVISED JUNE 2004

Single Supply or Dual Supplies

Wide Range of Supply Voltage:

-~ Max Rating...2Vto 36V

~ Tested to 30 V.. . Non-V Devices

~ Tested to 32 V. .. V-Suffix Devices
Low Supply-Current Drain Independent of
Supply Voltage . .. 0.8 mA Typ

Low Input Bias Current. .. 25 nA Typ
Low Input Offset Current... 3 nA Typ
{LM139)

Low Input Offset Voltage . .. 2 mV Typ
Common-Mode Input Voltage Range
includes Ground

Differential Input Voltage Range Equal to
Maximum-Rated Supply Voltage ... +36 V
Low Output Saturation Voltage

Output Compatible With TTL, MOS, and
CMOS

description/ordering information

These devices consist of four independent
voltage comparators that are designed to operate
from a single power supply over a wide range of
voltages. Operation from dual supplies also is
possible as long as the difference between the two
suppliesis 2 V1o 36 V, and V¢ is at least 1.5V
more positive than the input common-mode
voltage. Current drain is independent of the
supply voltage. The outputs can be connected to
other open-collector outputs to achieve
wired-AND relationships.

LM139,LM139A ... D, J, OR W PACKAGE
LM239...D, N, OR PW PACKAGE
LM239A ... D PACKAGE
LM339, LM339A .. .D, DB, N, NS, OR PW PACKAGE
LM2901...D, N, NS, OR PW PACKAGE

(TOP VIEW)
10UT[]| 1 J 14]] oUT3
20UT[] 2 13[]] OUT4

Veel] 3 12]] GND
2IN-[] 4 11]] 41N+
2IN+[] 5 10[] 4IN-
1IN-[] & 9]} 3IN+
1IN+ 7 8[} 3IN-

LM139, LM139A ... FK PACKAGE

(TOP VIEW)
EE
=22 22
0D0DQ0O
N e—=Zm <
(I_IL_ll_luL_l
321219
Vee D4 18[] GND
NC s 17[INC
2IN~[]6 16[] 4IN+
NC []7 15{} NC
+ls 40 4IN-
an+ fl 910111213E
0 mrg
L+ Q1 *
£2Zz2Z=Z
- Lor B

NC - No internal connection

The LM139 and LM139A are characterized for operation over the full military temperature range of
-55°C to 125°C. The LM239 and LM239A are characterized for operation from —25°C to 125°C. The LM339
and LM339A are characterized for operation from 0°C to 70°C. The LM2901 is characterized for operation from

~40°C to 125°C.

A

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PFRODUCTION DATA informalion Iy cutrent s of publication dale.
mmamnumu exas Inslruments

h-ldlmn.

P oSy ekt {;TEXAS

Copyright © 2004, Taxas Instruments incorporatad

muodmcwhilmﬁ.-nm.‘w
unless noled. On ol sther products,
pmoudngdou

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



LM139, LM139A, LM239, LM239A,
LM339, LM339A, LM2301, LM2901V
QUAD DIFFERENTIAL COMPARATORS

SLCS006L - OCTOBER 1979 - REVISED JUNE 2004

description/ordering information (continued)

ORDERING INFORMATION

A e PACKAGE PART NUMBER MARKING
PDIP (N) Tube of 25 LM338N LM339N
Tube of 50 LM339D
Soic (@) Reel of 2500 LM339DR LM339
5mv 30V SOP (NS) Reel of 2000 LM339NSR LM339
SSOP (DB} Reel of 2000 LM339DBR LM339
Tube of 90 LM339PW
TSSOP (PW) Reel of 2000 LM339PWR L339
0°C to 70°C
PDIP (N} Tube of 25 LM339AN LM339AN
Tube of 50 LM339AD
SoiC (D) Reel of 2500 LM339ADR LM339A
2mv 0V SOP (NS) Reel of 2000 LM339ANSR LM339A
SSOP (DB) Reel of 2000 LM33%ADBR L339A
Tube of 90 LM339APW
TSSOP (Pw) Reel of 2000 LM339APWR L339A
PDIP (N) Tube of 25 LM239N LM239N
Tube of 50 LM239D
s5mv KIIAY soic @) Reel of 2500 LM239DR LM238
-25°C to 85°C Tube of 90 LM235PW
TSSOP (PW) Reel of 2000 LM239PWR 1239
Tube of 50 LM239AD
2mv 0V SOIC (D) Reol of 2500 LM235ADR LM239A
PDIP (N) Tube of 25 LM2901N LM2901N
Tube of 50 LM2901D
SoIC () Reel of 2500 LM2901DR LM2501
Tmv oV SOP {NS) Reel of 2000 LM2901NSR LM2901
—40°C to 125°C TSSOP (PW) Tube of 90 LM2901PW L2601
Reel of 2000 LM2901PWR
S0OIC (D) Reel of 2500 LM2901VQDR L2901V
7my 2V TSSOR (PW) Reel of 2000 LM2901VQPWR L2301V
2mv 32V S0IC (D) Reel of 2500 LM2901AVQDR L2901AV
TSSOP (PW) Reel of 2000 LM2901AVQPWR L2901AV

TPackage drawings, standard packing quantities, therm.. Jata, symbolization, and PCB design guidelines are available at
www.ti.com/sc/package.

J@ TexAs
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LM139, LM139A, LM239, LM239A,
LM339, LM339A, LM2901, LM2901V
QUAD DIFFERENTIAL COMPARATORS

SLCS006L - CCTOBER 1979 - REVISED JUNE 2004

description/ordering information (continued)

ORDERING INFORMATION

Vigmax ORDERABLE TOP-SIDE
Ta AT25:c | MAXVee PACKAGET PART NUMBER MARKING
CFP (W) Tube of 25 LM139W LM139W
CDIP () Tube of 25 (M139. (M139J
5mv v |LcccFK) Tube of 55 LM139FK LM139FK
Tube of 50 (M139D 1
Soic (b) Reel of 2500 | LM139DR LM138D
~55°C 1o 125°C
CFP (W) Tube of 25 LM139AW LM139AW
COIP () Tube of 25 LM139AJ LM139A)
2mv 30V [LCCC (FK) Tube of 55 LM139AFK LM139AFK
Tube of 50 M139AD
SOIC (D) LM139AD
Reel of 2500 | LM139ADR

fPackage drawings, standard packing quantities, themmal data, symbolization, and PCB design guidelines are available at

www.ti.com/sc/package.

symbol (each comparator)

In

our
IN-
schematic (each comparator)
—9 Vce
80A
Current
Regulator
IN+
ouTt
IN-
GND

All current values shown are nominal.
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LM139, LM139A, LM239, LM239A,
LM339, LM339A, LM2901, LM2901V
QUAD DIFFERENTIAL COMPARATORS

SLCS006L - OCTOBER 1979 - REVISED JUNE 2004

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vo (see Note 1) ..o e BV
Differential input voltage, Vip (see Note 2) ... ... ... e 136 V
Input voitage range, V| (eitherinput) ... ... . i -03Vto3BV
OUtPUt VORAGE, VO it e i e i 36V
OUtPUL CUITENE, b .. o i i i e e i e i e 20 mA
Duration of output short circuit to ground (see Note 3) ........ ... i Unlimited
Package thermal impedance, 85 (see Notes4 and 5): Dpackage ..................ccoviin 86°C/W
DBpackage ...........oiiiiniininennn, 96°C/W
Npackage ........ccoiiiiiiiiininnnnn 80°C/W
NSpackage .........cccoiiiininnnnnnn 76°C\W
PWpackage .............coiiiinnnnn. 113°C/W
Package thermal impedance, 8¢ (see Notes6and 7): FKpackage ......................... 5.61°C/W
Jpackage ..i.......iiiiiiiiiiaa, 15.05°C/W
Wpackage ................. .. 14.65°C/W
Operating virtual junction temperature, T) . ...t e e e 150°C
Case temperature for 60 seconds: FKpackage ........ ... i 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: Jpackage ..................... 300°C
Storage temperature range, Tgtg .. ovvve ittt -65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings™ may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximums-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground.

2. Differential voltages are at IN+ with respect to IN-.

3. Short circuits from outputs to Ve can cause excessive heating and eventual destruction.

4. Maximum power dissipation is a function of T (max), 8)4, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T j(max) - TAV8 A. Operating at the absolute maximum T, of 150°C can affect reliability.

The package thermal impedance is calculated in a~~ordance with JESD 51-7.

Maximum power dissipation is a function of T j(max), 8¢, and T¢. The maximum allowable power dissipation at any allowable case

temperature is Pp = (T j(max) — TcV8 C. Cperating at the absolute maximum T, of 150°C can affect reliability.

7. The package thermal impedance is calculated in accordance with MIL-STD-883.

@ »
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LM139, LM139A, LM239, LM239A,
LM339, LM339A, LM2901, LM2901V
QUAD DIFFERENTIAL COMPARATORS

SLCSO06L - OCTOBER 1979 - REVISED JUNE 2004

electrical characteristics at specified free-air temperature, Vgg = 5V (unless otherwise noted)

PARAMET 1 t 1M139 LM139A
A ER TEST CONDITIONS Ta MIN_ TYP MAX MIN TP MAX UNIT
Vec=56V1io30V, 25°C 2 5 1 2
Vio Input offset voltage [ Vic = Vicr(min), mv
Vo=14V Full range 9 4
25°C 3 25 3 25
lio Input offset curent  |Vo =14V Full range 100 100 nA
) 25°C -25 -100 -25 -100
B input bias current Vo=14V Full range ~300 ~300 nA
Oto Oto
25°C
1v Common-mode Vec-15 Vee15 v
ICR  input-voltage range Full ranae 0to Oto
wirang vVee-2 Vee-2
Large-signal _
Ap  difierentia-voltage zgcf_ PRV \s/'v 25°C 200 50 200 VimV
amplification
| High-level output Vin=1V VoH=5V 25°C 0.1 0.1 nA
CH current 10 VoH =30V | Fuli range 1 1] uA
Low-level output B _ 25°C 150 400 150 400
VoL voltage Vip=-1V, lgL=4mA Full range 700 700 mv
Low-evel output L _ N
loL current VipD=-1V, VoL=15V 25°C 6 16 6 16 mA
Supply current _ o
lce (four comparatars) Vo=25V, Noload 25°C 08 2 08 2| mA

1T All characteristics are measured with zero common-mode input voitage, unless otherwise specified.
$Full range (MIN to MAX) for LM139 and LM139A is -55°C to 125°C. All characteristics are measured with zero common-mode input voltage,

unless otherwise specified.

switching characteristics, Vgc =5V, T = 25°C

iM139
PARAMETER TES™ “INDITIONS LM139A UNIT
MIN TYP MAX
Response time R connected to 5 V through 5.1 kQ, 100-mV input step with 5-mV overdrive 1.3 s
CL = 15 pF8, See Note 8 TTL-level input step 03 "

§ ¢_includes probe and jig capacitance.

NOTE 8: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V.
+
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LM139, LM139A, LM239, LM239A,
LM339, LM339A, LM2901, LM2901V
QUAD DIFFERENTIAL COMPARATORS

SLCS006L - OCTOBER 1979 - REVISED JUNE 2004

electrical characteristics at specified free-air temperature, Vo = 5 V (unless otherwise noted)

LM239 LM239A
PARAMETER TEST CONDITIONST Tat LM339 LM339A UNIT
MIN TYP MAX MIN TYP MAX
Vee=5Vie 3oV, 25°C 2 5 1 3
VIO input offset voltage | VIC = VICR(min), mv
Vo=14V Full range 9 4
| | . v av 25°C 5 50 5 50 A
10 nput offset current o=1. Ful range 150 150 n
| | bi Ve =14V 25°C -25 -250 -25 =250 A
B nput blas current o= Full range ~400 400
Oto Oto
25°C
v Common-mode Vee-15 Vee-1.5 v
ICR input-voltage range Full range Oto Oto
Vee-2 Vee-2
Large-signal Voo =15V,
AvD differential-voltage Vpo=14Vio 114V, 25°C 50 200 50 200 VimV
‘ amplification R z15kQto Voo
| H|gh4eve| output Vin=1V VOH =5V 25°C 0.1 50 01 50 nA
OH  current D VoH=30V | Fullrange 1 1] pA
Low-evel cutput 25°C 150 400 150 400
= - = V
VoL voitage ViD=-1V oL =dmA e 700 700 ™
Low-level output
loL current o ViD=-1V, VgoL=15V 25°C 6 16 6 16 mA
Supply current - .
Icc (four comparators) Vo=25V, Noload 25°C 0.8 2 0.8 2| ma

T All characteristics are measured with zero common-mode input voliage, unless otherwise specified.
1 Full range (MIN to MAX) for LM239 and LM239A is -25°C ta 85°C, for LM339 and LM339A is 0°C to 70°C. All characteristics are measured with
zero common-mode input voltage, unless otherwise specified.

switching characteristics, Vogc =5V, Tp = 25°C

LM239, LM239A,
PARAMETER TEST CONDITIONS LM339, LMII9A UNIT
‘ MIN TYP MAX
. R|_ connected to 5 V through 5.1 k1Y, 100-mV input step with 5-mV overdrive 1.3
Response time
ponse CL = 15 pF$, See Note 8 TTL-level input step 03 Ks

§ CL includes probe and jig capacitance. )
NOTE 8: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V.
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LM139, LM139A, LM239, LM239A,
LM339, LM339A, LM2901, LM2301V
QUAD DIFFERENTIAL COMPARATORS

SLCS006L - OCTOBER 1979 - REVISED JUNE 2004

electrical characteristics at specified free-air temperature, Vgg = 5 V (unless otherwise noted)

LM2901
PARAMETER TEST CONDITIONST Tat MIN _ TYP  NAX UNIT
) 25°C 2 7
Vic =VicR(min), | Non-A devices Full range 15
Vio Input offset voltage Vo=14YV, § 25°C 1 2| ™
Voo =5V MAXI | 4 o ffix devices
Full range
25°C 5 50
o input offset current Vo=14V Full range 200 nA
[ I bi v 14V 25°C -25 -250 A
B nput bias current o~1 Full range ~500
¢y —01t§
v Common-mode input-voltage cc—1- y
ICR range Oto
Full range Veo-2
i . ol Ve =15V,
ap  gesignal differentalvolage lvgz14viot1av, 25°C 25 100 vimy
P R_ 2 15k to Voo
| ) VoH=5V 25°C 0.1 50 nA
OH High-level output current ViD=1V VoH = Voo M X5 Full range 1 A
Non-V devices 25°C 150 500
=-1 " °
VoL Low-level output voltage I\gE =4 m\;‘\ V-suffix devices 150 400 | mv
All devices Full range 700
loL Low-level output current VipD=-1V, VoL=15V 25°C 6 16 mA
| Supply current V=25V, Vcc=5V 2500 08 mA
cc {four comparators) No load Voo = MAXS 1 25

T All characteristics are measured with zere common-mode input voltage, unless otherwise specified.
T Full range (MIN to MAX) for LM2901 is —40°C to 125°C. All characteristics are measured with zero common-mode input voltage, unless otherwise

specified.
§ Ve MAX =30 V for non-V devices, and 32 V for V-suffix devices.
switching characteristics, Vcg =5V, T =25°C
LM2901 U
PARAMETER TEST CONDITIONS N TP 1 NIT
R i R connected to 5 V through 5.1 k0, 100-mV input step with 5-mV overdrive 13 s
esponse time
po CL = 15 pFY, See Note 8 TTL-level input step 03 :
1ICL includes probe and jig capacitance.
NOTE 8: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V.
3 15
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PACKAGE OPTION ADDENDUM

24-Apr-2006

PACKAGING INFORMATION

Orderable Device Status (" Package Package Pins Package EcoPlan'® (ead/Ball Finish MSL Peak Temp ™
Type Drawing Qty
5962-7700801VCA ACTIVE cDIP J 14 1 TBD A42 SNPB  N/Afor Pkg Type
5362-87739012A ACTIVE Lcce FK 20 1 TBD POST-PLATE N /A for Pkg Type
5962-8773901CA ACTIVE CDIP J 14 1 TBD A42SNPB N/ A for Pkg Type
5962-8773901DA ACTIVE CFP w 14 1 TBD A42SNPB N/ A for Pkg Type
77008012A ACTIVE Lcce FK 20 1 TBD POST-PLATE N/ A for Pkg Type
7700801CA ACTIVE COIP J 14 1 TBD A42SNPB  N/A for Pkg Type
7700801DA ACTIVE CFP w 14 1 TBD Ad2 SNPB N /A for Pkg Type
JM38510/11201BCA ACTIVE CDIP J 14 1 TBD A42 SNPB N/ A for Pkg Type
LM139AD ACTIVE scIC D 14 50 TBD CUNIPDAU  Level-3-245C-168 HR
LM139ADR ACTIVE SoIC D 14 2500 Pb-Free CUNIPDAU  Level-2-250C-1 YEAR/
(RoHS) Level-1-235C-UNLIM
LM139AFKB ACTIVE Lcee FK 20 1 TBD POST-PLATE N/ A for Pkg Type
LM139AJ ACTIVE CDIP J 14 1 TBD A42SNPB N/ A for Pkg Type
LM139AJB ACTIVE CDIP J 14 1 TBD A42SNPB N /A for Pkg Type
LM139AN OBSOLETE  PDIP N 14 TBD CaliTi call Tl
LM139AW ACTIVE CFP w 14 1 8D A42 SNPB N/ A for Pkg Type
LM139AWB ACTIVE CFP w 14 1 TBD A42SNPB N/ A for Pkg Type
LM139D ACTIVE S0IC o} 14 50 TBD CUNIPDAU  Levei-1-220C-UNLIM
LM133DR ACTIVE SoIC D 14 2500 TBD CU NIPDAU  Level-1-220C-UNLIM
LM139FK ACTIVE Lcce FK 20 1 TBD POST-PLATE N /A for Pkg Type
LM139FKB ACTIVE Lcee FK 20 1 TBD POST-PLATE N/ A for Pkg Type
LM139J ACTIVE CDIP J 14 1 TBD A42SNPB N/ Afor Pkg Type
LM139JB ACTIVE colp J 14 1 TBD A42SNPB N/ Afor Pkg Type
LM139N OBSOLETE  PDIP N 14 TBD Call Ti Call Tl
© LM13gwW ACTIVE CFP w 14 TBD A42 SNPB N/ A for Pkg Type
LM139wWB ACTIVE CFP w 14 1 TBD A42 SNPB N/ A for Pkg Type
LM239AD ACTIVE 50IC D 14 50 Green{RoHS& CUNIPDAU Level-1-260C-UNLIM
no SbiBr)
LM239ADE4 ACTIVE soIC D 14 50 Green(RoHS& CUNIPDAU Level1-260C-UNLIM
no Sb/Br) .
LM239ADR ACTIVE solc D 14 2500 Green(RoHS & CUNIPDAU Level1-260C-UNLIM
no Sb/Br)
LM239ADRE4 ACTIVE soIC D 14 2500 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM239AN OBSOLETE  PDIP N 14 TBD CallTt  calTl
LM239D ACTIVE SOIC D 14 50 Green(RoHS& CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM239DE4 ACTIVE soic D 14 50 Green(RoHS& CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM239DG4 ACTIVE soIC D 14 50 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM239DR ACTIVE SoIC D 14 2500 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM239DRE4 ACTIVE SOIC D 14 2500 Green Su;,%Hs & CUNIPDAU Level-1-260C-UNLIM
no r)
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Orderable Device status " Package Package Pins Package EcoPlan® Lead/Bali Finish MSL Peak Temp
Type Drawing Qty
LM239DRG4 ACTIVE SOIC D 14 2500 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br}
LM239N ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
{RoHS)
LM23SNE4 ACTIVE POIP N 14 25 Pb-Free CUNIPDAU N /A for Pkg Type
{ROHS)
LM239PW ACTIVE TSSOP PW 14 90 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM239PWE4 ACTIVE TSSOP Pw 14 90 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM239PWR ACTIVE TSSOP PW 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM239PWRE4 ACTIVE TSSOP PwW 14 2000 Green{RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901AVQDR ACTIVE SOIC D 14 2500 Pb-Free CUNIPDAU  Level-2-250C-1 YEAR/
(RoHS) Level-1-235C-UNLIM
LM2901AVQPWR ACTIVE TSSOP PW 14 2000 TBD CUNIPDAU  Level-1-250C-UNLIM
LM2901D ACTIVE SOIC D 14 50 Green{RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sh/Br)
LM2901DE4 ACTIVE soIC D 14 50 Green(RoHS& CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901DG4 ACTIVE SOIC D 14 50 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901DR ACTIVE SOIC D 14 2500 Green (ROHS & CU NIPDAU Level-1-260C-UNLIM
no Sth/Br)
LM2901DRE4 ACTIVE SOIC D 14 2500 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901DRG4 ACTIVE SOIC D 14 2500 Green (RoHS& CUNIPDAY Level-1-260C-UNLIM
no Sb/Br)
LM2901N ACTIVE PDIP N 14 25 Pb-Free CUNIPDAU N/ A for Pkg Type
{RoHS)
LM2901NE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
LM2901NSR ACTIVE SO NS 14 2000 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901NSRE4 ACTIVE SO NS 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901PW ACTIVE TSSOP PW 14 90 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901PWE4 ACTIVE TSSOP PW 14 90 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901PWG4 ACTIVE TSSOP PW 14 90 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901PWLE OBSOLETE TSSOP PW 14 TBD Call Tl Call Ti
LM2901PWR ACTIVE ATSSOP PW 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
. no Sb/Br)
LM2901PWRE4 ACTIVE TSSOP PW 14 2000 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
) no Sb/Br)
LM2901PWRG4 ACTIVE TSSOP PW 14 2000 Green (RcHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901QD QOBSOLETE SQIC o 14 TBD CallTi Call Ti
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Orderable Device status ! Package Package Pins Package EcoPlan‘® Lead/Ball Finish MSL Peak Temp P
Type Drawing Qty
LM2901QN QOBSOLETE PDIP N 14 TBD Callm Call Tt
LM2501VQDR ACTIVE S0IC s} 14 2500 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR/
{RoHS) Level-1-235C-UNLIM
LM2901VQPWR ACTIVE TSSOP PW 14 2000 8D CU NIPDAU  Level-1-250C-UNLIM
LM339AD ACTIVE SCIC D 14 50 Green(RoHS& CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339ADBR ACTIVE SSOP DB 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br}
LM339ADBRG4 ACTIVE SSCOP DB 14 2000 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br}
LM339ADE4 ACTIVE SOIC D 14 50 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339ADG4 ACTIVE SOiC D 14 50 Green{RoHS& CU NIPDAU Level-1-260C-UNLIM
no SbiBr)
"LM339ADR ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no ShiBr)
LM339ADRE4 ACTIVE SOiC D 14 2500 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339ADRG4 ACTIVE SOIC D 14 2500 Green{RoHS & CUNIPDAU Level-2-260C-1YEAR
no SbiBr)
LM339AN ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
LM339ANE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
LM339ANSR ACTIVE SO NS 14 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339ANSRG4 ACTIVE SO NS 14 2000 Green{RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM335APW ACTIVE TSSOP PW 14 90 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339APWE4 ACTIVE TSSOP PW 14 90 Green {ROHS& CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339APWR ACTIVE TSSOP PW 14 2002 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339APWRE4 ACTIVE TSSOP W 14 2000 Green{(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sh/Br}
LM339D ACTIVE SOIC D 14 50 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br}
LM3390DBLE OBSCOLETE SSOP DB 14 TBD Call ¢ Call Tt
LM339DBR ACTIVE SSOP DB 14 2000 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
LM339DBRE4 ACTIVE SSOP DB 14 2000 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
LM339DE4 ACTIVE SOIC D 14 50 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339DG4 ACTIVE SOIC D 14 50 Green(RoHS& CUNIPDAU Level-1-260C-UNLIM
no SbBr)
LM33SDR ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339DRE4 ACTIVE SQIC D 14 2500 Green (RoHS & CU NIPDAU  Levei-1-260C-UNLIM
no Sb/Br)
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Orderable Device Status "  Package Package Pins Package EcoPlan‘® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
LM339DRG4 ACTIVE SoIC D 14 2500 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339N ACTIVE PDIP N 14 25 Pb-Free CUNIPDAU N/ A for Pkg Type
(RoHS)
LM339NE4 ACTIVE PDIP N 14 25 Pb-Free CUNIPDAU N /A for Pkg Type
{RoHS)
LM33ONSLE OBSOLETE S0 NS 14 TBD Call Tl Call Tl
LM339NSR ACTIVE SO NS 14 2000 Green {(RoHS& CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339NSRG4 ACTIVE SO NS 14 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339PW ACTIVE TSSOP PW 14 90 Green (ROHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339PWE4 ACTIVE TSSoP PwW 14 90 Green(RoHS & CUNIPDAU Levei-1-260C-UNLIM
no Sb/Br)
LM339PWG4 ACTIVE TSSOP PW 14 90 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339PWLE OBSOLETE TSSOP PW 14 T8D Call Tl Cali Tl
LM339PWR ACTIVE TSSOP PW 14 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339PWRE4 ACTIVE TSSOP PW 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339PWRG4 ACTIVE TSSOP PW 14 2000 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339Y OBSOLETE 0 TBD Call Ti Calt Tl

1) The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: T has discontinued the production of the device.

) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http:/Aww.ti.com/productcontent for the (atest availability information and additional product content detaiis.

TBD: The Pb-Free/Green conversion ptan has nat been defined.

Pb-Free (RoHS): Ti's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requiremnent that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Ti Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free {RoOHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants {Br or Sb do not exceed 0.1% by weight in homoyeiieous matenal)

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. TI and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.
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In no event shall Tl's Lability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Ti
to Customer on an annual basis.
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J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE

14 LEADS SHOWN

PINS

o 14 16 18 20

8 0.300 0.300 0.300 0.300

[A] (762) | (162 | (762) | (762)

" g BSC 8sc 8sc BSC
AIATATATANATS B MAX 0785 | .840 | 0960 | 1060
(19,94) | (21.34) | (24.38) | (26.92)

0.300 | 0300 | 0.30 | 0.300

) I BMN | — [ — | — | —
}

VAVIVIVAUEVEY C WA | (762) | (762) | (7.87) | (7.62)
! 7 245 0.245 0.220 245
R o | oo [ o oz

0.060 (1,52
—» |€— 0.005 (0,13) MIN 0.015 (0,38 " [4] ']

027" (5,08) MAX
¢ Seating Plane

T 0.130 (3,30) MIN

_.] L_ 026 (0,66 |
0.014 (‘o 35% — o'-15°
(0100 (2,54)] 0.014 (0,36)

0.008 (0,20)

4040083/F 03/03

NOTES:  A. Al finear dimensions are in inches {millimeters).

B. This drawing is subject to change without notice.

C. This package is hermetically seoled with a ceramic lid using glass frit.
0

E

Index point is provided on cap for terminal identification anly on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.



MECHANICAL DATA

W (R—GDFP-F14) CERAMIC DUAL FLATPACK

Base and Seating Plane

0.260 (6,60
0.045 (1,14 € 62 (597
l‘ 0.026 %o,es')
" I | I |

0.006 (0,15)

[ 0.080 (2,03 0.004 (0,10)
0.045 (1,14

——— 0.280 (7,11) MAX ——»|

0.019 (0,48
1 14 | 0.015 (0,38

( ] | _1

L 1 ] ]
0.050 (1,27)

[ ] [ ]

0.390 (9,91
0.335 (8,51

( | [ ]

L | 1 ]

0.005 (0.13) MIN

]
4 Places
L ] [ ] _[

7 8
0.360 (9,14) N 0.360 (9,14)
0.250 (6,35) ¢ 0.250 (6,35) ’

4040180-2,/0 07/03

NOTES:  A. Al linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

This package can be hermeticolly sealed with a ceromic lid using glass frit.
Index point is provided on cap for terminal identification only.

Falls within MIL STD 1835 GDFP1-F14 and JEDEC MO-092AB

mMoowm

3 1
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MECHANICAL DATA

MLCC0068 — OCTOBER 1996

FK (S-CQCC-N**) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
NO. OF A B
18 17 16 15 14 13 12 YERMINALS
- MIN MAX MIN MAX
20 0.342 0.358 0.307 0.358
(8,69) (9,09) (7,80} (9,09)
28 0.442 0.458 0.406 0.458
(11,23) | (11,83) | (10,31) | (11,83)
44 0.640 0.660 0.495 0.560
(16,26) | (16,76} | (12,58) | (14,22)
52 0.739 0.761 0.495 0.560
(18,78) { (19,32) | (12,58} | (14,22)
68 0.938 0.962 0.850 0.858
{23,83) [ (24.43) (21,6) (21.8)
84 1.141 1.165 1.047 1.063
(28.99) | (29,59) (26,6) (27,0)
26 27 28 1 2 2 4
0.020 (0,51) 0.080 (2,03)
0.010 (0,25) "l ll 0.064 (1,63)
0.020 (0,51) H
0.010 (0,25)
0.055 (1,40)
0.045 (1,14
(1.14) 0.045 {1,14)
2 0.025 (0,89) |
3 A
0.028 (0,71) 4 |$ eyl 0-045(1,14)
0.022 (0,54) 0.035(0,39)
0.050 (1,27)
4040140/D 10/96
NOTES: A. Alllinear dimensicns are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a metal lid.
D. The terminals are gold plated.
E. Falls within JEDEC MS-004

¢ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MECHANICAL DATA

N (R—PDIP~—T**) PLASTIC DUAL—IN—-LINE PACKAGE
16 PINS SHOWN
. PINS
A -
- 14 16 18 20
8 y 0.775 | 0.775 | 0.920 | 1.060
0.260 (6,60 0.745 | 0.745 | 0.850 | 0.940
) mj(m} AMING 1 (1892) | (18.92) | (21,59) | (23.88)
MS—001
CAC T T 7] & VARIATION AA BB AC AD
4’] L 0.070 (1, 732
0.045 (1, 14)
0.045 (1,14 0.325 (8.26
—» ["ooso 075) 0.020 (0,51) MIN O—Jﬁm% —
[ ‘ ¥
\. i— i = 0.200 (5,08) MAX == Gauge Plne
I | Mt l Seating Plane
! | ) 0.125 (3,18) MIN 0.010 (0,25) NOM

—-‘ 0.430 (10.92) MAX L—

0.021 (0,53
1 Gois %o,sa%

[#]0.010 (0.25)@)] /

14/18 Pin Only
\ / 20 Pin vendor option &

4040049/E 122002

NOTES: A All linear dimensions are in inches (milimeters).
B. This drawing is subject to change without notice.

A\ Falls within JEDEC M5-001, except 18 and 20 pin minimum body length (Dim A).
A\ The 20 pin end lead shoulder width is a vendor option, either half or full width.

Q‘ TEXAS
INSTRUMENTS

www.ti.com



MECHANICAL DATA

D (R—PDSO-G14)

PLASTIC

SMALL—OUTLINE PACKAGE

0.344 (8,75)

0.337 (8,55)

ngohpan

Pin 1/

Index Area

0.244 (6,20)
[

|

\\\\\\\ T s
SN RN |
L—-Lm»‘LSS?E’ES;‘

0.010 (0,25)@

¥

L

_J‘r[

0.010 (0,25)
L 0.069 (1,75) Max 0.004 (o 10)
0.010 (0,25)
0.007 (0.17)"1v
. { ey }
Gauge Plane —L - e 2

]

[ES[006¢ 10]

0-8

0.010 {0,25)

0.050 (1,27)
0.016 (0,40)

~/ ? Seating Plane

4040047-3/F 07/2004

NOTES:

All linear dimensions are in inches {millimeters).

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

Folls within JEDEC MS-012 vorigtion AB.

*’? TEXAS
INSTRUMENTS
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MECHANICAL DATA
NS (R-PDSO-G**)
14-PINS SHOWN

14 8

PLASTIC SMALL-OUTLINE PACKAGE

5-_[0 8.20 °-‘1N0M

oo Y |

Seating Plane

/ \i
e g

T

— 2,00 MAX Iajo.10)
PINS *+
4 4
oM 1 16 20 2
A MAX 050 | 10,50 | 12,90 | 15,30
A MIN 990 | 990 | 12,30 | 1470

4040062/C 03/03

NOTES:  A. Ali lineor dimensions are in millimeters.
B. This drawing is subject to chonge without notice.

C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.

‘v'mxAs

www.tl.com




MECHANICAL DATA

MSSOO002E - JANUARY 19805 — REVISED DECEMBER 2001

DB (R-PDSO-G**) PLASTIC SMALL-OUTLINE
28 PINS SHOWN
28 o 15
0,25
0,09
560 8,20
&0 74 l
0 l
T
Gage Plane _L

LR ERE LN

A

[ \
¢ LA o

Seating Plane

/

\

Inw

N

— 2,00 MAX 0,05 MIN
PINS 14 16 20 24 28 30 as
DiM
A MAX 6,50 6,50 7,50 8,50 10,50 | 10,50 | 12,90
A MIN 5,90 5.90 6,90 7,90 9,90 9,90 | 12,30
4040065 /£ 12/01
NOTES: A All linear dimensions are in millimeters.

oow

This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0,15.

Falls within JEDEC MO-150

*? TEXAS
INSTRUMENTS

POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265



MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1999

PW (R-PDSO-G*)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

L)
—*
4
E
@]
®

O
ELLLE

«— A —

0,15 NOM
|
Gage Plane i
[ 0,25
0°-8°
075
0,50

Y
) Seating Plane J
L 1,20 MAX 015 ﬁ
0,05
PINS **
8 14 16 20 24 28
DIM

A MAX 3,10 510 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7.70 9,60

4040064/F 01/97

NOTES: A. Alllinear dimensions are in millimeters.
This drawing is subject to change without notice.

cow

Falls within JEDEC MO-153

Body dimensions do not include mold flash or protrusion not to exceed 0,15.

‘f’ TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



IMPORTANT NOTICE

Texas Instruments Incorporated and its sui..iaries (T1) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any T| patent nght,
copyright, mask work right, or ather Tl intellectual property right relating to any combination, machine, or process
in which T1 products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of Ti.

Reproduction of information in T data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Ti products or services with state~ =nts different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products anc application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ticom Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ticom  Security www.ti.com/security
Telephony www.ti.com/elephony
Videc & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2uud, Texas Instruments Incorporated
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HGTG40N60A4

Absolute Maximum Ratings T¢ = 25°C, Unless Otherwise Specified

Collectorto Emitter Voltage . . .. .. ... ... .. BVeEs
Collector Current Continuous

AtTe = L o3 icos

At T = 11000 . Ic110
Collector Current Pulsed (Note 1) ... ... ... ... . .. . i, lem
Gate to Emitter Voltage Continuous. . .. .. ....... ... ... ... . il VGEs
Gate to Emitter Voltage Pulsed . . .. ... ... ... .. .. . ... ool VGEM
Switching Safe Operating Area at Ty = 150°C, Figure 2. .. .. ................... SSOA
Power Dissipation Total at Tc=25%C .. ... .. ... ... ... . i Po
Power Dissipation Derating To>25%C . ... it
Operating and Storage Junction Temperature Range . ... . .. ... .. ......... Ty Ts1G
Maximum Lead Temperature for Soldering . . ........... ... . . . i T

HGTG40NGGA4
600

75
63
300
120
130
200A at 600V
625
5
-55 to 150
260

UNITS

< <P > >

w
WG
o
°c

CAUTION: Stresses abowe those listed in *Absolute Maximum Ratings” may ceuse permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operaaunal sections of this specification is not implied.

NOTE:
1. Pulse width limited by maximum junction temperature.

Electrical Specifications T, = 25°C, Uniess Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Collector to Emitter Breakdown Voltage BVcEs lc = 250pA, Vg = OV 600 - - v
Emitter to Collector Breakdown Voltage BVecs Ig = -10mA, Vgg = 0V 20 - -
Coliector to Emitter Leakage Current Ices Vee = BVees Ty=25°C - - 250 HA
Ty=125°C - - 3.0 mA
Collector to Emitter Saturation Voltage VeEsaT) | lc = 40A, T,=25°C - 17 27 v
Ve = 15V
T =125°C - 15 20 v
Gate to Emitter Threshold Voltage VGEH) Ic = 250pA, Ve = VGE 4.5 56 7 v
Gate to Emitter Leakage Current Iges Vee = 20V - - 1250 nA
Switching SOA SSOA Ty=150°C, Rg = 2.20, Vgg = 15V 200 - - A
L = 100pH, Vg = 600V
Gate to Emitter Plateau Voltage VeepP Ic = 40A, Vg = 0.5 BVgeg - 8.5 - v
On-State Gate Charge Qg(0N) I = 40A, Vge = 15V - 350 405 nC
Vce =0.5BV
ce CES lvgg=20v - 450 | 520 nC
Current Turn-On Delay Time taoNl IGBT and Diode at T = 25°C - 25 - ns
- - Ice = 40A
Current Rise Time t Vce = 0.65 BVegs - 18 - ns
" Vge = 15V
Cutrent Tum-Off Delay Ti GE - 1 -
e y Time td(oFFy Rg =2.20 45 ns
Current Fall Time i L = 200pH - 35 - ns
Test Circuit (Figure 20)
Tum-On Energy (Note 3) EonNd{ - 400 - wd
Tum-On Energy (Note 3) - Eonz - 850 - W
Tum-Off Energy (Note 2) Eorr - 370 - w

©2003 Fairchitd Samiconductor Corporation

HGTG40NB0A4 Rev, B2



HGTG40N60A4

Electrical Specifications

T, = 25°C, Unless Otherwise Specified (Continued)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS

Current Tum-On Delay Time taoN)! IGBT and Diode at T = 125°C - 27 - ns
) ) lce = 40A
Current Rise Time trl VCE =0.65 BVCES - 20 - ns
! VGE = 15V
Tum-Off Delay Ti GE - 185 225
Current Tum-Off Delay Time taoFF) Re = 220 ns
Current Fall Time ty L = 200pH - 55 95 ns
Test Circuit (Figure 20)

Tum-On Energy {Note 3) Eonit - 400 - w
Tum-On Energy (Note 3) Eonz - 1220 1400 W
Tum-Off Energy (Note 2) EoFF - 700 800 [0
Thermal Resistance Junction To Case Rpyc - - 0.2 ocrw

NOTES:

2. Turn-Off Energy Loss (EoFF) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and ending
at the point where the collector current equals zero (Icg = 0A). All devices were tested per JEDEC Standard No. 24-1 Method for Measurement
of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss.

3. Values for two Turn-On loss conditions are shown for the convenience of the circuit designer. Egpyq is the turn-on loss of the IGBT only. Egnz is
the turn-on loss when a typical diode is used in the test circuit and the diode is atthe same T as the IGBT. The diode type is specified in Figure 20.

Typical Performance Curves uniess Otherwise Specified

80 T

N

Vge= 15V

N
~
n

T, = 150°C, Rg = 2,203 Vgg = 15V, L = 100yH

[
o
o

-~
<

| PACKAGE LIMITED

175

e
L]
o

Lo
o

125

L3
(=]

-~
"

[2)
(-3

-
o

8

lce, DC COLLECTOR CURRENT (A)
3

[
(L]

25 50 75

100

125

Tc. CASE TEMPERATURE (°C)

FIGURE 1. DC COLLECTOR CURRENT vs CASE

TEMPERATURE

L~
Ice, COLLECTOR TO EMITTER CURRENT (A)
2
(-]

150

100 200 300

400

600 700

Vge. COLLECTOR TO EMITTER VOLTAGE (V)

FIGURE 2. MINIMUM SWITCHING SAFE OPERATING AREA

©2003 Fairchild Semiconductor Corporation

HGTG40N80A4 Rev. B2



HGTG40N60A4

Typical Performance Curves unless Otherwise Specified (Continued)

300 ——
FH. .
= 200 Tc  VgE |
= N 75%¢ TsV
2 \
E 100 A\
[}
&
I"_.," [ fmax1 = 0.05/ {t(oFF) * ta(ON))
= | fmaxz = (Pp - Pc) / {Eonz + EoFF) N
g P = CONDUCTION DISSIPATION
£ I (DUTYFACTOR=50%)
] | Rgyc =0.2°C/W, SEE NOTES
3 |
3

Rg = 2.20 L = 200pH, Veg = 390V
3 10 40 70
Ice. COLLECTOR TO EMITTER CURRENT (A)

10

FIGURE 3. OPERATING FREQUENCY vs COCLLECTORTO

EMITTER CURRENT

< 80 T T r T -

= DUTY CYCLE < 0.5%, Vgg = 12V

s | PULSE DURATION = 250ys

E 70

g

3 e

- '
T, = 125%C /

E w J

o /

=4

x 0 / /

g /] Ti=25%

g 20 =1 Y 1/ ]

2 10 1 l A v

o o

0

o

oD 02 04 06 08 10 12 14 16 18 20

Vce, COLLECTOR TO EMITTER VOLTAGE (V)
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Typical Performance CUrves uniess Otherwise Specified (Continued)
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Typical Performance Curves unless Otherwise Specified (Continued)
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Test Circuit and Waveforms

HGT1Y40N60A4D
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FIGURE 20. INDUCTIVE SWITCHING TEST CIRCUIT

Handling Precautions for IGBTs

Insulated Gate Bipolar Transistors are susceptible to gate-
insulation damage by the electrostatic discharge of energy
through the devices. When handiing these devices, care
should be exercised to assure that the static charge built in
the handler's body capacitance is not discharged through the
device. With proper handling and application procedures,
however, IGBTs are currently being extensively used in
production by numerous equipment manufacturers in
military, industrial and consumer applications, with virtually
no damage problems due to electrostatic discharge. IGBTs
can be handied safely if the following basic precautions are
taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs or by the insertion into conductive matenal such
as “ECCOSORBD™ LD26" or equivalent.

2. When devices are removed by hand from their carriers,
the hand being used should be grounded by any suitable
means - for example, with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from
circuits with power on.

5. Gate Voitage Rating - Never exceed the gate-voltage
rating of Vgem. Exceeding the rated Vg can result i
permanent damage to the oxide layer in the gate region.

6. Gate Termination - The gates of these devices are
essentially capacitors. Circuits that leave the gate open-
circuited or floating should be avoided. These conditions
can result in turn-on of the device due to voitage buildup
on the input capacitor due to leakage currents or pickup.

7. Gate Protection - These devices do not have an internai
monolithic Zener diode from gate to emitter. If gate

protection is required an external Zener is recommended.

[

EoNz

—»| EoFF je—

Vce

Ice

ty
(OFF) ™ ty
- ta(ONy

FIGURE 21. SWITCHING TEST WAVEFORMS

Operating Frequency Information

Operating frequency information for a typical device
(Figure 3) is presented as a guide for estimating device
performance for a specific application. Other typical
frequency vs collector current (Icg) plots are possible using
the information shown for a typical unit in Figures 6,7, 8, 9
and 11. The operating frequency plot (Figure 3) of a typical
device shows fiax1 or fimaxz; whichever is smaller at each
point. The information is based on measurements of a
typical device and is bounded by the maximum rated
junction temperature.

fmaxd is defined by fiax 1 = 0.05/gcoFFt taonyp-
Deadtime (the denominator) has been arbitrarily held to 10%
of the on-state time for a 50% duty factor. Other definitions
are possible. tgorF) and tyon) are defined in Figure 21.
Device turn-off delay can establish an additional frequency
limiting condition for an application other than T . t4(0FF)|
is important when controlling output ripple under a lightly
loaded condition.

fmax2 is defined by fmaxa = (Pp - PcW(EoFF + EoN2). The
allowable dissipation (Pp) is defined by Pp = (T 4 - TcVRgyc.
The sum of device switching and conduction losses must not
exceed Pp. A 50% duty factor was used (Figure 3) and the
conduction losses (P¢) are appraximated by P = (VeE X Ice)2.

Egn2 and Eqrr are defined in the switching waveforms
shown in Figure 21. Egpp is the integral of the
instantaneous power loss (Icg x Vo) during turn-on and
EoFF is the integral of the instantaneous power loss (Icg X
V) during turn-off. All tail lesses are included in the
calculation for EgfF; i.e., the collector current equals zero

(Ice=0).
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TRADEMARKS
The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is not
intended to be an exhaustive list of all such trademarks.

ACEx™ FACT Quiet Series™ LittleFET™ Power247™ SuperSOT™-6
ActiveArray ™ FAST® MICROCOUPLER™ PowerTrench® SuperSOT™-8
Bottomless™ FASTr™ MicroFET™ QFET® SyncFET™
CoolFET™ FRFET™ MicroPak™ Qs™ TinyLogic®
CROSSVOLT™ GlobalOptoisolator™ MICROWIRE™ QT Optoelectronics™ TINYOPTO™
DOME™ GTO™ MSX™ Quiet Series™ TruTransiation™
EcoSPARK™ HiSeC™ MSXPro™ RapidConfigure™ UHC™
E2CMOS™ g™ OCX™ RapidConnect™ UttraFET®
EnSigna™ ImpliedDisconnect™ QCXPro™ SILENT SWITCHER® vex™
FACT™ ISOPLANAR™ OPTOLOGIC® SMART START™

Across the board. Around the world. ™ OPTOPLANAR™ SPM™

The Power Franchise™ PACMAN™ Stealth™

Programmable Active Droop™ POp™ SuperSOT™-3
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN,;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR
CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems 2. A critical component is any component of a life support
which, (a) are intended for surgical implant into th._ " ody, device or system whose failure to perform can be
or {b} support or sustain life, or (¢) whose failure to perform reasonably expected to cause the failure of the life support
when properly used in accordance with instructions for use device or system, or to affect its safety or effectiveness.
provided in the labeling, can be reasonably expected to

resutt in significant injury to the user.

PRODUCT STATUS DEFINITIONS
-Definition of Terms
Datasheet ldentification Product Status Definition

Advance Information Formative or In This datasheet contains the design specifications for
Design product development. Specifications may change in
any manner withaut notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsoclete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.
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TN5817 THRU 1N5819

SCHOTIKY BARRIER RECTIFIER
Reverse Voltage 20 to 40 Volts
Forward Cumrent - 1,.0Ampere

FEATURES DO-41

- Plastic package has Underwriters Laboratory Flammobility Ciassification 94v-0

+ Metal sllicon junctian ,majarity carmier conductian

» Guard ring for avervoltage protection

- Low power loss high efficiency

-+ High cument capability Low farward voltage drop

« High surge capabifity

For use in low voltage .high frequency inverters,

free wheeling .and polority protection applications

- High temperoture saldering guarantéed:250 C/10 seconds at terminals,
0.375"(9.5mmjlead length,5lbs.{2.3kg}tension

MECHANICAL DATA

- Case: JEDEC DO-41 malded plastic body

+ Terminals: Plated axial leads, solderable per MIL-STD-750,methad 2024
- Poiarity: color band denotes cathode end

+ Mounting Position: Any

- Weight: 0.012ounce. 0.33 gram

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS _

{Ratings at 25 C ambient temperature unless otherwise specified Single phase .half wave resistive ar inductive
load. For capacitive load,derate by 20%.)

.

Dimensians in inches and {milimeters)

Momirmum repetitive peak reverse voltage VRRM Vaits
Maximum RMS vollage VRMS 28 Volts
Maximurn DC blocking voltage VbC 40 Votts
Maximum non-epetitive peak reverse voltoge VRSM 24 48 Volts
Maximum aver forward rectified

oge liav) 1.0 Amp

cument 0.375°(9.5mm}lead length at TL=90 C

Peak forward surge cument 8.3ms single half
sine-wave superimposed on rated load IFsMm 250 Amps

{JEDEC method) at TL=70 C

Maximum instantaneous forward voltage at 1.0 a{note 1) VE Voits
Maxdimum instontaneous forward voltage at 3.1 A{nate 1)) VE 0.875 Volts
Maximum instantaneous reverse Ta=25'C 0.5

current at rated DC blocking - IR mA
volloge(Note 1) Ta=100C 10.0

Typical junction capacitance{Nofe 3) Ci 1100 pF
Typical thermal resistance{Note 2) Eg jf ?gg ‘CIw
Operating junction and storage temperature range TiTste -65 10 +125 C

Notes: 1 Pulse test: 300 s puise width.1% duty cycle
2.Thermal resistance (from junction to ambient)Verticat P.C.B. mounted , with 1.5X1.5"{38X38mm}copper pads

3.Measured at 1.0MHz and reverse voltage of 4.0 volts



RATINGSAND CHARACTERISTIC CURVES 1N5817 THRU 1N5819




1N4728 THRU 1N4764

GOOD-ARK SILICON PLANAR POWER ZENER DIODES
Features
Silicon Planar Power Zener Diodes Do-41

for use in stabilizing and clipping circuits with high power
rating. Standard Zener voltage tolerance is + 10%. Add
suffix “A” for + 5% tolerance. Other tolerances available
upon request.

B
' E—L

!= ] :I A II- D—D|

DIMENSIONS
inches mm
DIM Note
Min. Max. Min. Max.
A 0.169 - 4.3
B 0.110 - 2.8 [
c 0.031 - 0.8 #
D 1.102 - 20.0
Absolute Maximum Ratings (1=251)
Symbols Values Units
Zener current see Table "Characteristics”
Power dissipation at T_,=25C Pu L w
Junction temperature T, 200 T
Storage temperature range T, -85 to +200 T
Note:
{1) Valid provided that leads at a distance of 8 mm from case are kept at ambient temperature.
Characteristics at 7, =25
Symbols Min. Typ. Max. Units
‘| Thermat! resistance
junction to ambient Air Rea - - 170" Kw
Forward voltage at I,.=200mA Ve - - 1.2 v
Note:

{1) Valid provided that leads at a distance of 8 mm from case are kept at ambient temperature.



fanga o120 | Maximum Zener impedance ™ Surrans: loakage Surintat | regustor cument?
Type { T =257

Vo by Tyandr, atl, lLatVv, i L [

v mA ) Q mA uA v mA mA

1N4728 33 76 10 400 1.0 150 1 1375 275
1N4728 36 69 10 400 1.0 100 1 1260 252
1N4730 39 64 9 400 1.0 100 1 1190 234
1N4731 43 58 9 400 1.0 50 1 1070 217
1N4732 47 53 8 500 1.0 10 1 870 193
1N4733 51 49 7 550 1.0 10 1 890 178
1N4734 58 45 5 600 1.0 10 2 810 162
1N4735 6.2 3| 2 700 1.0 10 3 730 146
1N4736 6.8 a7 as 700 1.0 10 4 660 133
1N4737 7.5 34 4.0 700 0.5 10 5 605 121
1N4738 8.2 K} 4.5 700 0.5 10 6 550 110
1N4739 9.1 28 5.0 700 0.5 10 7 I s00 100
1N4740 10 25 7 700 0.25 10 7.6 454 91
1N4741 " 23 8 700 0.25 5 8.4 414 83
1N4742 12 21 9 700 0.25 5 9.1 380 76
1N4743 13 19 10 700 0.25 5 9.9 344 69
1N4744 15 17 14 700 0.25 5 1.4 304 61
1N4745 16 155 16 70" 0.25 5 12.2 285 57
1N4746 18 14 20 750 0.25 5 13.7 250 50
1N4747 20 12.5 22 750 0.25 5 15.2 225 45
1N4748 22 1.5 23 750 0.25 5 16.7 205 41
1N474% 24 10.5 25 750 0.25 5 18.2 190 38
1N4750 27 9.5 35 750 0.25 5 206 170 34
1N4751 30 85 40 1000 0.25 5 228 150 30
1N4752 33 75 45 1000 0.25 5 25.1 135 27
1N4753 36 7.0 50 1000 0.25 5 27.4 125 25
1N4754 39 6.5 60 1000 0.25 5 297 15 23
1N4755 43 6.0 70 1500 0.25 5 27 1 110 22
1N4756 47 55 80 1500 0.25 5 358 95 19
1N4757 51 5.0 85 1500 0.25 5 88 ; 90 18
1N4758 56 45 110 2000 0.25 5 428 80 16
1N4759 62 4.0 125 2000 0.25 5 474, 70 14
1N4760 68 a7 150 2000 0.25 5 517 65 13
1N4761 75 33 175 2000 0.25 5 560 | 60 12
1N4762 82 3.0 200 3000 0.25 5 622 | 55 1"
1N4763 a1 28 250 3000 0.25 5 82 | % 10
1N4764 100 25 350 3000 0.25 5 760 | 45 9

Notes:

(1) The Zener Impedance is derived from the 60 Hz AC voltage which results when an AC current having an RMS value
equal to 10% of the Zener current (I, o |,,) is superimposed on 1, or |, Zener fmpedance is measured at two points
to insure a sharp knee on the breakdown curve and to eliminate unstable units.

(2) Valid provided that leads at a distance of 8 mm from case are kept at ambient temperature.

{3) Measured under thermal equilibrium and DC test conditions.
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Admisslible power dissipation
versus amblent temperature

Valid provided that leads are kept at ambient
temperature at a distance of 10 mm from case.
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