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Abstract

This paper presents the component of Plasma Arc Cutting Machine and testing the power
switching. The rectifier and filter circuit transform the alternating current 200V 50 Hz into
the direct current 311 V. Subsequently the direct current will be change to high frequency
pulse (28 KHz) by full-bridge converter. Switching characteristic is produce by IC SG3526
entire pulse width and frequency witch it received data form output section. Output voltage of

power switching is210V 10 A (No load) that is about 2.5 kW
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R Vin Iin Vout Tout Pin Pout eff (%)
0 315.77 0 220.7 0 0 0 0

75.75862 302.2 2.5 2203 2.9 755.5 637.13 84.33223
73.23333 300.7 25 2203 3 751.75 659.1 87.67542
73.23333 301.3 2.6 2203 3 783.38 659.1 84.13541
64.61765 300.6 2.8 2203 3.4 841.68 746.98 88.74869
62.77143 300.4 3 220.3 3.5 901.2 768.95 85.32512
59.2973 299.7 3.1 2203 3.7 929.07 811.78 87.37555
54.85 298.6 3.3 220.3 4 985.38 877.6 89.06209
53.5122 298 3.5 220.3 4.1 1043 899.54 86.24545
47.69565 297 3.8 220.3 4.6 1128.6 1009.24 89.42407
45.70833 297 4 220.3 4.8 1188 1053.12 88.64646
41.39623 295.7 45 2203 5.3 1330.65 1162.82 87.38737
38.49123 294.1 4.8 2203 5.7 1411.68 1250.58 88.58807
35.95082 293 5.2 220.3 6.1 1523.6 1337.73 87.8006
33.22727 292 5.5 2203 6.6 1606 1447.38 90.12329
30.84507 290.2 6 2203 7.1 1741.2 1554.9 89.30048
29.37333 290 6.8 2203 7.5 1972 1652.25 83.7855
28.24359 288.6 7 2203 7.8 2020.2 1718.34 85.05792
27.5375 284.7 7.1 2203 8 2021.37 1762.4 87.18839
25.91765 285.5 7.5 2203 8.5 2141.25 1872.55 87.45126
2532184 285.2 7.7 220.3 8.7 2196.04 1916.61 87.27573
2392308 284 7.8 217.7 9.1 22152 1981.07 89.43075
22.61053 283 8 214.8 9.5 2264 2040.6 90.13251
21.67347 282.4 8.2 212.4 9.8 2315.68 2081.52 89.88807
20.69307 282 8.4 209 10.1 2368.8 2110.9 89.11263
19.78846 281.3 8.7 205.8 10.4 2447.31 2140.32 87.45602
18.92523 280.6 9 202.5 10.7 2525.4 2166.75 85.79829
17.59259 282.7 8.5 190 10.8 2402.95 2052 85.39504
16.64486 286 7.9 178.1 10.7 2259.4 1905.67 84.34407
15.20755 289.6 7.1 161.2 10.6 2056.16 1708.72 83.10248
10.91346 295.4 5.2 113.5 10.4 1536.08 1180.4 76.84496
9.603774 296.6 4.8 101.8 10.6 1423.68 1079.08 75.79512
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SG3526

Pulse Width Modulation
Control Circuit

The SG3526 is a high performance pulse width modulator
integrated circuit intended for fixed frequency switching regulators
and other power control applications.

Functions included in this IC are a temperature compensated
voltage reference, sawtooth oscillator, error amplifier, pulse width
modulator, pulse metering and steering logic, and two high current
totem pole outputs ideally suited for driving the capacitance of power
FETs at high speeds.

Additional protective features include soft start and undervoltage
lockout, digital current limiting, double pulse inhibit, adjustable dead
time and a data latch for single pulse metering. All digital control ports
are TTL and B-series CMOS compatible. Active low logic design
allows easy wired-OR connections for maximum flexibility. The
versatility of this device enables implementation in single—ended or
push—pull switching regulators that are transformerless or transformer
coupled. The SG3526 is specified over a junction temperature range of
0°to +125°C.
® 8.0V to35V Operation
® 5.0V £1% Trimmed Reference
® 1.0 Hz to 400 kHz Oscillator Range
Dual Source/Sink Current Outputs: +100 mA

Digital Current Limiting

Programmable Dead Time
Undervoltage Lockout

Single Pulse Metering
Programmable Soft-Start
Wide Current Limit Common Mode Range

Guaranteed 6 Unit Synchronization

(VA | —

Under-
Vee 17 Reference| | | Voltage

Regulator Lockout

15
d _ﬁ
Groun °'_i To Internal

e 2 = Circuitry 14

Rpeadime OLH

Oscillator
T

A B
Feset 0> Soft [
Csot-Stan Start [
3 A

Comgensation O—————¢

o=

FIF

. tput
+CS. Oﬁ |._ | Metering Oquu

Shutdown

Figure 1. Representative Block Diagram
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A = Assembly Location
WL = Wafer Lot
YY =Year

WW = Work Week

PIN CONNECTIONS

+Eror E E Vit
~Error E E Veo
Compensation E 1—_6] Output B
Csott-start [_T_ E Ground
Resel | 5 E Ve

-CS!| 6 E Output A
wcs[7 12 Syrc
Shutdown E E Rpeadtime
il e

{Top View)

ORDERING INFORMATION

Device Package Shipping

SG3526N PDIP-18 20 Units/Rail

Publication Order Number:
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MAXIMUM RATINGS (Note 1.)

S$G3526

Rating Symbol Value Unit
Supply Voltage Vee +40 Vdc
Collector Supply Voltage Ve +40 Vdc
Logic Inputs -0.3t0 +5.5 \
Analog Inputs -0.3to Ve \Y
Output Current, Source or Sink lo +200 mA
Reference Load Current (Vgg = 40 V, Note 2.) lret 50 mA
Logic Sink Current 15 mA
Power Dissipation Pp mwW
Ta = +25°C (Note 3.) 1000
Te = +25°C (Note 4.) 3000
Thermal Resistance Junction—to—Air Raja 100 °CIW
Thermal Resistance Junction—to—Case Reuc 42 °C/W
Operating Junction Temperature Ty +150 °C
Storage Temperature Range Tstg —65 to +150 °C
Lead Temperature (Soldering, 10 Seconds) Tsoider +300 °C
RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Max Unit
Supply Voltage Vee 8.0 35 Vdc
Collector Supply Voltage Ve 4.5 35 Vdc
Output Sink/Source Current (Each Output) lo 0 +100 mA
Reference Load Current lref 0 20 mA
Oscillator Frequency Range fosc 0.001 400 kHz
Oscillator Timing Resistor Rt 2.0 150 kQ
Oscillator Timing Capacitor Cr 0.001 20 puF
Available Deadtime Range (40 kHz) - 3.0 50 %
Operating Junction Temperature Range Ty 0 +125 °C

1. Values beyond which damage may occur.

2. Maximum junction temperature must be cbserved.

3. Derate at 10 mW/°C for ambient temperatures above +50°C.
4. Derate at 24 mW/°C for case temperatures above +25°C.

S R R
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$G3526

ELECTRICAL CHARACTERISTICS (V¢ = +15 Vdc, Ty = Tigy to Thigh [Note 6.], unless otherwise noted.)

Characteristics l Symboli | Min | Typ Max | Unit l
REFERENCE SECTION (Note 7.)
Reference Output Voltage (T = +25°C) Vief 4.90 5.00 5.10 \
Line Regulation (+8.0 V < Vgc < +35V) Regline - 10 30 mV
Load Regulation (0 mA <1 <20 mA) Regipad - 10 50 mV
Temperature Stability AV AT - 10 - mvV
Total Reference Output Voltage Variation AVief 4.85 5.00 5.15 A
(+8.0V <V <+35V, OmA< I <20 mA)
Short Circuit Current (Vies = 0 V) (Note 5.) Isc 25 80 125 mA
UNDERVOLTAGE LOCKOUT
Reset Output Voltage (Vier = +3.8 V) - 0.2 04 \Y
Reset Output Voltage (Vier = +4.8 V) 24 4.8 - \
OSCILLATOR SECTION (Note 8.)
Initial Accuracy (T, = +25°C) - +3.0 8.0 %
Frequency Stability over Power Supply Range Afose - 0.5 1.0 %
(+8.0V < Ve <+35V) T\E;
Frequency Stability over Temperature Afpse - 2.0 - %
{ATy = Tiow to Thigh) ATy
Minimum Frequency fmin - 0.5 - Hz
(Ry = 150 kQ, Ct = 20 puF)
Maximum Frequency frnax 400 - - kHz
(Ry=2.0kQ, Ct=0.001 uF)
Sawtooth Peak Voltage (Voo = +35 V) VoselP) - 3.0 35 \
Sawtooth Valley Voltage (Vgg = +8.0 V) Vose(V) 0.45 0.8 - \
ERROR AMPLIFIER SECTION (Note 9.)
Input Offset Voltage (Rg < 2.0 kQ) Vio - 2.0 10 mV
Input Bias Current Iis - ~350 -2000 nA
Input Offset Current o - 35 200 nA
DC Open Loop Gain (R = 10 MQ) AvoL 60 72 - dB
High Output Voltage Vou 3.6 4.2 - \
(VPin 1=Vpin 2 2 +150 mV, lsoyrce = 100 pA)
Low Output Voltage VoL - 0.2 04 \
(Vpin 2-Vpin 1 2 +150 mV, Igjnk = 100 pA)
Common Mode Rejection Ratio (Rg < 2.0 kQ) CMRR 70 94 - dB
Power Supply Rejection Ratio (+12 V < Vg < +18 V) PSRR 66 80 - dB

. Maximum junction temperature must be observed.
Tiow = 0°C Thigh = +125°C
IL = 0 mA unless otherwise noted.

LN O

0V <Voy<+5.2V,

fosc = 40 kHzZ (R7 = 4.12 kQ + 1%, C1 = 0.01 uF £ 1%, Rp = 0 Q)

ﬁttp:l/onsemi.com N
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$G3526

ELECTRICAL CHARACTERISTICS (continued)

Characteristics I Symbol | Min I Typ | Max , Unit
PWM COMPARATOR SECTION (Note 10.)
Minimum Duty Cycle DChin - - 0 %
(VCompensation = +0.4 V)
Maximum Duty Cycle DCmax 45 49 - %
(Veompensation = +3.6 V)
DIGITAL PORTS (SYNC, SHUTDOWN, RESET)
Output Voltage \
(High Logic Level) (Isource = 40 HA) VoK 24 4.0 ~
(Low Logic Level) (Igink = 3.6 mA) VoL - 0.2 04
Input Current — High Logic Level uA
(High Logic Level) (V| = +2.4 V) liy - -125 -200
(Low Logic Level) (V| =+0.4 V) i - —225 -360
CURRENT LIMIT COMPARATOR SECTION (Note 12.)
Sense Voltage (Rg < 50 Q) Vsense 80 100 120 mv
Input Bias Current s - -3.0 -10 HA
SOFT-START SECTION
Error Clamp Voltage (Reset = +0.4 V) - 0.1 04 \%
Csoft-start Charging Current (Reset = +2.4 V) Ics 50 100 150 pRA
OUTPUT DRIVERS (Each Output, V¢ = +15 Vdc, unless otherwise noted.)
Output High Level Vou \%
lsource = 20 mA 12.5 13.5 -
Isource = 100 mA 12 13 -
Output Low Level VoL \4
lsink = 20 mA - 0.2 0.3
Isink = 100 mA - 1.2 20
Collector Leakage, Vg =+40V Ic(leak) - 50 150 UA
Rise Time (C_ = 1000 pF) tr - 0.3 0.6 us
Fall Time (C_ = 1000 pF) t - 0.1 0.2 it
Supply Current lce - 18 30 mA
(Shutdown = +0.4 V, Vg = +35 V, R = 4,12 kQ)

10. fosc =40 kHz (Ry=4.12kQ £ 1%, CT=0.01 uF + 1%, Rp = 0 Q)
11.0V<Vgu<+5.2V
12.0V<Vpoy<+12V

http://lonsemi.com
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$G3526
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Figure 2. Reference Stability over Temperature
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Figure 6. Undervoltage Lockout Characteristic
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Figure 7. Output Driver Saturation Voltage as a
Function of Sink Current

http://onsemi.com

5



$G3526
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Figure 8. V¢ Saturation Voltage as a Figure 9. Oscillator Period
Function of Sink Current
Vee
Vref
Vet
QM
S0uA 50uA Q12 To Reset
100 § A1
¢ HA . To Driver A
¢ 3 Compensation ; To Driver B
100pA 19V T
Bandgap p
Q2 Reference
1.0k 500 J_ § R2 =
1 :
~ Error + Error =
Figure 10. Error Amplifier Figure 11. Undervoltage Lockout
Memory
FIF The metering Flip-Flop is an asynchronous data latch
Sorc s which suppresses high frequency oscillations by allowing
yne only one PWM pulse per oscillator cycle.
S Q R Q}—> Clock
PWM —D
o—————> PWN The memory Flip-Flop prevents double pulsing in a
push-pult configuration by remembering which output
Metering produced the last pulse.
FIF

Figure 12. Pulse Processing Logic
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$G3526

APPLICATIONS INFORMATION

Negative
f Output
1 Voltage
Ry 1 Ry 1
_L Vigg —VWA—— + Vit +
Cc: 2l 2l _
—_—— I Rg R3
Ry Positive
27 17| Reference |18 Output
Vee YWV Regulator Viet Gnd Voltage ~ Gnd
+
15 7 10uF R+ Ry (A
oo T Vout = Vref R2 Vout = Viet k?z /
n !
= [ Ry
% . . . R3 = K R1 + Hg /
May be required with some types of transistors
Figure 13. Extending Reference Figure 14. Error Amplifier Connections
Output Current Capability
Output to Load 4—___,\3/\/__0 +
s
Ll $G3526 12 Sync 16
8 § Ry Vout
Ro 9 10 oL
- Ry
- Gnd < O -
R G
T T Vou By
0.1V +
R1+R2
PN AL oo | Q1Y
- = (max) Rs sc= Rs
Figure 15. Oscillator Connections Figure 16. Foldback Current Limiting
+tve
Vet 14
Vo al13 ‘l
133 | Ramp— - =
+ Error + Ertor . PWM 5$G3526
-~ Error B 16
Q2 Gnd
Reset =

To
Undervoltage

Figure 17. Soft-Start Circuity

Lockout I Csoft-Start

The totem pole output drivers of the SG3526 are ideally
suited for driving the input capacitance of power FETs at

high speeds.

Figure 18. Driving VMOS Power FETs

\ 'http:/Ionsemi.com
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Figure 19. Half-Bridge Configuration

+V Supply © Q1 To
Filter

R2

14
Ve

A

$G3526

B
Gnd

15
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Figure 21. Single-Ended Configuration

5G3526

VvV o
Supply
R1 c2
14 R4
Ve |18 01
Qt
D2 T
5 B B 16
5G3526 7
S +CS
R3
; ; :
Cs Gnd—cs
’i\ C1 8 % R2
o—s

T

H

In the above circuit, current limiting is accomplished by using the

current fimit comparator output to reset the soft-start capacitor.

Figure 20. Flyback Converter with
Current Limiting

+V Supply o
R1
c1
1 i
V R2 )
c A 13 e r\ﬁlj
C2 L
SG3526 —I H h
16 R3
Gnd B Vv '\302
15 =

Figure 22. Push—Pull Configuration
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$G3526

PACKAGE DIMENSIONS

PDIP-18

N SUFFIX
CASE 707-02

ISSUE D

J NOTES:
L " SEWITAN 626 m 0.010) A7 MG
.25 mm (0.4
OO0 AANANN [y MATERIAL CONDITION, IN RELATION TO SEATING
-8 ¥ ] . PLANE AND EACH OTHER.
b B L 2. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.
O I O i 3. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
IRV RTRVRVRY YLV 4. CONTROLLING DIMENSION: INCH.
A M INCHES MILUMETERS
| o [ “RIN | MAX | MIN | mAX
A | 0875 | 0915 | 2222 | 2324
B | 0240 | 0260 | 610 660
C | 0120 | 0.180 | 356 | 457
D | 0014 | 0022 | 036 056
F | 0050 | 0070 | 127 ] 178
G | 0100BSC 2.54 BSC
H | 0040 | 0060 | 102 | 152
J | 0008 | 0012 | 020] 030
K | 0015 | 0135 | 292 | 343
L | 0.300BSC 7.62 BSC
M te 15@ Oe 5@
N | 0020 {0040 ] o051 102

http://onsemi.com
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LM139, LM139A, LM239, LM239A,
LM339, LM339A, LM2901, LM2901V
QUAD DIFFERENTIAL COMPARATORS

SLCSO06L ~ OCTOBER 1979 - REVISED JUNE 2004

Single Supply or Dual Supplies

Wide Range of Supply Voltage:

~ Max Rating...2Vto36V

~ Tested to 30 V... Non-V Devices
- Tested to 32 V... V-Suffix Devices

L.ow 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
CMOSs

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
supplies is 2V 1o 36 V, and Vg is at least 1.5 V
more positive than the input common-mode
voltage. Current drain is independent of the
supply voliage. 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 “ 14[] OUT3
20UT[} 2 13[] OUT4
Veell 3 12[] GND
2IN-[} 4 11{] 4iN+
2IN+[} 5 10[] 4IN-
1IN-[} 6 9[] 3IN+
1IN+} 7 8[] 3IN-

LM139, LM139A ... FK PACKAGE

(TOP VIEW)

FE EE

Jo s | 22

eReeRele)

N~ Zmm <

) MO | NN N ) .

3 2 1 2019
Vee [ 4 18[] GND
NC {15 17 NnC
2IN- 16 16[] 4N+
NC 07 15[ NC
2iIN+ [] 8 14[] 4IN-

9 10 1112 13

| o o o o o |

L+ O 1 o+

£2zZzz=zzZzZ

- [ap B ap]

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.

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.

PRODUCTION DATA information is current as of publication date,
Products conform to specifications per the ferms of Texas Instruments

testing of all parameters,

warranty, Pr p ing does not ily include

{’.’ TexAs
INSTRUMENTS

Copyright ©® 2004, Texas Instruments Incorporated
On products compliant to MIL-PRF-38535, all parameters are tested
unless otherwise noted. On all other products, production
processing does not necessarily include testing of alf parameters.

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



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

SLCS006L ~ OCTOBER 1979 - REVISED JUNE 2004

description/ordering information (continued)

ORDERING INFORMATION

T e | maxvee PACKAGET PART NUMBER MARKING
PDIP (N) Tube of 25 LM339N LM339N
Tube of 50 1. M339D
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°Cto70°C PDIP (N) Tube of 25 LM339AN LM339AN
, Tube of 50 LM339AD
soic (D) Reel of 2500 | LM339ADR LM339A
2mv 30V | SOP(NS) Reel of 2000 | LM339ANSR LM339A
SSOP (DB) Reel of 2000 | LM339ADBR L339A
Tube of 90 LM339APW
TSSOP (PW) Reel of 2000 | LM339APWR L339A
PDIP (N) Tube of 25 LM239N LM239N
Tube of 50 LM239D
5mv oy |59CO Reel of 2500 | LM239DR LM238
-25°C to 85°C Tube of 90 LM239PW
TSSOP (PW) Reel of 2000 | LM239PWR L239
Tube of 50 LM239AD
2mv S0V soIC (D) Reel of 2500 | LM239ADR LM239A
PDIP (N) Tube of 25 LM2901N LM2901N
Tube of 50 LM2901D
SoIC D) Reel of 2500 | LM2901DR LM2901
7mv 0V Tsor s) Reel 0f 2000 | LM2901NSR LM2901
4G 10 125°C TSP (W) Tube of 90 LM2901PW Lo
Reel of 2000 | LM2901PWR
SOIC (D) Reel of 2500 | LM2901VQDR L2901V
Tmv 2V 1Tssop pw) Reel of 2000 | LM2901VQPWR L2901V
. oy 159D Reel of 2500 | LM2901AVQDR L2901AV
TSSOP (PW) Reel 0f 2000 | LM2901AVQPWR L2901AV

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

‘tv':‘ TexAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



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

SLCS006L - OCTOBER 1979 - REVISED JUNE 2004

description/ordering information (continued)

ORDERING INFORMATION

Viomax ORDERABLE TOP-SIDE
Ta AT250c | MAXVce PACKAGET PART NUMBER MARKING
CFP (W) Tube of 25 (M139W LM139W
CoIP () Tube of 25 LM139J LM139J
5mv 30V |LCCC (FK) Tube of 55 LM139FK LM139FK
ol (D Tube of 50 LM139D LM139D
® Reel of 2500 | LM139DR 39
-55°C to 125°C
CFP (W) Tube of 25 LM139AW LM139AW
COIP (J) Tube of 25 LM139AJ LM139A
2 mv 30V |Lcce (k) Tube of 55 LM139AFK LM139AFK
Tube of 50 LM139AD
SOIC (D) LM139AD
Reel of 2500 | LM139ADR

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at

www.ti.com/sc/package.

symbol (each comparator)

schematic (each comparator)

IN+
ouT
N~

Vee
80-uA
Current
Regulator
q
10 LA  S0uA 10uA @SUHA
IN+
ouT
L
IN- }/
FKL © L 4 L GND

All current values shown are nominal.

s

TeEXAS

INSTRUMENTS
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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 voitage, Vo (see Note 1) ..............
Differential input voltage, Vip (see Note 2) ......
Input voltage range, V| (eitherinput) ............
Qutputvoltage, Vo ...
Outputcurrent, lg ...,
Duration of output short circuit to ground (see Note 3)
Package thermal impedance, 0, (see Notes 4 and 5): D package

Package thermal impedance, 6 ¢ (see Notes 6 and 7):

Operating virtual junction temperature, T; .......

Case temperature for 60 seconds: FK package

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package
Storage temperature range, Totg cvvvvovrnennn

............................................. +36 V
..................................... -0.3Vto36V
.............................................. 3BV
............................................ 20 mA

...................................... Unlimited
............................ 86°C/W
DBpackage ........................... 96°C/W
Npackage ................... .. ... 80°C/W
NSpackage ..............c.iviuii .. 76°C/W
PWpackage ......................... 113°C/W
FKpackage ......................... 5.61°C/W
Jpackage ......... ...l 15.05°C/W
Wpackage ........................ 14.65°C/W

............................................ 150°C

..................... 300°C

.................................... —-65°C to 150°C

T Stresses beyond those fisted 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-maximum-rated conditions for extended periods may affect device reliability.

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

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

2

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

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

o

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

6. Maximum power dissipation is a function of T j(max), 9,4¢, and Tg. The maximum allowable power dissipation at any allowable case
temperature is Pp = (T j(max) - T¢)/8 . Operating at the absolute maximum T of 150°C can affect reliability.
7. The package thermal impedance is calculated in accordance with MIL-STD-883.

‘k’? TEXAS

INSTRUMENTS
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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, Voc = 5 V (unless otherwise noted)

LM139 LM139A
PARAMETER TEST CONDITIONsT Ta¥ MIN  TYP  WAX MIN TP max | YNIT
Vee=5Vte 30V, 25°C 2 5 1 2
Vio Input offset voltage | VIC = VICR(min), mV
Vo=14V Full range 9 4
[ I . v 1av 25°C 3 25 3 25 A
To) nput offset current o=1. Full range 100 100 n
| | bi v 14y 25°C -25 ~-100 -25 -100 A
B nput bias current o=t Full range -300 —300| "
2500 Oto Oto
v Common-mode Vee15 Vee-15 v
ICR  input-voltage range Eull Oto Oto
ull range Veo-2 Vo2
Large-signal += 4
Ayp differential-voltage xCC:__5§/7 ;2 \5/'\/ 25°C 200 50 200 Vimv
amplification 0
| High-level output Vie= 1V VoH=5V 25°C 0.1 0.1 nA
OH current iD VOH =30V | Full range 1 11 pA
Low-level output 25¢°C 150 400 150 400
Vv Vip=- loL = A \
OL  yoltage ID==1V. oL =4mA I 700 700 ™
Low-level output __ ~ o
loL current ViD=-1V, VgL=15V 25°C 6 16 6 16 mA
Supply current _ o
lcc (four comparators) Vpo=25V, No load 25°C 0.8 2 0.8 2 mA

T All characteristics are measured with zero common-mode input voltage, unless otherwise specified.

T 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, Voo =5V, T = 25°C

LM139
PARAMETER TEST CONDITIONS LM133A UNIT
MIN TYP MAX
) R(_ connected to 5 V through 5.1 kQ 100-mV input step with 5-mV overdrive 1.3
Response time C § ! - us
C(. =15 pF3, See Note 8 TTL-level input step 0.3
§ C_ 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.
{i’
TEXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 5



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

SLCS006L - OCTOBER 1979 - REVISED JUNE 2004

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

LM239 LM239A
PARAMETER TEST CONDITIONST Tal LM339 LM339A UNIT
MIN TYP MAX MIN TYP MAX
Vee=5Vto30V, 25°C 2 5 1 3
Vio Input offset voltage | YiC = VicR(min), mv
Vo=14V Full range 9 4
| | “ v 1av 25°C 5 50 5 50 A
t t t = 1.
10 fput offset curren 0 Full range 150 150 "
| | ) v 1av 25°C -25 -250 -25 -250 A
t bi = 1.
1B nput bias curren 0 Full range 400 —a00| "
Oto Oto
25°C
v Common-mode Vee-1.5 Vee-1.5 v
ICR input-voltage range Full ran Oto 0to
ull range Vo2 Vo2
Large-signal Ve =15V,
AvVD differential-voltage Vo=14Vio 114V, 25°C 50 200 50 200 Vimyv
amplification Ry 215kQto Voo
[ High-level output Vin=1V VoH=5V 25°C 0.1 50 0.1 50 nA
OH  current it VOH =30V | Full range 1 1] pA
Low-level output 25°C 150 400 150 400
V Vip=-1V, loL=4mA mv
OL  voitage ID OL=%MA I"Filrange 700 700
Low-level output __ _ o
loL current VIp=-1V. VoL=15V 25°C 6 16 6 16 mA
Supply current . o
lce (four comparators) | VO =25 V. Noload 25°C 08 2 0.8 2| mA

T All characteristics are measured with zero common-mode input voltage, unless otherwise specified.
frun range (MIN to MAX) for LM239 and LM239A is ~25°C to 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, Voc =5V, Ta = 25°C

LM239, LM23A,

PARAMETER TEST CONDITIONS ‘ LM339, LM339A UNIT
MIN TYP MAX
) RL connected to 5 V through 5.1 kQ, 100-mV input step with 5-mV overdrive 1.3
Response time !

us
CL = 15 pF§, See Note 8 TTL-evel input step 0.3 '

§ Cy 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)

LM2301
PARAMETER TEST CONDITIONST Ta¥ MIN_ TYP MAX UNIT
i 25°C 2
V|c = VicR(min), Non-A devices Full range 15
Vio Input offset voltage Vo=14V, 25 y mV
Vee=5Vto MAXS A-suffix devices
Full range
25°C 5 50
llo Input offset current Vo=14V Full range 200 nA
25°C -25 -250
[If2) Input bias current Vo=14V Full range 500 nA
_ 25c |, _01“;
v Common-mode input-voltage CC™ 1 y
ICR range Ful 0to
ull range
9 Vo2
e . - Voo =158V,
AVD :zgﬁﬁzg?:; differential-voltage | 2 1 4Vio 1.4V, 25°C 25 100 Vimv
R 215kQto Ve
VoH =5V 25°C 0.1 50 nA
IoH High-level output current Vip=1V Vor = Voo VMAXS Full range p A
Non-V devices 250G 150 500
ViD=-1V, : °
VoL Low-level output voltage I(;E =4 mA V-suffix devices 160 4001 mv
All devices Full range 700
oL Low-tevel output current Vip=-1V, VoL=15V 25°C 6 16 mA
| Supply current V=25V, Vee =5V 2500 0.8 A
ce (four comparators) No load Vee = MAXS 1 2.5

T All characteristics are measured with zero common-mode input voltage, unless otherwise specified.
1 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, Vgc =5V, Tp = 25°C

LM2901 UNIT
PARAMETER TEST CONDITIONS MIN - TYP  MAX
. RL connected to 5 V through 5.1 k), 100-mV input step with 5-mV overdrive 1.3
Response time - q ! - us
CL = 15 pFll, See Note 8 TTL-level input step 0.3

1 Cy_ 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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24-Apr-2006

PACKAGING INFORMATION

Orderable Device status " Package Package Pins Package EcoPlan® Lead/Ball Finish MSL Peak Temp &
Type Drawing Qty
5962-7700801VCA ACTIVE CDIP J 14 1 TBD A42 SNPB N/ A for Pkg Type
5962-87739012A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
5962-8773901CA ACTIVE CDIP J 14 1 TBD A42 SNPB N/ A for Pkg Type
5962-8773901DA ACTIVE CFP W 14 1 TBD A42 SNPB N/ A for Pkg Type
77008012A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
7700801CA ACTIVE CDIP J 14 1 TBD A42 SNPB N/ A for Pkg Type
7700801DA ACTIVE CFP W 14 1 TBD A42 SNPB N/ A for Pkg Type
JM38510/11201BCA ACTIVE CDIP J 14 1 TBD A42 SNPB N/ Afor Pkg Type
LM139AD ACTIVE SOIC 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 LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
LM139AJ ACTIVE CDIP J 14 1 TBD A42 SNPB N/ A for Pkg Type
LM139AJB ACTIVE CDIP J 14 1 TBD A42 SNPB N/ A for Pkg Type
LM139AN OBSOLETE PDIP N 14 TBD Call Tl Call Tl
LM139AW ACTIVE CFP W 14 1 TBD A42 SNPB N/ A for Pkg Type
LM139AWB ACTIVE CFP W 14 1 TBD A42 SNPB N/ A for Pkg Type
LM139D ACTIVE SOIC D 14 50 TBD CUNIPDAU  Level-1-220C-UNLIM
LM139DR ACTIVE SOIC D 14 2500 TBD CUNIPDAU  Level-1-220C-UNLIM
LM139FK ACTIVE LCCC FK 20 1 T8D POST-PLATE N/ A for Pkg Type
LM139FKB ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
LM139J ACTIVE CDIP J 14 1 TBD A42 SNPB N/ A for Pkg Type
LM139J8 ACTIVE CDIP J 14 1 TBD A42 SNPB N/ A for Pkg Type
LM138N OBSOLETE PDIP N 14 TBD Call Tl Call Tl
LM139W ACTIVE CFP W 14 1 TBD A42 SNPB N/ A for Pkg Type
LM139WB ACTIVE CFP W 14 1 TBD A42 SNPB N/ A for Pkg Type
LM239AD ACTIVE el D 14 50 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM239ADE4 ACTIVE SOIC D 14 50 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
LM239ADR ACTIVE SOIC D 14 2500 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
L. M239ADRE4 ACTIVE Sle[o] D 14 2500 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM239AN OBSOLETE PDIP N 14 TBD Call Tl Call Tl
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 (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
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www.ti.com 24-Apr-2006
Orderable Device Status " Package Package Pins Package Eco Plan @ Lead/Ball 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 CUNIPDAU N/ A for Pkg Type
(RoHS)
LM239NE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU 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 PW 14 2000 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901AVQDR ACTIVE SOIC D 14 2500 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR/
(RoHS) Level-1-235C-UNLIM
LM2901AVQPWR ACTIVE TSSOP PW 14 2000 TBD CU NIPDAU  Level-1-250C-UNLIM
LM2901D ACTIVE SOIC D 14 50 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM23901DE4 ACTIVE SoIC D 14 50 Green{RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
LM2901DG4 ACTIVE Sjelle] D 14 50 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sh/Br)
LM2901DR ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br) i
LM2901DRE4 ACTIVE SOlIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901DRG4 ACTIVE SOIC D 14 2500 Green(RoHS & CU NIPDAU 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 CUNIPDAU N/ A for Pkg Type
(RoHS)
LM2901NSR ACTIVE SO NS 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901NSRE4 ACTIVE SO NS 14 2000 Green (RoHS & CUNIPDAU 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)
LM2301PWG4 ACTIVE TSSOP PW 14 90 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)
LM2901PWLE OBSOLETE TSSOP PW 14 TBD Cail Tl Call Ti
LM2801PWR ACTIVE TSSOP PW 14 2000 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
) no Sb/Br)
LM2901PWRE4 ACTIVE TSSOP PW 14 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sbh/Br)
LM2901PWRG4 ACTIVE TSSOP PW 14 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901QD OBSOLETE SolC D 14 T8D Call Tl Call TI
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Orderable Device Status ¥ Package Package Pins Package Eco Plan @ Lead/Ball Finish MSL Peak Temp @
Type Drawing Qty
LM2901QN OBSOLETE PDIP N 14 TBD Call Ti Call Tl
LM2901VQDR ACTIVE SoIC D 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 SOIC D 14 50 Green (ROHS & CU NIPDAU 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 SSOP DB 14 2000 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339ADE4 ACTIVE SOIC D 14 50 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339ADG4 ACTIVE SOIC D 14 50 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
LM333ADR ACTIVE SoIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339ADRE4 ACTIVE SOIC D 14 2500 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339ADRG4 ACTIVE Solc D 14 2500 Green (RoHS & CUNIPDAU Level-2-260C-1YEAR
no Sb/Br)
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 & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM33SANSRG4 ACTIVE SO NS 14 2000 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339APW ACTIVE TSSOP PW 14 90 Green(RoHS & CU NIPDAU 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 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339APWRE4 ACTIVE TSSOP PW 14 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM338D ACTIVE SOIC D 14 50 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
LM339DBLE OBSOLETE  SSOP DB 14 TBD Call Tl Call Ti
LM339DBR ACTIVE SSOP DB 14 2000 Green (RoHS & CUNIPDAU 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 Solc D 14 50 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339DG4 ACTIVE SOIC D 14 50 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
LM339DR ACTIVE SOIC D 14 2500 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339DRE4 - ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sbh/Br) i
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Orderable Device Status (! Package Package Pins Package Eco Plan @ 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)
t M3389N ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
LM339NE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
LM339NSLE OBSOLETE SO NS 14 TBD Call Tl Call Ti
LM339NSR ACTIVE SO NS 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339NSRG4 ACTIVE SO NS 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br})
LM339PW ACTIVE TSSOP PW 14 90 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339PWE4 ACTIVE TSSOP PW 14 90 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339PWG4 ACTIVE TSSOP PW 14 90 Green{RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339PWLE OBSOLETE TSSOP PW 14 T8D Call T} Call TI
LM339PWR ACTIVE TSSOP PW 14 2000 Green (RoHS & CU NIPDAU 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 & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339Y OBSOLETE 0 TBD Call Tl Call Ti

M The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: TI 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: Tl has discontinued the production of the device.

{2} Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http:/iwww ti.com/praductcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not 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 requirement 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 (RoHS 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 Sh/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 homogeneous material)

®) 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. T 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. Tl 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 TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl
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
(162) | (762) | (762) | (7.62)
" 8 BSC BSC BSC BSC
alalalaialale 8 MAX 0785 | 840 | 0960 | 1.060
T (19,94) | (21,34) | (24,38) | (26,92)
) c B MIN — | — | — | —
l 0300 | 0.300 | 0.310 | 0.300
UIVIVAVAVAVEN C M g62) | (762) | (7.87) | (762)
‘J L ! 0.245 | 0.245 | 0220 | 0.245
0.065 (1,65) C MN ' \ ' \
ot 6,22) | (6.22) | (559) | (6.22)
0.060 (1,52
—» & 0.005 (0,13) MIN mlo—z)g% l<‘ ~>I
— 0. 200 ) MAX
| Seating Plane
1 0.130 (3,30) MIN
_’j L_ 0.026 (0,66)
0.014 (0, 36) - 015"
[0.100 (2,54)| 0.014 (0,36)
0.008 (0,20)
4040083 /F 03/03

NOTES: A, All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package is hermetically sealed with a ceramic lid using glass frit.
0. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.

E. 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)
l‘ 0.026 (0,66)
I R
) = 0.006 ( .j
| 0.080 (2,03 0.004 (0.10)
0.045 (1,14)
— 0.280 (7,11) MAX ——>
0.019 (0,48)
1 4 0.015 (0,38)
F Y ./
[ 1 | ] —f
[ | [ ]
0.050 (1,27)
[ | | ]
0.390 (8,91) I I l |
0.335 (8,51)
{ | [ ]
[ 1 i 0.005 (0,13) MIN
) 4 Places
[ { | } i
N
7 8
0.360 (9,14) 0.360 {9,14) R
0.250 (6,35) M 0.250 (6,35) "
4040180-2/D 07/03
NOTES: A, Al 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 terminal identification only.
E. Falls within MIL STD 1835 GDFP1-F14 and JEDEC MO-092AB
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MECHANICAL DATA

MLCC006B - OCTOBER 1996

FK (8-CQCC-N**) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN

NO. OF A B
— 18 17 16 15 14 13 12 TERMINALS

” MIN MAX MIN MAX

4 N " 20 0.342 | 0358 | 0307 | 0358

(869) | 909 | (7.80) | (9.09)

10 o 0.442 | 0458 | 0406 | 0.458

. (11.23) | (11,63) | (10,31) | (11,63)

" 0.640 | 0660 | 0495 | 0.560

8 (16,26) | (16,76) | (12,58) | (14.22)

7 0.739 0.761 0.495 0.560

52 (18,78) | (19,32) | (12.58) | (14.22)

6 o8 0938 | 0962 | 0850 | 0858

s (23.83) | (2443) | 21.6) | (21.8)
9y 1141 | 1165 | 1047 | 1.063

J (28,99) | (20.59) | (26.6) | (27.0)

0.020 (0,51) | 0.080(2,03)
0.010 (0,25) "1 j «— 0.064 (1,63)
% 0.020(0,51) W

0.010 (0,25)

0.055 (1,40)
0.045 (1,14)
0.045 (1,14)
- 0.035 (0,89) |
X
0.028 (0,71) __’I L_ | 0.045(1,14)
0.022 (0,54) 0.035(0,89)
0.050 (1,27)
4040140/D 10/96
NOTES: A. Alllinear 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

N (R—PDIP—T#*)

PLASTIC DUAL—IN—LINE PACKAGE

16 PINS SHOWN
PINS *¢
< A >
o 14 16 18 20
'8 ) 0775 | 0.775 | 0920 | 1.060
T i W et W i B e W e W et W A MR | Goea) | (19.69) | (2337 | (26.92)
0.260 (6,60) 0.745 | 0.745 | 0.850 | 0.940
) 0240 (670 ACMING | (18.92) | (18,92) | (21,59) | (23,88)
MS-001
7 LSNP S it ey sy gy A VARIATION AA BB AC AD
0.070 (1,78)
0.045 (1,14) VX
0.045 (1,14) 0.325 (8,26)
—» (a1 : :
r’ 0.030 (0,76) 0.020 (0,51) MIN 0300 (7.62) [
I | \ 7 0.015 (0,38)
| ] ——
\- ! ! 0.200 (5,08) MAX 3 ? Gauge Plane
| I X l Seoting Plane
] T o125 (g un 0.010 (0,25) NOM
~>] 0.430 (10,92) MAX L—
0.021 (0,53)
M 5015 (0.38) 4 s
[€]0.010 (0,25) @] / \\
\ !
\ /
14/18 Pin Only
\ - / 20 Pin vendor option A
4040049/E  12/2002

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

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

D (R-PDS0-G14) PLASTIC SMALL—OUTLINE PACKAGE

A 4

/’H TH W00 L
e o e ngfﬁ o 02)

0.010 (0.25)®

A

{
il Inmimimiiy
Tomo

h 4

— 0.069 (1,75) Max 0,004 (
0.010 (0,25)
0.007 (0,17)1
Vg \
i) [ ]0.004 (0,10)
Gauge Plane —L -~

? Seating Plane

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

4040047-3/F 07/2004

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

B. This drawing is subject to change without notice.

€. Body dimensions do not include mold flash or protrusion not to exceed 0.006 {0,15).
D. Falis within JEDEC MS~012 variation AB.

NOTES:
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MECHANICAL DATA

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

0,51

B I
1A HAHA i

T 0,15 NOM

2

X 4

O l Gage Plane /[ §
5 HHHHEH H T ox

A

| \i 0,05 [N \
F \ l l [ Seating Plane # J_L ) m
L 2,00 MAX )

PINS *x

Y 14 16 20 24

A MAX 10,50 10,50 12,90 15,30

A MIN 9,90 9,90 12,30 14,70

4040062/C 03/03

NOTES: A All linear dimensions are in millimeters.
B. This drowing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.
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MECHANICAL DATA

MSSO002E - JANUARY 1995 ~ REVISED DECEMBER 2001

DB (R-PDSO-G*¥) PLASTIC SMALL-OUTLINE
28 PINS SHOWN

15

00AARAAARART —T
|
| A

Gage Plane

(RN

O
LRI

< A

, \ Y \
J;MMHMMM__{ Seating Plane ¥ g—\\} I_L
L 2,00 MAX 0,05 MIN 1 ~—

PINS **
14 24 28 38
DIM 16 20 30
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 /E 12/01

NOTES: A. Alllinear dimensions are in millimeters.

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
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MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1999

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

PLASTIC SMALL-OUTLINE PACKAGE

14 8
T 0,15 NOM
450 6,60
430 6,20 l'
O Gage Plla;/[)—
HEEOHET. i
1 7
0°-—-8°
«—— A —p 0,75
0,50
= (8
_Ti Seating Plane ¢ \/}
0,15
L~ 1,20 MAX o [=]0,10 |
DIM PINS ™ 8 14 16 20 24 28
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.

All linear dimensions are in millimeters.
This drawing is subject to change without notice.

oo

Falls within JEDEC MO-153

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

Texas Instruments Incorporated and its subsidiaries (TI) 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 Tl'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 T 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 right,
copyright, mask work right, or other T! intellectual property right relating to any combination, machine, or process
in which Tl products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from T 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 Tl.

Reproduction of information in Tl 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 Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated Tl 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 and application
solutions:

Products Applications

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

Data Converters dataconverter.ti.com 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 microcontrolier.ticom  Security www.ti.com/security
Telephony www.ti.comy/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

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

Copyright © 2006, Texas Instruments Incorporated
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Data Sheet

20A, 500V, 0.270 Ohm, N-Channel
Power MOSFET

This N-Channel enhancement mode silicon gate power field
effect transistor is an advanced power MOSFET designed,
tested, and guaranteed to withstand a specified level of
energy in the breakdown avalanche mode of operation. All of
these power MOSFETSs are designed for applications such
as switching regulators, switching convertors, motor drivers,
relay drivers, and drivers for high power bipolar switching
transistors requiring high speed and low gate drive power.
These types can be operated directly from integrated
circuits.

Formerly developmental type TA17465.

Ordering Information

IRFP460

July 1999

File Number 2291.3

Features

« 20A, 500V

* ps(oN) = 0.270Q

+ Single Pulse Avalanche Energy Rated
» SOA is Power Dissipation Limited

» Nanosecond Switching Speeds

* Linear Transfer Characteristics

* High Input Impedance

* Related Literature

- TB334 “Guidelines for Soldering Surface Mount
Components to PC Boards”

Symbol

PART NUMBER PACKAGE BRAND D
IRFP460 TO-247 IRFP460
NOTE: When ordering, use the entire part number. G

S
Packaging
JEDEC STYLE TO-247
SOURCE
4-359 CAUTION: These devices are sensitive to electrostatic discharge; follow proper ESD Handling Procedures.

http://www.intersil.com or 407-727-9207 | Copyright © Intersil Corporation 1999



IRFP460

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

IRFP460 UNITS
Drain to Source Voltage (Note 1). .. ... Vps 500 \Y
Drain to Gate Voltage (Rgg =20kQ) (Note 1) .. ... ..ot VbR 500 \
Continuous Drain CUIment .. ......... . i p 20 A
TC =100 L Ip 12 A
Puised Drain Current (Note 8) . . ... ..o Iom 80 A
Gate to Source Voltage . ... ... Vas +20 \
Maximum Power Dissipation .. ....... .. ... Pp 250 W
Linear Derating Factor .. ....... oo 2.0 w/°C
Single Pulse Avalanche Energy Rating (Note ). . .. ......... ... ... .o . Eas 960 mJ
Operating and Storage Temperature .. ................... i T4, TsTg -55to 150 oC
Maximum Temperature for Soldering
Leads at 0.063in (1.6mm) from Case for 10s. . ............... 0, T 300 °c
Package Body for 10s, See Techbrief 334 .. . . ... .. ... ... i ot Tpkg 260 °c

CAUTION: Stresses above those listed in "Absolute Maximum Ratings” may cause 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 operational sections of this specification is not implied.

NOTE:
1. Ty=25°C 10 Ty=125°C.

Electrical Specifications T¢ = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Drain to Source Breakdown Voltage BVpss |Ip = 250uA, Vgg = OV (Figure 10) 500 - - \
Gate Threshold Voltage Ves(tH) | Vas = Vps: Ip = 250pA 2 - 4 \Y
Zero Gate Voltage Drain Current Ibss Vps = Rated BVpgg, Vgg = OV - - 25 pA
Vps = 0.8 x Rated BVpggs, Vgs =0V, T = 125°C - - 250 A
On-State Drain Current (Note 2) Ipony | Vps> Ip(on) % 'DS(ON)MAX: VGs = 10V 20 - - A
Gate to Source Leakage Current Icss Vg = 20V - - +100 nA
Drain to Source On Resistance (Note 2) Ds(oN) |!p = 11A, Vgg = 10V (Figures 8, 9) - 024 | 027
Forward Transconductance (Note 2) dfs Vps 2 50V, Ipg > 11A (Figure 12) 13 19 - S
Turn-On Delay Time tyoN) | VDb =250V, Ip = 21A, Rgs = 4.3Q, Rp = 12Q, - 23 35 ns
Rise Time Tt Vas = 10V MOSFET Syvitching Times are Essentially i 81 120 ns
Independent of Operating Temperature
Turn-Off Delay Time td(OFF) - 85 130 ns
Fall Time t - 65 98 ns
Total Gate Charge Qqg(toT) |Ves =10V, Ip =21A, Vpg = 0.8 x Rated BVpss, - 120 190 nC
(Gate to Source + Gate-Drain) IG(REF) = 1.5MA (Figure 14). Gate Charge is
Gate to Source Charge Qgs Essentially Independent of OperatingTemperature _ 18 R nG
Gate to Drain "Miller” Charge Qgd - 62 - nC
Input Capacitance Ciss Vps = 25V, Vgg = 0V, f = 1MHz (Figure 10) - 4100 - pF
Output Capacitance Coss - 480 - pF
Reverse Transfer Capacitance Crss - 84 - pF
Internal Drain Inductance Lp Measured from the Drain | Modified MOSFET - 5.0 - nH
Lead, 6mm (0.25in) from | Symbol Showing the
Package to Center of Die | Internal Device
Internal Source Inductance Ls Measured from the Source | INductances - 13 - nH
Lead, 6mm (0.25in) from
Header to Source Bonding
Pad
Thermal Resistance Junction to Case Rouc - - 050 | ‘C/w
Thermal Resistance Junction to Ambient ReJa Free Air Operation - - 30 o°cw

4360 | _intersjl
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Source to Drain Diode Specifications

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Continuous Source to Drain Current Isp Modified MOSFET D - - 20 A
. Symbol Showing the

P S to Drain C t ! - -

ulse Source to Drain Curren SDM Integral Reverse P-N 80 A
(Note 3) . X

Junction Rectifier
G
S

Source to Drain Diode Voltage (Note 2) Vsp Ty =25°C, Igp = 21A, Vgg = OV (Figure 13) - - 1.8 \
Reverse Recovery Time ter Ty = 25°C, Igp = 21A, digp/dt = 100A/us 280 580 1200 ns
Reverse Recovery Charge QrRr Ty =25°C, Igp = 21A, digp/dt = 100A/us 3.8 8.1 18 pnC

NOTES:

2. Pulse test: pulse width < 300us, duty cycle < 2%.

3. Repetitive rating: pulse width limited by Max junction temperature. See Transient Thermal Impedance curve (Figure 3).
4. Vpp = 50V, starting Ty = 25°C, L = 4.3mH, Rgs = 25Q, Peak |ag = 20A.

Typical Performance Curves uniess Otherwise Specified

1.2

1.0

0.8

0.6

0.4

0.2

Ip, DRAIN CURRENT (A)

POWER DISSIPATION MULTIPLIER

0 50

100

Tc. CASE TEMPERATURE (°C)

150

FIGURE 1. NORMALIZED POWER DISSIPATION vs CASE

TEMPERATURE

20
16 \\
\

12 \\

e N

4 N\

0

25 50 75 100 125 150

Tc, CASE TEMPERATURE (°C)

FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs

CASE TEMPERATURE
1
s =
$
E b= 0.5 o
-
Z 014 o2 =
Q c =
& [t + ]
= Co ] . ‘ =
2. [-0.05 mul /, Ppm .
0.02 foooemrt==" L1 |
E 1022 g0 et e - 3
: , g
= 3
& [T~ SINGLE PULSE NOTES: —-| tz -]
NB DUTY FACTOR: D = t4/tp i
10.3 PEAKTJ=PDMxZeJcXR9Jc+TC
1075 104 103 102 0.1 1 10

t4, RECTANGULAR PULSE DURATION (S)

FIGURE 3. MAXIMUM TRANSIENT THERMAL IMPEDANCE
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Typical Performance Curves unless Otherwise Specified (Continued)

Ip, DRAIN CURRENT (A) Ip, DRAIN CURRENT (A)

tps(oN). DRAIN TO SOURCE

=
o
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=
OPERATION IN THIS
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o
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FIGURE 4. FORWARD BIAS SAFE OPERATING AREA
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DUTY CYCLE = 0.5% MAX L
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FIGURE 6. SATURATION CHARACTERISTICS
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FIGURE 8. DRAIN TO SOURCE ON RESISTANCE vs GATE
VOLTAGE AND DRAIN CURRENT
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FIGURE 5. OUTPUT CHARACTERISTICS
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FIGURE 7. TRANSFER CHARACTERISTICS
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Typical Performance Curves Uniess Otherwise Specified (Continued)
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FIGURE 10. NORMALIZED DRAIN TO SOURCE BREAKDOWN
VOLTAGE vs JUNCTION TEMPERATURE
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Test Circuits and Waveforms

VARY tp TO OBTAIN

REQUIRED PEAK Iag R L':j =v
+—q T o

Ves -
DUT
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tp
oV las
0.01Q
NMA—4

FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT

Ves

FIGURE 17. SWITCHING TIME TEST CIRCUIT

Vps
CURRENT (ISOLATED
REGULATOR SUPPLY)
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< * AS DUT
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FIGURE 19. GATE CHARGE TEST CIRCUIT
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FIGURE 16. UNCLAMPED ENERGY WAVEFORMS
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FIGURE 20. GATE CHARGE WAVEFORMS
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All Intersil semiconductor products are manufactured, assembled and tested under 1ISO9000 quality systems certification.

Intersil semiconductor products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design and/or specifications at any time with-
out notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Intersil is believed to be accurate and
reliable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result
from its use. No license is granted by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries. ’

For information regarding Intersil Corporation and its products, see web site http://www.intersil.com

Sales Office Headquarters

NORTH AMERICA EUROPE ASIA
Intersil Corporation Intersil SA Intersil (Taiwan) Ltd.
P. O. Box 883, Mail Stop 53-204 Mercure Center 7F-6, No. 101 Fu Hsing North Road
Melbourne, FL 32902 100, Rue de la Fusee Taipei, Taiwan
TEL: (407) 724-7000 1130 Brussels, Belgium Repubiic of China
FAX: (407) 724-7240 TEL: (32) 2.724.2111 TEL: (886) 2 2716 9310
FAX: (32)2.724.22.05 FAX: (886)2 27153029
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i Allegro+

a:s N MicroSystems,. inc..

ACS754xCB-050

RN

Fully Integrated, Hall Effect-Based Linear Current Sensor
with High Voltage Isolation and a Low-Resistance Current Conductor

Features and Benefits Description
= Monolithic Hall IC for high reliability The Allegro ACS75x family of current sensors provides
« Single +5 V supply economical and precise solutions for current sensing in
= 3 kVRas isolation voltage between terminals 4/5 and industrial, automotive, commercial, and communications
pins 1/2/3 for up to I minute systems. The device packageallows forcasy implementation by
= 35 kHz bandwidth the customer. Typical applications include motor control. load
* Automotive temperature range detection and management. power supplies. and overcurrent

*  End-of-line factory-trimmed for gain and offset fault protection.
) iil:lri:z:; power loss: 100 u€ internal conductor ‘Thedevice consists ofa precision, low-offset linear Hall sensor

circuit with a copper conduction path located near the die.
Applied current flowing through this copper conduction path
generates amagnetic field which is sensed by the integrated Hall
ICandconverted into a proportional voltage. Device accuracy is
optimized through the close proximity ofthe magnetic signal to
the Hall transducer. A precise, proportional voltage is provided
by the low-offset, chopper-stabilized BICMOS Hall IC., which
Package: 5 pin module (Ieadform PFF) is programmed for accuracy at the factory.

The outputofthe device has apositive slope (>V ¢/ 2) when an
increasing current flows through the primary copper conduction
path (from terminal 4 to terminal 5), which is the path used for
current sensing. The internal resistance of this conductive path
is typically 100 pQ, providing low power loss. The thickness
of the copper conductor allows survival of the device at up to

= Ratiometric output from supply voltage

= Extremely stable output offset voltage

= Small package size, with easy mounting capability
= Qutput proportional to AC and DC currents

Continued on the next page .

Typical Application

+5V
4 vech
1P+ Cpyp
ACS754 0.1 pF
I GND |2 I
5 =
HIP— 3
| VIOUT ——\/V\/\—:I-—o\/ouT
Re

Application 1. The ACS754 outputs an analog signal, Voyr.
that varies linearly with the uni- or bi-directional AC or DC
primary sensed current, |, within the range specified. Cr
is recommended for noise management, with values that
depend on the application.

ACS75450-DS Rev. 7



ACS754xCB-050

Fully Integrated, Hall Effect-Based Linear Current Sensor
with High Voltage Isolation and a Low-Resistance Current Conductor

Description (continued)

5% overcurrent conditions. The terminals of the conductive path are
electrically isolated from the sensor leads (pins 1 through 3). This
allows the ACS75x family of sensors to be used in applications
requiring electrical isolation without the use of opto-isolators or
other costly isolation techniques.

Selection Guide

The device is fully calibrated prior to shipment from the factory,

The ACS75x family is lead (Pb) free. All pins are coated with

100% matte tin, and there is no lead inside the package. The

heavy gauge leadframe is made of oxygen-free copper.

T Primary Sensed | Sensitivity Package
Part Number (0%’; Current, Ip Sens (Typ.) R . - Packing?
(A) (mVIA) Terminals Signal Pins
ACS754LCB-050-PFF —40 to 150 +50 40 Formed Formed )
Bulk. 170 pieces/bag
ACS -PFF2 —20 to 85 150 40 Formed Formed

1Contact Allegro for additional packing options.
2Variant is in production but has been determined to be LAST TIME BUY. This classification indicates that the variant is obsolete and notice has been
given. Sale of the variant is currently restricted to existing customer applications. The variant should not be purchased for new design applications
because of absolescence in the near future. Samples are no longer available. Status date change November 1, 2008. Deadiine for receipt of LAST
TIME BUY orders is May 1, 2008.

Absolute Maximum Ratings

Certificate Number:
U8V 04 11 54214 001

Fire and Electric Shock
EN60950-1:2001

Characteristic Symbol Notes Rating Units
Supply Voltage Vee 16 \
Reverse Supply Voltage Vree -16 \
Output Voltage ViouT 16 \4
Reverse Output Voltage Vriout -0.1 \4
Maximum Basic Isolation Voltage Viso 353 VAC, 500 VDC, or Vy \'4
Maximum Rated Input Current In 200 A
Output Current Source louT(source) 3 mA
Output Current Sink louTisink 10 mA
. . Range L ~40to 150 °C
Nominal Operating Ambient Temperature Ta
Range S -201t0 85 °C
Maximum Junction T(max) 165 °C
Storage Temperature Tstg -65to 170 °C
TOV America

P iy
e Ed

“lleoro-

K T 2.
LR

............fMicmSy&!cm;. S

Allegro MicroSystems, Inc. 2
115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.S.A.
1.508.853.5000; www.allegromicro.com



ACS754xCB-050 Fully Integrated, Hall Effect-Based Linear Current Sensor
with High Voltage Isolation and a Low-Resistance Current Conductor

Functional Biock Diagram

+B5V

Voltage
Regulator

\—> To all subcircuits —

|
|
|
|
|
1
1
1
1
1
1
|
i
!
Tf) I
w C I
c% B LviouT 1+
& 2 —
E é E Out ; T~ 0.1 }lF
g5 L :
=0 I
Q |
1
i
:
|
Temperature 1
Coefficient l—_o_ffa X
|
{
Trim Control :
t
i
____________ p Y
GND
Pin-out Diagram
1P+ (4] (3] viout
[2] GND
1] vee
P~ [5] &x
Terminal List Table
Number Name Description
1 VvCC Device power supply pin
2 GND Signal ground pin
3 VIOUT Analog output signal pin
4 1P+ Terminal for current being sensed
5 P- Terminal for current being sensed
PTLT ) Aliegro MicroSystems, Inc. 3
AFLR l le g 115 Northeast Cutoff
%g%‘ﬁ E & -g . Worcester, Massachusetts 01615-0036 U.S.A.
‘RER ¥ B s WL

R R 1.508.853.5000; www.ailegromicro.com



ACS754xCB-050

Fully Integrated, Hall Effect-Based Linear Current Sensor

with High Voltage Isolation and a Low-Resistance Current Conductor

ELECTRICAL CHARACTERISTICS, over operating ambient temperature range unless otherwise stated

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Primary Sensed Current Ip =50 - 50 A
Supply Voltage Vee 4.5 50 55 Vv
Supply Current lec Ve = 5.0V, output open 6.5 8 10 mA
Output Resistance Rour lour=1.2mA - 1 2 Q
Output Capacitance Load CiLoap VOUT to GND - - 10 nF
Output Resistive Load Rioap VOUT to GND 47 - - kQ
Primary Conductor Resistance Rprimary  |lp = £100A; T, = 25°C - 100 - 5[e}
Pins 1-3 and 4-5; 60 Hz, 1 minute 3.0 - - kv
PERFORMANCE CHARACTERISTICS, -20°C to +85°C, V¢ = 5 V unless otherwise specified
Propagation time trrop lp =450 A, Ty = 25°C - 4 - s
Response time tresponse  |Ip = #80 A, Ty = 25°C - 12 - us
Rise time t, lp =250 A, Ty =25°C - 11 - us
Frequency Bandwidth f -3dB, Ty =25°C - 35 - kHz
o Over full range of Ip, Ty = 25°C - 40 - mV/A
Sensitivity SeNs  Sverfullrangs of Iy 378 - 420 | mviA
Voose | oo oviomal fier - e
Linearity ELn Over full range of Ip - - 1.5 %
Symmetry Esym Over full range of Ip 98 100 102 %
Zero Current Output Voltage Vour@) I=0A, Ty=25°C _— Vee/2 - \Y
Electrical Offset Voltage v 1=0A, Ty=25°C -10 - 10 mvV
(Magnetic error not included) Ot 1=0A -20 - 20 mv
Magnetic Offset Error lErrOM I =0A, after excursion of 100 A - +0.1 +0.40 A
Total Output Error E Over full range of Ip, Ty = 25°C - +1.0 - %
{Including all offsets) ot Over full range of Ip - - £5.0 %
PERFORMANCE CHARACTERISTICS, -40°C to +150°C, V¢ = 5 V unless otherwise specified
Propagation time trroP o =260 A, Ty = 25°C - 4 - us
Response time tresponse  [lp =280 A, Ty = 25°C - 12 - us
Rise time t lp =450 A, To = 25°C - 1 - ys
Frequency Bandwidth f -3dB, Tp=25°C - 35 - kHz
e Over full range of Ip, T, = 25°C - 40 - mV/A
Sensitivity Sens Over full range of Ip 36.0 - 42.8 mV/A
e BEEERE
Linearity Ein Over full range of Ip - - 1.8 %
Symmetry Esym Over full range of Ip 98 100 102 %
Zero Current Output Voltage Vour@ I=0A, Ty=25°C - Veel2 - \
Electrical Offset Voltage v I=0A, Ty=25°C -10 - 10 mV
(Magnetic error not included) OE [=0A 35 - 35 mv
Magnetic Offset Error lerrROM I = 0 A, after excursion of 100 A - 0.1 +0.40 A
Total Output Error Over full range of lp, Ty = 25°C - 1.0 - %
(ncluding all offssts) EroT  Sverfullrangs of I - = 95 %
Allegro MicroSystems, Inc. 4
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ACS754xCB-050

Fully Integrated, Hall Effect-Based Linear Current Sensor

with High Voltage Isolation and a Low-Resistance Current Conductor

Definitions of Accuracy Characteristics

Sensitivity (Sens). The change in sensor output in response to a
1 A change through the primary conductor. The sensitivity is the
product of the magnetic circuit sensitivity (G/A) and the linear
IC amplifier gain (mV/G). The linear IC amplifier gain is pro-
grammed at the factory to optimize the sensitivity (mV/A) for the
full-scale current of the device.

Noise (Vygisg)- The product of the linear IC amplifier gain
(mV/G) and the noise floor for the Allegro Hall effect linear IC
(=1 G). The noise floor is derived from the thermal and shot
noise observed in Hall elements. Dividing the noise (mV) by the
sensitivity (mV/A) provides the smallest current that the device is
able to resolve.

Linearity (E ;). The degree to which the voltage output from
the sensor varies in direct proportion to the primary current
through its full-scale amplitude. Nonlinearity in the output can be
attributed to the saturation of the flux concentrator approaching
the full-scale current. The following equation is used to derive the
linearity:

100 { |2 gain X % sat ( Viout_full-scale amperes ~ Vioutq)) } ]

2 (YiouT_half-scale amperes — VouT(Q))

where

A gain = the gain variation as a function of temperature
changes from 25°C,

% sat = the percentage of saturation of the flux concentra-

tor, which becomes significant as the current being sensed
approaches full-scale +1Ip, and

VIOUT full-scale amperes = the output voltage (V) when the sensed
current approximates full-scale +Ip.

Symmetry (Egyy;). The degree to which the absolute voltage
output from the sensor varies in proportion to either a positive
or negative full-scale primary current. The following equation is
used to derive symmetry:

VIOUT_+ full-scale amperes — Mout@

100
 Viout@) — Viout_—full-scale amperes

Quiescent output voltage (Vioyr(qy)- The butput of the sensor
when the primary current is zero. For a unipolar supply voltage,
it nominally remains at Vee/2. Thus, Ve =5 V translates into
ViouTtg) = 2.5 V. Variation in V1) can be attributed to the res-
olution of the Allegro linear IC quiescent voltage trim, magnetic
hysteresis, and thermal drift.

Electrical offset voltage (Vyg). The deviation of the device out-
put from its ideal quiescent value of V/2 due to nonmagnetic
causes.

Magnetic offset error (Iggpon)- The magnetic offset is due to
the residual magnetism (remnant field) of the core material. The
magnetic offset error is highest when the magnetic circuit has
been saturated. usually when the device has been subjected to a
full-scale or high-current overload condition. The magnetic offset
is largely dependent on the material used as a flux concentrator.
The larger magnetic offsets are observed at the lower operating
temperatures.

Accuracy (Epgr). The accuracy represents the maximum devia-
tion of the actual output from its ideal vatue. This is also known
as the total ouput error. The accuracy is illustrated graphically in
the output voltage versus current chart on the following page.

Accuracy is divided into four areas:
e 0 A at 25°C. Accuracy of sensing zero current flow at 25°C.
without the effects of temperature.

s 0 A over A temperature. Accuracy of sensing zero current
flow including temperature effects.

* Full-scale current at 25°C. Accuracy of sensing the full-scale
current at 25°C, without the effects of temperature.

¢ Full-scale current over A temperature. Accuracy of sensing full-
scale current flow including temperature effects.

Allegro MicroSystems, inc. 5
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ACS754xCB-050 Fully Integrated, Hall Effect-Based Linear Current Sensor
with High Voltage Isolation and a Low-Resistance Current Conductor

Output Voltage versus Sensed Current
Accuracy at 0 A and at Full-Scale Current
4
Increasing V,q,;(V}

- Accuracy
Qver ATemp erature

s
Accuracy — -
25°C Only

Average
Viour
Accuracy ——-—
Over ATemp erature
1‘;
Accuracy A,,fLﬂ ;
25°C Only

lp{min}

+, (A)

-
Ipfmax)

“FullScale

el - Accuracy
- 25°C Only

[ Accuracy
QOver ATemp erature

Decreaslng V,q,,{V)
4

Definitions of Dynamic Response Characteristics

Propagation delay (tpgop). The time required for the sensor 1) [/ Frimeny Current
output to reflect a change in the primary current signal. Propaga- 90
tion delay is attributed to inductive loading within the linear IC
package, as well as in the inductive loop formed by the primary
conductor geometry. Propagation delay can be considered as a !

fixed time offset and may be compensated. l t

10:— Propagation Time, toror

Transducer Qutput

Response time (tgpsponsg)- The time interval between

a) when the primary current signal reaches 90% of its final
value, and b) when the sensor reaches 90% of its output
corresponding to the applied current.

Transducer Qutput

1
+—b— Response Time, tRESPONSE

Rise time (t,). The time interval between a) when the sensor
reaches 10% of its full scale value, and b) when it reaches 90%
of its full scale value. The rise time to a step response is used to
derive the bandwidth of the current sensor, in which (=3 dBy=
0.35/t.. Both t, and tppgponsg are detrimentally affected by eddy
current losses observed in the conductive IC ground plane.

Transducer Output

t
e L Rise Time, &
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ACS754xCB-050 Fully Integrated, Hall Effect-Based Linear Current Sensor
with High Voltage Isolation and a Low-Resistance Current Conductor

Step Response
No external filter, T,=25°C

i X050 Device |
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ACS754xCB-050 Fully Integrated, Hall Effect-Based Linear Current Sensor
with High Voltage Isolation and a Low-Resistance Current Conductor

Package CB, 5-pin module
Leadform PFF

14.0£0.2

3.040.2 ——t— 4.0:0.2
4 -
A
Il

13.00+0.10 J
-\

4.40+0.10 Branded
t O Face

1.50£0.10

Y 10227
b,

3]

208

215
17.5£0.2

CHS® -

191
& PCB | ayout Reference View

1

290.2 NNNNNNN
]i 55 TIT-AAA
3520.2 :

LLLLLLL
O vwww g
(U T

-
7.00£0.10
& Standard Branding Reference View

s o= 358

10.00+0.10

N = Device part number
T = Temperature code
A=Amperage range

7 L =Lot number
0.51x0.10 —’l it Y = Last two digits of year of manufacture
== | 19:02 W = Wesk of manufacture

A = Supplier emblem

For Reference Only; not for tooling use (reference DWG-9111, DWG-9110)
Dimensions in millimeters

Dimensions exclusive of mold fiash, gate burrs, and dambar profrusions
Exact case and lead configuration at supplier diseretion within limits shown

Creepage distance, current terminals to sensor pins: 7.25 mm o
Clearance distance, current terminals to sensor pins: 7.25 mm & Dambar removal intrusion

Package mass: 4.63 g typical @ Perimeler through-hoies recommended

A Branding scale and appearance at supplier discretion
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