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LM324, LM324A, LM224,
LM2902, LM2902V, NCV2902

Single Supply Quad
Operational Amplifiers

The IM324 zeries are low—cost, quad operational amplifiers with
true differential inputs. They have several distinct advantages over
standard operational amplifier types in single supply applications. The
quad amplifier can operate at supply voltages as low as 3.0V or as
high as 32 V with quiescent currentz about one—fifth of those
associated with the MC1741 (on a per amplifier basis). The common
mode input range includes the negative supply, thereby eliminating the
necessity for external biasing components in many applications. The
output voltage range also includes the negative power supply voltage.

Features

Shart Cirenited Frotected Crutputs

True Differential Input Stage

Single Supply Operation: 3.0 Vito 32V

Low Input Bias Cumrents: 100 nA Mamimum (LM324A)

Four Amplifiers Per Package

Internally Compensated

Commeon Mode Range Extends to Negative Supply

Industry Standard Finouts

ESD Clamps on the Inputs Increase Euggedness without Affecting

Device Operation

* NCV Prefix for Antomotive and Other Applications Requiring Site
and Control Changes

® Thesze Devices are Fr—Free, Halogen Free/BFR Free and are RoHS

Compliant

& & & & & & % @

& Semiconducior Components Indusiiss, LLS, 2010 1
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ORDERING INFORMATION
See detailed crdering and shipping informagon in the package
dimensions seofion on page 10 of this dats shest

DEVICE MARKING INFORMATION
See= general marking information in the device marking
section on page 11 of this data shest.

Publication Crder Number:
LM324/D
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LM324, LM3244, LM224, LM2902, LM2902V, NCV2302

MAXIMUM RATINGS (T, = #25°C, unless atherwise noted_)

Rating Symbaol Value Uit
Power Supply Violtages Vdo
Single Supply Vo 32
Split Supplies Voo, VEE +16
Input Differential Vohage Rangs (Mote 1) Vior +32 Vdo
Input Commaon Mode Violtage Rangs (Mote 2) Vicr -0.3 to 32 Vdo
Output Short Circuit Duration tao Continuous
Junction Temperature T, 150 G
Thermal Resistance. Junction-to-Air (Mote 3) Case 646 Rea s, 118 Ciw
Casze T51A 156
Case 345G 130
Storage Temperature Range Tan -65 1o +150
ESD Protection at any Pin Viend W
Human Body Model 2000
Machine Model 200
Operating Ambient Termperature Range Ta G
LMz24 —23to +35
LM324, 3244 0to +70
Lm2302 —40 o +105
LMZB02Y, NCV2302 (Mate 4) —40 o +125

Stregses exceeding Maximum Ratings may damage the device. Maximum Ratings are strese 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.

1. Split Power Supplies.

2. For supply voltages less than 32 W, the absolute maximum input voltage is egual 1o the supply voltage.

3. All Ry s measurements made on evaluation board with 1 oz. copper traces of minimum pad size. All device outputs were active.

4. NCVE302 is gualified for automitive use.

hittp://onsemi.com
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LM324, LM3244, LM224, LM2902, LM2902V, NCV2302

ELECTRICAL CHARACTERISTICS (Voo = 5.0V, Vgg = GND, Ty = 25°C, unless otherwise noted )

LMz24 L3294 LM324 Ls2a0z LM2502Y NCV2902

Characteriation Symbol (Min | Typ | Max [ Min | Typ | Max |Min | Typ | Max |Min | Typ | Max | Min | Typ | Max | Unit

Input Offset Vokage Vio mv
Voo =30V w30V
Wicr =0V ia
Voo 1.7,
Vg=14V,Ag=00
Ts =2FC - I an | - I
T = Thigh (Nate 3 - - 70| - - 10 | - -
Ta = Tiow (Mot= ) - - 70 - - a0 - -
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-1
=
|
i
=
=1
|
1
-
=1
i

Avermge Temperature | ANo/AT | - rVIFC
Coeficiznt of Input
Offzet Viokage

Ta = Thigh 0 Tiow
Motes 5 and T)

Input Ofizet Current ho - lao - oo o[-l = -0 -0 na
Ta= T © T - - [0 | - - - | |- - |20 - - | =200
{Mioke T}

Average Temperaturs AliAT - 10 - - 10 300 - 10 - - 10 - - 10 - p&~C
Coeficiznt of Input
Offzet Current

Ta = Thigh © Tiow
Motes 5 and T)

Input Bias Curent ks - [ s - [ s -0 - [-mo-2m0]- [-e0-=2m]-1]-m0[-=20] na
Ta= T © T - | - [-s00| - - |-m0 | - - |-mo ]| - | - |-m0) - - | -500
{Mioke T}

Input Commion Mods iR L
Voitage Range
{Mote &)

Von =30V

Ta=+2FC

(=]
i
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o
[
(=1
1
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i
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o
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T = Thigh B Tig
o= T

Diff=rariial Input iR - - Wioo - - W - - Yoo - - oo - - Yoo L
Voitage Range

Lerge Signal Open B WimV
Loop Voltage Gain
Fy = 2.0 k), 30| 100 - 23 | 100 - 23 | 100 - 23 | 100 - 23 | 100 -
Vo =13V,
for Lange Vio Swing
Ta = Tiigh 10 Tigw 23 - - 13 - - 13 - - 13 - - 13 - -
ke 3)

Charns| Separation C3 - | =120 - - | -120 - - | =120 - - -120 - - | -120 - dB
10 kHz < § < 20 kH=,
Input Referenced

Common Mode CMA 70 83 - =] 0 - i) 0 - 30 0 - 30 70 - dB
S
Ag = 10 kQ

Fower Supply P!
Aejeotion

E]
&

100 - =] 100 - i) 100 - 30 100 - 30 100 - dB

on

=l

LM224: Tygy, = —25°C, Thign = +85°C

LME24MI24A: T, = 0P, Trjge = +70°C

LM2302: Tigy = —4°C, Thign = +105°C

LM2302V & NCWZ302: Tigy = —40°C. Thign = +125°C

NCVZS0Z is qualified for automotive use.

The input common made volage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common mode voltage range is Vo —1.7 W, but either or both inputs can go 1o +32 W without damage, independent of the magnitude
of Voo,

Guaranteed by design.

hittp://onzemi.com
3




LM324, LM324A, LM224, LM2902, LM2902V, NCV2302

ELECTRICAL CHARACTERISTICS (Voo =35.0WV, Vgg = GND, Ty = 25°C, unless otherwise noted.)

47

Charooteriztion

Symbal

LMz24

L3294

LM324

LM2aaz

LM2502V/NCV2902

Min

Typ

Max

Typ | Mox | Min

Typ

Max

Typ

Min

Typ

Max

Ohtput Voltage -
High Limit

Voo =30V, R =
2.0k, Ty =2FC

Von =30V
AL=20 k2
Ta = Thigna Tizw!
{Mot= B)

Voo=30W
AL =10 k2
Ta=Thges

{Not= B)

T

o

Vige:

33

(]
=4

33 - 33

33

ra
=l

33

Ouput Volage -
Loww Limnit,
Ve =30V,
AL =10k,
Ta= Th‘,, 10 T
{Mote B)

VoL

a0

100

3.0

mv

Ohupur Souroe Curent
Mg =+1.0V,
Weon=13WV)
Ta =23°C
T, = Thigh 10 i
{Mote B)

20

10

40

20

20

8d
1

40

20

8d

an

20

malt

Output Sink Cument
WMp=-10W,
Weon=13WV)
Ty =2FC
T2 = Thigh 0 Tiow
(Mot B)
WMp=-10V,
Vg =200 m\,
Ta=23°C)

a0

20

a0

malt

ml

Ohpur Short Cirouit
to Ground
{Mote B)

]

a0

malt

Fower Supply Curm=m
(T = Thigh %3 Tigul
{Mote E)
Voo =30V
Wo=0W AL ==
Voo =30V,
V=0V A==

ao -

ao

malt

B. LM224: Tigy, = -25°C, Tpign = +85°C

LM324LMIRZ4A: Ty = 07T, Tyjgn = #70°C
LMES02: Tygy, = —30°C, Thign = +105°C
LMZS02V & NCVZB0E2: Tigy = -G, Tyign = +125°C
NCVZ302 is qualified for automotive use.
5. The input common mode volage or either input signal voltage should not be allowed to go negative by maore than 0.3 V. The upper end of
the commaon mode voltage range is Voo 1.7 V. but either or both inputs can go o +32 W without damage, independent of the magnitude

of Voo,

hittp://onsemi.com
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LM324, LM324A, LM224, LM2902, LM2302V, NCV2302

Bias Circuitry
Comman to Fow
Crutpust Amplfers

. 015 o)
Fary

—|—|I

Inputs

24k

W

&

j 20k

Figure 1. Representative Gircuit Diagram
(Cne—Fourth of Gircuit Shown)

& Viee/GHD
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LM324, LM3234, LM224, LM2302, LM2902V, NCV2302

CIRCUIT DESCRIPTION

The IM324 szedes is made using four internally
compenszated, two—stage operational amplifiers. The first
stage of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and the
differential to single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
performs the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller
compensation capacitor (only 5.0 pF) can be emploved, thus
zaving chip area. The transconductance reduction iz
accomplished by splitting the collectors of Q20 and Q18.
Amnother feature of this input stage is that the input common
moede range can include the negative supply or ground, in
single supply operation, without saturating either the input
devices or the differential to single—ended converter. The
second stage consists of a standard cument source load
amplifier stage.

Ve =15Vde
Ay =20k0
Ty=257

100N

=

i

5.0 usfDiV
Figure 2, Large Signal Voltage Follower Rezponsze

Each amplifier iz biased from an internal-voltage
regulator which has a low temperature coefficient thus
giving each amplifier good femperature characteristics as
well as excellent power supply rejection.
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Figure 4. Gain and Phase Margin
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LM324, LM3244, LM224, LM2302, LM2302V, NCV2302
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Figure 9. Power Supply Current versus
Power Supply Voltage

hitp: fonsemi.com
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Figure 10, Input Bias Current versus
Power Supply Voltage



LM324, LM3244, LM224, LM2902, LM2302V, NCV2302
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Figure 11. Voltage Reference

gy= 01 +a +0) fa-gy)

Figure 13. High Impedance Differential Amplifier
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Figure 12. Wien Bridge C=scillator
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+R2
R

TR

Vou
Vo

=)
Vo
VoL

[V = Vet + Vet
Vet = Vet + Vet

Mo - Vigd

Figure 14, Comparator with Hysterezis
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G1=10C
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Figure 15. Bi-Quad Filter
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2302

S—— [H
Squs= y R1
Warve
Cutpr
R2
A1+
= e it A3 = il =
4 CRR1 Rz +R1
Figure 16. Function Generator Figure 17. Multiple Feedback Bandpass Filter

Guwen: 1, = cenler fequency
Afly) = gain o canfer fraquency

Choose e §, G
. __0
The: HR3= e
R3
Ri= 2L
___R1R3
R IFRI-f3
Gats
Fuor less fhan 10% emor fom operafional ampifier, BN <01

whera f, and BW are sxprezad nHz

i sowe imped ance vanes, fter may be praceded with
woitage ollowsr bufler to stabilize fher pammetes.
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LM324, LM324A, LM224, LM2902, LM2302V, NCV2902

ORDERING INFORMATION

Dievice Operating Temperature Range Package Shipping®

LMZ224DG S0IC-14 55 Units/Fail
LMZ224DR2G S0IC-14 2500/ Tape & Reel
LMZ224DTBG —-25°G to +85°C TSSOP-14 B8 Units/Tube
LMZ24DTBR2G TS50P-14 2500/ Tape & Reel
LMZ24NG PDIP-14 25 Units,/Rail
LM324DG S0IC-14 55 Units/Fail
LM324DR2G S0IC-14 2500/ Tape & Reel
LM324DTBG TS50P-14 B8 Units/Tube
LM324DTBR2G TS50P-14 2500/ Tape & Reel
LM324NG PDIP-14 25 Units,/Rail
LM324ADG Ot sToC S0IC-14 55 Units/Fail
LM324ADR2G S0IC-14 2500/ Tape & Reel
LM324ADTHG TS50P-14 B8 Units/Tube
LM324ADTER2G TS50P-14 2500/ Tape & Reel
LM324ANG PDIP-14 25 Units,/Fail
LM23020:G S0IC-14 55 Units/Fail
LM2302DR2G S01C-14 2300/ Tape & Reel
LM2302DTBG -40°C 1o +105°C TSSOP-14 B8 Units/Tube
LM2302DTBR2G TS50P-14 2500/ Tape & Reel
LM2302NG PDIP-14 25 Units/Fail
LM2302VDGE S0IC-14 55 Units/Fail
LM2302VDR2G S01C-14 2300/ Tape & Reel
LM2302VDTBG TS50P-14 B8 Units/Tube
LM2302VDTBR2G -40°C o +125°C TS50P-14 2500/ Tape & Reel
LM2302VNG PDIP-14 25 Units/Fail
NCV230ZDR2G S0IC-14

NC\V23020TBR2G TS50P-14 23007T=pe & Reel

1For information on tape and reel specifications, including pant orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRDB011/D.

hitp:/onsemi.com
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LM324, LM324A, LM224, LM2902, LM2302V, NCV2302

MARKING DIAGRAMS

PDIP-14
N SUFFIX
CASE 646
14 14 14
AAASAAR O AAARNNA
LM324AN L LMx24N LM2202N

O AWLYYWWG

o AWLYYWWG

TATATATAT A
1

[TATET R Ry
1

O AWLYWWG

LMZ302VN
O AWLYYWWG

S0IC-14
D SUFFIX
CASE TH1A
“AAAAAAAR “AAARAARAAR “AAAARAAA 'AAAAAAEA
LM324ADG L2406 LMZ3020G LMZ302VDG *
o AWLYWW a AWLYWW o AWLYWW a AWLYWW
'REEERE WHHHHEHE «HEHHEHEH WHHHEHEHE
TSS0P-14
DTB SUFFIX
CASE 948G
14 14 14 14
fofAAAA  AAAAAAE HAAAAAA AAAAAAA
w24 3244 2902 2902
W
ALY\W= ALYWe ALY W ALYWs
o = o . o . o =
LRLELEEEL RELLLE FEELELE LRELEEL
1 1 1 1
X =2ord
A = Assembly Location
WLL = Wafer Lot
Y ="fear
WW W = Work Week
Gore

= Po-Free Packags

(Mote: Microdat may be in either location)
*This marking diagram aleo applies 1 NCV2302

http: 'onsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2302

PACKAGE DIMENSIONS

POIP-14
CASE 646-06
ISSUE P
NOTES:
. A
noan o 1. DMENSIONING AND TOLERANCING PER A4S
14 8 3 CONTROLLING DIMEMSION: INCH.
L 3. DIMENSION L TO CENTER OF LEADS WEEN
b B FORMED FARALLEL
O 4 DIMENSION B DOES NOT INCLUDE MOLD FLASH.
Ll rl i 5. ROUNDED CORNESS OFTIONAL.
TR TR TR TR T TR TS
| WCHES | MILLMETERS
= A pma| WiR | MAX | WIN | WEX
A | 0718 [ o770 | 635 |19
—] [F|— D | 0240 | 0.280 ML) 5] |
C | 0148 [oaBs | 363 | 4em
D [ ocs [ o0z | 038 | 0%
N [ ' I [l T I I )
[ f F Ce | oimesc ZsizEc |
! H | ooee |poss | 1as | 2+
= 7 | 4' J | ocoe [o.ois | 020 | ose
| " K long (o1 | cao | 3
BCRTRG — [ \ L oz=g [omo | 737 | 7er
PLANE _.IL_ Lk J __‘IH__ | ] p— e | —— IF
—={H Disr M ot W | 008 | o.oes | 088 | o

http://onsemi.com
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LM324, LM324A, LM224, LM2902, LM2302V, NCV2302

PACKAGE DIMENSIONS

S0IC-14
CASE 751A-03
ISSUE H

HOTES:

E5
1. DIMENSIONING AND TOLESANCING PER

AMEI Y408, 1982,
e — QTR P T
HHHHHAHHA ]‘ " MOLD PROTRUSION. =

[T E)

MIOLD PROTALMSION.
. WAL MOLD PROTRLUSION 013 0.008)
FER SIDE.
EE PreL . DIMENSION D DOES NOT INCLUDE
‘_,..-'“":1| DAMBAR PROTRUEION. ALLOWASLE

y — A PROTRRENOM -
= ::_u:as 10 M DAMBEAR FROTRUSION SHALL BE 0127
po1g@|E @ 0,005 TOTAL IN EXCESS OF THE D
-H m |t| I HH- P DIMENSION AT MAKIMUM MATERIAL

 — L__| COMDITICN
—{ 6

: . -C H“s'_-l r-.— i | F ol [mimeTeRs] mcnes
tU:U:LI;U;U;U;Lﬁ i {IE%SJ’%J

| BN | BMAN | BIN | MAX |
B.75 |0.37 |08+
SEATING —-”-n— K

B DapPL

[}

-k
B e

il
b
at

300 [0.950 [0.157
175 [0.05+ [0.058
223 log+ [ome
1.25 [0.006 |o.o4s
0.080 BSC

0005 [ 0.005
g0 | gon [ooos Too0s |
ge | 7ol o] 7
560 | eo0 [0 [ooe
g2x [ o5 Tome Toms

[z poig@[T[s E]aE)|

I 0| = [ | ] 2 2|
&=
i
o
b
I

SOLDERING FOOTPRINT*

TH
S
7.04 o

_L 152

¥

PITCH

JUOEUUn

]
]
==
;fﬂ
=t

DIMENEICNS: MILLIMETERS

*For additional information on our Pb—Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRMD.

http: 'onsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

PACKAGE DIMENSIONS

TS50P-14
CASE 848G-01
ISSUE B
1 K mer 1 :-:;Ewcwhe. AND TOLERAMCING FER
—-”~—|$|u.1uwm]@|T|u@|v@| | ANSEIISTM, L
2 CONTRACLLING DIMENSION: MILLIMETER.
|r:.|l:l.15 [U:II:Efll TIU @l 2. DIMEMSION & DOES NOT INCLUDE MOLD

FLAEH, PROTRUSEIONS OR GATE BURRS
MOLD FLASH OR GATE BURRS SHALL MOT
EXCEED 0015 0.005) PER BIDE.

i
- 025 oo
B - 4. DIMENEICHN B DOES NOT INGLUDE
IIII INTERLEAD FLASH OR PROTRUSION
M INTERLEAD FLAEH OR PROTRUSION SHALL

MOT EXCEED 0,25 {0010 PER SIDE.

g EETELE

b 4

1 5 DIMEMSICH K DOES MOT INCLUDE CAMBAR
— PRCTRLEICN. ALLOWASLE DAMEAR

=]
@ N B O TRALES! 5 = )
IP[!EP:IIT_\\ - F | -:F FROTRLUSION SHALL BE 0,02 §0U009) TOTAL

IN EXCEES OF THE K DIMENEION AT

] MAXIMUIK MATERIAL COMDITION.
T E TERMINAL NUMEERS ARE SHOWHN FOR
DETAILE SEFERENCE OHLY.
. DIMEMSION A AMD B ASE TOBE
DETERMINED AT DATUM PLANE —W&-.

[a]uspos(Tlv@]  [o A K
L e e

330 | 590 [o.1%s [oom
220 | =m0 lo7es o177
— 120 | — (oot
0.05 | 035 [o.00e [o.008
0.50 | 0.7% [0.020 |0.080
penzac | oooeec
050 | DEO 10020 10024 |
0,09 | 020 [ooos [oo0e
0.05 | 0.8 [o.00= [o.o0e
035 | 030 [ooor [omz
0.9 | 025 [o.007 [0.010
E=0E=C | 0092 BsC
2] 8" | o-] 8-

-

SECTION H-H

]

.:.!u.mm:m] J 1' “ _/,\_,-
—T—| Eanma _’I _..I
= G|-— H  DETAILE

E- Ul Bl = B (9 =1 Al ) 2 2 20

SOLDERING FOOTPRINT*

7.06

[

+
14X

038 T4

126

JRIHANIATR

DIMENSIONE MILLIMETESE

*“For additional information on our Pb-Free strategy and soldering
detailz, please download the OM Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERAMD.

hittp: fonsemi.com
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ACST714

Auromotive Grade, Fully Integrated, Hall Effec-Based Linear Current Sensor IC
with 2.1 kEVRME Voltage Isolanion and a Low-Resistance Current Conducter

FE-H'ILI'E'E and Benefits Description

Lirw -nniee mealoy signad path The Allagr=® ACET14 provides ecomomical and precive
*  Device handwalth is st wia the FILTER pin sobuticos for AC o7 DC cmrest sensing in awtemoties sysbems.
= % s oudpul fise s m s e dop mpul ol The device package allows for sasy meplemenmition by the
= EFLHz banbsidik

& Total culpst srees 1 530 tvpical, a T, = 25390
& Small fosigrml, lom-prolile SOMCE packigps

& 1.2 mdl istemal oomlstes fidlanes

castomsar. Typical applicafions mcieds moter control, Joad
defection and maragement, sadick-mods powear supplics, 2nd
oarcurmant fwalt protection.

& L1 RVEMS meimmern salaion villages fom ped 1-3 60 jees 53 The devics comsist of a Pl'ﬂ':l-‘ll'i-. 1 et B Hall circmit

& 30, smgle supply opesslion
= BEie UEY m'VIA easlpul serilivaly

& Dl visllsge propoedesnsl ko AL of D corenls

®  Factory-inmsmieal o soosacy

& Extremely dlahls dulpul olFed wollage
& Herly sa magnetic vl

& Rasismetnie aulpel fom supely vwollags

with a coppar condaction pat locawd near the surface of the
dic. Applisd curment flewing throngh this copper conduction
path pemsarates » magnotic fiald which tha Fall IC comvests imto 2
proportional voltage. Dﬂmmuwmmim@h

¢ Uporatsny lomperaiure rege, 4000w 13090 chopper-siabilined BiCAOE Hall IC, which i progranemc.d
fior acouracy after packaging.
nmus Tha output of the devics kas a positive slops (=Vymg)

ce @ ==

Package: & pin S0IC (suffix L)

whan an increasing rmm:ﬂ.q:-mﬂn'n-ngh&np:mmcmm'

this condective path is 1.2 m®? typical, providing lowr posmer
loss. The thickeaess of the coppar conductor allows sundval of
the davice atup o 5= overcerrent conditions. The tarminals of

Copritiriatal o DRt et Pigiet

Typical Application

Appheaion 1 The ACST14 oulpuis an analog sonal, ¥ogr
il wirhed linesirty with: T uni- of bdrestional AG or DG
Erivary Samped camant, |, within e range specifel Cp
il rerEamiTeE et For Padied: Franuageermeenil, with b than

o] &k 1o dappliesaioon

ACET4-DE, R 7
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ACS?14 Automeive Grade, Fully Infegrated, Hall Effect-Baved Limear Current Semsor IC
with 11 EVRME Volage foolodon and a Low-Resinmmee Currenr Conductor

Dagcription jcontinued)
the condnctive path ame alecically folated fiom the wpmal lesds

{pizs 5 throegh B). This allews e ACET1 4 to bensed in applicaticoss
mequiring electrical isclhton without the use of opte-isclatoms or
other costly isolatten schnigques.

Tea ACET]14 5 provided in & seall surface mommnt S0TCE package.

The kadfams is plated wid 100%: mafte tin, which is compatible
with sizmderd kead (P free przsed cnonit board assembhyprocesses.
Iternally, the daviceds Pb-Swe, except for fip-chip kigh-temparatms:
P-baced solder balls, curenthy axempt from RolLS. The devica is
fnlky calibrated prior o skipment fon the Bory.

Selection Gulds
o Sl =21 T
Pail Mumbssr m“'ﬂ'r.“ s ﬂmﬂll r‘\-:_“!l Passhing*®
ACET4ELCTROGE-T 5 185
ACETHELCTR-ZOA-T #71 100 =40 oz BE
ACETHELCTR-30A-T #30 B8
ACETHLLCTR-DEE-T 5 185 TP nd haat, 2000 plkcanivad
ACETHLLCTR-208-T #71 100 a0 150
ACETHLLCTR-208-T 231 E8
SCaniaef fdegro for addlional pacing opbon
Absoluts Maximum Ratings
Chiar st st i Foles Hariireg Liswrs
Eugpply Violage Wiy ] W
Feveres Euppdy Woliage L =01 W
Ciudpan Yolage Wi ] W
Fiereeriee DUpUL Wolage Vg =01 v
Pires -4 and 55 B0 Hz, 1 minue, Ty =257 s i Wb
Reinforoed Hoklon Wollige s Wi warking woltage aocording 1o . .
SO0 aak
Plires 1-2 el 5857 B0 Hz, 1 miniute, T,=254C 1500 WOAT
Bumic Wolarion Wolage Ve, el invacrm kg woitage acooedng 1o ans N
ULE0SE0-1 e
Ciuieint Curvent Soisnoee Pl it 3 Tl
Cuipin Curreni Sink WA ik 0 ik
Carcment Tramsiend Toleranse Iz 1 sk, 100 ms i E] A
Rangs E =0 BE b
Haiminial Oy rating Aornbasnl Tim pera e Ta Fanga L T P
Rasi i Juncton Temperaing Tyl | EE b
Edirage Teffperaiug ‘5 =50 170 L+
# TON America Farametar Ipaoification
!I,‘:— P — CAMICSA-C22 2 Mo, 60950-1-03
ol VB O O ST DD Fire amd Beciric 3hock UL a¥asd-12002
C us EM 60950-1:2001
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ACS714 Automotive Grade, Fully Integrated, Hall Effect-Based Linear Current Semsor I
with 21 KVEMS Foiage feolmdion and @ Low-Resisanee Crrrent Conducror

Funcilonal Block Diagram

E 1)
il
P
P |_"’_
gl - "H.‘.'l.'l
Ry |, H*'_ 1 T
“ ) e 1 I
; I
- 1
B | e | -
T A i
7 |
L |
1
-
PIn-out Magram
= 0] (e
o E WAL
C E FLLTER
CAEl D
Terminal List Tabde
iy Ly e D st
1 ared 2 IP+ Teirinals for climant being sampled fed ey
3 and & P- Tk for cumant being sampled, fumed inlermaly
5 GND Edgal grodired 1errmina
-] FILTER Termrinal for eodemial oo tual ssis hanmtwiih

WL Ak oulpl Sign
Dhrviicod vy Saappdy bermrinal

L]
-
]
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A.CS?14 Auntomodve Grade, Fully Integrated, Hall Effece-Based Limear Cirrent Semsor IC
with 11 EVEMS Volsage Deolodon and a Low-Resimee Currenit Conducror

1304 PERFORMANCE CHARACTERISTICS over Range E- T, =—20"C 40 BE°C!, Cp = 1 NF, and V. = 5V, uniess piensiss spediiad

Characust mHc Symibsol Tissl CorndiBasig M Tyve [FTH Uniis
Optirninind Aoviifesy Rangs v =30 - 30 &
Bardilhaly Serd | e Wll range of Iy Ty, = 25°C &4 B B8 el

. v Peak-in-peak, Ta = 35'C, B8 mvil programmeal Seraliy - - N "
Hala VeSe e |0 24T BF Gy = opin, 2 kHZ Bandhdt? : e
T, = =80°C 1o 25°C - =035 - (11
Ziw Cumen Culpl Sio A A
it ope Wy T ST e 50T - || - |murc
Ty = =20°C 10 35°C - [ELi Er) - [
Eartivly Ship Azens [
! T,= =Tl 50T — | oz | - |meArC
Elendrical Sutpat 'ollage Yeg = 0A =30 - 30 mb
Tiskal Oustyi v Epgr p = E30A T, =200 - #1.5 - =%

"Drwiod iy bt oopesranied ai higher primary correni vels, b and amdsent ismperaiunes, Ty, provded hal the Maximom Junciion Tempesrain
T ], i rook esooinched
Feroaiimge of I Wil | = 30 A Outpal fhensd

X304 PERFORMANCE CHARACTERISTICS ower Range L- Ty, = —£0"C I 1S0°CH, Cp = 1 NF, and 'V, = 5, uniess ofenwise spediisd

Characust mHc Symibsol Tissl CorndiBasig M Tyve [FTH Uniis
Chplinin i ALviimiesy Fange v 30 - 30 &
Crat fill raregs of |, Ty = 26°C - 3 - el
B it =
f Croer fuill range of |, Ty = —40°C o 15I°C B2 - ] el
R \ Pisb-tt-piak, Ty = 25°C, B85 mviA programimad Sars bty - iy
Hicise MOSEPP) |0 = 47 OF, Cour = e, 2 KHE Bandhwiath ) ' i i
T = =80T to I5°C - =035 - G
Zas Currend Oulipis Sio A
Pt ope el e N T
Ta = =80 1o 28°C - [T - [INTTE
Earahily Shope ASed
! Ta= 35°C bo 150°C = |omz| - |meArG
Elimtrical Outpil Vollags Yoe w=0A =& - 40 my
= #3004, Ty= I8'C - #1.5 - £
Total Ouipad Emost B L LWL
s Fre o= £30A, T, = 407G 10 160G = . E 3

0wkl iy D opanied al highes Brimary Lirrenl e, |, and amissnt ismperaiunes, T, movded Ml the MEimum Jucion Tempeiaing
T ], i et oo
Perosniage of |, Wil |5 = 30 A Oulput fhened
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ACS714

Automeave Grade, Fully Integrated, Holl Effece-Based Limear Crrrent Semsor IC
with 2.1 KVRMS Voltage Isolagomn and a Low-Reststmnee Crrrent Conductor

Charactenstic Performance

= 304, nless ohirets Epeciid

Ki=an Supply Current versus Amblent Temperashure
L]

b

==

- o

43 I'.'.:-:'rl

I

7 B
=
7]

= = = - ] - B Omm TE 1
s
Kignetic Ofost versue Amblent Terperahrs
a5
= =
F e [T
L | s w21
d I
il
4 I
= o= o = - ] m = 1

aa

i |
“ | .5]:"5
. 1 Fep =0

?,; =

# aa iH

- m

: = =
| — = H
, - 1|
-ﬁ 1

sl
O Quutpart Windmge: versus Amblert Terperabhrs

&

E-11 ] 1 . I

o B
H

i

-

e g L

By iy

A Cutiprutt Winitmge: Courment wersus Ambient Tempemiue

Exuppity Curment vertus Supoly Voksge
p =)
"
f a i'.'l:- '.'i all
H = "'-.-
..I'-.
] - =
-]
LB
1
Wi
i im d LR LF B a1 & k1 ki AB
"I-I.r'l:
o Imisari by wermLE Amibiert Tepershurs
=L -
E".J.' [~ I'l'_g"'l'I
;'.:
-k -

mai
mid

e I
L-F ] v

mm
L = H
L
L LR+
L
FE L
LB "
i
L34
mm -
FL I

Fruad

ic Ee ic T n E=

W

e

E -1 1‘-\. 1 s= 34 I

B @ 0 B 8 B oW 13 1=
Ta 3



63

ACST14

Awtomotive Grade, Fully Integraved, Hall Effect-Based Linear Current Semsor 10
with 21 EVRMY Voltage lrolation and a Low-Resistanee Current Condncror

Chopper Stabilization Technigue
Chopper Stabilization i an mpovative cirouidt technique that is

used fo minimize the offzst voliage of a Hall lement and am asso-

ciated on-chip amplifier Allegro patented a Chopper Stabiliza-
tipn techmigque that nearty elimimarss Hall IC owipar drift induced
by temperature or package sress sffects. This offset reduction
techmigue is based on a sipnal modulation-demodulation process.
Modulation iz used to separate the undesired DT offsst siznal
from the magnetcally induced signal in the Seguency domain.
Then, using a low-pass filter, the modulated DT offset is sup-
preszed while the mapnetically induced signal passes through
the flter As a resalt of this choppsr sabilization approach, the
output voliage from the Hall IC is desensitized to the effects

of temperanire and mechanical soess. This techmique produces
devices that have an extremsly stable Elecmical Orffser Voltage,
are immmme t0 thermal stress, and have precize recoverabiliy

after temnperabre cycling.

This techrique is made possible through the use of a BECMOS

process that allows the wse of low-offzet and low-noise amplifiers

in combmaton with high-density logic integration and sample
and bold cirouits.

Typical Applications

Appication 4. Rectified Output. 3.3 W scalng and recificabion applcation
for A-to-D corrreriers. Repiboes cument ransformer solutions with simpier
ALCE orcull ©1 ks a function of e load resistance and fitering desired.
R1 can be omiBed [ the full range Is desined.

o5

Application 2. This confguration Increaszs gain 1o 5§10 myiA
Rzsted using e ACTT14ELC-DSA)L

oy

=3}
TR

Application 5. 10A Overcurment Faiit Labch. Fault threshold set by R1 and
R2. This ciroult Iaiches an overcument Ssuit and holds it unbl @e 5V il s

e
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ACS?14 Automorive Grade, Fully Infegrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 EVREMY Folage foladon and a Low-Resistance Current Condncior

Package LC, 8-pin SOIC
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stk
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L L]
%, S eyt Poteres v
For Anlwrercs Triy. 0 b iosing e [ ME-0F 084 H = Comom part narces
Cirs=ymeyn rrillerass ? n PG
o] s o by =] e Sk ]
oo oo ] e ervigLrier e e e whi i ghoer I‘-'-'«I'I:I.?.
=.am
e L B L]

eaip Cirmred w Cmriry = Dirigir.
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Copyright £23006-2010, Allegro MicroSywinms, Inc.
Ths products described hersin are protected by ULS. patents: 5,621,319; 7,598,601 ; axd pawnt panding.
Allegze MiceSystams, Inc. reserves the right to make, fom tme o tme, snch deparimes Trom the detadl specifiartices as may be regeined to par-

mit improTements = the parformmance, rliability, or mamefactembility of its prodects. Bafom placng an order, the usar is cantioned to verify St the
m.funnanen.l:mngmlmdnpum.nu:rm
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National Apeil 2007
Semiconduclor

LM1575/LM2575/LM2575HV
SIMPLE SWITCHER® 1A Step-Down Voltage Regulator
General Description Features

Tha LMZ575 sanes of regulnlons are monolithic inlegraled = 3.3, BV, 12V, 15V, and adjustable cutput versions
circuits that provide all the activa functions for & slop-down g Adjustmiblc version output volinge range,
[brck) switciting regulatior, capabla of driving a4 lesd with 123V %0 37V (57 for HV vansion) +4% mox over
aucallant ra and load regulntion. Thess devicas ara amil- lina and load conditions
ablg in fied cutpul voltages of 2.3, BV, 12V, 16V, and an Guarantead 1 A output cumant
adjusinbla outpet varsion. Wida ingut volkage ranga, 40V up 1o BV for HV version
Requiring & minFmum numbsr of crdamal componanis, these - 4 ‘nij ' ¥
raqulstors are simpla to wse and indisda inkcrnal frequanoy Hoquiras anly } WW’
ocompensation and o fived-frequency osallator. 52 kHz foxed freqruancy internal oscllator
Tha LM25TE senes offers o high-eficiency replacemant for TTL shuidown capability, kow power standby mode
popular throa-saminal linear regulators. 1t substantialy ra- High afficiency
ducas tha size of $ho hoat sink, and in many casos no heat Usas readiy availoble standard inductors

Thermal shutdoswn and current limit protecson

sink is requirad.

A shandand sanes of induciors optimized for usa with the

LME5TS arc avaieblo from soversl differant manufacturars. @ 1 Froduct Enfancament tasted
This fastura grantly smplifias the dasign of switch-moda -
ar spphcn, by sl " Applications

Uithar features include o guaramicad +4% folesnnca on output Simple high-aficency siop-down (buck] regulaior
wolisge within spoacificd input woltnges and output load con- g Eficient pre-reguiator for linear regulators
drlﬂ'ls_.a!nd =09 on H'm oacilxior i'nq.nna,' Extornal shut-  Orrcard switching regulsions

down is includad, feaburing S0 pa {typical) standly cumant. - ,

Thea output switch indudas cyde-by-cycla cument limitng, oz~ ™ Positive 1o negative corvariar [Budk-Boost)
woll s fhormal shuidown for full protection under fauft oon-

ditions.

Typical Application
[Foced Ouriout Viohtnge Versicns)

FEEDESCE
TY = LOVEDV) Wy LHIE?S;‘r P
UHEEGULATLD L LMZSTSHY ; 1
ST TSR fem e
- — h
- ST ETIE T ,},“:"" L Gour A lLend
:[ H IHSE1Y I”D""F
- - - = - T

File: Fin numisers o for B TIO-220 packags.

L SATTOHE T n egmeiered e of Mol STy CorporeieT

2Z00T National SemiconIucior Comporation 11475 Wi rextiora L coemi

10je|nbay abejjo A umog-dais v HIHOLIMS IT1dINIS S2UaS AHSLSCINT/SLSZNTVS LS LN
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Block Diagram and Typical Application
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Rl = Opan, A2 =00
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Connection Diagrams

(¥ indicaias output voltaga option. See Ordenng Information table for complate part numbar. )

Ztraight Leads Ben red Leads Fire 1.2 & 5
S5-Llea -220(T) 5 220 [T)
vl 5..-]}--_.:,: el 5 l’_ﬂ,l'_ﬁ Fira 2 & 4
&= Tondbeck L= Tppdbeck
D Eb' Sraared E:| 5-Gragrel
o ]:?':M o ::.:'“'u- Side View
naman TIETE mefﬁsﬁﬂmﬂ- L= or
Wiew LME2S B oo LBl
LMZSTET-100 oy L RS THVT-HK Top View See NS Package Number TO5D
See N5 Pockage Mumber TOSA
16Lead DIP [N ord) 24-Lrad Surface Mount [M)
'—I L] i i LR 1] — - et i_" L
W2 L — £
N e o] 22 ,
WTRIT— e ot L
— 2 ot ot EW
I — ALIPS ] L
r_6 LA} oD ||:.—'- ;:._-m_r
! e 540 ot —] L
PR — — I
E] i Al 1k
¥ e [ DT w0 5
e — —
o 1
1 _E ?l“
"ho Intzimal Cormecion FUl Gl — b
Tap Wiew .
LMZ5TSH-XX or LM25TSHYH-0 , 1
See NS Package Number N15A Mo fntamal Comaction oo ¥
LK1 -I0C-0IML op Yiew
LM2ST5M-XX or LM25TRHYM-D00
Bew NS Pachkage Number J16A See NS Package N s
3
FLead EMMLi Package
[ masarer
TAE I [ 4 Fesduaos
GHE =11 Crourd
(- - tpst
1= 'ﬂh
1o
Top View
THOEE
Tide View
LMI5TEE-KK or LMESTSHVE-XN

Ses NG Package Mumber T358
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AHSLSEW T/ SLS AN AL LN

Absolute Maximum Ratings mes 1 Minimum ESD Rasing
If Military/Azros fied devices ars recuired (C - 10 pF, A= 15kay 2K
please contact the National Semiconductor Sales Officel Lead Tamparatura
Distributors for availability and =pecifications. [Scldering, 10 sac.) 260G
Maimumn Supply Vohage
LM 575 M2ETS a5V Operating Ratings
LMZETSHY &IV Tempesature Rarge
TR /OFF Pin Input Yoltngs DIV EV S 4N, LMAETS BEC T, < 160°C
Ouiput Vohnge to Ground LMEETSLMEETEHY APFCET, S :126°C
[Shaady Staio) -1V Suroly Volings
Powar Dissipation Irtameally Limited LMAETSLM2ETS 4y
Swrnga Tempamtre Fange -65%C o +160FC LMEETEHY ROV
Maamum Juncion Tempanmburs {6IFC
LM1575-3.3, LM2575-3.3, LM2575HV-3.3
Electrical Characteristics

Spaciications with stnndard type fece are for T, = 26°C, and those with boldisce type apply over full Operating Tem peratunes
Rangs .

Symbal Parameter Conditions Typ | LMI575-29 | LM257533 | Urits
LME2STSHV-3.3 | {Limits)
Limit Limit
{Ncta 2} {Nota 3
SYSTEM PARAMETERS [Noso 4) Tost Circuit Figums 2
Vour | Oufput Voltage Vg 12V, |, g = 028 11 v
Circuit of Figurs 2 2267 133 ViMir]
2333 1366 ViMax)
Vo | Output Vohage A.TEV £V, A0V, 024 £, o £ 1A a3 v
LM ETEAMESTE Circuit of Figurs 2 AP00A16E | D4ENAAS | VM)
24000432 | osmomaes | viMax
Vor | Output Vohoge A.TEV £ Vo S BV, D24 £y e S 1A a3 v
LMIETEHV Circuit of Figurs 2 200168 | 24EMBAS | VM)
JAIBAA50 | 04500482 | ViMa)
1 Efcioncy Vg 12V, |, oy = 1A 75 %

LM1575-5.0, LM2575-5.0, LM2575HV-5.0

Electrical Characteristics

Spaciications with standerd type fece are for T, = 26°C, and those with boldisoe type apply over full Operating Temperatuns
Range.

Symibal Parameter Conditions Typ LM1575-5.0 LM2575-5.0 Unitts
LM25TEMY-5.0 | (Limits]
Limit Limit
{Mota 2) [Molm 3)
EYETEM PARAMETERS [Mota 4) Tast Circuit Fgume 2
Vour Cutpat Violisga W= 12V, | pyn = 028 5.0 v
Circuit of Rgus 2 4850 4.800 W{Min)
5,060 540D Wi{Max)
Vo Outpart Vohago 028 £ ks = 14, 50 W
LM BTRAMESTE BY =V, S 40V 4 S50, B 4 B0, TS0 WiMin)
Circuit of Fgue 2 B, 150/5. 200 5 20045250 Wi{Max)

5 W, national oom
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Symibol Paraymeter Conditions Typ LM1575-5.0 LM2575-5.00 Units
LM25TSHY-5.0 | (Limits)
Lamit Lirmat
{Hota 2) [Mata 3)

Vo Chutpad Vohago 028 ks = 14, 5.0 W
LM2ETRHY BY = W, = BV 4. 85004800 4. BI04, 750 W{Min)
Circuit of Fgure 2 51755225 52258275 i Max)

n Effimiancy Vo= 18V = 1A T %

LM1575-12, LM2575-12, LM2575HV-12
Electrical Characteristics

Spaciications with sinndard type face are for T, = 26°C, and those with boldfoce type apply over full Operating Tem peratune

Range .
Symibal Parameter Conditions Typ LM1575-12 LM2ETE-12 Linits
LM257SHV-12 | {Limits]
Limit Limit
{Mata 2) Moke 3)
EYSTEM PARAMETERS (Hota 4} Tast Circuit Fgus 2
Yo Clutpan Vaohaga Vo, =25V, | =028 iz v
Cirouit of Fgume 2 {1.68 11.78 W [Min)
{2.42 1224 W e
Vour | Cutpat Vohaga T 2 v
LM16TRA M25TE 15V <V, < 40V 11641152 11.62M1.40 ¥[Min)
Cirouit of Fuvme 2 12381248 12481260 W Max)
Vour | Cutpat Vohaga T 2 v
LA2ETEHV 15 5 Wy, < GOV 11.64M1.52 {1.6211.40 W [Min)
Cirouit of Frme 2 12421254 12ELN2EE W Max)
n Effiiancy Vg = 15V, Lpay = 184 BE %

LM1575-15, LM2575-15, LM2575HV-15
Electrical Characteristics
Spaciiications with sianderd type face are for T, = 25°C, and thoss with boldface type apply over full Dperating Temperature

Range .
Symbol Farameter Conditions Typ LM1575-15 LMI5T-15 Units
LM25TEHY-15 | (Limits)
Limit Limit
{Moda 7 Moz 3)
EYSTEM PARAMETERS (Mota d) Tast Circuit Figums 2
W Chutput Violtaga Vigg = 30V, g, = 020 16 i
Clnouit of Fgure 2 14.85 14.70 Vi Min)
16.1E £330 Vilox}
Vour | Cutput Vitaga D24 € |y 14, 16 ¥
LM STRLMA5TE 18V £ Wy, = 40V 14.56M4.40 14.40414.25 ViMin|
Cirout of Rgure 2 15451560 16.B0METS ViMoo
Vour | Cutput Viltaga 028 € | n €14, {B v
LIS TRHY 18V £ Wy, < B0V 14.55M4.40 14.40414.25 Vildin|
Cinouit of Fgure 2 1652615675 {E.BEMEE] Vi)
il Efficiency Wiy = 1BV, Ly = 184 og %

s nederml s
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Typical Performance Characteristics ot of Anure )
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NEGATIVE BDOST REGULATOR

#nother vaniation on the buck-boost topology is $he negatve
boost configuration. Tha cirouit in Agure {1 aooopis. on input
wahaga ranging from -5V 1o - 12V and provides a regulniod
=42V curtput. Inpant voitages: greater than 124 wil cousa the
outpad o risa obove 12V, but will not domags: e regulador.
Bacnusa of tha boosting function of this typa of regulator, the
switch curent is ralativaly high, aspocally of low input voh-
nges. Dutpat loed cumont limitations aro & result of ta mox-
imum current rating of e swilch. Also, boost regulatons can
not provide currant limiting load protecion in e event of &
shoriad load, so soma cther maans (such os o fusae) may be
NoCossary.

L A
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v ]
* 10830 F
n LMISTS12 | cugen 1
Li== ESR
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: s 1MSEIT
2l Gy e TRUOFF
=T 10 F Vogyy &-12¢
Vg 180 M
1T
- b 1T
E iy |
Typical Load Currond

SO0 for V= 5V
£ Mt for Vi = TV
irte: Fin numisors arg for TO-220 parkegs.

FIGURE 11. Hegative Boost

UNDERVOLTAGE LOCKOUT

In some applcations it is desimble 10 keap tha regulaior off

until $ha input vohage reschas a cernin thrashold. An under-

wohaga lockout circuit which sccomplishas s tnsk is shown

in Fgure 12, whilke FAgure 13 shows the same cirowit appliad

10 & bunk-baoosd configumson. Thosa cirouits keop the regu-

lator off until #a input volings resches o predatermined level.
Vi Wiy = 2V ()

DELAYED STARTUP

Tha T JOFF pin can ba used to provida o deloyed starup

lmahws &= shown in FAgure 14 With on ingt voliage of 200V

ond for tha part values shown, tha cirouit provides apoinoi-

matcdy 10 ms of deloy ime bafore tha circuit begins switc hing.

Increasing $e AC tima constant can provide longar dalay

times. But excessivaly larga AC tme constants can cause

problams with input woltnges that are high in 80 Hz or {20 He

nppla, by coupling the rppla indo the TN A0FF pin

ADJUSTABLE OUTPUT, LOW-RIPPLE

POWER SUPPLY

& 1A power supply that features. on adjusiablo output volinge

is shown in Fgure 5. An odditional L-C fiker that reducss the
outpaut npple by o fsciorof 10.0r more is incheded inthis cirouwst.

LM2ETE - KX

1Wrwir
Fuls: Complotn ot nof shown.
Fole: Fin rumizors g for o TOL220 packags.

FIGURE 12. Undervoltage Lockout for Buck Circuit

LM2576 - KX

~Yaun

Fiule: Comploto oimut nol shown (sss Figum 10,
Fole: Fin rumizers e for B TO-220 packags.

FIGURE 13. Undervoltage Lockout
for Buck-Boost Circuit
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Fiole: Complein cinoul nol shosn.
Wl Pin numizors o for o TOL220 packana.

FIGURE 14. Delayed Startup
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