LP324, LP2902

ULTRA-LOW-POWER QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS460A—MARCH 2005—REVISED MAY 2005

FEATURES
D, N, OR PW PACKAGE
 Low Supply Current ... 85 A Typ (TOP VIEW)
 Low Offset Voltage ... 2 mV Typ )
+ Low Input Bias Current ... 2 nA Typ 10UT ] 1 14[] 40UT
e Input Common Mode to GND uN-[f 2 13[] 4IN-
) 1N+[] 3 12[] 4IN+
* Wide Supply Voltage .. .3V <V <32V
: ' : Vee [ 4 11[] GND
* Pin Compatible With LM324 2IN+ ] 5 10[] 3IN+
« Applications 2IN-[] 6 o[l 3IN-
— LCD Displays 20uT(]7 8[] 3ouT

— Portable Instrumentation
— Sensor/Metering Equipment

— Consumer Electronics (MP3 Players, Toys,

Etc.)
— Power Supplies

DESCRIPTION/ORDERING INFORMATION

The LP324 and LP2902 are quadruple low-power operational amplifiers especially suited for battery-operated
applications. Good input specifications and wide supply-voltage range still are achieved, despite the ultra-low
supply current. Single-supply operation is achieved with an input common-mode range that includes GND.

The LP324 and LP2902 are ideal in applications where wide supply voltage and low power are more important
than speed and bandwidth. These applications include portable instrumentation, LCD displays, consumer
electronics (MP3 players, toys, etc.), and power supplies.

ORDERING INFORMATION

Ta PACKAGE® ORDERABLE PART NUMBER TOP-SIDE MARKING
PDIP — N Tube of 25 LP324N LP324N
Tube of 50 LP324D
SOIC-D LP324
0°C to 70°C Reel of 2500 LP324DR
Tube of 90 LP324PW
TSSOP - PW LP324
Reel of 2000 LP324PWR
PDIP — N Tube of 25 LP2902N LP2902N
Tube of 50 LP2902D
SOIC-D LP2902
—40°C to 85°C Reel of 2500 LP2902DR
Tube of 50 LP2902PW
TSSOP - PW LP2902
Reel of 2500 LP2902PWR

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

www.ti.com/sc/package.
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LP324, LP2902
ULTRA-LOW-POWER QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS460A—MARCH 2005—-REVISED MAY 2005

SCHEMATIC (EACH AMPLIFIER)
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Absolute Maximum Ratings®
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Vee Supply voltage range @ +16 or 32 \%
Vip Differential input voltage 3 +32 \%
\ Input voltage (either input) -0.3 32 Y
Duration of output short circuit (one amplifier) to ground at (or below) T, = 25°C, Ve < 15 V@) Unlimited

D package 86
N Package thermal impedance ®)(©® N package 80| °C/wW

PW package 113
T, Operating virtual junction temperature 150 °C
Tstg Storage temperature range -65 150 °C

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

(2) All voltage values (except differential voltages and V¢ specified for the measurement of I5g) are with respect to the network GND.

(3) Differential voltages are at IN+, with respect to IN—.

(4) Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.

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

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

ESD Protection

TEST CONDITIONS TYP UNIT

Human-Body Model +2 kv




LP324, LP2902

ULTRA-LOW-POWER QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS460A—-MARCH 2005—-REVISED MAY 2005

Electrical Characteristics
T, =25°C, V=5V, V. =V/2, R =100 kQ to GND (unless otherwise noted)

LP324 LP2902
PARAMETER TEST CONDITIONS®) To@ UNIT
MIN TYP®  MAX MIN TYP®  MAX
25°C 2 4 2 4
Vio Input offset voltage mv
Full range 9 10
) 25°C 2 10 2 20
s Input bias current nA
Full range 20 40
25°C 0.2 2 0.5
lo Input offset current nA
Full range 4 8
A Large-signal R = 10 kQ to GND, 25°C 50 100 40 70 Vi
v ; - mV
voltage gain Vec =30V Full range 40 30
- = 25°C 80 90 80 90
CMRR Common-mode VCC_ 30V, dB
rejection ratio Vic=0V1toVec—-15V | Fyll range 75 75
. 25°C 80 90 80 90
kysg  Lower-supply Vec =5V 1030V v
rejection ratio Full range 75 75
| Suppl " R 25°C 85 150 85 150 A
u curren =
ce PPy - Full range 250 275 H
v Output voltage I = 0.35 mA to GND, 25°C 34 3.6 34 3.6 v
OH i i =
swing (high) Vic=0V Full range | Ve —1.9 Vee - 1.9
v Output voltage I, = 0.35 mA from Vcc, 25°C 0.82 0.7 0.82 0.7 v
oL ; —
swing (low) Vic=0V Full range 1 1
25°C 7 10 7 10
I Output source Vo=3V,Vp=1V mA
current Full range 4 4
25°C 4 5 4 5
Vo =15 V, V|D =-1V
. Full range 3 3
lo Output sink current S mA
Vo=15V,Vp=-1V, 25°C 2 4 2 4
Vic=0V Full range 1 1
| Output short to GND |V, 1V 25°C 20 3 20 3 A
utput short to = m
OS.GND P 0 Full range 40 40
I Output short to V, V 1V 25°C 15 30 15 30 A
utput short to =— m
osvee P ce 0 Full range 45 45
Input offset o o
OVio voltage drift 25°C 10 10 pv/ec
Input offset o o
Hho current drift 25°C 10 10 pA/°C
(1) For full-range temperature limits: Voc =3V to 32 V, V|cgr = 0 V to Ve — 1.5 V (unless otherwise noted)
(2) Full range is 0°C to 70°C for LP324 and —40°C to 85°C for LP2902.
(3) All typical values are at T = 25°C.
Operating Conditions
Ve =15V, T, = 25°C
PARAMETER TYP UNIT
GBW Gain bandwidth product 100 kHz
SR Slew rate 50 Vims




PACKAGE OPTION ADDENDUM

10-Jun-2014

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
o Drawing Qty 0) (6) ®3) (415)
LP2902D ACTIVE SoIC D 14 50 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 LP2902 Samples
& no Sb/Br) . .
LP2902DR ACTIVE SoIC D 14 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 LP2902 Samples
& no Sb/Br) . .
LP2902N ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N / A for Pkg Type -40 to 85 LP2902N Samples
(ROHS) - -
LP2902PW ACTIVE TSSOP PW 14 90 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 LP2902
& no Sb/Br) R
LP2902PWR ACTIVE TSSOP PW 14 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 LP2902 Samples
& no Sh/Br) R
LP2902PWRE4 ACTIVE TSSOP PW 14 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 LP2902 Eerore:
& no Sh/Br) R
LP324D ACTIVE SoIC D 14 50 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 LP324 P
Samples
& no Sh/Br)
LP324DG4 ACTIVE SoIC D 14 50 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 LP324
Samples
& no Sh/Br)
LP324DR ACTIVE SoIC D 14 2500 Green (RoHS CU NIPDAU | CUSN  Level-1-260C-UNLIM Oto 70 LP324 ol
& no Sh/Br) s
LP324DRE4 ACTIVE SoIC D 14 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 LP324 o
Samples
& no Sh/Br)
LP324DRG4 ACTIVE SoIC D 14 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 LP324
& no Sh/Br) . =
LP324N ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type 0to 70 LP324N
(ROHS) - =
LP324NE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type 0to 70 LP324N Samples
(ROHS) - =
LP324PW ACTIVE TSSOP PW 14 90 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 LP324 Samples
& no Sb/Br) . .
LP324PWG4 ACTIVE TSSOP PW 14 90 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 LP324
& no Sh/Br) a =
LP324PWR ACTIVE TSSOP PW 14 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 LP324
& no Sb/Br) R
LP324PWRE4 ACTIVE TSSOP PW 14 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 LP324

& no Sh/Br)
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PACKAGE MATERIALS INFORMATION

11-Oct-2013
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |+ KO ’<—P14>1
Y R P T
go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O 0778procket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LP2902DR SoIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 16.0 Q1
LP2902PWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
LP324DR SOIC D 14 2500 330.0 16.8 6.5 9.5 2.3 8.0 16.0 Q1
LP324DR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
LP324DRG4 SolIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 16.0 Q1
LP324PWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1




PACKAGE MATERIALS INFORMATION

11-Oct-2013
TAPE AND REEL BOX DIMENSIONS
,/”?/
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LP2902DR SoIC D 14 2500 333.2 345.9 28.6
LP2902PWR TSSOP PW 14 2000 367.0 367.0 35.0
LP324DR SoIC D 14 2500 364.0 364.0 27.0
LP324DR SolIC D 14 2500 333.2 345.9 28.6
LP324DRG4 SoIC D 14 2500 333.2 345.9 28.6
LP324PWR TSSOP PW 14 2000 367.0 367.0 35.0




MECHANICAL DATA

N (R—PDIP—T#**)

PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
PINS **
< A >
ol 14 16 18 20
16 ) 0.775 | 0775 | 0.920 | 1.060
[ W etion W i B e W et W e i et W el A MAX (19.69) | (19.69) | (23.37) | (26.92)
0.260 (6,60 0.745 | 0.745 | 0.850 | 0.940
D) ngo)) ACMING | 18.92) | (18,92) | (21,59) | (23,88)
MS-001
I LSS S BN S s s o) VARIATION AA BB AC AD
i J L 8
0.070 (1,78)
0.045 (1,14) A
0.045 (1,14) 0.325 (8,26)
—»| L : :
"7 0.030 (0,76) @ 0.020 (0,51) MIN 0.300 (7.,62)

| 1\ ¥ m

0.200 (5,08) MAX

L |

! ! - TGauge Plane
’ ’ +~v l Seating Plane

! | t 0.125 (3,18) MIN 0.010 (0,25) NOM

0.100 (2,54) AJ 0.430 (10,92) MAX L*

r——-\

0.021 (0,53)
145015 (0,38) . .
[€-]0.010 (0,25) W] / \
|\ // .
NP4 14/18 Pin Only
- 20 Pin vendor option @
4040049/E 12/2002
NOTES:

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

/O 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.



MECHANICAL DATA

D (R—PDSO—GMr) PLASTIC SMALL OUTLINE
0.344 (8,75)
0.337 (8,55)
Zc&
8

9 | \
alinla i =l
| 7
Pin 1
Index Area L—’L @ J L %

[0.010 (0,25 W]

—_—
- ~

IT oo, (S
N

L 0.069 (1,75) Max 0.004 (0,10)

0.010 (0,25) /
0.005 (0,13)1
f // \ 0.004 ( 0)
— Seotmg Plane

N /

~ -

v __

Gauge Plane

0.010 (0,25)

4040047-5/M  06/11

All linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs.

not exceed 0.006 (0,15) each side.
Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.

Reference JEDEC MS-012 variation AB.

NOTES:

Mold flash, protrusions, or gate burrs shall

> o>



LAND PATTERN DATA

D (R

—PDSO—G14)

PLASTIC SMALL OUTLINE

ExumpltENEg:rg)Layout Ste"(‘:,yo&PeDn)isz
12¢1.27 —— ~=—14x0,55
4" * 12,27
NN Nl O 0.
BHB&HHH‘—[ 14*;'50 HHH-H-84
5,40 5,40
;B-H-}HJ[}HH% -
\§-_/’¢
Example
Non Soldermask Defined Pad Example
_- Pad Geometry
1. o (See Note C)
// —
/
/ ]
/ 1,95 \ Example
! * / Solder Mask Opening
'\ /' (See Note E)
\ —=l=—0.07 !
\ All Around /
\\\ /,
\\\ ’/,
N 7

Ste————

4211283-3/E 08/12

NOTES:

All linear dimensions are in millimeters.

Publication IPC—7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should

contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

A
B. This drawing is subject to change without notice.
C
D



MECHANICAL DATA

PW (R—PDSO—G14) PLASTIC SMALL OUTLINE
’< Wr 0 [0 @
14 8

HHAHAAN f .

T

4,50 6,60 /

430 620 v 4

(R LR TR TN | Lo

08 -
@ 0,50

Y

[ D

| I R Seating Plane ‘ \J\ ) I_L
0,15 7

1,20 MAX 00 [ ]0.10

4040064-3/G 02/11

NOTES:  A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.
A Body width does not include interlead flash. Interlead flash shall not exceed 0,25 each side.

E. Falls within JEDEC MO-153

Mold flash, protrusions, or gate burrs shall



LAND PATTERN DATA

PW (R—PDSO—-G14) PLASTIC SMALL OUTLINE

Stencnl Open)lngs

Example Board Layout
(Note C)
—=— [~— 14x0,30

12x0 65 ‘ —=| [=—12x0,65

ﬂﬂﬂ HHBLHT - ittt

5,60 5,60
!'
|
,’ Example
,' Non Soldermask Defined Pad Example
i _ Pad Geometry
i - (See Note C)
7/
/
/ \ Example
| 1,60 / Solder Mask Opening
' * i (See Note E)
\\ 1 !
\ =007 /
\, Al Around /
N Vs
. s
~— - —
4211284-2/G 08/15

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

A
B.
C. Publication IPC-7351 is recommended for altemate designs
D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release
contact their board assembly site for stencil design recommendations. Refer to IPC-7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads

NOTES:
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