Product '\= Order 2 Tools & Support &
Folder oo Now Documents #\ Software Community
i3 TEXAS
INSTRUMENTS LM2903-Q1
ZHCSIA9G —MAY 2003—-REVISED NOVEMBER 2018
LM2903-Q1 /R ERX M £ 8h L 2%
1 ke 2 NH
o FFERZENH bRUE o KE
o HAFFE AEC-Q100 FrifEf) FHI4E 3. — HEVIEV F3) J14£5h
— BRMREE O Z%: —40°C & 150° (IS IZ (T - [FREBRARG HINEN
JuH (LM2903E-Q1) g psE
— MR 14 —40°C & 125°C HIAIRIEATIR . Tk
FEYaFE (LM2903-Q1) B
—  2%{F HBM ESD 4244 H1C . R

— 2 CDM ESD 432244 C4B

ESD f£3#iL 1000V (H4E

MIL-STD-883 J5i% 3015) ; il 100V
(LS BOBERERY, C = 200pF, R =0Q)

LR YR B L YR

ST FELYR L AR B R IR s A LA AR

0.4mA (HL7RE)

fiCHa N\ B R 25nA (LT )
RIS L 5nA (JLAY{E )
I AR 2mV (BB

SR N L Y R G 2

ZE BN PR B 55 T B K AE FRLJR LR 36V
A L A A R

HiH5 TTL. MOS #il CMOS %

o UEfEAGTI AR
o WHERHRESR

3 UiBH

AR AL WAL B L LR A, X S LR RS T AR TR
HA e Ve L P R SR R A S AT o SRS YR TR PR H
JEZEAE 2V %2 36V HTuE 2 N H VCC L AJEA L
Z/bE +1.5V UL, A eI ] Ll R R g
1T IRARHIRASZ IR LR A s2 0 . ] I e 31
BRI, DUSCIA 2k AND KB,
LM2903-Q1 4 AEC-Q100 1 4R JE il (—40°C &
+125°C) Fr#fE. LM2903E-Q1 & AEC-Q100 0 4%
JEVEHE (—40°C & +150°C) Frifk.

BEED
RS ESpS HERT GRfRE)
VSSOP (8) 3.00mm x 3.00mm
LM2903-Q1 SOIC (8) 4.90mm x 3.91mm
TSSOP (8) 3.00mm x 4.40mm
LM2903E-Q1 TSSOP (8) 3.00mm x 4.40mm

(1) W TR TR, ES R R R AT

2K o

{7 p J 2L

IN+ ouT
IN-

ARG I, SRAEH 6 T dn P SCRA S R, CLA S . A RIE I B 7 SO R BT (5 2, 1507 ) wwweti.com, SN BIRZAMR S . TI ASCRIEBA I ) HE

PERE RE . AESEBRITEZ BT, 5506555 BT RUA IR 35 SURRA

English Data Sheet: SLCS141



I3 TEXAS
INSTRUMENTS
LM2903-Q1

ZHCSIA9G —MAY 2003—REVISED NOVEMBER 2018 www.ti.com.cn
1 7.3 Feature DescCription.........ccoouieirieieiiiie e 7
2 7.4 Device Functional Modes..........cccccuvvveiiniiieenennns 7
3 8 Application and Implementation ...........ccccceeeens 8
4 8.1 Application Information............ccccccvviriiiiiiniinicines 8
5 Pin Configuration and FUNCLIONS ..........cocoevevnn.n.. 3 8.2 Typical Application .............. s 8
6 Specifications 3 9 Power Supply Recommendations...........ccc........ 10
6.1 Absolute Maximum RatiNGS ...........ccceriveerrrreerrrenns 3 10 LAYOUL. .ottt 10
6.2 HANAING RAUNGS...vveveereeeeeeereeeeeesreeeseeereseeesseseeeseeens 4 10.1 Layout GUIdeliNeS ........ccceeveeriiiniieiiecieeec e 10
6.3 Recommended Operating Conditions, LM2903-Q1.. 4 10.2 La}yout EXAMPIE oo 10
6.4 Recommended Operating Conditions, LM2903E- 11 BRI SEIF oo 11
[ OO 4 111 MEEEE e .11
6.5 Thermal Information .............ccccevevveeiererererseesieeeaenane, 4 11.2 OO TE @ 11
6.6 Electrical CharacteristiCS..........ovovrvrvrvreeereerereeeenn. 5 113 R oo 11
6.7 Switching CharacteristiCS............coueveeieeeiecreerreeneans 5 T R TR 11
6.8 Typical CharacteristiCS............oeevevevreerirerererieescaenas 6 115 EFHUEES o 11
7 Detailed DeSCIption .....ccceevveevieiieesee e 7 11.6 RIBFR oo 11
7.1 OVEIVIEW oo 7 12 Al BHEEFRTIAGEE e 11

7.2 Functional Block Diagram ..........cccceveeerieeniinineninnenns 7

4 BT IR

Changes from Revision F (May 2018) to Revision G Page
o EH X previous Q1 graphs to MatCh NEW FOMMAL ..........c.ceiviiiiiiiiie ittt ettt b et sa e e re et besre bt s s 6
o VN LM2903E-Q1 SPECITIC GrAPNS ....coeeeieececeieceeecececececee et ettt ettt ettt et et et et et esen s s s s e sessassssssesesesesstetesesetesesesesesesanas 6
Changes from Revision E (June 2014) to Revision F Page
* Added Pin Functions table. ..............cccocoe.

e Changed Thermal INfOrmation TaADIE ........ooii ittt e e e ettt e e e e kb e e e e e e s bbee e e e e ebbe e e e e s anbbaeaaeas
Changes from Revision D (April 2008) to Revision E Page
o FEHFMERTRIIT AEC-QL00 f5/8 0 oottt ettt ettt ettt a ettt ettt ettt et ettt et et et et s s et et etete et enaaas 1
I Sy L R e[| RN =L O @ X [0 0 I = ST 1
L L = ST T T R 1
e Added Handling RAtiNGS tADIE. ........cooiiiiiiiii e e e e e e e st et e e e s ab e e e e e s et b e e e e e s et b e e e e e e ataa e e e e aarraraaean 4
e Added T; and ESD ratings to0 ADS MaX TABIE. .......cooi ittt e e e et e e e et e e e e snb e e e e e e anbeeeas 4
e Updated Recommended Operating ConditioNs tADIE. ..........ocuiiiiiiiiiii e e e 4
* Added Thermal Information table. ...........c.cccooveviniinnnn.

e Updated Electrical CharaCteriStiCS tabl@. ............ooi it e e e e s ibe e e e e ennaeeae s 5

2 Copyright © 2003-2018, Texas Instruments Incorporated



13 TEXAS

INSTRUMENTS
LM2903-Q1

www.ti.com.cn ZHCSIA9G —MAY 2003—REVISED NOVEMBER 2018
5 Pin Configuration and Functions

D, DGK OR PW PACKAGE

Top View
10UT[] 1 Y 8|l Vec
1IN-[] 2 7[] 20uUT
1IN+[] 3 6] 2IN-
GND[] 4 5[] 2IN+
Pin Functions
PIN
110 DESCRIPTION
NAME NO.
10UT 1 Output Comparator 1's output pin
1IN- 2 Input Comparator 1's negative input pin
1IN+ 3 Input Comparator 1's positive input pin
GND 4 Input Ground
2IN+ 5 Input Comparator 2's positive input pin
2IN- 6 Input Comparator 2's negative input pin
20UT 7 Output Comparator 2's output pin
Ve 8 Input Supply Pin
6 Specifications
6.1 Absolute Maximum Ratings®
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Vee Supply voltage @ 36 \Y
Vee Supply voltage, LM2903E-Q1 Only®? 32 \Y
Vip Differential input voltage ® -36 36 \Y
\ Input voltage range (either input) -0.3 36 \Y
Vo Output voltage 36 \%
lo Output current 20 mA
Duration of output short-circuit to ground Unlimited

(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, are with respect to GND.

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

Copyright © 2003-2018, Texas Instruments Incorporated 3
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6.2 Handling Ratings

MIN MAX UNIT
Tstg Storage temperature range ’ LM2903-Q1 Only —65 150 °C
Human body model (HBM), per AEC Q100-002(® 0 1000
VEsp) | Electrostatic discharge Charged device model (CDM), per | All pins 0 750 v
AEC Q100-011
(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.3 Recommended Operating Conditions, LM2903-Q1
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Ve (non-V devices) 2 30 \
Ve (V devices) 2 32 \
T; ‘ Junction Temperature -40 125 °C
6.4 Recommended Operating Conditions, LM2903E-Q1
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Vee 2 30 \Y;
Ty ‘ Junction Temperature -40 150 °C
6.5 Thermal Information
LM2903E-Q1 LM2903-Q1 LM2903-Q1 LM2903-Q1
THERMAL METRIC® PW DGK PW D UNIT
8 PINS 8 PINS 8 PINS 8 PINS
Roia Junction-to-ambient thermal resistance 178.9 199.4 186.6 126.0
Rosctop  Junction-to-case (top) thermal resistance 70.7 120.8 79.6 74.2
Ross Junction-to-board thermal resistance 108.9 90.2 116.5 66.4 °C/W
VALS Junction-to-top characterization parameter 11.9 215 17.7 25.4
AL} Junction-to-board characterization parameter 107.3 119.1 114.9 65.9

(1) BEXRESAFAERNESER , BSANARE (¥S4H/ IC HERER) (XEES : SPRAS3 ) .

WX © 2003-2018, Texas Instruments Incorporated
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6.6 Electrical Characteristics
at specified free-air temperature, Vqc =5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS TaW MIN TYP MAX| UNIT
NomA devi 25°C 2 7
on-A devices
Vo=14YV, Full range 15
Vio Input offset voltage Vic = Vicminys () e 1 mV
- 2, ©
Vee =5V 1o MAX A-suffix devices
Full range 4
25°C 5 50
lio Input offset current Vo=14V nA
Full range 200
. 25°C -25 -250
g Input bias current Vo=14V nA
Full range -500
v... Common-mode input 25°C 010 Vec-1.5 v
ICR  yoltage range® Full range 010 Vee—2
Large-signal Vee =15V,
Ayp differential-voltage Vo=14Vto1l4V, 25°C 25 100 VimV
amplification R_ 215 kQ to V¢
High-level output Von=5V _ 25°C 0.1 50 nA
low Vip=1V
current Von = Vee MAX® Full range 1 PA
a 25°C 150 400
VoL Low-level output lo, = 4 MA, Vip = -1V mv
voltage Full range 700
Low-level output _ __ o
ot current VoL =15V, Vip=-1V 25°C 6 mA
| Suonl ) e Vee =5V 25°C 0.8 N
upply curren = m.
e t Vee = MAX® Full range 25
(1) Full range (MIN or MAX) for LM2903-Q1 is —40°C to 125°C and —40°C to 150°C for the LM2903E-Q1 . All characteristics are measured

with zero common-mode input voltage, unless otherwise specified.
Vce MAX =30 V for non-V devices and 32 V for V-suffix devices.
The voltage at either input or common-mode should not be allowed to go negative by more than 0.3 V. The upper end of the common-
mode voltage range is VCC+ - 1.5 V for the inverting input (=), and the non-inverting input (+) can exceed the VCC level; the
comparator provides a proper output state. Either or both inputs can go to 30 V (32V for V-suffix devices) without damage.

6.7 Switching Characteristics

VCC =5 V, TA =25°C
PARAMETER TEST CONDITIONS TYP UNIT
. R connected to 5 V through 5.1 kQ, 100-mV input step with 5-mV overdrive 1.3
Response time ; us
C_ =15 pF®®@ TTL-level input step 0.3

(1) C,includes probe and jig capacitance.

(2) The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V.

MR © 2003-2018, Texas Instruments Incorporated
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6.8 Typical Characteristics
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7 Detailed Description

7.1 Overview

The LM2903-Q1 family is a dual comparator with the ability to operate up to 36 V on the supply pin. This
standard device has proven ubiquity and versatility across a wide range of applications. This is due to it's very
wide supply voltages range (2 V to 36 V), low Ig and fast response.

This device is AEC-Q100 qualified and can operate over a wide temperature range of —40°C to 125°C (LM2903-
Q1) or —40°C to 150°C (LM2903E-Q1).

The open-drain output allows the user to configure the output's logic low voltage (Vo) and can be utilized to
enable the comparator to be used in AND functionality.

7.2 Functional Block Diagram

() 80-pA
-’ Current Regulator

COMPONENT COUNT

Epi-FET 1
Diodes 2
IN+ Resistors 2
out Transistors 30
IN-
GND

7. Schematic (Each Comparator)

7.3 Feature Description

LM2903-Q1 family consists of a PNP darlington pair input, allowing the device to operate with very high gain and
fast response with minimal input bias current. The input Darlington pair creates a limit on the input common
mode voltage capability, allowing LM2903-Q1 to accurately function from ground to Vc—1.5V differential input.
This is enables much head room for modern day supplies of 3.3 V and 5.0 V.

The output consists of an open drain NPN (pull-down or low side) transistor. The output NPN will sink current
when the positive input voltage is higher than the negative input voltage and the offset voltage. The VOL is
resistive and will scale with the output current. Please see B 3 in the Typical Characteristics section for Vg,
values with respect to the output current.

7.4 Device Functional Modes

7.4.1 Voltage Comparison

The LM2903-Q1 family operates solely as a voltage comparator, comparing the differential voltage between the
positive and negative pins and outputting a logic low or high impedance (logic high with pull-up) based on the
input differential polarity.

MR © 2003-2018, Texas Instruments Incorporated 7
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8 Application and Implementation

8.1 Application Information

LM2903-Q1 will typically be used to compare a single signal to a reference or two signals against each other.
Many users take advantage of the open drain output to drive the comparison logic output to a logic voltage level
to an MCU or logic device. The wide supply range and high voltage capability makes LM2903Q1 optimal for level
shifting to a higher or lower voltage.

8.2 Typical Application

VLOGIC VLOGIC

RpuIIup

Rpullup

Vin Vin+

Vin-

T I:L T IL

Vref

8. Single-ended and Differential Comparator Configurations

8.2.1 Design Requirements

For this design example, use the parameters listed in & 1 as the input parameters.

% 1. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Input Voltage Range 0V to Vsup-1.5V
Supply Voltage 2Vto36V
Logic Supply Voltage 2Vto36V
Output Current (RpyLLup) 1 pAto 20 mA
Input Overdrive Voltage 100 mV
Reference Voltage 25V
Load Capacitance (C,) 15 pF

8.2.2 Detailed Design Procedure

When using LM2903-Q1 family in a general comparator application, determine the following:
* Input Voltage Range

* Minimum Overdrive Voltage

» Output and Drive Current

* Response Time

8.2.2.1 Input Voltage Range

When choosing the input voltage range, the input common mode voltage range (V,cgr) must be taken in to
account. If temperature operation is above or below 25°C the V,cg can range from 0 V to Vc— 2.0 V. This limits
the input voltage range to as high as Voc— 2.0 V and as low as 0 V. Operation outside of this range can yield
incorrect comparisons.

Below is a list of input voltage situation and their outcomes:

1. When both IN- and IN+ are both within the common mode range:

a. If IN- is higher than IN+ and the offset voltage, the output is low and the output transistor is sinking
current

b. If IN- is lower than IN+ and the offset voltage, the output is high impedance and the output transistor is
not conducting

8 MRAX © 2003-2018, Texas Instruments Incorporated
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2. When IN- is higher than common mode and IN+ is within common mode, the output is low and the output
transistor is sinking current

3. When IN+ is higher than common mode and IN- is within common mode, the output is high impedance and
the output transistor is not conducting

4. When IN- and IN+ are both higher than common mode, the output is low and the output transistor is sinking
current

8.2.2.2 Minimum Overdrive Voltage

Overdrive Voltage is the differential voltage produced between the positive and negative inputs of the comparator
over the offset voltage (V|p). In order to make an accurate comparison the Overdrive Voltage (Vop) should be
higher than the input offset voltage (Vo). Overdrive voltage can also determine the response time of the
comparator, with the response time decreasing with increasing overdrive. 9 and 10 show positive and
negative response times with respect to overdrive voltage.

8.2.2.3 Output and Drive Current

Output current is determined by the load/pull-up resistance and logic/pull-up voltage. The output current will
produce a output low voltage (Vg,) from the comparator. In which Vg is proportional to the output current. Use
5 to determine Vg, based on the output current.

The output current can also effect the transient response. More will be explained in the next section.

8.2.2.4 Response Time

The transient response can be determined by the load capacitance (C,), load/pull-up resistance (Rpy L up) @nd
equivalent collector-emitter resistance (Rcg).

+ The positive response time (z,) is approximately tp ~ Rpy up X C
e The negative response time (ty) is approximately ty ~ Rcg X C.
— Rcg can be determine by taking the slope of B 5 in it's linear region at the desired temperature, or by
dividing the Vg, by loy

8.2.3 Application Curves

The following curves were generated with 5V on Ve and V| ggic, Rpurup = 5.1 k2, and 50 pF scope probe.

6 6
5 5
S —
< 4 o 4
> S
i:? 3 g 3
S
5mV OD >
> 2 5 2 5mV OD
=1 o
= 3 1
S5 1 (@]
3 20mV OD 20mV OD
0 = 0
e 100mV OD e 100MV OD
-1 -1
-0.25 0.25 0.75 1.25 1.75 2.25 -0.25 0.00 0.25 0.50 0.75 1.00 1.25 150 1.75 2.00
Time (usec) Time (usec)
9. Response Time for Various Overdrives 10. Response Time for Various Overdrives
(Positive Transition) (Negative Transition)

MR © 2003-2018, Texas Instruments Incorporated 9




13 TEXAS
INSTRUMENTS
LM2903-Q1

ZHCSIA9G —MAY 2003—-REVISED NOVEMBER 2018 www.ti.com.cn

9 Power Supply Recommendations

For fast response and comparison applications with noisy or AC inputs, it is recommended to use a bypass
capacitor on the supply pin to reject any variation on the supply voltage. This variation can eat into the
comparator's input common mode range and create an inaccurate comparison.

10 Layout

10.1 Layout Guidelines

For accurate comparator applications without hysteresis it is important maintain a stable power supply with
minimized noise and glitches, which can affect the high level input common mode voltage range. In order to
achieve this, it is best to add a bypass capacitor between the supply voltage and ground. This should be
implemented on the positive power supply and negative supply (if available). If a negative supply is not being
used, do not put a capacitor between the IC's GND pin and system ground.

10.2 Layout Example

f ) Ground
Bypass

U Capautor?lul:
10UT 1 SD Vce Positive Supply
1N-[] 2 71l 20uUT
1N+[] 3 6] 2IN-
| Negative Supply or Ground_ @ _ _ GNDT} 4 5[] 2IN+

Only needed 3 |
i I
for dual power 0.1uF!
supplies  ----d---7F--
Ground

11. LM2903Q1 Layout Example

10 AL © 2003-2018, Texas Instruments Incorporated
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples

@ Drawing Qty @ Ball material ® (415)

(6)

LM2903AVQDRG4Q1 ACTIVE SoIC D 8 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 2903AVQ Samples
LM2903AVQDRQ1 ACTIVE SoIC D 8 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 2903AVQ Samples
LM2903AVQPWRG4Q1 ACTIVE TSSOP PW 8 2000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 2903AVQ Samples
LM2903AVQPWRQ1 ACTIVE TSSOP PW 8 2000 RoOHS & Green NIPDAU Level-1-260C-UNLIM ~ -40to 125 2903AVQ Samples
LM2903EPWRQ1 ACTIVE TSSOP PW 8 2000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 150 2903Q0 Samples
LM2903QDGKRQ1 ACTIVE VSSOP DGK 8 2500 RoOHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 KACQ Samples
LM2903QDRG4Q1 ACTIVE SoIC D 8 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 2903Q1 Samples
LM2903QDRQ1 ACTIVE SOoIC D 8 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 2903Q1 Samples
LM2903QPWRG4Q1 ACTIVE TSSOP PW 8 2000 ROHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 290301 Samples
LM2903QPWRQ1 ACTIVE TSSOP PW 8 2000 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 2903Q1 Samples
LM2903VQDRG4Q1 ACTIVE SoIC D 8 2500 RoOHS & Green NIPDAU Level-1-260C-UNLIM ~ -40 to 125 2903vQ1 Samples
LM2903VQDRQ1 ACTIVE SoIC D 8 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 2903vQ1 Samples
LM2903VQPWRG4Q1 ACTIVE TSSOP PW 8 2000 RoOHS & Green NIPDAU Level-1-260C-UNLIM ~ -40to 125 2903VQ Samples
LM2903VQPWRQ1 ACTIVE TSSOP PW 8 2000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 2903VQ Samples

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".
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RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.
Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
5 [ KO [+—P1—»
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
0O O O OO0 O O O orSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
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)
LM2903AVQDRQ1 SoIC D 8 2500 330.0 12.5 6.4 5.2 2.1 8.0 12.0 Q1
LM2903AVQPWRG4Q1 | TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM2903AVQPWRQ1 TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM2903EPWRQ1 TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM2903QDGKRQ1 VSSOP DGK 8 2500 330.0 12.4 53 34 1.4 8.0 12.0 Q1
LM2903QPWRG4Q1 TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM2903QPWRQ1 TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM2903VQPWRG4Q1 | TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM2903VQPWRQ1 TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS

.
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

LM2903AVQDRQ1 SOoIC D 8 2500 340.5 336.1 25.0
LM2903AVQPWRG4Q1 TSSOP PW 8 2000 367.0 367.0 35.0
LM2903AVQPWRQ1 TSSOP PW 8 2000 853.0 449.0 35.0
LM2903EPWRQ1 TSSOP PW 8 2000 853.0 449.0 35.0
LM2903QDGKRQ1 VSSOP DGK 8 2500 366.0 364.0 50.0
LM2903QPWRG4Q1 TSSOP PW 8 2000 853.0 449.0 35.0
LM2903QPWRQ1 TSSOP PW 8 2000 853.0 449.0 35.0
LM2903VQPWRG4Q1 TSSOP PwW 8 2000 367.0 367.0 35.0
LM2903VQPWRQ1 TSSOP PW 8 2000 853.0 449.0 35.0
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N

(G200 w N

INSTRUMENTS
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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MECHANICAL DATA

DGK (S—PDSO-G8) PLASTIC SMALL—OUTLINE PACKAGE

r ﬂﬂgz
8 5

,HHHHT OZ

0,13
310 505
2,90 4,75 i

[@N]

LiLlil:

[ ]
jM_D—i Seating Plane ¢ J_\ ) m
— 1,10 MAX 875% AT [&]o.10 AT

4073329/E 05/06

NOTES: A All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.15 per end.
b Body width does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

E.  Falls within JEDEC MO—-187 variation AA, except interlead flash.

QP TeExAs
INSTRUMENTS
www.ti.com



LAND PATTERN DATA

DGK (S—PDSO-G8) PLASTIC SMALL OUTLINE PACKAGE
Example Board Layout Example Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
(See Note D)
|—-—|—(O,65)TYP. 8X(0,45) _—| |<_ |———|—(O,65}TYP.
_4_
5|—-——— - 8X(1,45) —— [
4
PEG (4,4) PEG (4,4)
(! o
/I 7 PKG PKG
: ¢ ¢
/I Example
b Non Soldermask Defined Pad
/ /// - Example '
N ERE
! (1,45) || \
\ * \:\F(’ad Geometrgl
! See Note C
Y - (0,05)
\ | All Around ///
N /
N -
S—-- 4221236/A 11/13

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

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.

NOTES:

i3 TEXAS
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PACKAGE OUTLINE
PWOO00SA TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

6.6
6.2 TYP
PIN 11D
AREA
— 6X
8
02X
== -—-
1
8X 0.30

0.19 L
‘%‘0.1@‘C‘A@‘B@‘ J'].ZMAX

ST -
\\\-‘/\SEE DETAIL A T(O'1S)TYP

DETAIL A
TYPICAL

4221848/A 02/2015

NOTES:

-

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153, variation AA.

s W N
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EXAMPLE BOARD LAYOUT

PWOO00SA TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
T 8X (1.5) r
8X (0.45) SYMM
RO0.05
1 C‘E (TYP )
8
|
|
SYMM
S s R A s .
o == | [ ]
S \ T s
| |
| (5.8) |
LAND PATTERN EXAMPLE
SCALE:10X
SOLDER MASK METAL UNDER SOLDER MASK
OPENING \ /METAL SOLDER MASK‘\ i OPENING
i I T"""m |
I‘mﬂl
4€ 0.05 MAX JL 0.05 MIN
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
SOLDER MASK DETAILS
NOT TO SCALE

4221848/A 02/2015

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
PWOO00SA TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

8X (15)
8X (0.45) j T SEMM (R0.05) TYP
|
o | '

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:10X

4221848/A 02/2015

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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