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LM111, LM211, LM311 Differential Comparators
1 Features 3 Description

» Fast Response Time: 165 ns

» Strobe Capability

e Maximum Input Bias Current: 300 nA

e Maximum Input Offset Current: 70 nA

» Can Operate From Single 5-V Supply

* Available in Q-Temp Automotive
— High-Reliability Automotive Applications
— Configuration Control and Print Support
— Qualification to Automotive Standards

e 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 All Parameters.

2 Applications

» Desktop PCs

* Body Control Modules
e White Goods

e Building Automation

» Oscillators

» Peak Detectors

The LM111, LM211, and LM311 devices are single
high-speed voltage comparators. These devices are
designed to operate from a wide range of power-
supply voltages, including +15-V supplies for
operational amplifiers and 5-V supplies for logic
systems. The output levels are compatible with most
TTL and MOS circuits. These comparators are
capable of driving lamps or relays and switching
voltages up to 50 V at 50 mA. All inputs and outputs
can be isolated from system ground. The outputs can
drive loads referenced to ground, Ve, or V. Offset
balancing and strobe capabilities are available, and
the outputs can be wire-OR connected. If the strobe
is low, the output is in the off state, regardless of the
differential input.

Device Information®

PART NUMBER | PACKAGE BODY SIZE
LM111FK LCCC (20) 8.89 mm x 8.89 mm
LM111JG CDIP (8) 9.60 mm x 6.67 mm
LM311PS SO (8) 6.20 mm x 5.30 mm
LM211D

SOIC (8) 4.90 mm x 3.91 mm
LM311D
LM211P

PDIP (8) 9.81 mm x 6.35 mm
LM311P
LM211PW

TSSOP (8) 3.00 mm x 4.40 mm
LM311PW

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Simplified Schematic
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4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision J (January 2017) to Revision K Page
¢ Changed Human body model (HBM) from: £1000 to: £500 in ESD Ratings table ..........cccviiiiiiiiiiiiiiie e 4
Changes from Revision | (June 2015) to Revision J Page
¢ Changed the data sheet title From: LMx11 Quad Differential Comparators To: LM111, LM211, LM311 Differential

(O] 1 4] 6= T = 10 £ TP PP PP PP PRPP PP 1
e Updated the Applications list
¢ Updated the Thermal Information (8-Pin Packages) table
¢ Changed text From: "over a -25°C to +85°C temperature range..." To: "'over a —40°C to +85°C temperature

range..." IN the OVEIVIEW SECLION .......eiiiiiieiiie ettt ettt ettt e et e st e e s bt e e et et e sa b e e e e st et e as b et e nabe e e s s b e e e anbe e e nanneennneeean 10
¢ Added text "The LM311 has a temperature range of —40°C to +125°C." to the Overview section...........cccccceeevcveveeeiinnnn. 10
Changes from Revision H (August 2003) to Revision | Page
e Updated Features with MIlitary DISCIAIMET. ........couiiiiiii ittt sbe et e e s bt e s bt e st e e nnneesneeens 1

Added Applications, Device Information table, Pin Configuration and Functions section, ESD Ratings table, Feature
Description section, Device Functional Modes, Application and Implementation section, Power Supply

Recommendations section, Layout section, Device and Documentation Support section, and Mechanical,

Packaging, and Orderable Information section. No specification Changes. ..o 1
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5 Pin Configuration and Functions

LMx11 D, JG, P, PS, or PW Package
8-Pin SOIC, CDIP, PDIP, SO or TSSOP

LM111 FK Package
20-Pin Lccc®W

Top View Top View
=
EMIT OUT [] 1 o 8] Vees 3
IN+ [] 2 7[] coLouUT E 3
IN-[] 3 6 [] BAL/STRB SE2L8
Vee- [] 4 5[] BALANCE /T ITI]
NG ]43 2 120 1918 NC
IN+ []5 17[] coL ouT
NC [1e 16[] NC
IN- ] 7 15[] BAL/STRB
NC ]8 910 11 12 1314[ NG
o o I o o o |
(@] LI) O wo
pd 15} b4 (ZJ P4
73
)
(1) NC = No internal connection
Pin Functions
PIN
Ivisi LM3I1 | LMILL | LML o DESCRIPTION
NAME SOIC, PDIP
TSSOP SO CDIP LCCC
IN+ 2 2 2 | Noninverting comparator
IN— 3 3 3 | Inverting input comparator
BALANCE 5 5 5 12 | Balance
BAL/STRB 6 6 6 15 | Strobe
COL ouUT 7 7 7 17 (@) Output collector comparator
EMIT OUT 1 1 1 2 O Output emitter comparator
Vee— 4 4 4 10 — Negative supply
Vecet 8 8 8 20 — Positive supply
1
3
4
6
8
NC — — — 191 — No connect (No internal connection)
13
14
16
18
19
(1) 1= Input, O = Output
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6 Specifications

6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
Vee:@ 18
Supply voltage Vee @ -18 \%
Veer = Veeo 36
Vip Differential input voltage ©) +30 Y
\Z Input voltage (either input)®® £15 Y
Voltage from emitter output to Vce_ 30 \%
LM111 50
LM211 50
Voltage from collector output to Ve \%
LM211Q 50
LM311 40
Duration of output short circuit to ground 10 S
T, Operating virtual-junction temperature 150 °C
Case temperature for 60 s FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case, 10 s JG package 300 °C
Lead temperature 1,6 mm (1/16 inch) from case, 60 s Eéfk’azg' or PW 260 °C
Tstg Storage temperature -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, unless otherwise noted, are with respect to the midpoint between Vcc. and Vee_.

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

(4) The magnitude of the input voltage must never exceed the magnitude of the supply voltage or £15 V, whichever is less.

6.2 ESD Ratings

VALUE UNIT
v Electrostatic Human body model (HBM), per ANSI/ESDA/JEDEC JS-001 ™ +500 v
(ESD) discharge Charged-device model (CDM), per JEDEC specification JESD22-C101? +750
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
MIN MAX | UNIT
Vee+ — Veeo Supply voltage 35 30 \%
\ Input voltage (|[Vcc+| <15 V) Veeo + 0.5 Vees— 1.5 Y,
LM111 —55 125
) ) LM211 -40 85
Ta Operating free-air temperature range °C
LM211Q -40 125
LM311 0 70
4 Submit Documentation Feedback Copyright © 1973-2017, Texas Instruments Incorporated
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6.4 Thermal Information (8-Pin Packages)

LM211, LM311 LM311 LM111
THERMAL METRIC® D (SOIC) | P (PDIP) (TSPSVY)P) PS (SO) | JG (CDIP) UNIT

8 PINS 8 PINS 8 PINS 8 PINS 8 PINS
Roia Junction-to-ambient thermal resistance 114.3 57.5 162 121.8 — °CIW
Roactop) Junction-to-case (top) thermal resistance 60.7 47.3 44.6 81.6 145 °C/IW
Ross Junction-to-board thermal resistance 54.5 34.6 93 66.5 — °CIW
vt Junction-to-top characterization parameter 17.4 24.9 2.6 314 — °C/W
VAL:! Junction-to-board characterization parameter 54 34.5 90.8 65.8 — °CIW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

6.5 Thermal Information (20-Pin Package)

LM111
THERMAL METRIC® FK (LCCC) UNIT
20 PINS
Roactop) Junction-to-case (top) thermal resistance 5.61 °C/IW
(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
Copyright © 1973-2017, Texas Instruments Incorporated Submit Documentation Feedback 5
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6.6 Electrical Characteristics
at specified free-air temperature, V. = £15 V (unless otherwise noted)
LM111
LM211 LM311
PARAMETER TEST CONDITIONS TA@ LM211Q UNIT
MIN  TYP®  MAX MIN  TYP®  MAX
25°C 0.7 3 2 7.5
Vio Input offset voltage | See® mv
Full range 4 10
25°C 4 10 6 50
lo Input offset current | See® nA
Full range 20 70
. 25°C 75 100 100 250
s Input bias current 1V<sVpo<14V nA
Full range 150 300
Low-level V, =03V
(strobe) ’ Gl _ —
his) strobe current® Vip £ —10 mV 25°C 3 3 mA
Common-mode Lower range -14.7  -145 -147  -145
Vicr input-voltage Full range \%
range® Upper range 13 13.8 13 13.8
Large-signal
Avp differential-voltage |5V <Vo<35V,R_ =1kQ 25°C 40 200 40 200 VimV
amplification
High-level | =_3mA 25°C 0.2 10 nA
(strobe) ) vV, =35V
(collector) Vin =5 mV OH
lon output leakage D Full range 0.5 pA
current Vp=5mV, Voy=35V 25°C 0.2 50 nA
| 50 mA Vip =-5 mV 25°C 0.75 15
Low-level oL=°0m _ o
v (collector-to- Vip =-10 mV 25°C 0.75 15 y
oL emitter) Veer =45V, Vip = -6 mV Full range 0.23 0.4
output voltage Vee. =0V,
loL =8 mA Vip =-10 mV Full range 0.23 0.4
Supply current from
lcct Veer Vip = =10 mV, No load 25°C 5.1 6 5.1 75| mA
output low
Supply current from
lec— Veeo Vip =10 mV, No load 25°C -4.1 -5 -4.1 -5 mA
output high

(1) Unless otherwise noted, all characteristics are measured with BALANCE and BAL/STRB open and EMIT OUT grounded. Full range for
LM111 is -55°C to 125°C, for LM211 is —40°C to 85°C, for LM211Q is —40°C to 125°C, and for LM311 is 0°C to 70°C.

(2) All typical values are at Ty = 25°C.

(3) The offset voltages and offset currents given are the maximum values required to drive the collector output up to 14 V or down to 1 V
with a pullup resistor of 7.5 kQ to Vcc+. These parameters actually define an error band and take into account the worst-case effects of
voltage gain and input impedance.

(4) The strobe must not be shorted to ground; it must be current driven at —3 mA to -5 mA (see Figure 18 and Figure 31).

6.7 Switching Characteristics
Vees = 15V, T, = 25°C

LM111
LM211

PARAMETER TEST CONDITIONS LM211Q UNIT
LM311
TYP

Response time, low-to-high-level outputSee® ) 115 ns
_ : I Rc=500Qto5V, C, =5 pF, see @
Response time, high-to-low-level outputSee( ) 165 ns

(1) The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and the
instant when the output crosses 1.4 V.
(2) The package thermal impedance is calculated in accordance with MIL-STD-883.
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6.8 Typical Characteristics

20 Vegs = +15V
ccx=1%
18 \\ \ Vo=1Vto14V A
\ See Note A
< 16
c \\ \
1
LM LM N N Lm3T
5 Lm211 | N\
= 12
=]
S ol L IN T3
5 L il o
& Condition 1 7\ \~(/L Condition 2
o 8 v N
5
2 6 i g e
1
5, N LM311 N
LM111 I~
2 LM211

260 -40 -20 0 20 40 60 80 100 120 140
Ta - Free-Air Temperature - °C
Condition 1 is with BALANCE and BAL/STRB open.
Condition 2 is with BALANCE and BAL/STRB connected to Vccs.

Figure 1. Input Offset Current vs Free-Air Temperature

500 T T T
Veer =15V
450 LM311 Vo=1Vto14V —
See Note A
400 \\\
P
I 350 N
£ N
£ a00f Lmm [N
5 n —
3 LM211 \{//L Condition 2
o 250 ~
©
[ N
5 200
g 150 ~—~—
| 5 ——— —
o LM311 Condition 1 /7\
100 i v
| —
50 [— LM111
LM211
1 1
-60 -40 -20 0 20 40 60 80 100 120 140

Ta — Free-Air Temperature - °C
Condition 1 is with BALANCE and BAL/STRB open.
Condition 2 is with BALANCE and BAL/STRB connected to Vccs.

Figure 2. Input Bias Current vs Free-Air Temperature

_o
.gg i 100 mV
= S
o0
g; Veer=+15V
a2 Rc=500Qto5V |
= Ta=25°C
S 5
I
2 4
g /
s s Smy
5 m #/\72mv
2 2 .
3 20 mv \A///
1
o ! >/
0
0 50 100 150 200 250 300 350

t-Time -ns
Figure 3. Output Response for Various Input Overdrives

160 T 800
< Vees =15V
£ | t<10s
L 140y Jomy 700
s Ta=25°C A =
§ 120 / 600 E
2 ) I
2 P (right scale} 5
& 100 500 =
k] / 8
% / ‘@
= 80 400 2
c =]
9_) -
£ l >( 2
3 60 300 £
S / \ 8
2 / B— !
5 40 200 o
° I / Io (left scale)
2 9 100
0 0
0 5 10 15

Vo - Output Voltage - V
Figure 5. Output Current and Dissipation vs Output Voltage

0 H
Eg Immnv
= 2
gs
E§ Veee =215V -
Oc Rc=500Qto5V
Ta=25°C -
> 5 \
5 4
£ 20mV7/'\
S 3
5
g 2
8 svakﬁzmv
I 1 +
© |
0
0 50 100 150 200 250 300 350
t-Time -ns
Figure 4. Output Response for Various Input Overdrives
6 T
Ta=25°C
No Load

Vip=-10 mV

T
//

I cc+ — Positive Supply Current - mA
w &

0 5 10 15
Ve, — Positive Supply Voltage - V
Figure 6. Positive Supply Current vs Positive Supply
Voltage
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Typical Characteristics (continued)

-6 T T T
Vip =10 mV or -10 mV
Ta=25°C

‘é'" -5 No Load
I
€
o
5 4 —
()
>
2 —
s -3
=3
(7] /
$
s ./
Q
g |/
1
I3
3 -1

0

0 -5 -10 -15

Vcc- - Negative Supply Voltage - V

Figure 7. Negative Supply Current vs Negative Supply

Voltage

60

— —
Veer =30V LM111
Vee-=0 LM211

50| _Ta=25°C |

f LM:‘511
40 ¢

20 \

N
EEETAN

-1 -0.5 0 0.5 1
V\p - Differential Input Voltage - mV

Figure 8. Voltage Transfer Characteristics and Test Circuits

Emitter Output [ Z(.ollect‘or
30 R =600 Q Output
~ R_=1kQ

Vg ~ Output Voltage - V

10
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7 Parameter Measurement Information

V| = 50 V (LM111, LM211) Vees =30V
Vee+ =30V 40 V (LM311)

Output
600 Q

. - Copyright © 2016, Texas Instruments Incorporated
Copyright © 2016, Texas Instruments Incorporated

Figure 9. Collector Output Transfer Characteristic Figure 10. Emitter Output Transfer Characteristic
Test Circuit Test Circuit

Vecs =15V 5V Vecs =15V

r——-

VCC— =-15V
Copyright © 2016, Texas Instruments Incorporated

VCC- =-15V
Copyright © 2016, Texas Instruments Incorporated

Figure 11. Test Circuit for Figure 3 and Figure 4 Figure 12. Test Circuit for Figure 14 and Figure 15
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8 Detailed Description

8.1 Overview

The LM111, LM211 and LM311 are voltage comparators that have input currents nearly a thousand times lower
than legacy standard devices. They are also designed to operate over a wider range of supply voltages: from
standard +15V op amp supplies down to the single 5-V supply used for IC logic. Their output is compatible with
RTL, DTL and TTL as well as MOS circuits. Further, they can drive lamps or relays, switching voltages up to 50
V at currents as high as 50 mA.

Both the inputs and the outputs of the LM111, LM211 or the LM311 can be isolated from system ground, and the
output can drive loads referred to ground, the positive supply or the negative supply. Offset balancing and strobe
capability are provided and outputs can be wire ORed. The LM211 is identical to the LM111, except that its
performance is specified over a -40°C to +85°C temperature range instead of —-55°C to +125°C. The LM311 has
a temperature range of 0°C to +70°C. The LM211Q has a temperature range of —40°C to +125°C.

8.2 Functional Block Diagram

Component Count
BAL/STRB BALANCE Resistors 20
Diodes 2
EPI FET 1
450 Q 450 Q Transistors 22
‘= 8- r 8- 8- 8- & VCC+
750 Q 600 Q
24 | 24
kQ | kQ 70 Q q
Py t :
A
L
4 kQ
b | — COL ouT
130 Q
y e
L
600 Q
>
250 Q 200 Q AT
4Q
e— EMIT OUT
v VCC-

Copyright © 2016, Texas Instruments Incorporated
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8.3 Feature Description

LMx11 consists of a PNP input stage to sense voltages near Vqc_. It also contains balance and strobe pins for
external offset adjustment or trimming.

The input stage is followed by a very high gain stage for very fast response after a voltage difference on the input
pins have been sensed.

This is then followed by the output stage that consists of an open collector NPN (pulldown or low-side) transistor.
Unlike most open drain comparators, this NPN output stage has an isolated emitter from Vc_, allowing this
device to set the V, output value for collector output.

8.4 Device Functional Modes

8.4.1 Voltage Comparison

The LMx11 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 pullup) based on the input differential
polarity.
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Validate and test
the design implementation to confirm system functionality.

9.1 Application Information

A typical LMx11 application compares 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 LMx11 optimal for level shifting to
a higher or lower voltage.

9.2 Typical Application

Vees

Vee-
Copyright © 2016, Texas Instruments Incorporated

Figure 13. Zero-Crossing Detector

9.2.1 Design Requirements
For this design example, use the parameters listed in Table 1 as the input parameters.

Table 1. Design Parameters

PARAMETER MIN TYP MAX | UNIT
VN Input voltage range -15 13 \
Vees Positive supply voltage 15 \
Veeo Negative supply voltage -15
lout Output current 20 mA

9.2.2 Detailed Design Procedure

When using LMx11 in a general comparator application, determine the following:
« Input voltage range

e Minimum overdrive voltage

e Output and drive current

* Response time
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9.2.2.1 Input Voltage Range

When choosing the input voltage range, consider the input common mode voltage range (V,cgr). Operation
outside of this range can yield incorrect comparisons.

The following list describes the outcomes of some input voltage situations.

e When both IN- and IN+ are both within the common-mode range:
— If IN- is higher than IN+ and the offset voltage, the output is low and the output transistor is sinking
current
— If IN-is lower than IN+ and the offset voltage, the output is high impedance and the output transistor is
not conducting
* When IN- is higher than common mode and IN+ is within common mode, the output is low and the output
transistor is sinking current
* 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
* When IN- and IN+ are both higher than common mode, the output is undefined

9.2.2.2 Minimum Overdrive Voltage

Overdrive voltage is the differential voltage produced between the positive and negative inputs of the comparator
over the offset voltage (V|o). To make an accurate comparison the Overdrive voltage (Vop) must be higher than
the input offset voltage (V,g). Overdrive voltage can also determine the response time of the comparator, with the
response time decreasing with increasing overdrive. Figure 14 and Figure 15 show positive and negative
response times with respect to overdrive voltage.

9.2.2.3 Output and Drive Current

Output current is determined by the pullup resistance and pullup voltage. The output current produces a output
low voltage (Vo) from the comparator, in which Vg, is proportional to the output current. Use Figure 5 to
determine Vg based on the output current.

The output current can also effect the transient response.

9.2.2.4 Response Time

The load capacitance (C,), pullup resistance (Rpy up), and equivalent collector-emitter resistance (Rcg) levels
determine the transient response. Equation 1 approximates the positive response time. Equation 2 approximates
the negative response time. R can be determine by taking the slope of Figure 5 in the linear region at the
desired temperature, or by Equation 3.

T = RpyLLup xCL @)
N = RCE X CL (2)
VoL
Ree =,
ouT
where
e Vg is the low-level output voltage
e gyt is the output current 3)
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9.2.3 Application Curves

i 100 mvV
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Figure 14. Output Response for Various Input Overdrives
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Figure 15. Output Response for Various Input Overdrives

9.3 System Examples
Figure 16 through Figure 33 show various applications for the LM111, LM211, and LM311 comparators.

Vees

20 kQ 1kQ

Square Wave

20 kQ

Output

(fanout to two
Series 54 gates,
or equivalent)

Copyright © 2016, Texas Instruments Incorporated

Figure 16. 100-kHz Free-Running Multivibrator
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System Examples (continued)

Vee+
3 kQ

3kQ

BAL/
BALANCE | g1rp

Copyright © 2016, Texas Instruments Incorporated

If offset balancing is not used, the BALANCE and BAL/STRB pins must be unconnected. It is also acceptable to short
pins together.

Figure 17. Offset Balancing

BAL/STRB
TTL
Strobe 2N2222
1kQ

Copyright © 2016, Texas Instruments Incorporated

Do not connect strobe pin directly to ground, because the output is turned off whenever current is pulled from the
strobe pin.

Figure 18. Strobing
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System Examples (continued)
5V
82 kQ 1kQ
240k ) T
Inputt Output to TTL
47 kQ
i

T Resistor values shown are for a 0- to 30-V logic swing and a 15-V threshold.
¥ May be added to control speed and reduce susceptibility to noise spikes

Copyright © 2016, Texas Instruments Incorporated
Figure 19. TTL Interface With High-Level Logic

5V Vees
100 kQ 2 kQ
100 kHz 10 pF
4.5 kQ 2kQ
Output
to TTL Output
1 kQ
* 100 kQ
l 50 kQ
Magnetic -
Transducer
Copyright © 2016, Texas Instruments Incorporated
Copyright © 2016, Texas Instruments Incorporated
Figure 20. Detector for Magnetic Transducer Figure 21. 100-kHz Crystal Oscillator
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System Examples (continued)

Vee+ From D/A Network
V
L K €— Output cex »
——— Analog
r Inputt
BALANCE BAL/STRB
Input | I 01 uF
| = 2N2222 TTL
l Sample Strobe
————
1kQ

T Typical input current is 50 pA with inputs strobed off.

Copyright © 2016, Texas Instruments Incorporated .
Copyright © 2016, Texas Instruments Incorporated

Figure 22. Comparator and Solenoid Driver Figure 23. Strobing Both Input and Output Stages
Simultaneously
VCC+ Vcc+=5V

3.9 kQ l_‘ 500 O

10 kQ
2N3708 Output [———— —_————
o : BALANCE
Output
L Input to MOS
+
? 1kO /I\ L O .o 10 kQ
2N2222 °

—T—- - Vcc_= -10V -

Copyright © 2016, Texas Instruments Incorporated Copyright © 2016, Texas Instruments Incorporated
Figure 24. Low-Voltage Adjustable Reference Figure 25. Zero-Crossing Detector Driving MOS
Supply Logic
Copyright © 1973-2017, Texas Instruments Incorporated Submit Documentation Feedback 17
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System Examples (continued)
Vcc+ =5V
3.9 kQ l
AN ®
30 kOt 1kQ % 1kQ
2N3708 N
r
Output
| p
| ‘ 1N914 Input
1 . 2N2222 From
2N2222 |___ ______ 4 T~ 1.5uF TTL

2.7 kQ

%Y

2N2222

[ 4
[ 4
[ 4
e
[ 4

T Adjust to set clamp level =
Copyright © 2016, Texas Instruments Incorporated

Figure 26. Precision Squarer

Vcc+ =5V
5V l
| ®
—
Opto Isolator 4 j ; 5 kO
1kQ
™ [ N 1 TTL
From 100 Q Output
TTL
Gate
50 kQ
Copyright © 2016, Texas Instruments Incorporated
Figure 27. Digital Transmission Isolator
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System Examples (continued)

Vcc+= 15V

Input

Output

Copyright © 2016, Texas Instruments Incorporated

Figure 28. Positive-Peak Detector

Vcc+= 15V

Output

Vcc_ =-15V =
Copyright © 2016, Texas Instruments Incorporated

Figure 29. Negative-Peak Detector

Copyright © 1973-2017, Texas Instruments Incorporated Submit Documentation Feedback 19
Product Folder Links: LM111 LM211 LM311


http://www.ti.com/product/lm111?qgpn=lm111
http://www.ti.com/product/lm211?qgpn=lm211
http://www.ti.com/product/lm311?qgpn=lm311
http://www.ti.com
http://www.ti.com/product/lm111?qgpn=lm111
http://www.ti.com/product/lm211?qgpn=lm211
http://www.ti.com/product/lm311?qgpn=lm311
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLCS007K&partnum=LM111

13 TEXAS
INSTRUMENTS
LM111, LM211, LM311

SLCS007K —SEPTEMBER 1973—-REVISED MARCH 2017 www.ti.com

System Examples (continued)

Vcc+ =5V
3.9kQ
L
1N2175
2N3708 W4 - 1kQ
Output
>O_K_' to TTL
L
2N2222
R1t
30 kQ

_I_ ®

T R1 sets the comparison level. At comparison, the photodiode has less than 5 mV across it, decreasing dark current by an order ¢ magnitude.
Copyright © 2016, Texas Instruments Incorporated

Figure 30. Precision Photodiode Comparator

Vee+ v

Inputs

|
|_BAL/STRB

TTL
Strobe

2N3708
1kQ

¥ Transient voltage and inductive kickback protection
Copyright © 2016, Texas Instruments Incorporated

Figure 31. Relay Driver With Strobe
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System Examples (continued)

® ® Vee+

620 Q

BAL/STRB x
t
|
|
| 4
100 kQ e - e Output
———— e |
100 kO | BALSTRB |
[l
]
I |
10 kQ I :
Input —AAA,
. R _|
0.1 yF == 470 3000 620 0
@ Vcc_

Copyright © 2016, Texas Instruments Incorporated

Figure 32. Switching Power Amplifier

®— Vces
620 Q
BAL/STRB 620 0 k
Reference l ®
_______ Outputs
®
BAL/STRB 620 Q =
Input
620 Q ﬁ
620 Q

Copyright © 2016, Texas Instruments Incorporated

Figure 33. Switching Power Amplifiers
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10 Power Supply Recommendations

For fast response and comparison applications with noisy or AC inputs, use a bypass capacitor on the supply pin
to reject any variation on the supply voltage. This variation can affect the common-mode range of the comparator
input and create an inaccurate comparison.

11 Layout

11.1 Layout Guidelines

To create an accurate comparator application without hysteresis, maintain a stable power supply with minimized
noise and glitches, which can affect the high level input common-mode voltage range. To achieve this accuracy,
add a bypass capacitor between the supply voltage and ground. Place a bypass capacitor on the positive power
supply and negative supply (if available).

11.2 Layout Example

f ) Ground
Bypass

U Capacitor—P-,I UF
EMIT OUT|] 1 8 D VCC+ Positive Supply
1IN+ [] 2 7[] coLouTt
1INi |3 6] BAL/ISTROB
I” Negative Supply or @Ed:i__ — Nea-[}4 5[] BALANCE
Only needed § 77777777777
for dual power! 0.1pF

supplies  “---d--- e
Ground

Copyright © 2016, Texas Instruments Incorporated

Figure 34. LMx11 Layout Example
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12 Device and Documentation Support

12.1 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 2. Related Links

ants |prooucrroioer | omoemnow | JESMONL [ eolse | sureomte
LM111 Click here Click here Click here Click here Click here
LM211 Click here Click here Click here Click here Click here
LM311 Click here Click here Click here Click here Click here

12.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

12.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.4 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.5 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y‘ '\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical packaging and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser based versions of this data sheet, refer to the left hand navigation.
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24-Aug-2018

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty 0) (6) ®3) (4/5)
JM38510/10304BPA ACTIVE CDIP JG 8 1 TBD A42 N/ A for Pkg Type -55to 125 JM38510 K srralE
/10304BPA SR
LM111FKB ACTIVE LCcC FK 20 1 TBD POST-PLATE N / A for Pkg Type -55 to 125 LM111FKB Samples
LM111JG ACTIVE CDIP JG 8 1 TBD A42 N / A for Pkg Type -55 to 125 LM111JG
LM111JGB ACTIVE CDIP JG 8 1 TBD A42 N/ A for Pkg Type -55to 125 LM111JGB
LM211D ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 LM211 C
Samples
& no Sh/Br)
LM211DE4 ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 LM211 P
Samples
& no Sh/Br)
LM211DG4 ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 LM211
Samples
& no Sh/Br)
LM211DR ACTIVE SoIC D 8 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 LM211 o
Samples
& no Sh/Br)
LM211DRG4 ACTIVE SoIC D 8 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 LM211 ol
& no Sb/Br) s
LM211P ACTIVE PDIP P 8 50 Green (RoHS CU NIPDAU N/ A for Pkg Type -40 to 85 LM211P
Samples
& no Sh/Br)
LM211PE4 ACTIVE PDIP P 8 50 Green (RoHS CU NIPDAU N/ A for Pkg Type -40 to 85 LM211P o
Samples
& no Sh/Br)
LM211PW ACTIVE TSSOP PW 8 150 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 L211 Samples
& no Sh/Br) a =
LM211PWR ACTIVE TSSOP PW 8 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 L211 Samples
& no Sh/Br) a =
LM211PWRE4 ACTIVE TSSOP PW 8 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 L211
& no Sh/Br) a =
LM211QD ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ~ -40 to 125 LM211Q Samples
& no Sh/Br) a =
LM211QDG4 ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ~ -40 to 125 LM211Q Samnles
& no Sh/Br) R
LM211QDR ACTIVE SoIC D 8 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 LM211Q Samples
& no Sh/Br) -
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http://www.ti.com/product/LM211?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM211?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM211?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM211?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM211?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM211?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM211?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM211?CMP=conv-poasamples#samplebuy
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ ®) ®) )
LM211QDRG4 ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 LM211Q
& no Sh/Br) s
LM311D ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 LM311 o
Samples
& no Sh/Br)
LM311DE4 ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 LM311 o
Samples
& no Sh/Br)
LM311DG4 ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 LM311
Samples
& no Sh/Br)
LM311DR ACTIVE SoIC D 8 2500 Green (RoOHS  CU NIPDAU | CUSN  Level-1-260C-UNLIM 0to 70 LM311 Samples
& no Sh/Br) - =
LM311DRE4 ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 LM311 Samples
& no Sb/Br) - =
LM311DRG4 ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 LM311 Samples
& no Sh/Br) a =
LM311P ACTIVE PDIP P 8 50 Green (RoHS CU NIPDAU N/ A for Pkg Type 0to 70 LM311P
samples
& no Sh/Br)
LM311PE4 ACTIVE PDIP P 8 50 Green (RoHS CU NIPDAU N/ A for Pkg Type 0to 70 LM311P - 1
samples
& no Sh/Br)
LM311PSR ACTIVE SO PS 8 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 L311 o 1
samples
& no Sh/Br)
LM311PSRE4 ACTIVE SO PS 8 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 L311
& no Sh/Br) R
LM311PW ACTIVE TSSOP PW 8 150 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 L311
& no Sh/Br) R
LM311PWG4 ACTIVE TSSOP PW 8 150 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 L311 EC ol
& no Sh/Br) s
LM311PWR ACTIVE TSSOP PW 8 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 L311 ol
& no Sh/Br) s
LM311PWRG4 ACTIVE TSSOP PW 8 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 L311
& no Sb/Br) s
M38510/10304BPA ACTIVE CDIP JG 8 1 TBD A42 N / A for Pkg Type -55 to 125 JM38510 ol
/10304BPA Sl

® 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.
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http://www.ti.com/product/LM311?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM311?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM311?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM311?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM311?CMP=conv-poasamples#samplebuy
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http://www.ti.com/product/LM311?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM111?CMP=conv-poasamples#samplebuy
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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".

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/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish 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 TlI'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.

OTHER QUALIFIED VERSIONS OF LM211 :
o Automotive: LM211-Q1

e Enhanced Product: LM211-EP

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects

e Enhanced Product - Supports Defense, Aerospace and Medical Applications
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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
0O O O OO0 O O O 07* Sprocket 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)
LM211DR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM211DR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM211DRG4 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM211DRG4 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM211PWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM211QDR SoIC D 8 2500 330.0 12.5 6.4 5.2 2.1 8.0 12.0 Q1
LM311DR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM311DR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM311DR SOIC D 8 2500 330.0 12.8 6.4 5.2 2.1 8.0 12.0 Q1
LM311DRG4 SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM311DRG4 SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM311PSR SO PS 8 2000 330.0 16.4 8.2 6.6 25 12.0 | 16.0 Q1
LM311PWR 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
,//T/
4
e ~.
/\g\ /)i\
™~ e
\“‘x‘y// . w//
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM211DR SoIC D 8 2500 340.5 338.1 20.6
LM211DR SOIC D 8 2500 367.0 367.0 35.0
LM211DRG4 SoIC D 8 2500 340.5 338.1 20.6
LM211DRG4 SolIC D 8 2500 367.0 367.0 35.0
LM211PWR TSSOP PW 8 2000 367.0 367.0 35.0
LM211QDR SOIC D 8 2500 340.5 338.1 20.6
LM311DR SoIC D 8 2500 367.0 367.0 35.0
LM311DR SolIC D 8 2500 340.5 338.1 20.6
LM311DR SoIC D 8 2500 364.0 364.0 27.0
LM311DRG4 SOIC D 8 2500 340.5 338.1 20.6
LM311DRG4 SoIC D 8 2500 367.0 367.0 35.0
LM311PSR SO PS 8 2000 367.0 367.0 38.0
LM311PWR TSSOP PW 8 2000 367.0 367.0 35.0
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MECHANICAL DATA

D (R—PDSO—G8)

PLASTIC SMALL QUTLINE

0.197 (5,00)
‘ 0.189 (4,80) ’
A
8 5
0.244 (6,20)
0.228 (5,80)
’ - 157 (4,00)
0.150 (3,80) AN

Pin 1

\

I

Index Area ﬁ bj
4

0.050 ( « 0.020 (0,51)

0.012 (0,31)

[ ]0.010 (0,25) @]

[T ]
1]

\ Ve
i \

v
Toowo

L 0.069 (1,75) Max 0,004 (

0.010 (0,

\
25) / ﬁ
0.005 (0,13) )
1 \
?

A

[]0.004 (0,10)

/

-

0.050 (
0016

Gauge Plane i [:i
0.010 (0,25) L7

?

Seating Plane

4040047-3/M 06 /11

NOTES: 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.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA

D (R—PDSO-G8)

PLASTIC SMALL OUTLINE

EXGmpl?NE?:r((j;)LOYOUt Sten(ﬂlogp%rsings
6x1.07 —— ~=—8x0,55
— —=— 0X]1,
|| ! = 1,27
HH--H 8x1,50 —-H-H-H
EEEREEN 1 * Egug r
5,40 5,40
AR J
gnlinknin (L
BNEpEyEEN O
|~
|
]
|
i Example
i Non Soldermask Defined Pad Example
Pad Geometry
(See Note C)
\ Example
* / Solder Mask Opening
! (See Note E)
—=1Il=—0,07 /
Al Around /
\ /
N e
\\_\\ ——/—_/
4211283-2/E 08/12

NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. 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.

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

PS (R-PDS0O-G8) PLASTIC SMALL-OUTLINE PACKAGE

] [ e

indd 1

T 0, 15 NOM
560 820
500 7,40

O|O

o [ e (B
_V—ZOOMAX 1 \/

4040063/C 03/03

NOTES: A, All linear dimensions are in millimeters.
B. This drawing 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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LAND PATTERN DATA

PS (R—PDSO-G8) PLASTIC SMALL OUTLINE

Stencil Openings

Example Board Layout (Note D
(Note C)
. —» ~—8x0,55
»\ ‘<— xT, ‘ ‘<— 6x1,27
HHd 75 A H HJ&
7.40 7,40

(oA ik

[ Example

‘ Non Soldermask Defined Pad

/ . Example

i Pad Geometry
(See Note C)

Example
Non—Solder Mask Opening
(See Note E)

\\ S [— /

Al Around //

4212188/A 09/11

All linear dimensions are in millimeters.

NOTES: A

B. This drawing is subject to change without notice.

C. Publication IPC=7351 is recommended for alternate 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.

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

Customers should
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MECHANICAL DATA

MCEROO01A — JANUARY 1995 — REVISED JANUARY 1997

JG (R-GDIP-T8) CERAMIC DUAL-IN-LINE

0.400 (10,16)
0.355 (9,00) '

Ao A

) 0.280 (7,11)
0.245 (6,22)

S

1 4
0.065 (1,65)
0.045 (1,14)

0.063 (1,60) 0.020 (0,51) MIN 0.310 (7,87)
0.015 (0,38) » 0.290 (7,37)
0.200 (5,08) MAX
— ¢ Seating Plane

T 0.130 (3,30) MIN

0.023 (0,58) o150
AJLL770015(038) —> \4/ 0°-15
(0100 (2,59) | 0.014 (0,36)

0.008 (0,20)

4040107/C 08/96

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 ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification.

E. Falls within MIL STD 1835 GDIP1-T8
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MECHANICAL DATA

P (R—PDIP—T8)

PLASTIC DUAL—=IN—LINE PACKAGE

0.400 (10,16)
035 (9,00) 7
5
[ ™M ;
0.260 (6,60)
0.240 (6,10)
° ‘
P8 S WS I Wy

0.045 (1,14) 0.325 (8,26)
0.030 (0,76) | [© —0.020 (0,51) MIN 0.300 (7,62)
/ T o 38)
\ 0.200 (5,08) MAX TGouge Plane
L Seating Plane
0.125 (3,18) MIN (0,25) NOM
0.100 (2,54) O 430 (10, 92
MAX
0.021 (0,53)
€ 5015 (0,38)
[]0.010 (0,25) W]
4040082/E  04/2010
NQTES: A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. Falls within JEDEC MS—001 variation BA.

{'i TEXAS
INSTRUMENTS

www.ti.com



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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MECHANICAL DATA

FK (S*CQCC*N**) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
- 8 17 16 15 14 13 12 NO. OF A 5
TERMINALS
/e ™ o MIN MAX MIN MAX
19 11
20 0.342 | 0.358 | 0.307 | 0.358
20 10 (8,69) | (9,09) | (7,80) | (9,09)
o1 9 )8 0.4472 | 0.458 | 0.406 | 0.458
— (11,23) |(11,63) | (10,31) | (11,63)
22 8 an 0.640 | 0.660 | 0.495 | 0.560
A SQ . : (16,26) |(16,76) | (12,58) | (14,22)
59 0.740 | 0.761 | 0.495 | 0.560
24 6 (18,78 (19,32) | (12,58) |(14,22)
0.938 | 0.962 | 0.850 | 0.858
25 5
g 88 1193,83)|(24.43)| (21,6) | (21.,8)
84 1141 1.165 1.047 | 1.063
26 27 28 1 2 3 4 (28,99) [(29,59) | (26,6) | (27.0)
’ 0.080 (2,03)
0.064 (1,63)
£ 0020 (0,51) &

0.010 (0,25)

0045 (1,14)

0.035 (0,89)

A b

, , 0.045 (1,14)
0.022 (0.54) 4 # L*f 0.035 (0,89)

4040140/D 01/11

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 metal lid.
D. Falls within JEDEC MS-004
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. 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 TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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KomnaHus «Life Electronics» 3aHumaemcsi nocmaskamu 351€KmMpPOHHbIX KOMITOHEHMO8 UMIOPMHO20 U
omedyecmeeHHo20 rpouseodcmea om npoudeodumernel u co ckrnados KpyrHbix ducmpubbomopos Esporibi,
AMepuku u Asuu.

C koHua 2013 200a KoMraHusi akmueHo pacwiupsiem fuHelKy MocmagoK KOMIOHEHMO8 0 HarnpaeneHuo
KoakcuarbHbIl kabesb, Keapuesbie 2eHepamopbl U KOHOeHCcamopbi (KepaMuyeckue, nieHoYHbIe,
3neKmposiumuyeckue), 3a cuyém 3akntoyeHuss ducmpubbromopcKux 002060p08

Mbi1 npednasaem:

o KoHKypeHmocnocobHbie UeHbl U CKUOKU MOCMOSIHHbIM KITUeHmMam.

e CrieyuarsnbHbie ycrio8usi 07151 TOCMOSIHHbIX KITUEHIMO8.

e [lod6op aHarnoeos.

lMocmaeky KomMrnoHeHmMo8 8 ftobbix obbemax, y0oernemeopstouUx eawum MompebHoCMSsM.

lpuemnembie cpoku nocmasku, 803MOXHa yCKOPEeHHasi mMocmaska.
Locmaeky mosapa & ritobyto moyky Poccuu u cmpaH CHI™.
KomrinekcHytro nocmasky.

Pabomy no npoekmam u rnocmasky obpa3syos.

®opmuposaHue ckiada nod 3akaszyuka.

Cepmucgbukambl coomeemcmeus Ha rnocmassnseMyro npooyKyuUto (Mo XenaHu KueHma).
o TecmuposaHue nocmasnsemMou npodyKyuu.

e [locmasKy KOMMOHEHMOo8, mMpebyruux 806HHYIO U KOCMUYECKYH MPUEMKY.

e  BxodHoli KOHMposib Ka4yecmea.

e  Hanu4yue cepmugpukama I1SO.

B cocmaee Hawel komnaHuu opeaHu3oeaH KoHcmpykmopckuli omderst, npu3eaHHbIl MomMozamb
paspabomyukam, U UHXEHepaM.

KoHcmpykmopckuli omOen nomoaaem ocyujecmseums:

Pezaucmpauuro npoekma y npousgooumersisi KOMIOHEHMOS.

TexHu4eckyro no0depXKy rnpoekma.

Bawumy om cHaMuUs KOMroHeHma ¢ npoussoocmea.

OueHKy cmoumocmu fpoeKkma ro KOMIOHeHmam.

U3ezomoerneHue mecmosol rnnambl MOHMaX U ryckoHanadoyHbie pabomeil.
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Ten: +7 (812) 336 43 04 (MHO20KaHANbHbI)
Email: org@lifeelectronics.ru

www.lifeelectronics.ru
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