SN65LBC180, SN75LBC180

LOW-POWER DIFFERENTIAL LINE DRIVER AND RECEIVER PAIRS

SLLS174A — FEBRUARY 1994 — REVISED MAY 1995

® Designed for High-Speed Multipoint Data
Transmission Over Long Cables

® Operate With Pulse Durations as Low
as 30 ns

® |ow Supply Curren t...5mA Max

® Meet or Exceed the Requirements of ANSI
Standard RS-485 and ISO 8482:1987(E)

® 3-State Outputs for Party-Line Buses

® Common-Mode Voltage Range of
-7Vtol2V

® Thermal Shutdown Protection Prevents
Driver Damage From Bus Contention

® Positive and Negative Output Current
Limiting
® Pin Compatible With the SN75ALS180

description

The SN65LBC180 and SN75LBC180 differential
driver and receiver pairs are monolithic integrated
circuits designed for bidirectional data
communication over long cables that take on the
characteristics of transmission lines. They are
balanced, or differential, voltage mode devices
that meet or exceed the requirements of industry
standards ANSI RS-485 and ISO 8482:1987(E).
Both devices are designed using TI's proprietary
LinBiICMOSLI with the low power consumption of
CMOS and the precision and robustness of
bipolar transistors in the same circuit.

Both the SN65LBC180 and SN75LBC180
combine a differential line driver and receiver with
3-state outputs and operate from a single 5-V
supply. The driver and receiver have active-high
and active-low enables, respectively, which can
be externally connected to function as a direction
control. The driver differential outputs and the
receiver differential inputs are connected to
separate terminals for full-duplex operation and
are designed to present minimum loading to the
bus whether disabled or powered off (Ve = 0).
These parts feature a wide common-mode
voltage range making them suitable for
point-to-point or multipoint data-bus applications.

LinBiCMOS is a trademark of Texas Instruments Incorporated.

D OR N PACKAGE

(TOP VIEW)
Nl 14f] Vee
Rlj2 13 Vee
RE[] 3 12[] A
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D[] s 0[] Z
GND[] 6 al Y
GND[] 7 s|] NC

NC-No internal connection

Function Tables

DRIVER
INPUT ENABLE OUTPUTS
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X L z z

RECEIVER
DIFFERENTIAL INPUTS ENABLE OUTPUT

A-B RE R
Vipz0.2V L H
-0.2V<V|p<02V L ?
Vips-02V L L
X H z
Open circuit L H

H = high level, L =Ilow level, ? = indeterminate, X =irrelevant,
Z = high impedance (off)

logic symbol T
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T This symbol is in accordance with ANSI/IEEE Std 91-1984
and IEC Publication 617-12.
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PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.
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SN65LBC180, SN75LBC180
LOW-POWER DIFFERENTIAL LINE DRIVER AND RECEIVER PAIRS

SLLS174A - FEBRUARY 1994 — REVISED MAY 1995

description (continued)

The devices also provide positive and negative output-current limiting and thermal shutdown for protection from
line fault conditions. The line driver shuts down at a junction temperature of approximately 172°C.

The SN65LBC180 and SN75LBC180 are available in the 14-pin dual-in-line and small-outline packages. The
SN75LBC180 is characterized for operation over the commercial temperature range of 0°C to 70°C. The
SN65LBC180 is characterized over the industrial temperature range of —40°C to 85°C.

schematics of inputs and outputs

EQUIVALENT OF D, DE, AND RE INPUTS RECEIVER A INPUT
—— — Vee Vece
22 kQ
Input
Input }— —
RECEIVER B INPUT DRIVER OUTPUT TYPICAL OF RECEIVER OUTPUT
Vee —— ——— Vce
Input — — A Output
Output
100 kQ
NOM
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SN65LBC180, SN75LBC180
LOW-POWER DIFFERENTIAL LINE DRIVER AND RECEIVER PAIRS

SLLS174A — FEBRUARY 1994 — REVISED MAY 1995

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage range, Vo (SEE NOtE 1) ..ottt -03Vto7V
Input voltage range, V| (A, B)(See NOte 1) ... .. i e -10Vto15V
Input voltage range, V| (DE, RE, D, 0r R)(SEe NOte 1) .. .....ovoriririiiiaeiiiennn, -0.3Vto7V
Continuous total power dissipation (see NOte 2) . ...ttt internally limited
Total power dissipation . ........ i See Dissipation Rating Table
Operating free-air temperature range, Ta: SN65LBC180 ..........c.coiiiiiiiiinnnnn.. —40°C to 85°C

SN75LBC180 ... 0°C to 70°C
Storage temperature range, Totg coveee —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ..............oiiiiiiiineenn... 260°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.

NOTES: 1. Allvoltage values are with respect to GND.

2. The maximum operating junction temperature is internally limited. Use the dissipation rating table to operate below this temperature.

DISSIPATION RATING TABLE

PACKAGE Ta <25°C DERATING FACTOR Tp =70°C Tp =85°C
POWER RATING ABOVE Tp =25°C POWER RATING POWER RATING
D 950 mwW 7.6 mw/°C 608 mwW 494 mW
N 1150 mW 9.2 mwW/°C 736 mW 598 mW

recommended operating conditions

MIN  NOM  MAX | UNIT
Supply voltage, Vcc 4.75 5 5.25 \%
High-level input voltage, V|4 D, DE, and RE 2 \%
Low-level input voltage, V|_ D, DE, and RE 0.8 \Y
Differential input voltage, V|p -6t 6 \
Voltage at any bus terminal (separately or common mode), Vo, V|, or V|c A, B,Y,orz -7% 12 \%
. YorZz —-60
High-level output current, IoH = 5 mA
YorZz 60
Low-level output current, I = 5 mA
. . SN65LBC180 -40 85
Operating free-air temperature, Tp °C
SN75LBC180 0 70

$The algebraic convention where the least positive (more negative) limit is designated minimum, is used in this data sheet for the differential input
voltage, voltage at any bus terminal, operating temperature, input threshold voltage, and common-mode output voltage.
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SN65LBC180, SN75LBC180
LOW-POWER DIFFERENTIAL LINE DRIVER AND RECEIVER PAIRS

SLLS174A - FEBRUARY 1994 — REVISED MAY 1995

DRIVER SECTION

electrical characteristics over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYPT  MAX | uNIT
VK Input clamp voltage l[|=-18 mA -1.5 \%
RL =540, SN65LBC180 1.1 25 5
IVop | Differential output voltage magnitude See Figure 1 SN75LBC180 15 2.5 5 v
o (see Note 3) RL =60 Q, SN65LBC180 1.1 2 5
See Figure 2 SN75LBC180 15 2 5
Change in magnitude of differential output .
AIVOD | voltagge (see ot p P See Figures 1 and 2 02| Vv
Voc Common-mode output voltage 1 25 3 \Y
Change in magnitude of common-mode output | R =54 Q, See Figure 1
AlVocl  yotage (see Note 4) 02 Vv
lo Output current with power off Vce =0, Vo=-7Vtol2V +100 HA
loz High-impedance-state output current Vo=-7Vtol2V +100 MA
IIH High-level input current V=24V —100 HA
L Low-level input current V=04V -100 HA
los Short-circuit output current -7V<sVp<s12V +250 mA
. . Outputs enabled 5
Icc Supply current Receiver disabled - mA
Outputs disabled 3

T All typical values are at Vcec =5Vand Tp = 25°C.

NOTES: 3. The minimum Vgop specification of the SN65LBC180 may not fully comply with ANSI RS-485 at operating temperatures below 0°C.
System designers should take the possibly lower output signal into account in determining the maximum signal-transmission
distance.

4. A|Vopland A|Voc]| are the changes in the steady-state magnitude of Vop and Vo, respectively, that occur when the input is
changed from a high level to a low level.

switching characteristics, V. cc =5V, Tp = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
td(OD) D?ﬁerential output delay' t.ime' RL=540, See Figure 3 7 12 18 ns
tyop) Differential output transition time 5 10 20 ns
tpzH Output enable time to high level R =110 Q, See Figure 4 35 ns
tpzL Output enable time to low level R =110 Q, See Figure 5 35 ns
tpHZ Output disable time from high level RL =110 Q, See Figure 4 50 ns
tpLz Output disable time from low level R =110 Q, See Figure 5 35 ns
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SN65LBC180, SN75LBC180
LOW-POWER DIFFERENTIAL LINE DRIVER AND RECEIVER PAIRS

SLLS174A — FEBRUARY 1994 — REVISED MAY 1995

RECEIVER SECTION

electrical characteristics over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
V|iT+ Positive-going input threshold voltage lo=-8mA 0.2 Vv
ViT—- Negative-going input threshold voltage lo=8mA -0.2 \Y
Vhys  Hysteresis voltage (Vi1 +— V1) 45 mv
ViK Enable-input clamp voltage l[|=-18 mA -15 \
VoH High-level output voltage V|p =200 mV, log=-8mA 35 45 \
VoL  Low-level output voltage V|p =-200 mV, loL =8 mA 0.3 0.5 \Y
loz High-impedance-state output current Vo=0VtoVcc +20 HA
IIH High-level enable-input current VIH=2.4V =50 HA
L Low-level enable-input current ViL=04V —-100 HA
V=12V, Vcc =5V, 0.7 1
Other input at 0 V )
\ =1.2 V, Vcc=0V, 08 1
. Other input at 0 V
1] Bus input current mA
Vi==7YV, Vcc =5V, 05 -08
Other input at 0 V : ’
Vi==7V, Vcec =0V,
Other input at 0 V -05 -08
) ) Outputs enabled
Icc Supply current Driver disabled - mA
Outputs disabled
switching characteristics, V. cc =5V, Ta =25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
tpHL  Propagation delay time, high- to low-level output 11 22 33 ns
tpLy  Propagation delay time, low- to high-level output ) 11 22 33 ns
Vip=-15Vtol5YV, See Figure 6
tsk(p) Pulse skew (OtpHL —tpLH D) 3 6 ns
tt Transition time 5 ns
tpzH  Output enable time to high level 35 ns
tpzL  Output enable time to low level . 30 ns
- - - See Figure 7
tpHz  Output disable time from high level 35 ns
tpLz  Output disable time from low level 30 ns
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SN65LBC180, SN75LBC180
LOW-POWER DIFFERENTIAL LINE DRIVER AND RECEIVER PAIRS

SLLS174A - FEBRUARY 1994 — REVISED MAY 1995

PARAMETER MEASUREMENT INFORMATION

Y

OVor3V

DEat3V

Figure 1. Differential and Common-Mode Output Voltages

Viest —7V<\Vigst <12V

DEat3V

Viest

Figure 2. Driver V op Test Circuit

———— 3V
l Y oV
CL =50 pF

\ \
(65 Note B) T td(op) — M ‘“— — r— td(OD% -
- 90% ) - =2
Generator R =54 Q Output Output 50% 90% 50%
(see Note A) 50 Q | 10% ‘ ‘ 10% ~_p5y
z | | '

DEat3V \ !
= ? tqop) —» 4= —» 4= tyop)

TEST CIRCUIT VOLTAGE WAVEFORMS
NOTES: A. Theinput pulse is supplied by a generator having the following characteristics: PRR > 1 MHz, 50% duty cycle, t; <6 ns, tf< 6 ns,
Zo=50Q.

B. Cy includes probe and jig capacitance.

Figure 3. Driver Test Circuit and Differential Output Delay and Transition Time Voltage Waveforms
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SN65LBC180, SN75LBC180
LOW-POWER DIFFERENTIAL LINE DRIVER AND RECEIVER PAIRS

SLLS174A — FEBRUARY 1994 — REVISED MAY 1995

PARAMETER MEASUREMENT INFORMATION

————— 3V
Input 15V 15V
Output ‘ oV

OVor3V

|
0.5V
[—P— tpzH } iy
Generator CL =50 pF RL= 00 | o O
see Note B T
(see Note A) ( ) Output 2.3V | :
‘ ‘ Voff =0
tpHz —P
TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 4. Driver Test Circuit and Enable and Disable Time Waveforms

5V

OVor3V

Generator
(see Note A)

TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 5. Driver Test Circuit and Enable and Disable Time Voltage Waveforms

Input

Input A

\ ‘ oV

\
Output tPLH —,4—»“ H—b?— tPHL

Generator
(see Note A) 50 Q ~
RE

CL =15 pF

(see Note B)

15V

Output
oV

TEST CIRCUIT VOLTAGE WAVEFORMS
NOTES: A. Theinput pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, ty <6 ns, tf< 6 ns,

Zo =500Q.
B. Cy includes probe and jig capacitance.

Figure 6. Receiver Test Circuit and Propagation Delay Time Voltage Waveforms
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SN65LBC180, SN75LBC180
LOW-POWER DIFFERENTIAL LINE DRIVER AND RECEIVER PAIRS

SLLS174A - FEBRUARY 1994 — REVISED MAY 1995

PARAMETER MEASUREMENT INFORMATION

s1 Output
1.5V
O 2kQ S2
-15y —O o0 5V
CL=15pF IN916 or Equivalent

(see Note B) (4 places)

Generator
(see Note A) 50 Q
N i/ i
TEST CIRCUIT =
3y Slto-15V

Sltol5V S2 Closed
S2 Open Input — — 1.5V S3Open

S3 Closed

|
|
tpzL —h le—
\

ov

| VoH
Output _ur 15V Output —+——— =45V
oy 15V
VoL
3V
Sltol5V Slto-15V
S2 Closed Input S2 Closed
S3 Closed S3 Closed
\ oV
\
tpLz —04—>“
VOH ‘ —— —— =13V
Output —g— — — Output 7? 05V \
f ———— =13V VoL
05V
VOLTAGE WAVEFORMS

NOTES: A. Theinput pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t; <6 ns, tf< 6 ns,

Zo=50Q.
B. C includes probe and jig capacitance.

Figure 7. Receiver Output Enable and Disable Times
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SN65LBC180, SN75LBC180
LOW-POWER DIFFERENTIAL LINE DRIVER AND RECEIVER PAIRS

SLLS174A — FEBRUARY 1994 — REVISED MAY 1995

VouH — High-Level Output Voltage — V

Vop - Differential Output Voltage — V

TYPICAL CHARACTERISTICS

DRIVER DRIVER
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
VS VS
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
> \ 1 1 > ol
Vcc=5V | | VCC*=
45 \ Tp = 25°C 4517 Tp=25C
4 > 4
\_ !
35 — g 35
\\ g
3 = 3
=3
25 3 25
© /
2 3 2 —
15 : 15 —
) 3 ) —
|
-
1 1
9
0.5 0.5
0 0
0O 10 20 30 40 50 60 70 80 90 100 0 20 40 60 80 100 120
loH — High-Level Output Current — mA loL — Low-Level Output Current — mA
Figure 8 Figure 9
DIFFERENTIAE?)I\(JI?FT:’UT VOLTAGE DRIVER
Vs DIFFERENTIAL OUTPUT VOLTAGE
VS
, OUTPUT CURRENT FREE-AIR TEMPERATURE
I 3
Vcc=5V |_
o Vee =5V
35 Ta=25°C Loca%=54Q
> 25 VH=2V
| —
/
S 2
25 >
'\ —
>
2 \\ % 15
15 N &
N £ 1
a
1 |
o
05 > 05
0

0O 10 20 30 40 50 60 70 80 90 100

0
-50 -25 0 25 50 75 100 125
lo — Output Current — mA

Ta — Free-Air Temperature — °C

Figure 10 Figure 11
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SN65LBC180, SN75LBC180
LOW-POWER DIFFERENTIAL LINE DRIVER AND RECEIVER PAIRS

SLLS174A - FEBRUARY 1994 — REVISED MAY 1995

td(oD)~ Differential Delay Time — ns

Von— High-Level Output Voltage — V

TYPICAL CHARACTERISTICS

DRIVER
DIFFERENTIAL DELAY TIMES
VS
FREE-AIR TEMPERATURE

20 T
Vcc =5V
Load =54 Q
td(obL)
15 /’
/ /
1 +—T taoon)
10—
5
0
-50 -25 0 25 50 75 100 125
Tp — Free-Air Temperature — °C
Figure 12
RECEIVER
HIGH-LEVEL OUTPUT VOLTAGE
Vs
HIGH-LEVEL OUTPUT CURRENT
6 T T T
V|p =200 mV
5
\
\\
4 ~
\
\
3
2
1
0
0 -10 -20 -30 —-40 -50
loy — High-Level Output Current — mA
Figure 14

I o — Output Current — mA

VoL — Low-Level Output Voltage — V

80
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-20

—40

-60

-80

0.9

0.8

0.7
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0.5

0.4

0.3

0.2

0.1

DRIVER
OUTPUT CURRENT
VS

loL — Low-Level Output Current — mA
Figure 15

SUPPLY VOLTAGE
RL = é4 Q
loL
L\
< |OH |
0 1 2 3 4 5
Vcc — Supply Voltage — V
Figure 13
RECEIVER
LOW-LEVEL OUTPUT VOLTAGE
S
LOW-LEVEL OUTPUT CURRENT
T T
Vcc =5V
- Tp = 25°C
V|p =—-200 mV
0 5 10 15 20 25 30 35 40

10
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SN65LBC180, SN75LBC180

LOW-POWER DIFFERENTIAL LINE DRIVER AND RECEIVER PAIRS

SLLS174A — FEBRUARY 1994 — REVISED MAY 1995

TYPICAL CHARACTERISTICS

RECEIVER
OUTPUT VOLTAGE AVERAGE SUPPLY CURRENT
VS Vs
DIFFERENTIAL INPUT VOLTAGE FREQUENCY
6 60 T T T 11T
g5 | TA=25°C
< Vec =5V I
5 7 7 € 50| DRVR and RCVR Enabled
IS 45| Driver Load = Receiver Inputs I
Vic=12V £ Receiver Load = 50 pF I
T4 3 40
@ > |
g »— Vvic=o0Vv g 3
S 3 ? 30
3 g
a 4 Y| |4 4 '\ S 25
3 4 z
;2 T 20
= d- Vic=-7VP 8 15 y /
1 10
port /
5
0 R/ . 0
-80 -60 -40 -20 0 20 40 60 80 10k 100 k Y 10M 100 M
V|p — Differential Input Voltage — mV f— Frequency — Hz
Figure 16 Figure 17
RECEIVER
BUS INPUT CURRENT RECEIVER
S PROPAGATION DELAY TIME
INPUT VOLTAGE S
(COMPLEMENTARY INPUT AT 0 V) FREE-AIR TEMPERATURE
1 > T 24.5 T
Ta =25°C Vece=5V
0.8 Vcc=5V 7 CL=15pF
/ Vio=#15V /
0.6 / // 24 /
< pd il /
= 04 / 7 . tPHL
2 A E
& 02 £ 235
= A | 7 )
O 0 4 o /
= 7, a /
B | S _— /
£ -o02 — S 23—
8 1 S /
a _ /) g tPLH
| 0.4 o
U // g //
= a
—-0.6 22.5 //
-038 The shaded region of this graph represents //
N more than 1 unit load per RS-485. -
-8 -6 -4 -2 O 2 4 6 8 10 12 -40 -20 0 20 40 60 80 100
V| — Input Voltage — V Tp — Free-Air Temperature — °C
Figure 18 Figure 19
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SN65LBC180, SN75LBC180
LOW-POWER DIFFERENTIAL LINE DRIVER AND RECEIVER PAIRS

SLLS174A - FEBRUARY 1994 — REVISED MAY 1995

APPLICATION INFORMATION

SN65LBC180 SN65LBC180
SN75LBC180 SN75LBC180

— - .
AY = Y

NOTE A: The line should be terminated at both ends in its characteristic impedance (RT = Zp). Stub lengths off the main line should be kept
as short as possible. One SN75LBC180 typically represents less than one unit load.

~—
ey

N
—~

Figure 20. Typical Application Circuit
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SN65LBC180, SN75LBC180
LOW-POWER DIFFERENTIAL LINE DRIVER AND RECEIVER PAIRS

SLLS174A — FEBRUARY 1994 — REVISED MAY 1995

MECHANICAL DATA
D (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE

14 PIN SHOWN

0.050 (1,27)

0.020 (0,51)

T r7 0.014 (0,35) | ] 0.010(025) )]
14

ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ T 0.008 (0,20) NOM

0.244 (6,20)
0.228 (5,80)

0.157 (4,00)
0.150 (3,81)

v

Gage Plane _i
[ 0.010 (0,25)

0.044 (1,12)
0.016 (0,40)

O 0000

0°-8°

e WP » Seating Plane_y {\ N
0919025 j | 0.004(0,10) |
— 0.069 (1,75) MAX 0.010 (0,25) E 0.004 (0,10

0.004 (0,10)
PINS **
8 14 16
DIM

0197 | 0.344 | 0.394

A MAX (5,000 | (8,75) | (10,00)

0.189 | 0.337 | 0.386

A MIN 4.80) | (855) | (9,80)

4040047/D 10/96

NOTES: B. Alllinear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion, not to exceed 0.006 (0,15).
Falls within JEDEC MS-012

mo O
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SN65LBC180, SN75LBC180
LOW-POWER DIFFERENTIAL LINE DRIVER AND RECEIVER PAIRS

SLLS174A - FEBRUARY 1994 — REVISED MAY 1995

MECHANICAL DATA

N (R-PDIP-T**) PLASTIC DUAL-IN-LINE PACKAGE
16 PIN SHOWN
PINS **
14 16 18 20
DIM
0.775 0.775 0.920 0.975
“————— A ———————> A MAX 19.69) | (19.69) | (23.37) | (24,77
16 9 A MIN 0.745 0.745 0.850 0.940
T T T T e e (18,92) (18,92) (21.59) (23,88)
D) 0.260 (6,60)
0.240 (6,10)

I}

[ g e g ey e e g g

1 8
0.070 (1,78) MAX

_ 0.310 (7,87)
—> ’« 0.035 (0,89) MAX 0.020 (0,51) MIN 0.200 (7.37)

0.200 (5,08) MAX

i Seating Plane

—> (¢

0.125 (3,18) MIN

0.100 (2,54)

0°-15°
\_’ \‘/

—> 0.021 (0,53)
4~ 0015 (0.39) | 00100025 @

0.010 (0,25) NOM

14/18 PIN ONLY

4040049/C 08/95

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001 (20 pin package is shorter then MS-001.)
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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current and complete.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate T officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright [0 1998, Texas Instruments Incorporated



