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16-PORT LVDS REPEATER

FEATURES The intended application of this device and signaling

* One Receiver and Sixteen Line Drivers Meet
or Exceed the Requirements of ANSI
EIA/TIA-644 Standard

» Typical Data Signaling Rates to 400 Mbps or
Clock Frequencies to 400 MHz

» Enabling Logic Allows Separate Control of
Each Bank of Four Channels or 2-Bit
Selection of Any One of the Four Banks

* Low-Voltage Differential Signaling With
Typical Output Voltage of 350 mV and a 100-Q
Load

» Electrically Compatible With LVDS, PECL,
LVPECL, LVTTL, LVCMOS, GTL, BTL, CTT,
SSTL, or HSTL Outputs With External
Termination Networks

» Propagation Delay Times < 4.7 ns

e Output Skew Is < 300 ps and Part-to-Part
Skew < 1.5 ns

» Total Power Dissipation Typically 470 mW
With All Ports Enabled and at 200 MHz

» Driver Outputs or Receiver Input Is High
Impedance When Disabled or With V- <1.5
\Y

 Bus-Pin ESD Protection Exceeds 12 kV

» Packaged in Thin Shrink Small-Outline
Package With 20-Mil Terminal Pitch

DESCRIPTION

The SN65LVDS116 is one differential line receiver
connected to sixteen differential line drivers that
implement the electrical characteristics of low-voltage
differential signaling (LVDS). LVDS, as specified in
EIA/TIA-644, is a data signaling technique that offers
the low-power, low-noise coupling, and fast switching
speeds to transmit data at relatively long distances.
(Note: The ultimate rate and distance of data transfer
is dependent upon the attenuation characteristics of
the media, the noise coupling to the environment, and
other system characteristics.)

technique is for point-to-point or multidrop baseband
data transmission over controlled impedance media
of approximately 100 Q. The transmission media may
be printed-circuit board traces, backplanes, or cables.
The large number of drivers integrated into the same
substrate along with the low pulse skew of balanced
signaling, allows extremely precise timing alignment
of the signals repeated from the input. This is
particularly advantageous in system clock distribution.

The SN65LVDS116 is characterised for operation
from —40°C to 85°C.

DGG PACKAGE

(TOP VIEW)

GND[]1 U sa|] ALY
Vee [l 2 63[] A1Z
Vee ll s 62[] A2Y
GND [] 4 61|] A2Z
ENA[]s 60|] A3Y
ENA[]6 59[] A3z
NC[]7 58] A4Y
NC[]s 57|] A4z
NC[]o 56[] B1Y
ENB[Ji0  ss[]B1Z
ENB[] 11 54]] B2Y
NC[}12 s3] B2z
NC[l13  s2[] B3Y
NC[l14 si1[]B3Z
GND[]15  s0f] BAY
Vec[]16  49[] B4Z
Vec[J17  4sfl Cc1y
GND[l18  47[]C1z
Allie sl c2y
B[J20 as[lc2z
NC[j21  aafl C3Y
ENC[|22 4s[lcsz
ENC[J2s 42l cay
S0 [] 24 41[] c4z
S1[]2s 40[] D1Y
SM[]26  39[] D1Z
END[J27r  3sf] D2Y
END[J2s  37|] D2z
GND[J29  3s[] D3Y
Vec [0  3s[] D3z
Vec |31 34f] DAY
GND[|32  33|] D4z

2 Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 1999-2005, Texas Instruments Incorporated
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A\ These devices have limited built-in ESD protection. The leads should be shorted together or the device
Alad placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates.

LOGIC DIAGRAM (POSITIVE LOGIC)
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FUNCTION TABLE®
INPUT OUTPUT
Vip = Va— Vg SM EN EN S1 SO AY AZ BY BZ CcY Ccz DY Dz
X H L X X X z z z z z z z z
Vip 2100 mV H H L X X H L H L H L H L
-100 mV < V|p < 100 mV H H L X X ? ? ? ? ? ? ? ?
Vip £-100 mV H H L X X L H L H L H L H
X H X H X X z z z z z z z z
Vip 2100 mV L X X L L H L z z z z z z
-100 mV < V,p < 100 mV L X X L L ? ? z z z z z z
Vip £-100 mV L X X L L L H z z z z z z
Vip 2100 mV L X X L H z z H L z z z z
-100 mV < V,p < 100 mV L X X L H z z ? ? z z z z
Vip £-100 mV L X X L H z z L H z z z z
Vip 2100 mV L X X H L z z z z H L z z
-100 mV < V,p < 100 mV L X X H L z z z z ? ? z z
Vip £-100 mV L X X H L z z z z L H z z
Vip 2100 mV L X X H H z z z z z z H L
-100 mV < V|p < 100 mV L X X H H z z z z z z ? ?
Vip £-100 mV L X X H H z z z z z z L H
(1) H = high level, L = low level, Z = high impedance, ? = indeterminate
EQUIVALENT INPUT AND OUTPUT SCHEMATIC DIAGRAMS
Vee Vee
o ~ 300kQ ¢
(EN and SM Only)
300 kQ N
s A 50\ oz
Output
A Input B Input v 7v
1A% 1aY%
v
(EN, SO, and S1 Only)
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ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range (unless otherwise noted)®

UNIT
Vee  Supply voltage range @ —0.5Vto4V
Enable inputs -05Vto6V
Input voltage range
A/B,Y,orz -05Vto4V
Electrostatic discharge A, B,Y, Z, and GND® Class 3, A:12 kV, B: 500 V
Continuous power dissipation See Dissipation Rating Table
Storage temperature range —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 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.

All voltage values, except differential I/O bus voltages, are with respect to network ground terminal.

Tested in accordance with MIL-STD-883C Method 3015.7.

DISSIPATION RATING TABLE

PACKAGE T, <25°C DERATING FACTORW® T, = 85°C
POWER RATING ABOVE T, = 25°C POWER RATING
DGG 2094 mwW 16.7 mw/°C 1089 mw

)

This is the inverse of the junction-to-ambient thermal resistance when board-mounted (low-k) with no air flow.

RECOMMENDED OPERATING CONDITIONS

MIN  NOM MAX | UNIT
Ve Supply voltage 3 3.3 3.6 \%
\m High-level input voltage 2 \%
VL Low-level input voltage 0.8 \%
V, orVc Voltage at any bus terminal (separately or common-mode) 0 Vcce—0.8 \%
Ta Operating free-air temperature 40 85 °C
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ELECTRICAL CHARACTERISTICS
over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP®  MAX| UNIT
\ Positive-going differential input voltage threshold 100
s : g ‘g : : ‘p g See Eigure 1 and Table 1 mv
Vith- Negative-going differential input voltage threshold -100
|Vopl Differential output voltage magnitude 247 340 454
— _ . R, =100 Q, V|p = £100 mV,
AVop| Change in differential output voltage magnitude be- | gge m and _50 50 mv
ob tween logic states
Voc(ss) Steady-state common-mode output voltage 1.125 1.375 \Y
Change in steady-state common-mode output volt- m

AVoc(ss) age between logic states See 50 50 mv

Vocer) Peak-to-peak common-mode output voltage 50 150
Enabled, R =100 Q 84 115

lcc Supply current - mA
Disabled, ENx = Ve or ENx =0V 3.2 6

| Inout (A or B inputs) @ V=0V -2 -20 A

nput current (A or B inputs

! P P V=24V 12

liorr) Power-off input current (A or B inputs) Vee=15V,V,=24V 20 HA

I High-level input t ENX, 50, S1 Vig=2V 20 PA

igh-level input curren =
" 9 P ENX, SM " -20
I Low-level input t ENx, S0, S1 V) =08V 10 HA
ow-level input curren p— =0.

- P ENX, SM - -10
VoyorVoz=0V 24

los Short-circuit output current sl oz mA
VOD =0V +12

loz High-impedance output current Vo=0VorVce +1 HA

loorr) Power-off output current Vee=15V,Vg=36V +1 HA

Cin Input capacitance (A or B inputs) V, = 0.4 sin (4E6mt) + 0.5 V 5 oF

C Output capacitance (Y or Z outputs V, = 0.4 sin (4E61t) + 0.5 V 9.4

0 P P P I

(1) Alltypical values are at 25°C and with a 3.3-V supply.
(2) The non-algebraic convention, where the more positive (least negative) limit is designated minimum, is used in this data sheet for the
input current (1;) only.

SWITCHING CHARACTERISTICS
over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP®  MAX| UNIT
tpLH Propagation delay time, low-to-high-level output 2.2 3.1 4.7 ns
tpHL Propagation delay time, high-to-low-level output 2.2 3.1 4.7 ns
t, Differential output signal rise time 0.3 0.8 1.2 ns

- - - - R, =1009Q, C, =10 pF,
t Differential output signal fall time See m 0.3 0.8 1.2 ns
tsk(p) Pulse skew (|tpyy— tp ) @ 140 500| ps
tsk(o) Output skew, channel-to-channel ® 100  300| ps
topp)  Part-to-part skew® 15| ns
tpzH Propagation delay time, high-impedance-to-high-level output 5.7 15 ns
tpz1 Propagation delay time, high-impedance-to-low-level output See m 7.7 15 ns
tpHz Propagation delay time, high-level-to-high-impedance output 3.2 15 ns
tpLz Propagation delay time, low-level-to-high-impedance output 3.2 15 ns

(1) All typical values are at 25°C and with a 3.3-V supply.

(2)  tsk(p) is the magnitude of the time difference between the tp 4 and tpyy of any output of a single device.

(3) tsk(o) is the magnitude of the time difference between the tp 4 or tpyy. measured at any two outputs.

(4)  tskpp) is the magnitude of the time difference in propagation delay times between any specified terminals of two devices when both
devices operate with the same supply voltages, at the same temperature, and have identical packages and test circuits.
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PARAMETER MEASUREMENT INFORMATION

Voc = (Voy+Vo2)2

Figure 1. Voltage and Current Definitions

Table 1. Receiver Minimum and Maximum Input Threshold Test Voltages

APPLIEDVOLTAGES | FES DR G MODE INPUT VOLTAGE
Via Vis Vip Vic
1.25V 1.15V 100 mV 1.2V
1.15V 1.25V -100 mV 1.2V
24V 2.3V 100 mVv 235V
23V 24V -100 mV 235V
0.1V ov 100 mVv 0.05V
ov 0.1V -100 mV 0.05V
15V 0.9V 600 mV 1.2V
0.9V 15V —600 mV 1.2V
24V 1.8V 600 mV 21V
1.8V 24V —600 mV 21V
0.6V ov 600 mV 0.3V
ov 0.6V —600 mV 0.3V
|y 3.75kQ
7y
Input Vob 100 Q
VA | 3.75kQ
0V < VrgsT< 24V

Figure 2. Vgp Test Circuit
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49.9 Q + 1% (2 Places)
LY
Input
VA
O

A. All input pulses are supplied by a generator having the following characteristics: t, or t < 1 ns, pulse repetition rate
(PRR) = 0.5 Mpps, pulse width = 500 +10 ns. C includes instrumentation and fixture capacitance within 0,06 mm of
the D.U.T. The measurement of V¢ (pp) is made on test equipment with a —3 dB bandwidth of at least 300 MHz.

Figure 3. Test Circuit and Definitions for the Driver Common-Mode Output Voltage

Vig 14V
Input — 12V
Via | | —— 1V
A | Y tpLH | ﬂ-’:— tpHL
Input , Vob 1000+1% fVETY 100%
B |

I L Output
J—i C_L=10pF

ov —— !
I I (2 Places)
* 20%

| |
o &

A. All input pulses are supplied by a generator having the following characteristics: t, or t < 1 ns, pulse repetition rate
(PRR) = 50 Mpps, pulse width = 10 £0.2 ns. C, includes instrumentation and fixture capacitance within 0,06 mm of
the D.U.T.

Figure 4. Test Circuit, Timing, and Voltage Definitions for the Differential Output Signal
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49.9 Q + 1% (2 Places)

Z
14VorlVv T
1.2V
CL =10 pF T~ V, V,
EN (2 Places) ?Y ?z
EN
4\
Inputs 1S0
S1

Input 0.8V

tpzn ——P —»— tpyz

- ———— 100%, 01.4V
—— —— 13V

0%, 1.2V

Voy |
or
Voz

|
| |
| | | |
| |
tpzL —l‘—ﬂ ﬁ_’:_ tpLz
Voz | 100%, 1.2V
or Sk k———— 11V
Voy ———— 0%, 01V

A. All input pulses are supplied by a generator having the following characteristics: t, or t; < 1 ns, pulse repetition rate
(PRR) = 0.5 Mpps, pulse width = 500 £10 ns. C, includes instrumentation and fixture capacitance within 0,06 mm of
the D.U.T.

Figure 5. Enable and Disable Time Circuit and Definitions
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TYPICAL CHARACTERISTICS
SUPPLY CURRENT LOW-TO-HIGH PROPAGATION DELAY TIME
VS VS
SWITCHING FREQUENCY FREE-AIR TEMPERATURE
220 o 38
c
|
200 g 37
"4 = ’
E 2
| 180 g 36
§ Vcc =36V / s 5
5 160 / T 35
S o
2 / / Vec=3.3V 5
S 140 S i 34
! Vee=3V 2
T
8 120 A/ S 33
= / =
% :
100 V. Y
% All Outputs Loaded L
a
80 and Enabled S 31
0 50 100 150 200 250 300 350 400 -50 -25 0 25 50 75 100
f - Frequency — MHz Ta — Free-Air Temperature - °C
Figure 6. Figure 7.
HIGH-TO-LOW PROPAGATION DELAY TIME
VS
FREE-AIR TEMPERATURE
3.7 T
()]
c
|
o 36
£
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& 35
8]
a)
s 34
®
g
o 33
o
a
2 32
<
)
'_
= 3.1
2
T
I 3.0
-
T
a
- 29

-25 0 25 50 75 100

Ta — Free-Air Temperature - °C

Figure 8.

Figure 9. Typical Differential Eye Pattern at 400 Mbps
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TYPICAL CHARACTERISTICS (continued)
P-P EYE-PATTERN JITTER

Peak-to-Peak Jitter - ps

900

800

700

600

500
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200

100

VS
PRBS SIGNALING RATE
Ta=25°C YA

~
\// /T vz

//’
N

100

200 300 400 500
Signaling Rate — Mbps

600

NOTES: Input: 215 PRBS with peak-to-peak jitter < 115 ps at 100 Mbps, all outputs enabled and loaded with differential
100-Q loads, worst-case output, supply decoupled with 0.1-uF and 0.001-pF ceramic 0805-style capacitors 1 cm from

the device.

Peak-to-Peak Jitter — ps

20

18

16

14

12

10

P-P

Figure 10.

PERIOD JITTER
VS

CLOCK FREQUENCY

Ta=25°C

Vec =36V 7‘,_

A
7

3V

-
/N
\/

100

200 300 400 500
Clock Frequency - MHz

600

NOTES: Input: 50% duty cycle square wave with period jitter < 10 ps at 100 MHz, all outputs enabled and loaded with
differential 100-Q loads, worst-case output, supply decoupled with 0.1-pF and 0.001-pF ceramic 0805-style capacitors

1 cm from the device.

Figure 11.

10
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APPLICATION INFORMATION

FAIL SAFE

A common problem with differential signaling applications is how the system responds when no differential
voltage is present on the signal pair. The SN65LVDS116 receiver is like most differential line receivers, in that its
output logic state can be indeterminate when the differential input voltage is between —100 mV and 100 mV and
within its recommended input common-mode voltage range. Hovever, Tl LVDS receivers handle the open-input
circuit situation differently.

Open-circuit means that there is little or no input current to the receiver from the data line itself. This could be
when the driver is in a high-impedance state or the cable is disconnected. When this occurs, the LVDS receiver
pulls each line of the signal pair to near V¢ through 300-kQ resistors as shown in m The fail-safe
feature uses an AND gate with input voltage thresholds at about 2.3 V to detect this condition and force the
output to a high-level regardless of the differential input voltage.

Vee

A

Rt = 100 Q (Typ)
B

. Y

ViT=23V

Figure 12. Open-Circuit Fail Safe of the LVDS Receiver

It is only under these conditions that the output of the receiver will be valid with less than a 100 mV differential
input voltage magnitude. The presence of the termination resistor, Rt, does not affect the fail-safe function as
long as it is connected as shown in m Other termination circuits may allow a dc current to ground that
could defeat the pullup currents from the receiver and the fail-safe feature.

INPUT LEVEL TRANSLATION

An LVDS receiver can be used to receive various other types of logic signals. m through m show
the termination circuits for SSTL, HSTL, GTL, BTL, LVPECL, PECL, CMOS, and TTL.

Vbp
50 Q
25Q
50 Q
1 1/2 Vpp \

A
B
0.1 pF I LVDS Receiver

Figure 13. Stub-Series Terminated (SSTL) or High-Speed Transceiver Logic (HSTL)

11
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APPLICATION INFORMATION (continued)

Vbb
50 Q
50 Q
| 1.35V <Vyr <165V \

A
B
0.1 pF I LVDS Receiver

Figure 14. Center-Tap Termination (CTT)

114V <Vi7<1.26V

Vbb
1kQ ; 500
50 Q
A
B
' \
2kQ 0.1pF LVDS Receiver

Figure 15. Gunning Transceiver Logic (GTL)

Zy Zy

0.1 puF

B
147V <Vr<l1l62V A 4 \
l LVDS Receiver

Figure 16. Backplane Transceiver Logic (BTL)

12
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APPLICATION INFORMATION (continued)

3.3V

120 Q

B \
51Q
510 LVDS Receiver

Figure 17. Low-Voltage Positive Emitter-Coupled Logic (LVPECL)

5V

82Q

100 Q

LN

33Q
330 LVDS Receiver

Figure 18. Positive Emitter-Coupled Logic (PECL)

13
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APPLICATION INFORMATION (continued)

3.3V
33V
7.5kQ ;
A
B
. ’\
7.5kQ 0.1uF LVDS Receiver
Figure 19. 3.3-V CMOS
5V
5V
10kQ
560 Q _ A
B
. '\
560 Q 3.3kQ 0.1uF LVDS Receiver
Figure 20. 5-V CMOS
5V
5V
10kQ
470 Q _ A
B
) '\
33V 4kQ

]\ 0.1 uF LVDS Receiver

Figure 21. TTL

14
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty

SN65LVDS116DGG ACTIVE TSSOP DGG 64 25 None CU NIPDAU  Level-1-220C-UNLIM

SN65LVDS116DGGR ACTIVE TSSOP DGG 64 2000 None CU NIPDAU  Level-1-220C-UNLIM

@ 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.

@ Eco Plan - May not be currently available - please check http://www.ti.com/productcontent for the latest availability information and additional
product content details.

None: Not yet available Lead (Pb-Free).

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoOHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean "Pb-Free" and in addition, uses package materials that do not contain halogens,
including bromine (Br) or antimony (Sb) above 0.1% of total product weight.

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDECindustry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI'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 TI
to Customer on an annual basis.

Addendum-Page 1
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MECHANICAL DATA

MTSS003D — JANUARY 1995 — REVISED JANUARY 1998

DGG (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
48 PINS SHOWN

e | e
IORRARIAAARAAARARGRRRRD

kil i

7.90 0,15 NOM

(o222 K]
< oN
olo
~l| 0o
w
o
—»

O
URLREEEIRERRRG RN

o

| \
%\ _i Seating Plane * (_\ }
: 23 Epwl

,20 MAX

o

PINS **
48 56 64
DIM
A MAX 12,60 14,10 17,10
A MIN 12,40 13,90 16,90

4040078/F 12/97

NOTES: A. Alllinear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do not include mold protrusion not to exceed 0,15.
Falls within JEDEC MO-153
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI 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.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless
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