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16-Channel, 12-Bit PWM LED Driver with
7-Bit Dot Correction

FEATURES
16 Channels, Constant Current Sink Output
50-mA Capability (Constant Current Sink)

12-Bit (4096 Steps) Grayscale Control with
PWM

7-Bit (128 Steps) Dot Correction with Sink
Current

LED Power-Supply Voltage up to 17 V
Constant Current Accuracy:
Channel-to-Channel = +1.5%
Device-to-Device = +3%
VCC=30Vtob5V

CMOS Level I/O

30-MHz Data Transfer Rate

30-MHz Grayscale Control Clock

Dedicated Ports for Grayscale and Dot
Correction

Continuous Base LED Open Detection (LOD)
Thermal Shutdown (TSD):

— Automatic shutdown at high temperature
conditions

Restart under normal temperature
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Readable Error Information:
LED Open Detection
Thermal Error Flag (TEF)
Noise Reduction:

4-Channel grouped delay to prevent inrush
current

Operating Temperature: —40°C to +85°C

APPLICATIONS

Monochrome, Multicolor, Full-Color LED
Displays

LED Signboards

Display Backlighting

DESCRIPTION

The TLC5942 is a 16-channel, constant current sink
driver. Each channel is individually adjustable with
4096 pulse-width modulated (PWM) steps and 128
constant current sink steps for dot correction. Dot
correction adjusts the brightness variations between
LEDs. Both grayscale control and dot correction are
accessible via separate, dedicated serial interface
ports. The maximum current value of all 16 channels
can be set by a single external resistor.
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Typical Application Circuit (Multiple Daisy-Chained TLC5942s)

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.

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

PRODUCTION DATA information is current as of publication date

Products conform to specifications per the terms of the Texas Copyri Texas Instruments Incorporated
Instruments standard warranty. Pro S| not
necessarily include testing of all paral 8 ° °
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DESCRIPTION, CONTINUED

The TLC5942 has two error detection circuits for LED open detection (LOD) and a thermal error flag (TEF). LOD
detects a broken or disconnected LED during the display period. TEF indicates an over-temperature condition;
when a TEF is set, all output drivers are turned off. When the TEF is cleared, all output drivers are restarted.

Al

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

PACKAGE/ORDERING INFORMATION®

TRANSPORT MEDIA,

PRODUCT PACKAGE-LEAD ORDERING NUMBER QUANTITY

TLC5942PWPR Tape and Reel, 2000
TLC5942 HTSSOP-28 PowerPAD™

TLC5942PWP Tube, 50

TLC5942RHBR Tape and Reel, 3000
TLC5942 5 mm x 5 mm QFN-32

TLC5942RHBT Tape and Reel, 250

(1) Forthe most current package and ordering information see the Package Option Addendum at the end of this document, or see the TI

web site at yww.tr.com.

ABSOLUTE MAXIMUM RATINGS®®

Over operating free-air temperature range, unless otherwise noted.

PARAMETER TLC5942 UNIT
VCC Supply voltage, VCC -0.3to +6.0 \%
lout Output current (dc): OUTO to OUT15 60 mA
Input voltage range:
Vin GSSIN, GSSCLK, XGSLAT, DCSIN, DCSCLK, XDCLAT, BLANK, IREF —0.3toVCC +03 v
v Output Voltage GSSOUT, DCSOUT -0.3to VCC + 0.3 v
ouT range OUTO to OUT15 ~0.31t0 +18
T3(max) Maximum operating junction temperature +150 oc
Tste Storage temperature range -55 to +150
. Human body model (HBM) 2 kv
ESD rating -
Charged device model (CDM) 500 \Y,

(1) Stresses above these ratings may cause permanent damage. Exposure to absolute maximum conditions for extended periods may
degrade device reliability. These are stress ratings only, and functional operation of the device at these or any other conditions beyond

those specified is not supported.

(2) All voltage values are with respect to network ground terminal.
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RECOMMENDED OPERATING CONDITIONS

At Tp,= —40°C to +85°C, unless otherwise noted.

PACKAGE

ABOVE Tp = +25°C

POWER RATING

TLC5942
PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
DC Characteristics: VCC=3Vto 55V
VCC Supply voltage 3.0 55 Y
Vo Voltage applied to output OUTO to OUT15 17 Y
\m High-level input voltage 0.7 x VCC VCC Y
VL Low-level input voltage GND 0.3 xVCC Y
loH High-level output current GSSOUT, DCSOUT -1 mA
loL Low-level output current GSSOUT, DCSOUT 1 mA
loLc Constant output sink current OUTO to OUT15 50 mA
Ta Operating free-air temperature -40 +85 °C
Operating junction o
T temperature —40 +125 ¢
AC Characteristics: VCC =3V to 55V
feLk (desclk) Data shift clock frequency DCSCLK 30 MHz
Data shift/grayscale control
feLk (gsscig clock frequency GSSCLK 30| MHz
Toe | T GSSCLK (see Figure 9), 10 ns
wro / Twio _ DCSCLK (see Figure 10)
Pulse duration
T XGSLAT, BLANK (see Figure 9), 30 ns
WH1 XDCLAT (see
N GSSIN-GSSCLK 1 (see Figure 9), 3 hs
Suo DCSIN-DCSCLK 1 (see
BLANK |- GSSCLK 1
Tsur (see 10 s
Setup time XGSLAT 1 — GSSCLK?
Teus (see Fiqure 9), 100 ns
XDCLAT 1 — DCSCLK?
(see Fiqure 10)
- XGSLAT | — GSSCLK? 15 ns
sus3 (see and Figure T7)
T GSSIN-GSSCLK 1 (see Eiqure 9), 3 ns
HO DCSIN-DCSCLK 1 (see
Hold time XGSLAT t — GSSCLK?
T (see FIITET), %0 s
H1 XDCLAT 1 — DCSCLK?
(see Eiqure T0)
DISSIPATION RATINGS
DERATING FACTOR Ta < +25°C Ta = +70°C Ta = +85°C

POWER RATING

POWER RATING

HTSSOP-28 with

ponT S0P 28 W 31.67 mW/°C 3958 mwW 2533 mwW 2058 mw
ponaaoob-28 wih 16.21 mW/°C 2026 mW 1296 mW 1053 mw
QFN-326) 27.86 mW/°C 3482 mwW 2228 mW 1811 mw

(1) With PowerPAD soldered onto copper area on printed circuit board (PCB); 2 oz. copper. For more information,

for download at yww.ir.conj).

(2) With PowerPAD not soldered onto copper area on PCB.

(3) The package thermal impedance is calculated in accordance with JESD51-5.

see BLMAOUY (available
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ELECTRICAL CHARACTERISTICS
AtVCC =3.0Vto 5.5V, and T, = -40°C to +85°C. Typical values at VCC = 3.3 V and T, = +25°C, unless otherwise noted.

TLC5942
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VoH High-level output voltage lon = -1 mA at GSSOUT, DCSOUT VCC-0.4 VCC \%
VoL Low-level output voltage loL =1 mA at GSSOUT, DCSOUT 0 0.4 \%
V)y = VCC or GND at GSSIN, GSSCLK,
i Input current XGSLAT, DCSIN, DCSCLK, XDCLAT, BLANK -1 1owA
| No data transfer, all OUTn = OFF, DCn = 7Fh, 1 3
cct Voutn =1V, Riger = 10 kQ
| No data transfer, all OUTn = OFF, DCn = 7Fh, 4 8
ce2 Voutn =1V, Riger = 2 kQ
Supply current mA
| Data transfer 30 MHz, all OUTn = ON, 14 30
ccs DCn = 7Fh, VOUTn =1V, RIREF =2kQ
| Data transfer 30 MHz, all OUTn = ON, 27 50
cca DCn = 7Fh, Voutn = 1V, Riger = 1 kQ
All OUTn = ON, DCn = 7Fh, Vourp = 1V,
| Constant output current 43 49 55 mA
oL©) P Vourix = 1V, Riger = 1 kQ
lo(ke) Leakage output current 2” OU_TE E(())FF’ DCn = 7Fh, Vourn = 17V, 0.1 HA
IREF =
Constant current error AllOUTn = ON, DCn = 7Fh, Voymn =1V, o
Alogcy (channel-to-channel)® Voutfix = 1 V, Rirer = 1 kQ 1.5 5 %
Constant current error All OUTn = ON, DCn = 7Fh, Voythn =1V, o
Alogey (device-to-device) @ VouTix = 1V, Rigee = 1 kQ 3 8 %
) e All OUTn = ON, DCn = 7Fh, Vourn = 1V, 0
Alpcz) |Line regulation Vournc= 1V, Riger = 1 kQ, VCC = 3 V10 5.5 V +1 +4 %IV
@ All OUTn = ON, DCn = 7Fh, 0
Alpcz) |Load regulation Vourn =1V 103V, Vourix = 1 V, Rer = 1 kQ +1 +3 %/
TreR) Thermal error flag threshold | Junction temperature ® +150 +162 +175 °C
THvs) Thermal error hysteresis Junction temperature ®) +5 +10 +20 °C
LED open detection _
Viob threshold AllOUTn = ON 0.2 0.3 0.4 \Y;
V\Rer Reference voltage output Rirer = 1 kQ 1.16 1.20 1.24 \
(1) The deviation of each output from the average of OUT0-OUT15 constant current. Deviation is calculated by the formula:
\’) nTUb ' '
r'r’u‘b OTQJO
ar
(2) The deviation of the OUT0-OUT15 constant current average from the ideal constant current value.
b o )
—————{ireo-iugivO-seb
) or r

tnemud tuqtuO Isebl
Deviation is calculated by the following formula:

OI@r ]
b x
Ideal current is calculated by the formula: A
w)\sas nvrlo - l oot
V0.€ = | ve yee -
(3) Line regulation is calculated by this equation: ( ¥ mibo
a¥ds  fho - 0or
) x
V=l ¥ds o vifve -

(4) Load regulation is calculated by the equation:
(5) Not tested; specified by design.
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SWITCHING CHARACTERISTICS

AtVCC =3.0Vto55V, Tp=-40°C to +85°C, C, = 15 pF, R, =82 Q, Rger = 1 kQ, and V,gp = 5.0 V. Typical values at
VCC = 3.3V and T, = +25°C, unless otherwise noted.

TLC5942
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
; GSSOUT (see 16
RO Rise time DCSOUT (see Fiqure 10) o
tr1 OuUTn, DCn = 7Fh (see 10 30
t GSSOUT (see 16
Fo Fall time DCSOUTn (See ns
te1 OuUTn, DCn = 7Fh (see 10 30
¢ GSSCLK 1 — GSSOUT (see 25 ns
Do DCSCLK 1 — DCSOUT (see Eiqure 10)
BLANK 1 — OUTO current sink off
o (see FIOUTED) S B
GSSCLK 1 - 0UTO, 4, 8, 12
fo2 | . (see Fawed) S S I
Propagation delay time
t GSSCLK 1 - 0UTL, 5,9, 13 20 42 73 ns
b3 (see Fiaure 9)
GSSCLK 1 —-0UT2, 6, 10, 14
toa (see FITED) 35 66 106 ns
GSSCLK 1 -0UT3, 7, 11, 15
tos (See ) 50 90 140 ns
i touton — TesscLk: GSn = 001h, .
ton_err | Output on-time error GSSCLK = 30 MHz (see Figure g) 20 10 ns
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FUNCTIONAL BLOCK DIAGRAM
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DEVICE INFORMATION
PWP PACKAGE RHB PACKAGE
(Top View) (Top View)
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NC = No connection.
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TERMINAL FUNCTIONS

TERMINAL
NAME PWP RHB 110 DESCRIPTION
GSSIN 5 2 | Serial data input for grayscale.
Serial data shift clock for grayscale and reference clock for Grayscale PWM control. Data present
on the GSSIN pin are shifted into the Grayscale Shift Register with each rising edge of the
GSSCLK 4 1 | GSSCLK pin. Data are shifted into the LSB of the register with each rising edge. The MSB of the
register is shifted to the GSSOUT pin with each rising edge. If BLANK is low, then each rising
edge of GSSCLK increments the grayscale counter for PWM control.
XGSLAT 6 3 | Siﬁta in the shift register are moved to the grayscale data latch with a low-to-high transition of this
GSSOUT 24 23 o Serial data output for Grayscale/Status information data. This signal is connected to MSB of
Grayscale Shift Register.
DCSIN 3 32 | Serial data input for Dot Correction.
Serial data shift clock for dot correction. Data present on the DCSIN pin are shifted into the dot
DCSCLK 5 31 | correction shift register with each rising edge of the DCSCLK pin. Data are shifted into the LSB of
the register with each rising edge. The MSB of the register is shifted to the DCSOUT pin with
each rising edge.
XDCLAT 26 o5 | tl?]?stang the shift register are moved to the dot correction data latch with a low-to-high transition of
Serial data output for dot correction. This signal is connected to the MSB of the Dot Correction
pesout 25 24 © Shift Register.
Blank (all constant current outputs off). When BLANK is high, all constant current outputs (OUTO
BLANK 23 29 | through OUT15) are forced off, the Grayscale counter is reset to '0', and the Grayscale PWM
timing controller is initialized. When BLANK is low, all constant current outputs are controlled by
the Grayscale PWM timing controller.
IREE 27 26 /o Constant current value setting. OUTO through OUT15 sink constant current is set to desired
value by connecting an external resistor between IREF and GND.
OuTO 14 11 O | Constant current output
OuT1 13 10 O | Constant current output
ouT2 12 9 O | Constant current output
OouT3 11 8 O | Constant current output
ouT4 10 7 O | Constant current output
OuUT5 6 O | Constant current output
OouT6 5 O | Constant current output
ouT7 4 O | Constant current output
OouT8 15 14 O | Constant current output
ouT9 16 15 O | Constant current output
OUT10 17 16 O | Constant current output
OUT11 18 17 O | Constant current output
OouT12 19 18 O | Constant current output
OUT13 20 19 O | Constant current output
OuUT14 21 20 O | Constant current output
OUT15 22 21 O | Constant current output
VCC 28 27 — | Power-supply voltage
GND 1 30 — | Power ground
12, 13, . .
NC — 28, 29 — | No internal connection
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PARAMETER MEASUREMENT INFORMATION
PIN EQUIVALENT INPUT AND OUTPUT SCHEMATIC DIAGRAMS

W% ’ 2 90
T 1
}-——— --- 2
[3) _l _l ano
Figure 1. GSSIN, GSSCLK, XGSLAT, DCSIN, DCSCLK, Figure 2. SOUT

XDCLAT, BLANK

9]
Figure 3. OUTO Through OUT15

TEST CIRCUITS

) o0V 1 o2V

1 T —— \TUOZ29

Mo o OV el TUO20a
Al ans 4 ane ®
L ' L
(1) C_ includes measurement probe and jig (1) C_ includes measurement probe and jig
capacitance. capacitance.
Figure 4. Rise Time and Fall Time Test Circuit for OUTn Figure 5. Rise Time and Fall Time Test Circuit for
GSSOUT/DCSOUT
20V 0TUO : |—

- I ATUO
Al anoecttTuo — aT
1 TU?V X1

Figure 6. Test Circuit for OUTn
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TIMING DIAGRAMS
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(1) Input pulse rise and fall time is 1 ns to 3 ns.
Figure 7. Input Timing
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(1) Input pulse rise and fall time is 1 ns to 3 ns.
(2) Input pulse high level is VCC and low level is GND.

Figure 8. Output Timing
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GSSIN

Tsuo - Twko Tasscik
~Tsuz
GSSCLK
1 2 3 4 5 189 190 191 192 1 2 3 4 5 6 7
Twio | Thr [Twhr |Tsus *‘ |<— Tsuq

XGSLAT

(¢
)

)
BLANK Shift Register Data are Transferred | ......

to Data Latch
_’I = Tsys

Previous Data X Latest Data

Latched Data IG
for Grayscale
(Internal) >

GSSOUT

GSO0 GS15
A XA 5) e
tho/tro SID Load Timing to

GS Data Shift Register

Turning off outputs with the BLANK signal (all GS data are greater than 006h):

VouraH) B
out OFF ¢ \{
o,4812 oN Voyrt) m—0 0 0 —M898 4 S —a——
—- ‘<— tD2 —- I<— tF1
out OFF 2 ' —\

1,591 oNn 0 N—_—_—

—— 1,

£

out OFF :
2,6,10,14 ON

(¢

ouT OFF )]
3,7,11,15 ON

D3
|
\L tos
|
L t
out OFF % | --
0,4,812 ON o, | =
R touton
out OFF $ '
1,5,9,13 ON
tDS —-
touton

out OFF D) | \_/— ==
2,6,10,14 ON
tos |—-—
touton
I I \_/_

D5
Turning off outputs with GSCLK (all GS data are set to 001h):

I

out OFF )y

3,7,11,15 ON t
D5

— t —
OUTON  ton_erm = touton — TasscLk

Figure 9. Grayscale Data Write Timing
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DCo DCO DCO DCO DC15
3B 2B 1B C N e

Tswo ( : : r = Tsuz :
DCSCLK
109 110 111 112 1 2 3 4 5 6 7
"‘ L‘Twm [ Thi [Twns

DCSIN

XDCLAT y

)

Latched Data . .
for Dot Correction : Previous Data X Latest Data

(Internal) R

.69 69 69 D 5 69 @5 ¢5 &5 &5 FN
Ro/tFO
Figure 10. Dot Correction Data Write Timing

DCSOUT

The SCLK falling edge must be prior to the XGSLAT rising edge in case SID is read.

assN X € EH &9 &0 66 WD &0 &6 €5 &0 &0 60 &9 :::::.
191 192

GSSCLK I | I |

| Ths [Tt | Tsua

XGSLAT ) y

GSSOUT
SID  sID  sD  SID SD sSD SID SD  SID
16 15 14 13 4 3 2 1 0
— _
—

SID are entered in the GS shift register at the first rising edge of GSSCLK after XGSLAT goes low.
The SID readout consists of the saved LOD result at the 33rd GSSCLK rising edge in the previous display period
and the TEF data at the rising edge of the first GSCLK after XGSLAT goes low.

Figure 11. Status Information Data Read Timing
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TYPICAL CHARACTERISTICS
At VCC = 3.3V and T, = +25°C, unless otherwise noted.
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TYPICAL CHARACTERISTICS (continued)
At VCC = 3.3 V and T, = +25°C, unless otherwise noted.
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DETAILED DESCRIPTION

Setting for the Maximum Constant Sink Current Value

On the TLC5942, the maximum constant current sink value for each channel, g cvax, iS determined by an
external resistor, Riger, placed between the IREF and GND pins. The Rger resistor value is calculated with
Equation 1f:
N an
(Am) " enrob (1)
Where:

V\rer = the internal reference voltage on the IREF pin (typically 1.20 V)
loLcmax 1S the largest current for all outputs. Each output sinks the lg cmax Current when it is turned on and its dot

correction is set to the maximum value of 7Fh (127d). The sink current for each output can be reduced by
lowering the respective output dot correction value.

Rirer Must be between 984 Q (typ) and 9.84 kQ (typ) in order to keep lo cmax betWeen 5 mA and 50 mA. The
output may become unstable when I cuax 1S S€t lower than 5 mA. However, output currents lower than 5 mA
can be achieved by setting lo, cmax t0 5 MA or higher, and then using dot correction to lower the output current.

in the Typical Characteristics and show the characteristics of the constant sink current versus
external resistor, Rrgg.

Table 1. Maximum Constant Current Output versus
External Resistor Value

loLcmax (MA, typical) Rirer ()
50 984
45 1093
40 1230
35 1406
30 1640
25 1968
20 2460
15 3280
10 4920
5 9840
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Dot Correction (DC) Function

The TLC5942 is able to individually adjust the output current of each channel (OUTO to OUT15). This function is
called dot correction (DC). The DC function allows users to individually adjust the brightness and color deviations
of LEDs connected to the outputs OUTO to OUT15. Each respective channel output current can be adjusted in
128 steps from 0% to 100% of the maximum output current, lo, cvax- The dot correction data are entered into the
TLC5942 via the serial interface.

determines the sink current for each output (OUTn):

(4
) xsMOJO by&rt (2)
Where:

loLemax = the maximum channel current for each channel determined by Rger
DCn = the programmed dot correction value for OUTn (DCn = 0 to 127d)

When the IC is powered on, the data in the Dot Correction Shift Register and data latch are not set to any default
values. Therefore, DC data must be written to the DC latch before turning on the constant current output.

summarizes the DC data versus current ratio and set current value.

Table 2. DC Data versus Current Ratio and Set Current Value

SET CURRENT OUTPUT CURRENT OUTPUT CURRENT

DC DATA DC DATA DC DATA RATIO TO (mA, typical) (mA, typical)
(Binary) (Decimal) (Hex) MAX CURRENT (%) AT loLcmax = 50 mA AT loLcmax = 5 MA
000 0000 0 00 0.0 0.0 0.00

000 0001 1 01 0.8 0.4 0.04

000 0010 2 02 1.6 0.8 0.08

111 1101 125 7D 98.4 49.2 4.92

111 1110 126 7E 99.2 49.6 4.96

111 1111 127 7F 100.0 50.0 5.00
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Grayscale (GS) Function (PWM Operation)

The pulse width modulation (PWM) operation is controlled by a 12-bit grayscale counter that is clocked on each
rising edge of the grayscale reference clock, GSSCLK. The counter is reset to zero when the BLANK signal is
set high. The counter value is held at zero while BLANK is high, even if the GSSCLK input toggles high and low.
After the falling edge of BLANK, the counter increments with each rising edge of GSSCLK. Any constant current
sink output (OUTO through OUT15) with a nonzero value in its corresponding grayscale latch starts to sink
current after the first rising edge of GSSCLK following a high-to-low transition of BLANK. The internal counter
keeps track of the number of GSSCLK pulses. Each output channel stays on as long as the internal counter is
equal to or less than the respective output GSSCLK. Each channel turns off at the rising edge of GSSCLK when
the grayscale counter value is larger than the grayscale latch value.

For example, an output that has a grayscale latch value of '1' turns on at the first rising edge of GSSCLK after

BLANK goes low. It turns off at the second rising edge of GSSCLK. shows the PWM timing diagram.
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Figure 21. PWM Operation Timing
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When the IC is powered on, the data in the Grayscale Shift Register and latch are not set to any default value.
Therefore, Grayscale data must be written to the Grayscale latch before turning the constant current output on.
Additionally, BLANK should be high when the device turns on, to prevent the outputs from turning on before the
proper grayscale and dot correction values can be written. All constant current outputs are always off when

BLANK is high. determines each output (OUTn) on time (touTton):
touton (NS) = Tasscrk (NS) x GSn (©)
Where:

Tesscik = the period of GSSCLK
GSn = the programmed grayscale value for OUTn (GSn = 0 to 4095d)

If there are any unconnected output LED lamps (including connection failures or short-circuits), the grayscale
data corresponding to the unconnected output should be set to '0' before turning on the LEDs. Otherwise, the
supply current (lycc) increases while the LEDs are on. If GS data changes during a GS period because XLAT
goes high, and latches new GS data, the internal data latch registers are immediately updated. This action can
cause the outputs to turn on or off unexpectedly. For proper operation, GS data should only be latched into the
IC at the end of a GS period when BLANK is high. summarizes the GS data versus OUTn on duty and
on time.

Table 3. GS Data versus OUTn On Duty and OUTn On Time

GS DATA GS DATA GS DATA OouTn OUTn ON TIME (ns, typical)
(Binary) (Decimal) (Hex) ON DUTY (%) AT 30 MHz GSSCLK

0000 0000 0000 0 000 0.00 0

0000 0000 0001 1 001 0.02 33

0000 0000 0010 2 002 0.05 67

0000 0000 0011 3 003 0.07 100

0111 1111 1111 2047 TFF 49.99 68263

1000 0000 0000 2048 800 50.01 68267

1000 0000 0001 2049 801 50.04 68300

1111 1111 1101 4093 FFD 99.95 136433

1111 1111 1110 4094 FFE 99.98 135467

1111 1111 1111 4095 FFF 100.00 136500
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Grayscale Shift Register and Data Latch

The Grayscale (GS) Shift Registers and data latches are each 192 bits in length, and are used to set the PWM
timing for each constant current driver. See for the ON time duty of each GS data bit. shows
the shift register and latch configuration. Refer to for the timing diagram for writing data into the GS shift
register and latch. The driver on time is set by the data in the GS data latch. GS data present on the GSSIN pin
are clocked into the GS Shift Register with each rising edge of the GSSCLK pin. Data are shifted in MSB first.
Data are latched from the shift register into the GS data latch with a rising edge on the XGSLAT pin.

When the IC is powered on, the data in Grayscale Shift Register and data latch are not set to any default value.
Therefore, grayscale data must be written to the GS latch before turning on the constant current output. Also,
BLANK should be high when powered on because the constant current may also turn on. All constant current
outputs are off when BLANK is high.

The Status Information Data (SID) byte is overwritten on the most significant 17 bits of the Grayscale Shift
Register at the rising edge of the first GSSCLK after XGSLAT goes low.
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Figure 22. Grayscale Shift Register and Data Latch Configuration

Dot Correction Shift Register and Data Latch

The Dot Correction (DC) Shift Registers and latches are each 112 bits in length and are used to individually
adjust the constant current values for each constant current driver. Each channel can be adjusted from 0% to
100% of the maximum LED current with 7-bit resolution. describes the percentage of the maximum
current for each dot correction data. See for the Dot Correction Shift Register and data latch
configuration. illustrates the timing chart for writing data into the DC Shift Registers and latches. Each
channel LED current is dot-corrected by the percentage corresponding to the data in its DC data latch. DC data
present on the DCSIN pin are clocked into the DC Shift Register with each rising edge of the DCSCLK pin. Data
are shifted in MSB first. The data are latched from the shift register into the DC data latch with a rising edge on
the XDCLAT pin.

19
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Dot Correction Shift Register (7 Bits x 16 Channels)
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Figure 23. Dot Correction Shift Register and Latch Configuration

When the IC is powered on, the data in the Dot Correction Shift Register and data latch are not set to a specific
default value. Therefore, dot correction data must be written to the DC latch before turning on the constant
current output.

Status Information Data (SID)

Status information data (SID) are 17-bit, read-only data. Both the LED open detection (LOD) error and the
thermal error flag (TEF) are shifted out of the GSSOUT pin with each rising edge of the grayscale clock,
GSSCLK. The 16 LOD bits for each channel and the TEF bit are written into the 17 most significant bits of the
Grayscale Shift Register at the rising edge of the first GSSCLK after XGSLAT goes low. As a result, the previous
data in the 17 most significant bits are lost at the same time. No data are loaded into the other 175 bits.
shows the bit assignments. illustrates the read timing for the status information data.
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Figure 24. Status Information Data Configuration

20 ubmif Documentafion Feedbac BBT Copyri Texas Instruments Incorporated
Jdomeom/
WWW., (



http://focus.ti.com/docs/prod/folders/print/tlc5942.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBVS096B&partnum=TLC5942
http://focus.ti.com/docs/prod/folders/print/tlc5942.html

LC5947
b TEXAS

INSTRUMENTS

www.ti.com
SBVS096B-OCTOBER 2007—-REVISED OCTOBER 2007

The LOD data are updated at the rising edge of the 33rd GSSCLK pulse after BLANK goes low; the LOD data
are retained until the next 33rd GSSCLK. LOD data are only checked for outputs that are turned on during the
rising edge of the 33rd GSSCLK pulse. A '1' in an LOD bit indicates an open LED condition for the corresponding
channel. A '0' indicates normal operation. It is possible for LOD data to show a '0' even if the LED is open when
the grayscale data are less than 20h (32d). Therefore, the GS data must be set to 21h (33d) or higher to get
updated LOD data beyond 20h (32d).

The TEF bit indicates that the IC temperature is too high. The flag also indicates that the IC has turned off all
drivers to avoid damage by overheating the device. A '1' in the TEF bit means that the IC temperature has
exceeded the detect temperature threshold (Ttgg) and the driver is turned off. A '0' in the TEF bit indicates
normal operating temperature conditions. The IC automatically turns the drivers back on when the IC
temperature decreases to less than Trgr1hys. When the IC is powered on, LOD data do not show correct values.
Therefore, LOD data must be read from the 33rd GSSCLK pulse input after BLANK goes low. shows a
truth table for both LOD and TEF.

Table 4. LOD and TEF Truth Table

CONDITION
SID DATA LED OPEN DETECTION (LODn) THERMAL ERROR FLAG (TEF)
0 LED is connected (Voutn > Viop) Device temperature is low (temp < Ttgr_THyYs)
1 LED is open or shorted to GND (Voutn < Viop) Device temperature is high (temp > Tgf)

Continuous Base LED Open Detection

The LED Open Detection (LOD) circuit checks the voltage of each active (that is, on) constant current sink output
(OUTO through OUT15) at the rising edge of the 33rd GSSCLK after the falling edge of BLANK to detect open
and short LEDs to GND. The channels corresponding to the LOD bit in the Status Information Data register (SID)
are set to a '1' if the voltage of the OUTn pin is less than the LED open detection threshold (V. op = 0.3 Vqyp).
This status information can be read from the GSSOUT pin. No special test sequence is required for LED open
detection.

The LOD function automatically checks for open and short LEDs to GND during each grayscale PWM cycle. The
SID information of the LOD is latched into the LED Open Detection data latch and does not change until the
rising edge of the 33rd GSSCLK pulse following the next falling edge of BLANK. To eliminate false detection of
open LEDs, the LED driver design must ensure that the TLC5942 output voltage is greater than V, op when the
outputs are on. The GS data must be 21h (33d) or more to get the LOD result.

AVAE | Q « |

)T

9e0M PROM EROM 0COM 8BOM 980N

ce0d  ECOM RO BOME TR GEBME IE OE €€ 8E Y€ 9E 2

)be pnieiv ort ts (qyt V €.0) A0V nsrteeslai (V) ot IhTUGepstlov TUO b1€E onlt fo
1om09 tid dlI2 erif etee2 AOJ orit PIMALE 1o spbs pnillst ert 1sits HI1D22
I o%%e adno of behiore &8 i T roiriw ni lennso tugtuo [aght ot

)eeo

nTUO 1O 3 : 5
o 914 stsb (0) noitostsd neqO A3 aidT
ano o opbs pnizit bIEE txon ot litnu tqe
wol 2s0p ANAE 1efts )UC)?/?/Q
il stsA noitosted neqO A3 blO X

Figure 25. LED Open Detection (LOD) Timing
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Thermal Shutdown and Thermal Error Flag

The Thermal Shutdown (TSD) function turns off all of the constant current outputs on the IC when the junction
temperature (T,) exceeds the threshold (Tgg = +162°C, typ) and sets the thermal error flag (TEF) to '1'. All
outputs are latched off when TEF is set to "1' and remain off until the next grayscale cycle after the junction
temperature drops below (Trgr) — Tnys)). TEF is set to ‘0" once the junction temperature drops below (Trgr) —
Tvs)), but the outputs do not turn on until the first GSSCLK after BLANK goes low while TEF is set to '0'.
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Figure 26. TEF/TSD Timing

Noise Reduction

Large surge currents may flow through the IC and the board on which the device is mounted if all 16 LED
channels turn on simultaneously at the start of each grayscale cycle. These large current surges could introduce
detrimental noise and electromagnetic interference (EMI) into other circuits. The TLC5942 turns on the LED
channels in a series delay, to provide a current soft-start feature. The output current sinks are grouped into four
groups of four channels each. The first group is OUTO, 4, 8, 12; the second group is OUT1, 5, 9, 13; the third
group is OUT2, 6, 10, 14; and the fourth group is OUT3, 7, 11, 15. Each group turns on sequentially with a small
delay between groups; see Figure 3. Both turn-on and turn-off are delayed.

POWER DISSIPATION CALCULATION
The device power dissipation must be below the power dissipation rate of the device package illustrated in

to ensure correct operation. calculates the power dissipation of the device:
nod
|/| R
a X X X X Sar XRg
(4)
Where:

Vcc = device supply voltage

Icc = device supply current

Vout = OUTn voltage when driving LED current

Imax = LED current adjusted by Rrer) resistor

DCn = maximum dot correction value for OUTn (decimal)
N = number of OUTn driving LED at the same time

dpwwm = duty ratio defined by BLANK pin or GS PWM value
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PACKAGING INFORMATION

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

TLC5942PWP ACTIVE HTSSOP PWP 28 50 Green(RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)

TLC5942PWPG4 ACTIVE HTSSOP PWP 28 50 Green(RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

TLC5942PWPR ACTIVE HTSSOP PWP 28 2000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

TLC5942PWPRG4 ACTIVE HTSSOP PWP 28 2000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

TLC5942RHBR ACTIVE QFN RHB 32 3000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)

TLC5942RHBRG4 ACTIVE QFN RHB 32 3000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sbh/Br)

TLC5942RHBT ACTIVE QFN RHB 32 250 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

TLC5942RHBTG4 ACTIVE QFN RHB 32 250 Green(RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

@ 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 - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS 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.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry 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

www.BDTIC.com/TI


http://www.ti.com/productcontent

{’?TEXAS PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 21-Jan-2009

TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS
s |+ KO [4—P1—b|
OO0 006 0O T
ol o ’E Bo W
Reel X | — l
Diameter
Cavity +I A0 |<—
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

Tﬁwmmwn
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

1
I
v ® e
4--9--A
Q3 1 Q4 User Direction of Feed
%
T
N
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel A0 (mm) BO (mm) KO (mm) P1 w Pin1
Type |Drawing Diameter| Width (mm) | (mm) |Quadrant
(mm) |W1(mm)
TLC5942PWPR HTSSOP| PWP 28 2000 330.0 16.4 7.1 10.4 16 12.0 | 16.0 Q1
TLC5942RHBR QFN RHB 32 3000 330.0 12.4 5.3 5.3 15 8.0 12.0 Q2
TLC5942RHBT QFN RHB 32 250 180.0 12.4 5.3 5.3 15 8.0 12.0 Q2

Pack Materials-Page 1
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PACKAGE MATERIALS INFORMATION

Q? TEXAS
INSTRUMENTS
www.ti.com 21-Jan-2009
TAPE AND REEL BOX DIMENSIONS
A
/I;/
\// \\/
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLC5942PWPR HTSSOP PWP 28 2000 346.0 346.0 33.0
TLC5942RHBR QFN RHB 32 3000 346.0 346.0 29.0
TLC5942RHBT QFN RHB 32 250 190.5 212.7 31.8

Pack Materials-Page 2
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MECHANICAL DATA

PWP (R—PDSO—G**) PowerPAD™ PLASTIC SMALL—QUTLINE PACKAGE

20 PIN SHOWN

| —— Thermal Pad

4 (See Note D)
450 6,60 0,15 NOM
430 6,20 i

i Gage Plane

e

IR LY f—

A ) ﬁ )
| AL, ¢ s [ S A
0,15
L 1,20 MAX ,
005 [~]0,10
PINS **
DIM 14 16 20 24 28
A MAX 5,10 5,10 6,60 7,90 9,80
A MIN 4,90 4,90 6,40 7,70 9,60

4073225/H 12,/05

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

This package is designed to be soldere

Thermally Enhanced Package, Texas Ins

recommended board layout. This docu
E. Falls within JEDEC MO-153

PowerPAD is a trademark of Texas Instruments.

A

B.

C. Body dimensions do not include mold flash or protrusions. Mold flash and protrusion shall not exceed 0.15 per side.
D

d to a thermal pad on the board. Refer to Technical Brief, PowerPad
truments Literature No. SLMAOO2Z for information regarding
ment is available at www.ti.com <http: //www.ti.com>.

www.B
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THERMAL PAD MECHANICAL DATA

PWP (R-PDSO-G28) PowerPAD" SMALL PLASTIC OUTLINE

THERMAL INFORMATION

This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must ke soldered directly to the PCB. After soldering, the PCB can

be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,
con be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integroted circuit (I0.

For odditional information on the PowerPAD packoage and how to toke advantage of its heat dissipating
akilities, refer to Technical Brief, PowerPAD Thermally Enhanced Poackage, Texas Instruments Literature
No. SLMA0O2 and Application Brief, PowerPAD Moade Easy, Texas Instruments Literature No. SLMA004.

Both documents are available at www.ticom

The exposed thermal pad dimensions for this package are shown in the following illustration.

AHHAHAAHAH A
N » 0,26 HAX. 2 PLACES /B\
T I B — Exposed Thermal Pad
18’,;00 - 3 o _ / 1,25 MAX} PLACES /B\
: :
L TR |
ERELELEL R

Exposed Thermal Pad Dimensions
4206332-20/R  08/10

NOTE: A Al linear dimensions are in millimeters

Exposed tie strap features may vary in shape or may not ke present.

wip TExAs
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LAND PATTERN DATA

PWP (R—PDSO—-(G28) PowerPAD™ PLASTIC SMALL OUTLINE

Example Board Layout Stencil Openings
Via pattern and copper pad size Based on a stencw\.th\ckmess
may vary depending on layout constraints of .127mm (.005inch).
Reference table below for other
Increasing copper area will solder stencil thicknesses

enhance thermal performance
(See Note D)

18x1.30 —=|  |=— 26x0,65
21x80,30 | | 28x0,25 = | 1,557

5,60 // O»T%WO O O O 2,40 P (See Note E) Y
X
/ 77775778
S RARIA Y
Solder J R ,/ L

?Viik ]/ 6,17 Example Solder Mask 26x0,65 4—‘ ‘«
I —  Defined Pad
copper ; 9.70 (See Note C, D)
Example
* _____Non Soldermask Defined Pad
,//—/ \\\\\
//, \\\
/ el = AN - -
// ‘ ‘ 0.3 \\ Example Center Power Pad Solder Stencil Opening
Y T Solder Mask Opening . -
j / \ (See Note F) Stencil Thickness X Y
(,/ \ 0.7Tmm 6.6 2.6
1 ; 0.127mm 6.7 2.4
R Pad Geofnetry 0.152mm 55 23
\ 0,07 All Around // 0.178mm 5.6 2.2
\ /
AN /'
~ -
~ . -
4207609-16,/0 08/10
NOTES: A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Customers should place a note on the circuit board fabrication drawing not to alter the center
solder mask defined pad.

D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQO2, SLMAQO4, and also the Product Data Sheets.

E. For specific thermal information, via requirements, and recommended board layout. These documents
are available at www.ti.com <http: //www.ti.com>. Publication IPC-7351 is recommended for alternate designs.
Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
Customers should contact their board assembly site for stencil design recommendations. Example stencil

design based on a 50% volumetric metal load solder paste. Refer to IPC-7525 for other stencil
F. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
PawerPAD is a trademark of Texas Instruments.
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MECHANICAL DATA

RHB (S—PQFP—N.'.')Z) PLASTIC QUAD FLATPACK
T
B]
\
\
|
4,85 _———t
32
1
PIN 1 f
INDEX AREA
1,00 0,20 REF
0,80 9
C
Henmn x T SEATING PLANE
[=]0,08]C}
0,05 MAX
0,50
TUTOTTUT o
2P 1 ELI
) \ -
) | d
D) d L
7577777+7777767 4XE@
D) d
— i — _i
B) | —] r
Q0N ﬂ}ﬂ Q0N 0.50
FXPOSED THERMAL PAD 030
SEE NOTE D 32X §7g [@0.10 @[C]A[B]
Bottom View
4204326 /C xx/04

A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. QFN (Quad Flatpack No—Lead) Package configuration.

D The Package thermal pad must be soldered to the board for thermal and mechanical performance.
See product data sheet for details regarding the exposed thermal pad dimensions.

E. Falls within JEDEC MO-220.

NOTES:
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INSTRUMENTS

www.BDTTC.com/TI1



THERMAL PAD MECHANICAL DATA

RHB (S—PVQFN—-N32) PLASTIC QUAD FLATPACK NO—-LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

1 8
guuuuuuyu
) FExposed Thermal Pad
> (&
3,45£0,10 [ S
) d
D) d
) d
25 16
ANINANANARN
24 17
— 3,45+0,10 —p

Bottom View

Exposed Thermal Pad Dimensions

4206356-2/P 08/10

NOTE: A. All linear dimensions are in millimeters
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LAND PATTERN DATA

RHB (S—PVQFN—N32) PLASTIC QUAD FLATPACK NO—LEAD

Example Stencil Design
Example Board Layout 0.125 Thick Stencil
(Note E)
Note D — =05 - —— =—0,23 ‘ — =05 )
UUUUUUUU : kUUUUUU_
] } >
- = | 0,3~ —
3,45 — (] — ’ ‘ ‘ ]
(G O -
3,45#(: 1158 —-= Sl =415 5,75
| o o 145 (0.9 —
| _— — P -
00000000 00T
;"\ N ] ‘« 0,25 + \\ 0,25»‘ —~
i{<7 47 ——= \\\ -~ 4,10 ———
e R S L
j N (71% Printed Solder Coverage by Area)
'Non So\de‘rrercigtipef\med Pad \\\\\
j’/// \\\\\ Example Solder Mask Opening \\\ moyE\j(;:;péZp\g:diizy%f Eoemsé?poimts
// > S (Note F) \\ (Note D, F)
S 008 ‘ L0
/" RO14 P00, 5~
| ~Se ¢ O
I
| | —1,0
_— TP e R
S Al Around // O Cb G
T 4207808-2,/J 08,10

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

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

D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

E. 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 stencil design considerations.

F. Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.
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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.

Tl 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 TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI 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 Tl information in TI 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. 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.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

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

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions  www.ti.com/lprf Video and Imaging www.ti.com/video
Wireless www.ti.com/wireless-apps

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2010, Texas Instruments Incorporated
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