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16-Channel, Constant-Current LED Driver with Pre-Charge FET

Check for Samples: TLC59283

FEATURES
e 16-Channel, Constant-Current Sink Output
with On and Off Control

e Constant-Current Sink Capability:
35 mA (Ve £3.6V), 45 mA (Ve > 3.6V)

e LED Power-Supply Voltage: Up to 10 V
* Vee=3Vto55V
* Constant-Current Accuracy:

— Channel-to-Channel:

+1.4% (typ), £3% (max)

— Device-to-Device: £2% (typ), +4% (max)
e CMOS Logic Level I/O
» Data Transfer Rate: 35 MHz
* BLANK Pulse Width: 50 ns
e Pre-Charge FET for Ghosting Reduction
e Grouped Switching Delay for Noise Reduction
e Operating Temperature: —40°C to +85°C

COMn

APPLICATIONS
» Video Displays
 Message Boards

DESCRIPTION

The TLC59283 is a 16-channel, constant-current sink
light-emitting diode (LED) driver. Each channel can
be individually controlled with a simple serial
communications protocol that is compatible with 3.3-V
or 5V CMOS logic levels, depending on the
operating VCC. When the serial data buffer is loaded,
a LAT rising edge transfers the data to the OUTn
outputs. The BLANK pin can be used to turn off all
OUTn outputs during power-on and output data
latching to prevent unwanted image displays during
these times. The constant-current value of all 16
channels is set by a single external resistor.

Each constant-current output has a pre-charge field-
effect transistor (FET) that can reduce ghosting on
the multiplexing (dynamic) drive LED display. Multiple
TLC59283s can be cascaded together to control
additional LEDs from the same processor.
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Typical Application Circuit (Multiple Daisy-Chained TLC59283s)

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.

All 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
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m 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 AND ORDERING INFORMATION®

PRODUCT PACKAGE-LEAD ORDERING NUMBER TRANSPORT MEDIA, QUANTITY
TLC59283DBQR Tape and Reel, 2500
TLC59283 SSOP-24 and QSOP-24
TLC59283DBQ Tube, 50
TLC59283RGER Tape and Reel, 3000
TLC59283 QFN-24
TLC59283RGE Tape and Reel, 250

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or visit the
device product folder at www.ti.com.

ABSOLUTE MAXIMUM RATINGS®®

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

VALUE
UNIT
MIN MAX
Vee Supply -0.3 +6 \%
Volt VN Input range, SIN, SCLK, LAT, BLANK, IREF -0.3 Ve +0.3 \Y,
oltage
g v Output range, SOUT —0.3 Ve +0.3 \%
out Output range, OUTO to OUT15 03 +11 v
Current lout Output (dc), OUTO to OUT15 +50 mA
Timax) Operating junction +150 °C
Temperature
Tstg Storage range -55 +150 °C
o . Human body model (HBM) 3000 \%
Electrostatic discharge ratings ESD -
Charged device model (CDM) 2000 \%

(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.

THERMAL INFORMATION

TLC59283
THERMAL METRIC® DBQ RGE UNITS
24 PINS 24 PINS

03a Junction-to-ambient thermal resistance 91.5 42.9
8ictop Junction-to-case (top) thermal resistance 55.2 55.3
038 Junction-to-board thermal resistance 44.9 21.7 oW
Wit Junction-to-top characterization parameter 16.8 1.9
Wig Junction-to-board characterization parameter 44.5 21.8
B3chot Junction-to-case (bottom) thermal resistance N/A 8.8

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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RECOMMENDED OPERATING CONDITIONS
At T, = —40°C to +85°C, unless otherwise noted.

TLC59283
PARAMETER TEST CONDITIONS MIN MAX UNIT
DC CHARACTERISTICS (Ve =3V to 5.5 V)
Ve Supply voltage 3 5.5 Y
Vo Voltage applied to output OUTO to OUT15 10 \Y
" High SIN, SCLK, LAT, BLANK 0.7 x Ve Vee \Y;
Input voltage
Vi Low SIN, SCLK, LAT, BLANK GND 0.3 x Ve \%
Output current
loL Low SOuUT 2 mA
i OUTO to OUT15,3V <V £3.6 V 35 mA
loLc Constant output sink current
OUTO to OUT15,3.6 V< Vcc €55V 45 mA
Ta Operating free-air -40 +85 °C
Temperature range . -
T; Operating junction -40 +125 °C
AC CHARACTERISTICS (Vcc =3V to 5.5 V)
feLk (scLk) Data shift clock frequency SCLK 35 MHz
twHo SCLK 10 ns
twro SCLK 10 ns
twH1 Pulse duration LAT 20 ns
twH2 BLANK 100 ns
twi2 BLANK 50 ns
tsuo i S|NT,L - SCLKT 4 ns
Setup time
tsu1 LAT| — SCLKT 10 ns
] SINt| — SCLK 4 ns
Ho Hold time [ )
tyy LAT| — SCLK? 10 ns
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ELECTRICAL CHARACTERISTICS

All minimum and maximum specifications are at T, = —40°C to +85°C and Vc = 3 V to 5.5 V, unless otherwise noted.
Typical specifications are at T, = +25°C and V¢ = 3.3 V.

TLC59283
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vou High lon = -2 MA at SOUT Ve — 0.4 Vee Y,
Output voltage
Voo Low loL =2 mA at SOUT 0.4 \%
Vpche Pre-charged voltage lo =-10 pA Vee—2.0 Vec—-14 Vec-08 \%
V\Rer Reference voltage output Rirer = 1.5 kQ, Ta = +25°C 1.208 \
Iin Input current Vin = Vcc or GND at SIN and SCLK -1 1 MA
Icco SIN, SCLK, LAT = GND, BLANK = Voum = Vee, Rirer = Open 1 2 mA
| SIN, SCLK, LAT = GND, BLANK = Voumn = Vee, 3 4 mA
cC1 Rirer = 3 kQ (loyr = 17.6 mA target)
| Supply current (Vec) All OUTn = ON, SIN, SCLK, LAT, BLANK = GND, - 9 mA
cc2 Vourn = 0.8 V, Rger = 3 kQ
| All OUTn = ON, SIN, SCLK, LAT, BLANK = GND, 8 1 mA
ccs Voutn = 0.8V, Riger = 1.5 kQ (lout = 35.3 mA target)
All OUTn = ON, Voutn = Vourix = 0.8 V, Rirer = 1.5 kQ,
loLc Constant output current T, = +25°C (see Figure 8) 32.9 35.3 37.7 mA
T, = +25°C 0.1 uA
All OUTn = OFF, Voutn = Voursix = 10 V, ~ ore
loLkeo Output leakage current BLANK = Ve, Rier = 1.5 kQ (see Figure 8) T, =+85°C 0.2 MA
T,=+125°C 0.07 0.5 pA
Channel-to- All OUTn = ON, Vouth = Vourtsix = 0.8 V, Riger = 1.5 kQ, o
Blorco Constant- channel® Ta = +25°C (see Figure 8) 14 3 &
current error Device-to- All OUTn = ON, Voutn = Voursix = 0.8 V, Riger = 1.5 kQ
s . y . y "
Alotcs device® T = +25°C (see Figure 8) 2 4 %
DAloic;  Line regulation® All OUTn = ON, Vourn = Vouris = 0.8 V. Reer = 1.5 K £0.05 | %V
CC — .
Alowcs  Load regulation® Al ouTh = ON, Voutn = 0.8 V10 3V, Vourn = 0.8V, 105 ST,
IREF — -
Rpup Resist Pull-up BLANK 250 500 750 kQ
esistor
Rppwn Pull-down LAT 250 500 750 kQ
; i VCC =5.0V, Voyrn =0V, OUTO to OUT15,
Rpche Pre-charge FET on-resistance BLANK = Vg, Ta = +25°C 3 6 kQ

(1) The deviation of each output from the average of OUTO to OUT15 constant-current. Deviation is calculated by the formula:

|
A %)= ouTn -1| x100

(louto + loutt + - + loutta + loutis)
16
(2) The deviation of the OUTO to OUT15 constant-current average from the ideal constant-current value.
Deviation is calculated by the following formula:

(louto + loutt + -+ loutta * lout1s)
- (Ideal Output Current)
16

A (%) = x 100
Ideal Output Current

Ideal current is calculated by the formula:
1.208 V

lout(pear) = 43.8 x
IREF

(3) Line regulation is calculated by this equation:
(louth @t Ve = 5.5 V) = (loyry at Ve =3 V) 100

A (%/V) = X
(louth @t Vge =3V) 55V-3V

(4) Load regulation is calculated by the equation:

(loutn @t Vourn =3 V) = (loymn @t Voyra = 1V) 100
A (%IV) = x
(lourn at Voyrm =1V) 3V-1V
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SWITCHING CHARACTERISTICS

All minimum and maximum specifications are at T, = —40°C to +85°C, V¢ =3V t0 5.5V, C =15 pF, R, =110 Q,
Rirer = 1.5 kQ, and V g = 5.0 V, unless otherwise noted. Typical values are at T, = +25°C and Vc = 3.3 V.

TLC59283

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tro o SOUT (see Figure 7) 3 10 ns

Rise time -
tr1 OUTNn (see Figure 6) 44 ns
tro . SOUT (see Figure 7) 3 10 ns

Fall time -
tr OUTN (see Figure 6) 44 ns
tpo SCLK? to SOUT?T| 11 20 ns
to1 Propagation delay time LAT? or BLANK?1| to OUTO on or off, T = +25°C 60 100 ns
t Grouped OUTn on or off to next group on or off, 5 ns
b2 T =+25°C

. o) Output on or off latch data = all '1', 50-ns BLANK GND _

ton_err  Output on-time error level pulse, Ve = 3.3 V, Ta = +25°C 45 45 ns

(1) Output on-time error (ton_grr) iS calculated by the formula: ton_grr (NS) = tout_on — BLANK low level one-shot pulse width (tw ).
touT_on indicates the actual on-time of the constant-current output.

PIN CONFIGURATIONS

DBQ PACKAGE

SSOP-24 AND QSOP-24 RGE IT:A,\\IC;AGE
(TOP VIEW) (T8P VIEW)
Y =
o o w >
GND | 1 24| vCC o z =z m|
8 O] (5) s 8
SIN | 2 23 | IREF
B a SIEICKREIS
SCLK | 3 22 | souT
LAT | 4 21 | BLANK LAT [1)  p====---------5 (38 BLANK
1 1
ouTo | 5 20| OUT15 outo [2) 1 1 (7] outis
ouT1 | 6 19| OUT14 ouT1 [3) | thermaipad 1 (18] ouT14
1 . 1
out2 | 7 18| OUT13 outz [a) I (BotemSde 1 TE ourig
1 1
ouTs | 8 17| ouTi2 outs [5) | 1 (Ga] ourtz
ouTa | 9 16| OUT11 ouTa [6) Lemmmmmeemoood (T3] OUTH
ouTs |10 15| OUT10
[~ =] o] o) (7] &
ouTs |11 14| ouTe
[Te) © ~ oo} ()] o
ouT7 |12 13| ouTs 5E 5 5 5 5 C
O O O O O 8

NOTE: Thermal pad is not connected to GND internally. The thermal pad must be connected to GND via the printed circuit board (PCB)
pattern.
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PIN DESCRIPTIONS

PIN
NUMBER
NAME DBQ RGE /10 DESCRIPTION
All outputs empty (blank); Schmitt buffer input. When BLANK is high, all constant-current outputs
BLANK 21 18 | (OUTO to OUT15) are forced off and all pre-charge FETs are turned on. When BLANK is low, all
constant-current outputs are controlled by the data in the output on or off data latch and all pre-
charge FETSs are turned off. This pin is internally pulled up to V¢ with a 500-kQ (typ) resistor.
GND 1 22 — | Power ground
IREF 23 20 /o Constant-current value setting, the OUTO to OUT15 sink constant-current outputs are set to the
desired values by connecting an external resistor between IREF and GND.
Level-triggered latch; Schmitt buffer input. The data in the 16-bit shift register continue to transfer
to the output on or off data latch while LAT is high. Therefore, if the data in the 16-bit shift register
LAT 4 1 | are changed when LAT is high, the data in the data latch are also changed. The data in the data
latch are held when LAT is low. This pin is internally pulled down to GND with a 500-kQ (typ)
resistor.
ouTo 5 5 o Constant-current output. Each output can be tied together with others to increase the constant-
current. Different voltages can be applied to each output.
OuUT1 6 3 O Constant-current output
ouT2 7 4 O Constant-current output
OouT3 8 5 O Constant-current output
ouT4 9 6 O Constant-current output
OuUT5 10 7 O Constant-current output
OouT6 11 8 O Constant-current output
ouT7? 12 9 O | Constant-current output
OouT8 13 10 O Constant-current output
ouT9 14 11 O Constant-current output
OuUT10 15 12 O Constant-current output
OuT11 16 13 O | Constant-current output
OuUT12 17 14 O Constant-current output
OuUT13 18 15 O Constant-current output
OouT14 19 16 O | Constant-current output
OUT15 20 17 O Constant-current output
SCLK 3 24 | Serial data shift clock; Schmitt buffer input.
All data in the 16-bit shift register are shifted toward the MSB by a 1-bit SCLK synchronization.
Serial data input for driver on or off control; Schmitt buffer input.
SIN 5 23 | When SIN is high, the LSB is set to '1' for only one SCLK input rising edge. If two SCLK rising
edges are input while SIN is high, then the 16-bit shift register LSB and LSB+1 are set to '1'.
When SIN is low, the LSB is set to '0" at the SCLK input rising edge.
Serial data output. This output is connected to the 16-bit shift register MSB. SOUT data changes
SOuUT 22 19 O L
at the SCLK rising edge.
VCC 24 21 — | Power-supply voltage
6 Submit Documentation Feedback Copyright © 2012, Texas Instruments Incorporated
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FUNCTIONAL BLOCK DIAGRAM

VCC
VCC O—J
SINO I
LSB MSB
N\ 16-Bit Shift Register
SCLK O lT/ (1 Bit x 16 Channels) O SouT
0 15
N LSB MSB
LAT O 'U-/ Output On or Off Data Latch
(1 Bit x 16 Channels)
0O o [ ol 15
BLANK O >c |
16-Channel Constant-Current Sink Driver ALLOFF
IREF O with Grouped Switching Delay
I_ , VCC - 1.4V
Timing N O (typ)
L1 Control G (e
1 1
1 1
s ME N R M
1
1 1
GNDO—— ! g f I i
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O O e O O
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PARAMETER MEASUREMENT INFORMATION
PIN-EQUIVALENT INPUT AND OUTPUT SCHEMATIC DIAGRAMS
VCC . *
] .
_T VCC
INPUT ---
—
GND
_l * * GND

Figure 1. SIN and SCLK ]
Figure 4. SOUT

VCC :
—T * VCC
LAT }-— -- _o|
outn"”
GND ——
Fi 2. LAT o
lgure <. (1) n=0to15.
vee . Figure 5. OUTO Through OUT15
T
BLANK }-— --
GND *® * _l
Figure 3. BLANK
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TEST CIRCUITS

VvCC

RIREF GND

IREF OuUTn =

VLED

Figure 6. OUTn Rise and Fall Time Test Circuit

]

VCC

GND

_VCC SOUT j_
CL

T

Figure 7. SOUT Rise and Fall Time Test Circuit

IREF OU"I'n

Rirer GND OUT15

VCC  OUTO |—

!

VOUTn

T VOUTfix —|_

Figure 8. OUTn Constant-Current Test Circuit
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TIMING DIAGRAMS

tWHO* tWLOY tWH1' tWHZ' tWL2:

(1)

Input

=== Vee

GND
tWH tWL
tsuos tsuts thos that
=== VYee
I
I
U
scLk™ 50% — == === === mmmmm o m oo e e o
i
I
! --- GND
i s | t i
i i
! ! === Voo
I I
Data and Control 50% ' j
Clock” ° / .
I I
1 1
--- GND
(1) Input pulse rise and fall time is 1 ns to 3 ns.
Figure 9. Input Timing Diagram
,
tros tr> tros tr1s toos to1s tozs toas ton_err
=== Ve
Input<2) ----------------------
--- GND
tWLZ
0% —— - L === Von or Voyr,
Output 50% - ——---¥----"-"-"""———mmm— -
10% - -=f=-\—----------mo -1

tour_on

(l) tON_ERR is calculated by touTton — twio-
(2) Input pulse rise and fall time is 1 ns to 3 ns.

=== VoL 0rVoyr,

I I
- e tgorte

Figure 10. Output Timing Diagram
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DATA\/ DATA\/ DATA\/ DATA\/ DATA DATA\/ DATA\/DATA\/~ DATA DATA\/ DATAY/ DATA\/DATA m DATA
158 \ 148 A\ 138 A\ 128 A 118 38 A28 A\ 1B 08 15¢ A\_1ac A\ _13c A\ 12¢ 10CM .

tSO t1
WHO <—ts1
SCLK

SIN

1 2 3 4 5 13 14 15 16 1 2 3 4 5 6
e 1 —- twio
LAT
Shift Register DATA\/DATA\/ DATA DATA DATA\/ DATA\/DATA\/DATA\/~ ~~ "~ """~
LSB Data (intenal) &5 &5 &5 S €5 €5 €55 €5 65 S

Shift Register
LSB+1 Data (Internal)

. DATA\/DATA\/ DATA DATA DATA\/ DATA\/ DATA\/DATA\/ DATA\/~ ~ ~~~~ "~~~
4B 3B 2B 1B 08 A 1sc A\ 1ac A 13c A\ 12c A _______

e (mermal @600 6 D 5 €5 €5 69 @ S

MSB-1 Data (Internal) 2a A_1a A\ is8 148 e A\ 128A 1B A 108A 8 A ________
Shift Register . DATA DATA DATA DATA\/ DATA\/ DATA\/DATA\/DATA\/ ~~~~~~"~

MSB Data (Internal) 3A A_2a A\ 1A 158 18 A 138 A 128 A B A 18 A _ _______

Output On or Off Control X

)
" « Previous On or Off Control Data X Latest On or Off Control Data
Data Latch (Internal) )]

DATA\/DATA\/ DATA DATA DATA\/ DATA \/ DATA\/DATA \/ DATA
sout 4 &6 &0 &0 ST 69 ¢ ¢ ¢ €5 G
tro/tro =tz
BLANK "
D]
bz
OFF it B tm tD1 OFF
ouTo ON « / \
ON ===- ”? touTon
pr L‘tm too OFF
OFF m/m ™— —~ . —_— T |f——m——————
OUT1, 15 ON « } \
ON ===-- D) 1 tesq
o trq OFF
FF —m— ™| -
ouT7,9 ON « / \
ON =-====-- D)
- toa toa "' OFF
OFF —J --------
ouT8 ON « / \
ON ======-- D)
ON ON

Pre-Charge FET O?:’: \ OFF « /_\ A

- ”

:

(1) Output on or off data = FFFFh.
(2) ton_err = touTon — twi2-

Figure 11. Data Write and Output On or Off Timing Diagram
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TYPICAL CHARACTERISTICS
At T, = +25°C and V¢ = 3.3V, unless otherwise noted.
REFERENCE RESISTOR OUTPUT CURRENT vs
vs OUTPUT CURRENT OUTPUT VOLTAGE (VCC =3.3V)
100 50
45| VCC=33V || — 10=35mA — Ip=10mA
Voutn = 0.8V — 10=30MA = Io=5mA
_ 40 | Ta=+25°C — —— 10=20MA =— I5=2mA
g 5 26.5 T i
= A\ E /
3 = 30 /
7 \10.6 5 V4
x 10 A\, 5 25
p N 3 /
o N 5.29 5 20 I
g NS 3.53 3 15
g \\ 2.65 S
\&ﬁ‘ 176 oo 10
§ 1.32 5
1 \‘\‘1.18 o
0 10 20 30 40 50 0 0.5 1 1.5 2 25 3
Output Current (mA) 5020 Output Voltage (V) G000
Figure 12. Figure 13.
OUTPUT CURRENT vs OUTPUT CURRENT vs OUTPUT VOLTAGE
OUTPUT VOLTAGE (VCC =5.0V) (VCC = 3.3V, Magnified)
55 39
50 | VCC=5.0V,Voym=08V,TA=+25C _ ! i VCC =33V
lo = 45 mA 38 | Vourn=0.8V
45 - lo =35 mA
lo = 40 mA o
2 40 ° - z 87
% 35 lo=35mA | % %
g 30 lo =30 MA - @
S 5 35 B ——
o 25 lo =20 mA | o ﬁ
5 20 | - 5 34 ,
S / =1 .I
o 15 lo=10mA | © 33 A -
10 - : eeees Tp=-40°C
lo=5mA 32 Hl — Tp=+25°C
> lo=2 mA — N — - Ta=+85°C
0 31
0 0.5 1 15 2 25 3 0 0.5 1 15
Output Voltage (V) G001 Output Voltage (V) 004
Figure 14. Figure 15.
OUTPUT CURRENT vs OUTPUT VOLTAGE
(VCC =5.0 V, Magnified) Alg c vs AMBIENT TEMPERATURE
39 3
VCC =50V Vourn=0.8V
38 | Vourn=0.8V lo = 20 mA
lo = 35 mA 2
2 37
£ 1
= 36 —_
& g
= 35 9 0
) il 3
2 34 3
it .
% 'I" Ta=-40°C
: ceeer Tp= S
32 : — Ta=+25°C — VCC=33V
3,’ —- Ta=+85°C| ] e VCC=5.0V
31 -3
0 0.5 1 15 -40 -20 0 20 40 60 80 100
Output Voltage (V) G005 Ambient Temperature °C) Goos
Figure 16. Figure 17.
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C and V¢ = 3.3 V, unless otherwise noted.

SUPPLY CURRENT vs OUTPUT CURRENT SUPPLY CURRENT vs AMBIENT TEMPERATURE
12 12
== VCC=50V = \VCC=33V
11 | == VCC =33V ’,’— 11| ==+ VCC=5.0V
-
/’ e e o e e e e e - — e — =
10 P 10
-
9 =
_ = —
< - < 9
3 8 _ - ’/// <
Q - Q
5] Re] 8
- 7 ,/
6 SIN = 17.5 MHz 7 SIN = 17.5 MHz
SCLK = 35 MHz SCLK =35 MHz
5 All Outputs On 6 All Outputs On
T, = +25°C lo = 35 mA
. 5
4 0 10 20 30 40 50 -40 -20 0 20 40 60 80 100
Output Current (mA) 016 Ambient Temperature (C) G008
Figure 18. Figure 19.
CONSTANT-CURRENT OUTPUT
VOLTAGE WAVEFORM
SR R R A IR LS R RN R R
Channel 1 i : : CH1-BLANK P PP i
(5 Vidiv) f : S
Channel 2 | ' CH2-0UTO
(2 vidiv) | # (BLANK =50 ns) 3
Channel 3 E f } 1 t t : | : =
(2 V/div) flo=35mA : \"'*-m ; CH3-0UT1 E
E T, = +25°C (B,LANK,_ 50 ps) ]
LR =110Q . : IR [T i ot
Channel 4 F : : S
- E CH4-0UT2 E
(2 Vidiv) | A BLANK =50 ns) ]
3 ST PR ST PSR ST N
Time (20 ns/div)
G021
Figure 20.
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DETAILED DESCRIPTION

CONSTANT SINK CURRENT VALUE SETTING

The constant-current values are determined by an external resistor (Riger) placed between IREF and GND. The
resistor (Rrep) value is calculated by Equation 1.

Rier (k) = —reE M) 438
loLc (MA)
Where:
V|rer = the internal reference voltage on the IREF pin (typically 1.208 V) (2)
loLc Must be set in the range of 2 mA to 35 mA when V¢ is less than 3.6 V. Also, when V is equal to 3.6 V or
greater, lo c must be set in the range of 2 mA to 45 mA. The constant sink current characteristic for the external

resistor value is illustrated in Figure 12. Table 1 describes the constant-current output versus external resistor
value.

Table 1. Constant-Current Output versus External Resistor Value

loc (MA) Rirer (kQ, Typical)

45 (Vee > 3.6 V only) 118
40 (Vee > 3.6 V only) 1.32
35 1.51

30 1.76

25 2.12

20 2.65

15 3.53

10 5.29

10.6

26.5

CONSTANT-CURRENT DRIVER ON OR OFF CONTROL

When BLANK is low, the corresponding output is turned on if the data in the on or off control data latch are '1'
and remains off if the data are '0'. When BLANK is high, all outputs are forced off. This control is shown in
Table 2.

Table 2. Output On or Off Control Data Truth Table

CONSTANT-CURRENT OUTPUT
OUTPUT ON OR OFF DATA STATUS
0 Off
On

When the device is initially powered on, the data in the 16-bit shift register and output on or off data latch are not
set to default values. Therefore, the output on or off data must be written to the data latch before turning the
constant-current output on. BLANK should be high when powered on because the constant-current may be
turned on as aresult of random data in the output on or off data latch.
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REGISTER CONFIGURATION

The TLC59283 has a 16-bit shift register and an output on or off data latch. Both the shift register and data latch
are 16 bits long and are used to turn the constant-current outputs on and off. Figure 21 shows the shift register
and data latch configuration. The data at the SIN pin are shifted into the 16-bit shift register LSB at the rising
edge of the SCLK pin; SOUT data change at the SCLK rising edge.

16-Bit Shift Register (1 Bit x 16 Channels)

1 1
! MSB LSB H
: 15 14 13 12 1" 4 3 2 1 0 :
: On or Off On or Off On or Off On or Off : i On or Off On or Off On or Off On or Off H SIN
SOUT -«—+—{ Data for Data for Data for Data for 1 : Data for Data for Data for Data for 1
: ouT15 ouT14 ouT13 ourz | :. . I OouT3 ouT2 ouT1 ouTo - SCLK
1
i i
1 1
1 1
------ } --------J--------l'-------I-------T----------------l-------l--------J--------J-------[------
1 1
1 .o 1
S SN AN A S | A S S S M N :
1 1
1 1
H MSB LSB H
: 15 14 13 12 1" 4 3 2 1 0 :
............ r———————
: On or Off On or Off On or Off On or Off : 1 On or Off On or Off On or Off On or Off :
1 Data for Data for Data for Data for 1 : Data for Data for Data for Data for l—— | AT
: OuT15 ouT14 ouT13 0ouT12 :. I ouT3 ouT2 OuT1 ouTo H
................... !
: 1
1 1
1 1
Output On or Off Data Latch (1 Bit x 16 Channels) :1/16 Bits

To Constant-Current Driver Control Block

Figure 21. 16-Bit Shift Register and Output On or Off Data Latch Configuration

The output on or off data in the 16-bit shift register continue to transfer to the output on or off data latch while
LAT is high. Therefore, if the data in the 16-bit shift register are changed when LAT is high, the data in the data
latch are also changed. The data in the data latch are held when LAT is low. When the device initially powers on,
the data in the output on or off shift register and latch are not set to default values; on or off control data must be
written to the on or off control data latch before turning the constant-current output on. All constant-current
outputs are forced off when BLANK is high. The OUTn on or off outputs are controlled by the data in the output
on or off data latch. The writing data truth table and timing diagram are shown in Table 3 and Figure 22,
respectively.

Table 3. Truth Table in Operation

SCLK LAT BLANK SIN OUTO0...0UT7...0UT15 SOuUT
I High Low Dn Dn...Dn-7...Dn-15 Dn-15
i Low Low Dn+1 No change Dn-14
1 High Low Dn +2 Dn+2..Dn-5...Dn-13 Dn-13
l — Low Dn+3 Dn+2..Dn-5...Dn-13 Dn-13
l — High Dn+3 Off Dn-13
Copyright © 2012, Texas Instruments Incorporated Submit Documentation Feedback 15
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
D15 D14 |D13 | D12 |D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 D1 DO
ST 1 ] e [l
LAT | |
BLANK | I
Do
OFF
ouTo
ON
OFF
OUTH D1
ON
OFF
ouT2 D2
ON
D3 OFF
OuT3
ON
OFF
OuUT15 D15
ON
SOuUT Don’t Care D15

Figure 22. Operation Timing Diagram

NOISE REDUCTION

Large surge currents may flow through the device and board if all 16 outputs turn on or off simultaneously. These
large current surges can induce detrimental noise and electromagnetic interference (EMI) into other circuits. The
TLC59283 independently turns on or off the outputs for each group with a 1-ns (typ) delay time; see Figure 11.
The 16 outputs are grouped into nine groups of either one or two outputs: group 1 (OUTO), group 2 (OUT1 and
OUT15), group 3 (OUT2 and OUT14), group 4 (OUT3 and OUT13), group 5 (OUT4 and OUT12), group 6 (OUT5
and OUT11), group 7 (OUT6 and OUT10), group 8 (OQUT7 and OUT9), and group 9 (OUT9). Both turn-on and
turn-off times are delayed when BLANK transitions from low to high or high to low. Also when output-on and -off
data are changed at the LAT rising edge while BLANK is low, both turn-on and turn-off times are delayed.
However, the state of each output is controlled by the data in the output on or off data latch and the BLANK
level.
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Internal Pre-Charge FET

The internal pre-charge FET prevents ghosting of multiplexed LED modules. One cause of this phenomenon is
the parasitic capacitance charging current of the constant-current outputs (OUTn) and PCB wiring connected to
OUTn through the LED. One of the mechanisms is shown in Figure 23.

In Figure 23, the constant-current driver turns LEDO-0 on at (1) and off at (2). After LEDO-0 is turned off, the
OUTO voltage is pulled up to Vg by LEDO-0. This OUTO node has some parasitic capacitance (such as the
constant-current driver output capacitance and the board layout capacitance shown as C0-2). After LEDO-0 turns
off, SWPMOSO is turned off, SWNMOSO is turned on for COMO, and COMO is pulled down to GND. Because
there is a parasitic capacitance between COMO and OUTO, the OUTO voltage is also pulled down to GND.
Afterwards, SWPMOS1 is turned on for the next common line (COM1). When SWPMOS1 turns on, the OUTO
voltage is pulled up from the ground voltage to V,gp — V. The charge current (Icyrg) flows to the parasitic
capacitor (C0) through LED1-0, causing the LED to briefly turn on and creating a ghosting effect of LED1-0.

VLED COMO is VLED level.
) | (LED Power-Supply) ‘ ‘ SW ON --
: i i i | PMOSO0  OFF - -- .
! sSwW ! ! ! COMO is GND level.
I | I —_— [r—————————
_C* PMOS1 ! ! ‘ sw ON
LED1-1 LED1-2, NMOS0
L4t com1 OFF - - ———
| ' ON COM1 is VLED level.
_ —{ ! =7 =7 =7 : sw
< SwW \ T Parasitic Capacitor PMOST  oFF --
[5] p— ~ | i
2 |nmost = N HEPTOLmmonen o= o EE L W ON - —COMIis GND level.
H vep o [ e : NMOS1  oFF - - [
c —_— R — R — 1
3 ~ 1= - = 1 iah - -
S~o | I H High
2 sw elowks | e sank o] L.
(=) PMOS0 } ‘
a e T T COMO ON --- --
w 1 OouTOo
- *{ ; ; : OFF - -—l_
! VLED -- ‘
SW— LEDO-0 LEDO-1 LEDO-2 1 ouTo Vene
NMOSO0 I} Voltage VLED — V. ——- 4 ‘ f s .
ouTo ouT1 1OUT2 F
RS —— ————GND
Ordinal ! LEDO-0 20mA --- /
LED Driver ouTo || ouT1 out2 |F- Curent g mA - — .
ON ON ON o /1 \
| IéED1-fi 20 mA - -- ] ---
Constant-Current urren __ L
Output * (D omh ‘ R
|
e M @ @\ @
""""""" . i Ghost phenomenon is observed
e OUTO voltage is pulled down to GND side when COM1 goes up to VLED.
- by the coupling with LED lamp capacitor
between COMO and OUTO.
Figure 23. LED Ghost-Lighting Phenomenon Mechanism
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The TLC59283 has an internal pre-charge FET to prevent ghosting, as shown in Figure 24. When a small delay
after PWM control for a single common line completes, the FET pulls OUTn up to V. The charge current does
not flow to CO through LED1-0 when SWMOSL1 is turned on and the ghosting is eliminated at (3). However,
depending on the LED anode voltage, the number of LEDs in series, the LED forward voltage, and the
TLC59283 V¢ supply voltage, there may not be a great enough ghost-canceling effect.

VLED
(LED Power-Supply)

] I
1 I
I I
! ! COMO is VLED level.
ﬂ[ﬁpmo& LED1-1 sw  ON--
| PMOSO  OFF -
! COMO is GND level.
5 ‘\ ; SwW ON f
g sw L\ Ebio NMOSO  OFF --
° NMOS1 ~ o e LT COM?1 is VLED level.
» \ SW ON --
2 VLED PMOS1  OFF __4|
- ~ v
~ COM1 is GND level.
.g Sw T SwW ON == —m——— —
a PMOSO | TTTTTTT NMOS1  OFF
[m]
w High --
-
—{ BLANK
SwW
= LEDO-0 ON
NMOS0 ouTo OFF --
PCHGON ~ ON --
Signal —l
VCC O———— I
| VLED -- VCC - 1.4V (typ)
! ouTo v
| Voltage cHG
l VLED - V; _—
Tming | b ---——F-J-—————
BLANK GND
Control LEDO-0 20 mA —/_
OuTO { Current 0OMmA == - -
1 \
LED1-0 20mA ‘ i -
Constant-Current Current 0OmA -- (U
Output ‘ o
TLC59283 ) ®) (4)
LED Driver Ghost phenomenon not seen
Figure 24. LED Ghost-Lighting Mechanism by Pre-Charge FET
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NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision A (June 2012) to Revision B Page
¢ Changed HBM ESD rating maximum specification in the Absolute Maximum Ratings table ............ccccooiiiiiiii e, 2
¢ Changed lc¢, typical and maximum specifications in Electrical Characteristics table ............ccccccvviiiiiiii e, 4
¢ Changed I¢; typical specification in Electrical Characteristics table ... 4
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
@ Drawing @ @) @
TLC59283DBQ ACTIVE SSOP DBQ 24 50 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR -40t0 85  TLC59283 m

& no Sh/Br)

TLC59283DBQR ACTIVE SSOP DBQ 24 2500 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR -40t0o 85  TLC59283 m
& no Sh/Br)

TLC59283RGER ACTIVE VQFN RGE 24 3000 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR -40t0 85 TLC m
& no Sh/Br) 59283

TLC59283RGET ACTIVE VQFN RGE 24 250 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR -40to 85 TLC m
& no Sb/Br) 59283

@ 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, TI 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.

@ Only one of markings shown within the brackets will appear on the physical device.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TLC59283RGER VQFN RGE 24 3000 330.0 12.4 425 | 425 | 115 | 8.0 12.0 Q2
TLC59283RGET VQFN RGE 24 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 26-Mar-2013
TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLC59283RGER VQFN RGE 24 3000 367.0 367.0 35.0
TLC59283RGET VQFN RGE 24 250 210.0 185.0 35.0
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MECHANICAL DATA

DBQ (R*PDSO*GZZL) PLASTIC SMALL—OQUTLINE PACKAGE
0.344 (8,75)
¢ 0.337 (8,55) ’

0RAARRAARAD i

NN, pcats
N i
HMHHHHHHHH@ ,
ot o e s

\@\0005 (0,13) @]

0.010 (0,25)
L 0.069 (1,75) Max 0.004 (0,10)
0.010 (0,25) /
0.005 (0,15)1
[ \ \
. t K / / \ ) [ [a00% 070)
Gauge Plane _4_ D —a ? Seating Plane
0.010 (0,25) -8
0.035 (0,89)
0.016 (0,40) !

4073301-4/H 10/2008

. All linear dimensions are in inches (millimeters).

NOTES: A
B. This drawing is subject to change without notice.
C
D

. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15) per side.
. Falls within JEDEC MO-137 variation AE.
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LAND PATTERN DATA

DBQ (R—PDS0—-G24) PLASTIC SMALL OUTLINE PACKAGE

Example Board Layout Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).

240,35~ - - =22x0,635

— = 24x0,5 — =22x0,635
LT o478 ML
i i

i i
N Ty

/
/
//r‘\\

}/ »} ko,a&a\\

Solder Mask Openi
, . \er sk Opening

I Pod Geometry

\ /

\ ~ 10,05 /
. 040
AN /

. e

-~ —

4210335—-4/C 07/11

NOTES: All linear dimensions are in millimeters.

This drawing is subject to change without notice.

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

RGE (S—PVQFN—N24)

PLASTIC QUAD FLATPACK NO—-LEAD

PIN 1 INDEX AREA —
TOP AND BOTTOM

1

20 REF.

vy

SEATING PLANE

P
a1

0,00
—p 0,50 24y 0,50
w 1 1 ‘ . f 0,30
Jyygtduu_|
24 D 7 T
D THERM ‘L PAD C
D SIZE ANL SHAPE C
75 73}—{07WN ON SﬁPARATE gHF Ei
D) | -
19 ‘ 2
alalaliaNals
18 13 24y 8 fé)
0,10 @M[clalB
@ 0,05 @[C

4204104 /G 07 /11

NOTES:

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.

This drawing is subject to change without notice.

Quad Flatpack, No—Leads (QFN) package configuration.

The package thermal pad must be soldered to the board for thermal and mechanical performance.

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

Falls within JEDEC MO-220.
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THERMAL PAD MECHANICAL DATA

RGE (S—PVQFN—N24)

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.

PIN 1 INDICATOR

C 0.30
1 6
Juudjuuu
2435 a7
T > R Y4 /2/— Exposed Thermal Pad
A
2,10+£0,10 =) + =
D) (an
! > -
19 D) 12
AN NN NN
18 13
< P> 2,10£0,10
Bottom View
Exposed Thermal Pad Dimensions
4206344-6/AC 03/13
NOTES: A. All linear dimensions are in millimeters
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LAND PATTERN DATA

RGE (S—PVQFN—N24)

PLASTIC QUAD FLATPACK NO—-LEAD

Example Stencil Design
Pin 1 Via Example Board Layout 0.125 Thick Stencil
Keep Out Area (Note E)
0,72mm square ZOXO 5 _>| |<—20XO,5
Note D— L -— 24x08 — 4=~ - =
O O O] T Ll:) il
0 0 of & 31 48 = UL o glsy s
B — 240231 2 ] = T
> [0 0 O] 1 ' — —
D — RO, 1Mo  4x0.825 4xo 825 (—
, \ - ! _—
A0p0nd 00001
Fa= N s
,'/ ’ \\\ (60% Printed Solcfez Coverage by Area)
/ AN
l/ \\\\

,'/ Non Solder Mask Defined Pad \\\ ‘Example Via Layout Design
/[ « Via layout may vary depending
[T T \\ on layout constraints

’/ e ... Example Solder Mask Opening AN (Note D, F)
/4 AN AN
(Note F) AN
/o 008 N\ 21 9x00,3
i RO,14
; O O @
| 1,5 075 G_i Of 2,1
I\‘ Pad Geometry ]
\ 0.07 j (Note C) j—-f__ep Q
\All Around J_,| i: 0.75
\ 1,9
\\
\\\
""""" 4207991-5/N  08/12

These documents are available at

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
Refer to IPC 7525 for stencil design

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.
www.ti.com <http: //www.ti.com>.

E
contact their board assembly site for stencil design recommendations.
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, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not 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 relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions of Tl 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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