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24-Channel, Constant-Current LED Driver With
Global Brightness Control And LED Open-Short Detection
Features 2 Applications

24-Channel Constant-Current Sink Output With
On-Off Control

Current Capability:
35 mA for 16 Channels
26.2 mA for 8 Channels

Global Brightness Control (BC) for Each Color
Group: 7-Bit (128 Step), Three Groups

LED Power-Supply Voltage up to 15 V
Vec=3V1to55V

Constant-Current Accuracy:
Channel-to-Channel = £1%
Device-to-Device = +3%

CMOS Logic Level I/0

Data Transfer Rate: 35 MHz

BLANK Pulse Duration: 15 ns

Open-Load, Shorted-Load, and Overtemperature
Detection

Thermal Shutdown (TSD) With Auto Restart
Delay Switching to Prevent Inrush Current
Operating Temperature: —40°C to 85°C
Packages: HTSSOP-32, QFN-32

* Full-Color LED Displays
+ LED Signboards

3 Description

The TLC5952 device is a 24-channel, constant-
current sink driver. Each channel can be turned on or
off with internal register data. The output channels
are grouped into three groups of eight channels each.
Each channel group has a 128-step global brightness
control (BC) function. Both on-off data and BC are
writable via a serial interface. The maximum current
value of all 24 channels is set by a single external
resistor.

The TLC5952 device has three error detection
circuits: LED-open detection (LOD), LED-shorted
detection (LSD), and a thermal error flag (TEF). The
error detection is read via a serial interface.

Device Information"
PACKAGE BODY SIZE (NOM)
HTSSOP (32) 11.00 mm x 6.20 mm

PART NUMBER
TLC5952

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

Typical Application Circuit (Multiple Daisy-Chained TLC5952s)
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5 Pin Configuration and Functions

DAP PowerPAD™ Package
32-Pin HTSSOP With Exposed Thermal Pad

Top View
o O 3
eNo 1 32 [J IREF
SN2 | :31:|vCC
SCLK (] 3 ! 130 [ souT
LAT ] 4 : 129 [ BLANK
OUTRO ] 5 | : 28 [ ouTs?
OUTGO ] 6 : 127 [ OUTG?
OUTBO [] 7 | : 26 [ OUTR?
OUTR1 ] 8 : Thermal 125 [ OUTB6
ouTG1 9 Pad 124 ] OUTG6
OUTB1 ] 101 : 23 [ OUTR6
OUTR2 ] 11 : 122 |3 outss
OUTG2 [ 12 : 21 |3 outes
ouTs2 ] 13! 120 [ OUTR5
OUTR3 ] 14: 119 [ OuUTB4
ouTG3 ] 151 : 18 |7 ouTG4
outB3 (] 16'-————————————— —~ 17 |3 OUTR4
Not to scale
Pin Functions
PIN
/0 DESCRIPTION
NAME NO.
All outputs are blank. When BLANK is high, all constant-current outputs (OUTR0-OUTR?,
BLANK 29 OUTGO0-OUTG?7, and OUTB0—OUTB?7) are forced off. When BLANK is low, all constant
current outputs are controlled by the on-off control data in the data latch.
GND 1 — Power ground
IREF 30 /o Reference current terminal. The maximum current for the outputs OUTRO-OUTRY7,
OUTGO0-OUTG?7, and OUTB0—-OUTB?Y is set with a resistor from IREF to GND.
LAT 4 | Edge-triggered latch. The rising edge of LAT latches the data from the common shift register
into the output on-off data latch. See the Output On-Off Data Latch section for more details.
7.10. 13 16 Constant-current outputs for the BLUE LED group.
OUTB0O-OUT ’19 ’22 ’25 ’ o Multiple outputs can be configured in parallel to increase the constant-current capability.
B7 ’ 28’ ’ Different voltages can be applied to each output. These outputs are turned on or off by the
BLANK signal and the data in the output on-off control data latch.
6.9 12 15 Constant-current outputs for the GREEN LED group.
OUTGO0-0OUT 1!8 ’21 ’24 ’ o Multiple outputs can be configured in parallel to increase the constant-current capability.
G7 ’ 27’ ’ Different voltages can be applied to each output. These outputs are turned on or off by the
BLANK signal and the data in the output on-off control data latch.
5.8 11, 14 Constant-current outputs for the RED LED group.
OUTRO-OUT 1‘7 ’20 ‘23 ’ o Multiple outputs can be configured in parallel to increase the constant-current capability.
R7 ’ 26’ ’ Different voltages can be applied to each output. These outputs are turned on or off by the
BLANK signal and the data in the output on-off control data latch.
Serial data shift clock. Data present on SIN are shifted to the LSB of the common shift
SCLK 3 | register with the rising edge of SCLK. Data in the shift register are shifted toward the MSB at
each rising edge of SCLK. The MSB data of the common shift register appear on SOUT.
SIN 2 | Serial data input for the 25-bit common shift register
Serial data output. The MSB of the 25-bit common shift register is shifted out at the rising
SouT 30 0 edge of SCLK.
Vee 31 — Power-supply voltage
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6 Specifications
6.1 Absolute Maximum Ratings™ @
Over operating junction temperature range, unless otherwise noted.
PARAMETER MIN MAX UNIT
Vocc  Supply voltage Vee -0.3 6 \
OUTRO0-OUTR7, OUTG0-OUTG7 45
lour Output current (dc) mA
OUTB0-OUTB7? 35
VN Input voltage range | SIN, SCLK, LAT, BLANK, IREF -0.3 Vo + 0.3 \%
SOUT -0.3 Vee + 0.3
Vout Output voltage range "
OUTR0-OUTR7, OUTG0-OUTG7, OUTB0O-OUTB7 -0.3 16
-I;J(ma Operation junction temperature 150 °C
X
Tsg  Storage temperature range -55 150 °C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 (") +2000
Viesp)  Electrostatic discharge Charg(ze)d-device model (CDM), per JEDEC specification JESD22- +500 v
C101 =

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Pins listed as
+2000 V may actually have higher performance.

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Pins listed as +500 V
may actually have higher performance.
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6.3 Recommended Operating Conditions
At T, = —40°C to 85°C, unless otherwise noted.

PARAMETER MIN NOM MAX | UNIT

DC CHARACTERISTICS: Vcc =3 Vto 5.5V

Vee Supply voltage 3 55 \
Vo Voltage applied to output 88$E§:881§77 » OUTGO-OUTG7, 15 v
Viy High-level input voltage SIN, SCLK, LAT, BLANK 0.7 x Ve Vee \Y
Vi Low-level input voltage SIN, SCLK, LAT, BLANK GND 0.3 x Ve Vv
lon High-level output current SOuT -1 mA
loL Low-level output current SOuUT 1 mA

. OUTRO-OUTR7, OUTG0-OUTG7 35
loLc Constant-output sink current mA
OuTB0-OUTB7 26.2

T Qpertng amoin 40 5|
K tomperatute 40 125 °C
AC CHARACTERISTICS, Vcc=3Vto 5.5V

foLk (scLk) Data shift clock frequency SCLK 35 MHz
twHo SCLK 10 ns
twLo SCLK 10 ns
twH1 Pulse duration LAT 15 ns
twhe BLANK 15 ns
twie BLANK 15 ns
tsuo , SIN — SCLK1 4 ns

Setup time
tsu1 LAT? — SCLK? 150 ns
tHo Hold time SIN — SCLK?t 3 ns
tH1 LAT? — SCLK? 10 ns
6.4 Thermal Information
TLC5952
THERMAL METRIC(" DAP (TSSOP) UNIT
32 PINS

Rosa Junction-to-ambient thermal resistance 28.3 °C/W
Reuc(top) Junction-to-case (top) thermal resistance 20.6 °C/W
Ros Junction-to-board thermal resistance 10.7 °C/W
AL Junction-to-top characterization parameter 0.3 °C/W
LAL: Junction-to-board characterization parameter 10.6 °C/W
Reuc(oot) Junction-to-case (bottom) thermal resistance 2.6 °C/W

(1) For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.
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6.5 Electrical Characteristics

At T; = -40°C to 150°C, Vo =3 V10 5.5V, and V gp = 5 V, unless otherwise noted. Typical values are at T, = 25°C and V¢
=3.3V.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vou High-level output voltage | oy = —1 mA at SOUT Voo — 0.4 Voo Vv
VoL Low-level output voltage | lo. = 1 mA at SOUT 0.4 Vv
In Input current V| = Vgc or GND at SIN, SCLK, LAT, and BLANK -1 1 pA
SIN, SCLK, LAT = low, BLANK = high,
Voutan, -an, -8n = 1V, BCR, -G, -B = 7Fh, 1 3

Rirer = 24 kKQ (loutrn/Gn = 2 MA target, loyte, = 1.5 mA target)
SIN, SCLK, LAT = low, BLANK = high,

VOUTRn, -Gn, -Bn = 1 Vv BCR; 'G: -B= 7th 8 14
Rirer = 2.4 kQ (loutrnan = 20 MA target, loyten = 15 mA target)
lec Supply current mA
SIN, SCLK, LAT = low, BLANK = low, all OUTRn, -Gn, -Bn = on,
Voutan, -an, -8n = 1V, BCR, -G, -B = 7Fh, 12 30

Rirer = 2.4 kKQ (louTtrnign = 20 MA target, loyte, = 15 MA target)

SIN, SCLK, LAT = low, BLANK = low, all OUTRn, -Gn, -Bn = on,
Vouthn, -an, -8n = 1V, BCR, -G, -B = 7Fh, 20 50
Rirer = 1.5 kQ (loutrnan = 32 MA target, loyten = 24 mA target)

At OUTR0-OUTR7 and OUTGO0-OUTG7,

All OUTRn, -Gn, -Bn = on, BCR, -G, -B = 7Fh,
Voutrn, -Gn, B0 = Voutix =1V,

RlREF =1.5kQ (IOUTRn/Gn =32 mA target)

loc Constant-output current mA
At OUTB0-OUTB?7,

All OUTRn, -Gn, -Bn = on, BCR, -G, -B = 7Fh,

29 32 35

21.8 24 26.2
Voutrn, -Gn, -8n = Voutix =1V,
Riger = 1.5 kQ (lou'an =24 mA target)
At OUTR0-OUTR7, OUTG0-OUTG7, and OUTB0-OUTB?,
loka Leakage output current BLANK = high, Voursn, -6n. -8n = Vours = 15 V. Rier = 1.5 kQ 0.1 pA
At OUTR0-OUTR7, OUTG0-OUTG7, and OUTB0-OUTB?,
Constant-current error™ | All OUTRn, -Gn, -Bn = on, BCR, -G, -B = 7Fh,
AloLc (channel-to-channel in Voutan, -Gn, -Bn = Voutix=1V, +1% +3%
same color group) Rirer = 1.5 kKQ (louTrnian = 32 MA target, loyte, = 24 MA target),
at same color group output
At OUTR0-OUTR7, OUTG0-OUTG7, and OUTB0-OUTB?,
Constant current error® | All OUTRn, -Gn, -Bn = on, BCR, -G, -B = 7Fh,
AlpLc1 | (device to device in Voutan, -Gn, -Bn = Voutix=1V, +3% +6%

same color group) Rirer = 1.5 kKQ (louTrnign = 32 MA target, loyte, = 24 MA target),
at same color group output

(1) The deviation of each output in the same color group from the average of the same color group (OUTR0-OUTR7, OUTG0-OUTG?7, or
OUTB0-OUTB?) constant current. The deviation_is calculated by the formula (X = R, G, or B; n = 0-7):

|
A (%) = ourXn -1] x100

(loutxo * loutx1 + - + loutxe *+ louTx?)
8
(2) The deviation of the constant-current average of each color group from the ideal constant-current value. The deviation is calculated by
the formula (X = R, G, or B):

(loutxo *+ loutxt *---*+louTx?)
0 ! i (Ideal Output Current)
8

A (%) = x 100
Ideal Output Current

Ideal current is calculated by the_following equation for OUTRO—OUTR7 and OUTG0-OUTG?7 (X = R, G, or B):
1.20

| =40 x | ———

OUTRN/Gn(IDEAL, mA) x Rier (@)

Ideal current is calculated by the following equation for OUTRO—OUTR7 and OUTG0-OUTG?7 (X = R, G, or B):
1.20

| =380 x| ————

OUTBN(IDEAL, mA) x Ricr ()
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Electrical Characteristics (continued)

At T; = —40°C to 150°C, Vo =3 V10 5.5V, and V gp = 5 V, unless otherwise noted. Typical values are at T = 25°C and V¢

=3.3V.
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
At OUTR0O-OUTR7, OUTG0-OUTG7, and OUTB0-OUTB?,
Algicz | Line regulation® All OUTRn, -Gn, -Bn = on, BCR, -G, -B = 7Fh, +0.5% 1%
Voutrn, -an, -8n = Vouttix =1V, Riger = 1.5 kQ
At OUTR0-OUTR7, OUTGO0-OUTG7, and OUTB0-OUTB?,
Aloics | Load regulation® All OUTRn, -Gn, -Bn = on, BCR, -G, -B = 7Fh, +1 3| %V
Voutrn, Gn, Bn =1V 103V, Voyrix =1V, Rirer = 1.5 kQ
Thermal error flag ) ®) o
Trer threshold Junction temperature 150 165 180 C
T, Thermal error flag Junction temperature 5 10 20| °C
HYS hysteresis
Viobo All OUTRn, -Gn, -Bn = on, detection voltage select code = Oh 0.25 0.3 0.35 \
Viopi | LED open detection All OUTRn, -Gn, -Bn = on, detection voltage select code = 1h 0.5 0.6 0.7 \Y
Viopy | threshold All OUTRn, -Gn, -Bn = on, detection voltage select code = 2h 0.8 0.9 1] v
Viobs All OUTRn, -Gn, -Bn = on, detection voltage select code = 3h 1.1 1.2 1.3 \
Vispo All OUTRn, -Gn, -Bn = on, detection voltage select code = 4h 0.55 x Vge 0.6 x Voo 0.65 x V¢e Vv
Vispi | LED short detection All OUTRn, -Gn, -Bn = on, detection voltage select code = 5h 0.65 x Ve 0.7 x Vgo 0.75 x Vgo \
Vigpe |threshold All OUTRn, -Gn, -Bn = on, detection voltage select code = 6h 0.75 x Ve 08xVoe  0.85xVgo| V
Visp3 All OUTRn, -Gn, -Bn = on, detection voltage select code = 7h 0.85 x V¢e 0.9 x Ve 0.95 x Vee Vv
ViRer Reference voltage output | Riger = 1.5 kQ 1.17 1.2 1.25 \Y
(3) Line regulation is calculated by the following equation (X = R, G, or B; n = 0-7):
( atVee=55V) - (l atVee = 3.0V)
A (%) = OUTXn cc ouTXn cc « 100
(lourxn @t Ve = 3.0 V) 55V -3V
(4) Load regulation is calculated by the following equation (X = R, G, or B; n = 0-7):
A G6N) = (loutsn @t Vourxn =3 V) = (loutxn @t Vourn = 1V) . 100
(loutxn @t Voursn = 1V) 3V-1V
(5) Not tested; specified by design.
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6.6 Switching Characteristics

At T, = -40°C t0 85°C, Vo =3 V1055V, C =15pF, R. =120 Q, Rger = 1.5 kQ, and V gp = 5 V, unless otherwise noted.
Typical values are at Ty = 25°C and Vg = 3.3 V.

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
tRo - SOouT 6 15| ns
Rise time
tri OUTR0-OUTR7, OUTG0-OUTG7, OUTB0-OUTB7, BCR, -G, -B = 7Fh 10 30| ns
tro Eall i SOuUT 6 15| ns
all time
trq OUTR0-OUTR7, OUTG0-OUTG7, OUTB0-OUTB7, BCR, -G, -B = 7Fh 10 30| ns
tpo SCLK? to SOUT 8 20| ns
tp1 LAT? to OUTRO on-off, BCR, -G, -B = 7Fh 22 45| ns
tp2 BLANK|1 to OUTRO on-off, BCR, -G, -B = 7Fh 15 30| ns
o3 Propagation delay OUTRnN on to OUTGn on, OUTGn on to OUTBn on, 3 6 ns
time(™ OUTBn on to OUTRn + 1 on, BCR, -G, -B = 7Fh
t OUTRN off to OUTGn off, OUTGn off to OUTBn off, 3 6l ns
D4 OUTBn off to OUTRn + 1 off, BCR, -G, -B = 7Fh
LAT? to loytn changing by global brightness control (BC data are
tos 0Ch—72h or 72h—0Ch) 20 50| ns
. @ | On-off latched data = 1, BCR, -G, -B = 7Fh, 20 ns BLANK low level one- | _
ton_ERR Output on-time error shot pulse input 11 5| ns

(1) Propagation delay, tp3 (OUTRn on to OUTGn on, OUTGn on to OUTBn on, OUTBn on to OUTRnN + 1 on) is calculated by the formula:
tpz (ns) = (the propagation delay between OUTRO to OUTB7 = on) / 23
tp4 (OUTRN to OUTGn = off, OUTGn to OUTBn = off, OUTBn to OUTRnN + 1 = off) is calculated by the formula:
tps (ns) = (the propagation delay between OUTRO to OUTB7 = off) / 23

(2) Output on-time error is calculated by the formula: ton grr (nS) = tout on — BLANK low-level pulse duration. toyt oy is the actual on-time
of the constant current output. B B -

tWHO* tWLOY tWH1' tWHZ' tWLZ:

| | --- Ve
I I
I I
1 1
INPUT 50% -=f-=---------mmmmmmmm e Y
i i
I I
! ! EEEEEEEEE TS GND
b twh ! b
tsuos tsuts thos ti!
=== Vee
I I
I I
CLOCK 500 ! !
iNpuT®  50% , ,
I I
I I
! ! --- GND
: tSU : : tH :
[ t——
I I
! ! === Veo
I I
DATA/CONTROL _ ' j
INPUTD 0% mmmmm oo oo m oo oo oo e
| i
1 1
--- GND
Input pulse rise and fall time is 1 ns to 3 ns.
Figure 1. Input Timing
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=== Vg orV,
OH OUTRn/Gn/BnH
90% - ---

OUTPUT  50% —----

10% ----
A === VoL 0" VoutRn/GnBnL
"; :<_ trorte
Input pulse rise and fall time is 1 ns to 3 ns.
Figure 2. Output Timing
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Figure 3. Timing Diagram
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6.7 Typical Characteristics
At T, = 25°C and V¢ = 3.3 V, unless otherwise noted.

Output Current (mA)

Figure 4. Reference Resistor vs Output Current (Red and

100 100
g g
= =
S S
2 « 24000 2 24000
3 3 18000
P 9600 P
[0] [0]
; 10 = ; 10 N300
) 4800 )
2 2 -
o 200 [, o A 93600
Z T 1920 Z 2400
—~
18007 ~——_1374
1600 7377 14407
1 ‘ 1
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

Output Current (mA)

Figure 5. Reference Resistor vs Output Current (Blue Color

Output Voltage (V)

Figure 8. Output Current vs Output Voltage (Blue Color
Group)

Green Color Group) Group)
6000 40 :
\ \ \ T, = +25°C, Vg = 3.3 V, BCR/G = 7Fh lo = 35 mA
N Thermal Pad Soldered 35 i
£ 5000 / lo =30 mA
E
= z 30
5 4000 E
4 = 25
5 5 / lo =20 mA
% 3000 5 20
= o
2 Thermal Not Pad Soldered ERRL
= o
8 2000 5 lo =10 mA
g ~ © 10 :
S 1000 S lo=2mA /IO:SmA
J4
0 0
-40 -20 0 20 40 60 80 100 0 0.5 1.0 1.5 2.0 25 3.0
Ambient Temperature (°C) Output Voltage (V)
Figure 6. Power Dissipation Rate Figure 7. Output Current vs Output Voltage (Red and Green
Color Group)
40 40 :
T, = +25°C Ty = +25°C, Voo = 5V, BCR/G = 7Fh lo=35mA
35 [ Ve =33V 35 | i X
s | BCB=7Fn % / 0=30m
< = <
z lo = 26.2 mA z
= 25 = 25
s / 7 5 I Ip = 20 mA
5 20 5 20
(;) / lp =225 mA lo =15 mA (;)
3 15 ‘ 3 15
5 lo=15mA| lo=375mA lo=7.5mA 5 lo=10mA
(0] o)
10 ¥ 10 1
7 lo =2mA lo=5mA
5 4 5
7 4 \
0 0 ‘
0 0.5 1.0 1.5 2.0 25 3.0 0 0.5 1.0 1.5 2.0 25 3.0

Output Voltage (V)

Figure 9. Output Current vs Output Voltage (Red and Green
Color Group)
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Typical Characteristics (continued)

At T, = 25°C and V¢ = 3.3 V, unless otherwise noted.

40 40
Ty = +25°C loLomax = 35 MA
35 Veg=5V 39 Vg =33V
30 BCB = 7Fh 38 | BCR/G = 7Fh
< = 26. <
z Io = 26.2 MA T o
g ® / £ 36 — =
5 20 4 5 35 B
o /l lp=225mA Io =15 mA o ,///
5 15 ‘ 5 34 7
2 ‘ 2 Vi
8 |O =1.5mA IO =3.75mA lO =7.5mA 8 33 1
10 ¥ N N N [P T, =-40°C
/ 82 Ty = +25°C
5 4 31
4 — — -T,=+85C
0 30
0 0.5 1.0 1.5 2.0 25 3.0 0 0.5 1.0 1.5 2.0 25 3.0
Output Voltage (V) Output Voltage (V)
Figure 10. Output Current vs Output Voltage (Blue Color Figure 11. Output Current vs Output Voltage (Red and
Group) Green Color Group)
4 I 26.2 mA 40 I 35 mA
OLCMax = 0.2 M OLCMax = 92 M.
30 vy =383V 39 Vye=5V
29 |BCB = 7Fh 38 | BCR/G = 7Fh
< <
£ 28 T
g 27 === =3 £ 36 == =
5} J— = o R s T R
5 26 i 5 35 B
3 ,/’ 3 ,/'//
25 i 5 34 Al
£ il £ if/
e | 3 33 i
----- T, =-40°C a2 ,'[/ -====T,=-40°C
2 ' Ta=+25°C ! Ty = +25°C
22 — —-T,=+85C 31 ! — —-T,=+85°C
21 30
0 0.5 1.0 1.5 2.0 2.5 3.0 0 0.5 1.0 1.5 2.0 25 3.0
Output Voltage (V) Output Voltage (V)
Figure 12. Output Current vs Output Voltage (Blue Color Figure 13. Output Current vs Output Voltage (Red and
Group) Green Color Group)
31 4
loLcmax = 26.2 MA T, =+25°C
80 [Vee=5V 3 [BCR=7Fh
29 | BCB=7Fh 5
<
E 28
£ 27 e T s I
£ ramnl ot
5 26 7/ g 0
S .'/ =1 _7
5 25 y <
3 Fi
3 24 |
----- T, =-40°C -2
23 1 Tp=+25°C 3 Ve =33V ||
22 — — - T,=+85C —===Vg=5V
21 -4
0 0.5 1.0 1.5 2.0 2.5 3.0 0 5 10 15 20 25 30 35
Output Voltage (V) Output Current (mA)
Figure 14. Output Current vs Output Voltage (Blue Color Figure 15. Constant-Current Error vs Output Current
Group) (Channel-to-Channel in Red Color Group)
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Typical Characteristics (continued)

At T, = 25°C and V¢ = 3.3 V, unless otherwise noted.

Ambient Temperature (°C)

(Channel-to-Channel in Red Color Group)

Figure 18. Constant-Current Error vs Ambient Temperature

4 4
T, = +25°C T, = +25°C
3 [BCG = 7Fh 3 [BCB=7Fh
2 2
—~ 1 —~ 1
g S~N— & =
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o | =" - [s]
3 -~ 3 y
-1 -1 =
-2 -2
3 Vo =33V 3 Vee=33V ||
_____ Voe=5V —===Vg=5V
-4 -4
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30
Output Current (mA) Output Current (mA)
Figure 16. Constant-Current Error vs Output Current Figure 17. Constant-Current Error vs Output Current
(Channel-to-Channel in Green Color Group) (Channel-to-Channel in Blue Color Group)
4 4
loLomax = 35 MA loLcmax = 35 MA
3 [BCR=7Fh 3 [BCG =7Fh
2 2
—~ 1 —~ 1
9 0 S 0 =
2 2
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Figure 19. Constant-Current Error vs Ambient Temperature

(Channel-to-Channel in Green Color Group)

loLomax = 26:2 MA
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Figure 20. Constant-Current Error vs Ambient Temperature
(Channel-to-Channel in Blue Color Group)

Output Current (mA)

40
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35 : (R = 1.37 kQ)
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30 || -
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Figure 21. Global Brightness Control Linearity (Red and
Green Color Group)
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Typical Characteristics (continued)
At T, = 25°C and V¢ = 3.3 V, unless otherwise noted.
40 ‘ ‘ 30
Tp=+25°C lo = 26.6 MA T, =+25°C
35 ; (R =1.371 kQ) o5 | SIN=17:5 MHz
Voo =33V ‘ SCLK = 35 MHz R
= 30 - e
< Y ---- Var =5V 1 BCR/G/B = 7Fh e
£ «© lo=15mA \ 20 | All Group Output = On e
g 25 R=24kQ) = L
[0 PR
£ 50 lo=7.5mA E 15 _r
o (R =4.8kQ) 8 Lt
3 15 .-
g lo=15mA ) 10 ,/"
10 " (R =24 kQ) ‘,‘/
5 X — L 5 |—= Voo =33V
/ —| —_———— VCC =5V
0 é"/@ 0 ‘ ‘
0 16 32 48 64 80 9 112 128 0 5 10 15 20 25 30 35

Brightness Control Data (dec)

Figure 22. Global Brightness Control Linearity (Blue

Color

OUTRnN/Gn Output Current (mA)

Figure 23. Supply Current vs Output Current (Red and

OUTBnN Output Current (mA)

Group)

Figure 24. Supply Current vs Output Current (Blue Color

Ambient Temperature (°C)

Group) Green Color Group)
30 35
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o5 |SIN=17.5MHz _ 30 :lO(Bn):26'2 mA o V=5V
SCLK = 35 MHz i ~--d__
BCR/G/B = 7Fh gl e 25 -“l _
’ i it T S
20 }All Group Output = On o I oI
< - < 20
E 5 — e E bl R =24k, o myen = 20 MA, lo gy = 15 mA
3 - 815 [ ket T T k-
g 1
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Figure 25. Supply Current vs Ambient Temperature
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Figure 26. Constant-Current Output-Voltage Waveform
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7 Parameter Measurement Information

7.1 Pin Equivalent Input and Output Schematic Diagrams

v . . . V,
cC _T _T cC
INPUT % VAW % D }--- --- souT
GND 1 1 GND
Figure 27. SIN, SCLK, LAT, BLANK Figure 28. SOUT
ouTn
-—- GND
Figure 29. OUTRO, -G0, -B0 Through OUTR7, -G7, -B7
7.2 Test Circuits
Vee R Voe
__Vcc @ N s
p— IREF OUTXn o T Vi “Vcc SOUT __I_
Rirer GND T CL GND T CL(”
Figure 30. Rise Time and Fall Time Test Circuit for OUTRn, Figure 31. Rise Time and Fall Time Test Circuit for SOUT
-Gn, -Bn
Vg OUTRO |
Veo L E(1)
- IREF OUTXn
Riger GND OUTB? Vouramansn
1 T Vouriix —|_
X =R, G, or B; n = 0-7. '
Figure 32. Constant-Current Test Circuit for OUTRn, -Gn, -Bn
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8 Detailed Description

8.1 Overview

The TLC5952 device is a 24-channel, constant- current sink driver. Each channel can be turned on or off with
internal register data. The output channels are grouped into three groups of eight channels each. Each channel
group has a 128-step global brightness control (BC) function. Both on-off data and BC are writable via a serial
interface. The maximum current value of all 24 channels is set by a single external resistor.

8.2 Functional Block Diagram

j\ 24-Bit LOD or 24-Bit LSD Data
V
Vg O cc 1-Bit TEF Data
\ LSB MSB
SIN O Ir
/ Common Shift Register O SOUT
0 Bite4 | 24
SCLK O Ir
24
LSB MSB
:D Output On/Off Data Latch 24
0 | 23
24
LSB * MSB
Control Data Latch 24
:)— (Three Groups, 7-Bit Global Brightness Control
LAT O ﬂ/ LOD/LSD Voltage and Detection Type Select)
0 3 23
\ LOD/LSD
BLANK O _U'/ Holder
21
On/Off Control with Output Delay
24 TEF
Holder
Thermal +
Detector |
7-Bit Global 7-Bit Global 7-Bit Global
Brightness Brightness Brightness 24
Control Control Control
7 16 7 8 7
)
16 Channels 8 Channels
Reference Constant-Current Sink Driver Constant-Current
IREF O Current |_> Sink Driver
Control
GND O— Detection L . .
Voltage LED Open Detection (LOD)/LED Short Detection (LSD)
@] O O O O O
OUTRO OUTR7 OUTGO OUTG7 OUTBO OUTB7
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8.3 Feature Description

8.3.1 Maximum Constant-Sink-Current Value

The maximum output current per channel, lo cmax, 1S Programmed by a single resistor, Riger, Which is placed
between the IREF and GND pins. The voltage on IREF is set by an internal band-gap V\ger, with a typical value
of 1.20 V. The maximum channel current is equivalent to the current flowing through R,ger multiplied by a factor
of 40 for OUTRnN, -Gn and 30 for OUTBn. The maximum output current per channel can be calculated by
Equation 1.

V \%
Riper (KQ) = Vrer M) 40 (for OUTRN/Gn)

IOLCMax (mA)
_ VIREF (V)

- x 30 (for OUTBN)
loLcmax (MA)

where:
* Vger = the internal reference voltage on IREF (1.20 V, typical)
*  loLomax = 2 mA to 35 mA at OUTRn, -Gn and 1.5 mA to 26.2 mA at OUTBn (1)

loLcmax 1S the largest current for each output. Each output sinks the g cmax current when it is turned on and the
global brightness control data are set to the maximum value of 7Fh (127d). Each output sink current can be
reduced by lowering the output global brightness control (BC) value.

R\rer must be between 1.37 kQ and 24 kQ to hold g, cmax Petween 35 mA (typ) and 2 mA (typ) for OUTRn, -Gn
and between 26.2 mA (typ) and 1.5 mA (typ) for OUTBn. Otherwise, the output may be unstable. Output currents
lower than 2 mA (or 1.5 mA for OUTBn) can be achieved by setting o cmax 10 2 MA or higher and then using
global brightness control to lower the output current.

Table 1 shows the characteristics of the constant-current sink versus the external resistor, Riggr.

Table 1. Maximum Constant-Current Output Versus
External Resistor Value

loLcmax (MA)
OUTRnN, OUTGn OUTBn Firer (k)
35 26.28 1.37
30 225 1.6
25 18.75 1.92
20 15 2.4
15 11.25 3.2
10 7.5 4.8
5 3.75 9.6
2 1.5 24
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8.3.2 Global Brightness Control (BC) Function: Sink-Current Control

The TLC5952 is able to adjust the output current of each of the three color groups OUTRO-OUTR7,
OUTGO-OUTG7, and OUTB0O-OUTBY7. This function is called global brightness control (BC). The BC function
allows users to adjust the global brightness of LEDs connected to the three output groups (OUTRO-OUTRY7,
OUTGO0-OUTG7, and OUTB0O-OUTB?7). All color group output currents can be adjusted in 128 steps from 0% to
100% of the maximum output current, I cmax- The brightness control data are entered into the TLC5952 via the
serial interface. When the BC data change, the output current also changes immediately. When the device is
powered on, the data in the common shift register and the control data latch are not set to any default values.
Therefore, BC data must be written to the control data latch before turning on the constant-current output.

Equation 2 determines the output sink current for each color group. Table 2 summarizes the BC data versus
current ratio and set current value.

lout (MA) = loLcmax (MA) x BC%/?C;/B
where:

*  loLcmax = the maximum channel current for each channel determined by R |ger

* BCR, -G, -B = the global brightness control value in the control data latch for each output color group (2)

Table 2. BC Data vs Current Ratio and Set-Current Value
RATIO OF OUTPUT
CURRENT TO lout, MA lout, MA

BC DATA BC DATA BC DATA loLcmax (loLcmax = 35 mA, (loLcmax = 2 mA,
(Binary) (Decimal) (Hex) (mA, Typical) Typical) Typical)
000 0000 0 00 0 0 0
000 0001 1 01 0.8 0.28 0.02
000 0010 2 02 1.6 0.55 0.03
111 1101 125 7D 98.4 34.45 1.97
111 1110 126 7E 99.2 34.72 1.98
111 1111 127 7F 100 35 2

8.3.3 Constant-Current Output On-Off Control

When BLANK is low, each output is controlled by the data in the output on-off data latch. When data
corresponding to an output are equal to 1, the output turns on; when the data corresponding to an output are
equal to 0, the output turns off. When BLANK is high, all outputs are forced off.

When the device is powered on, the data in the output on-off data latch are not set to any default values.
Therefore, on-off data must be written to the output on-off data latch before turning on the constant-current
output and pulling BLANK low.

If there are any OUTRn, -Gn, -Bn outputs not connected to an LED, including open for short-to-ground failures,
the on-off data corresponding to the unconnected output should be set to 0 before the LED is turned on.
Otherwise, the V¢ supply current (lcc) increases while the LEDs are on. A truth table for the on-off control data
is shown in Table 3.

Table 3. On-Off Control-Data Truth Table

CONSTANT-CURRENT OUTPUT
ON-OFF CONTROL DATA STATUS
0 Off
1 On
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8.4 Device Functional Modes

8.4.1 LOD, LSD, and TEF Operation

0A 23B 20B 3B 1B 0B 16C
SN _on A\Lov A ow X G0 X om Kon X_ N om X oaKoa X o Ao & ow Xon X on X 0w X ow X or Kon X on___.

SCLK
1 2 3 4 5 22 23 24 25 1 2 3 4 5 6 7
The data in the common shift register are copied to the control data latch at the rising edge of LAT.
SID data (LOD or LSD and TEF) are loaded into the common shift register at the same time.
LAT
(¢
)Y
BLANK «
)Y
sout TEF LOD LOD \/ LOD \/ LOD
cammon s rogetn T EEY DO TRW Y ER)
SID data are copied to the 25-bit common shift register at the
OFF rising edge of LAT with the common shift register MSB low.
OUTXn (LSD Voltage) ===~ O R  SEEEE \-----mmem oo ON==============-
(LOD VOHAGE) = == === = = = = m = m = m = mmmm = = mmmmmm = = = o m m o m m m o mmmm e mmmm e m e mm e e
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LOD/LSD Data 0 o

For OUTXn
(Internal)

Figure 33. LOD, LSD, and TEF Operation (No LED Error)
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(Common Shift Register)
(Bit 24)

OUTXn

LOD Circuit Output
For OUTXn
(Internal)

LOD Data In LOD/LSD Holder
(Internal)

1 2 3 4 5 22 23 24 25 1 2 3 4

The data in the common shift register are copied to the control data latch at the rising edge of LAT.
SID data (LOD or LSD and TEF) are loaded into the common shift register at the same time.

5 6 7

SID data are copied to the 25-bit common shift register at the
rising edge of LAT with the common shift register MSB low.

ON

LED is Open At This Time

'1' (LED is Open)

'0' (LED is Not Open)

LOD output becomes '0' when the output is off.

« "' (LED is Open)

'1' (LED is Open)

)T / \ (
LOD data are not updated while BLANK is high.
Therefore, LOD data in previous display periods

can be read even if BLANK is high.

LOD data are immediately updated with the
LOD circuit output when BLANK is low.

Figure 34. LOD, LSD, and TEF Operation (LED-Open Error)
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Device Functional Modes (continued)

o0 N1 A or X 60 X oo X ) Low
On 0 On On On On On On On On On On On On On On ___.
SCLK f H

1 2 3 4 5 22 23 24 25 1 2 3 4 5 6 7

The data in the common shift register are copied to the control data latch at the rising edge of LAT.
SID data (LOD or LSD and TEF) are loaded into the common shift register at the same time.

S

=

LAT
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)Y
BLANK « @
sout TEF LOD \/ LoD \/ LOD \/ LOD \/ LOD T
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SID data are copied to the 25-bit common shift register at the
rising edge of LAT with the common shift register MSB low.
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LED is Shorted At This Time

LSD Circuit Output (. '1' (LED is Shorted)

For OUTXn '0' (LED is Not Shorted)
(Internal)

LSD output becomes '0' when the output is off.

'1' (LED is Shorted) '1" (LED is Shorted)

<
)

LSD Data In LOD/LSD Holder
(Internal) LSD data are not updated while BLANK is high. \—/
LSD data are immediately updatéd with the 1SS Ligndtf;ar s gfﬂﬁ& b L':’;f

LSD circuit output when BLANK is low.

Figure 35. LOD, LSD, and TEF Operation (LED-Short Error)

0A 20B 3B 1B 0B i6C
SN _on N0 A on X on X on Kon X N om X oK o K o Ao Ao Xon Xon X ow X ow X or K on X 00 __.
SCLK f '

1 2 3 4 5 22 23 24 25 1 2 3 4 5 6 7

The data in the common shift register are copied to the control data latch at the rising edge of LAT.
SID data (LOD or LSD and TEF) are loaded into the common shift register at the same time.

LAT
I -——
))
BLANK «
) ==
SouT TEF LOD LOD \/ LOD \/ LOD Y/ LOD \/ LOD \/ LOD \/ LOD o
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SID data are copied to the 25-bit common shift register at the

rising edge of LAT with the common shift register MSB low.

'1" (Temperature is Higher Than Tgg) '1' (Temperature is Higher Than Tg¢)
(¢

Thermal Detector Output ) R
(Internal) '0' (Temperature is Normal)

The output becomes '0' because the
temperature drops below Trge - Tys
when the output is off.

'1' (Temperature is Higher Than T¢¢) '1' (Temperature is Higher Than Tgg)
(¢

TEF Data In TEF Holder . R
(Internal) '0' (Temperature is Normal) / /\ /

TEF data are immediately TEF data are set to '1' when the junction temperature exceeds T.g¢. The TEF data are held in
updated when BLANK is low. the TEF holder until the SID data are loaded into the common shift register. The TEF data are reset to '0'
at the rising edge of LAT if the junction temperature is below Trgr - Tyyys.

Figure 36. LOD, LSD, and TEF Operation (Thermal Error)
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Device Functional Modes (continued)
8.4.2 Register and Data Latch Configuration

The TLC5952 device has two writable data latches: the output on-off data latch and the control data latch. Both
data latches are 24 bits in length. If the common shift register MSB is 0, the least significant 24 bits of data from
the 25-bit common shift register are latched into the output on-off data latch. If the MSB is 1, the data are latched
into the control data latch. Figure 37 shows the common shift register and the control data latch configuration.

Common Shift Register (25 Bits)

F T T T T T EEEE e

: MSB LSB 1

1 24 23 22 21 20 19 5 4 3 2 1 0 :

: Latch | Common | Common | Common | Common | Common Common | Common | Common | Common | Common | Common <-:— SIN
SOUT ~«+—— Select Data Data Data Data Data o Data Data Data Data Data Data H

H Bit Bit 23 Bit 22 Bit 21 Bit 20 Bit 19 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 [ — SCK

i 1

H 1

H 1

! MSB LSB H
: 23 22 21 20 19 5 4 3 2 1 0 i The latch pulse comes
H OUTB7 | OUTG7 | OUTR7 | OUTB6 | OUTG6 ouTst | outet | ouTr1 | ouTso | ouTao | outro [_ i from LAT when the
! On On On On On On On On On On On H MSB of the common
)l ! shift register is ‘0".
: 1
1 1
B o o o o o o - - - - - - - - - - - - - 1
24

24
Control Data Latch (24 Bits)
1
! MSB , , , LSB H
] 23 22 21 4 20 ______ 14 ! 18 . v . 6 _—— 0 i The latch pulse comes
| Vorage | Voliage | vatage | Ernt argnt | erignt “aight | erignt %Bight =i from LAT when the
i | setect2 | select1 | selecto | Bite Bit 0 Bit 6 Bit 0 Bit 6 Bit 0 I MSB of the common
1 — — ' —-——— ! shift register is 1",
: I I 1 1
1 1
o o o o S - - - - - - - - - 1
3{ 7/1; 7:'/ 7+
To LSD/LOD To Global Brightness To Global Brightness To Global Brightness
Circuit Control Circuit Control Circuit Control Circuit
for OUTBO-OUTB7 for OUTGO-OUTG7 for OUTRO-OUTR7

Figure 37. Grayscale Shift Register and Data-Latch Configuration

8.4.2.1 Output On-Off Data Latch

The output on-off data latch is 24 bits long. This latch is used to turn each output current sink (OUTRn, -Gn, -Bn)
on or off. When the MSB of the common shift register is set to 0, the lower 24 bits are written to the output on-off
data latch on the rising edge of LAT. If the output on-off data latch bit corresponding to an output is 0, the output
is turned off; if the bit is a 1, the output is turned on.

When the device is powered on, the data in the output on-off data latch are not set to any default value.
Therefore, the on-off control data should be written to the data latch before the constant-current outputs are
turned on.
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Device Functional Modes (continued)
8.4.2.2 Control-Data Latch

The control data latch is 24 bits long and is used to adjust the LED current for each color group (OUTRO-OUTR?,
OUTGO0-OUTG7, and OUTB0-OUTB7). The LED current for each group can be adjusted between 0% and 100%
of loLcmax in 128 steps (7-bit resolution). This data latch is also used to select the error detection type, LED open
detection (LOD) or LED short detection (LSD), and the threshold voltage. When the MSB of the common shift
register is set to 1, the lower 24 bits are written to the control data latch on the rising edge of LAT. Table 4 shows
the control data latch bit assignment.

When the device is powered on, the data in the control data latch are not set to a default value. Therefore, the
control data latch data should be written to the latch before the constant-current outputs are turned on.

Table 4. Data Bit Assignment

BITS DESCRIPTION

6-0 Global brightness control data for RED group (OUTRO-OUTR7, data = 00h to 7Fh)
13-7 Global brightness control data for GREEN group (OUTGO0-OUTG7, data = 00h to 7Fh)
20-14 | Global brightness control data for BLUE group (OUTB0-OUTB?7, data = 00h to 7Fh)

Detection voltage and type select (data = Oh to 7h)

0 = LED open detection with 0.3 V (typ) threshold

1 = LED open detection with 0.6 V (typ) threshold

2 = LED open detection with 0.9 V (typ) threshold
23-21 3 = LED open detection with 1.2 V (typ) threshold

4 = LED short detection with Vg x 60% (typ) threshold
5 = LED short detection with Vg x 70% (typ) threshold
6 = LED short detection with V¢ x 80% (typ) threshold
7 = LED short detection with Ve x 90% (typ) threshold
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Figure 38 shows the operation to write data into the common shift register and control data latch.

Output On/Off Data Write Control Data Write
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Figure 38. Data Write Operation

8.4.2.3 Status Information Data (SID)

The 25-bit word status information data (SID) contains the status of the LED open detection (LOD) or LED short
detection (LSD), and thermal error flag (TEF). When the MSB of the common shift register is set to 0, the SID
overwrites the common shift register data at the rising edge of LAT after the data in the common shift register are
copied to the output on-off data latch. If the common shift register MSB is 1, the SID data are not copied to the
common shift register.

After being copied into the common shift register, new SID data are not available until new data are written into
the common shift register. If new data are not written, the LAT signal is ignored. To recheck SID data without
changing the constant-current output on-off data, reprogram the common shift register with the same data that
are currently programmed into the output on-off data latch. When LAT goes high, the output on-off data do not
change, but new SID data are loaded into the common shift register. LOD, LSD, and TEF are shifted out of
SOUT with each rising edge of SCLK.

Copyright © 2009-2018, Texas Instruments Incorporated Submit Documentation Feedback 23
Product Folder Links: TLC5952


http://www.ti.com/product/tlc5952?qgpn=tlc5952
http://www.ti.com
http://www.ti.com/product/tlc5952?qgpn=tlc5952
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBVS129A&partnum=TLC5952

TLC5952 13 TEXAS
INSTRUMENTS

SBVS129A —MAY 2009—REVISED JULY 2018 www.ti.com

LOD/LSD Holder (24 Bits) and TEF Holder (1 Bit)
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Figure 39. SID Load Assignment

8.4.2.4 LED-Open Detection (LOD), LED-Short Detection (LSD), And Thermal Error Flag (TEF)

LOD detects a fault caused by an LED open circuit or a short from OUTRn, -Gn, -Bn to ground by comparing the
OUTRnN, -Gn, -Bn voltage to the LOD detection threshold voltage level set in the control data latch (Table 4). If
the OUTRnN, -Gn, -Bn voltage is lower than the programmed voltage, that output LOD bit is set to 1 to indicate an
open LED. Otherwise, the LOD bit is set to 0. LOD data are only valid for outputs programmed to be on. LOD
data for outputs programmed to be off are always 0.

LSD data detects a fault caused by a shorted LED by comparing the OUTRn, -Gn, -Bn voltage to the LSD
detection threshold voltage level set in the control data latch (Table 4). If the OUTRn, -Gn, -Bn voltage is higher
than the programmed voltage, that output LOD bit is set to 1 to indicate a shorted LED. Otherwise, the LSD bit is
set to 0. LSD data are only valid for outputs programmed to be on. LSD data for outputs programmed to be off
are always 0.

LOD and LSD data are not valid until 1 us after the falling edge of BLANK. Therefore, BLANK must be low for at
least 1 ps before going high. At the rising edge of BLANK, the LOD and LSD detection data are latched in the
LOD-LSD holder. Changes in the LOD or LSD data while BLANK is low are directly connected to the output of
the LOD-LSD holder, but are only valid 1 ps after the change. The rising edge of LAT transfers the output data of
the LOD-LSD holder to the common shift register.

As shown in Table 5, LOD and LSD data cannot be checked simultaneously. LOD and LSD data are not valid
when TEF is active because all outputs are forced off.

The TEF bit indicates that the device junction temperature exceeds the temperature threshold (T1gr = 165°C,
typ). The TEF bit also indicates that the device has turned off all drivers to avoid overheating. The device
automatically turns the drivers back on when the device temperature decreases to less than Ttgr — Thys. The
TEF data are held in the TEF holder latch until the TEF data are loaded into the common shift register by the
rising edge of LAT. If the device temperature falls below Ttgr — Tys when LAT goes high, the TEF data in the
TEF holder become 0. If the device temperature is not below Ttgr — Thys When LAT goes high, then the TEF
data remain 1. Table 5 shows a truth table for LOD, LSD, and TEF. Figure 33 to Figure 36 show different
examples of LOD, LSD, and TEF operation.
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Table 5. LOD, LSD, and TEF Truth Table

CONDITION

LED OPEN DETECTION
(LOD, Voltage Select Data =

LED SHORT DETECTION

voltage select bit in the
control data latch)

SID DATA Oh to 3h) (LSD, Voltage Select Data = 4h to 7h) THERMAL ERROR FLAG (TEF)
LED is not open or the output is off LED is not shorted or the output is off . .
: f Junction temperature is lower than the
(VouTrn/Gn/an IS greater than the (VouTRn/Gn/Bn IS less than or equal to
0 voltage selected by the detection the voltage selected by the detection detect temperature (Trer) before TEF

voltage select bit in the
control data latch)

is undetected or the detect temperature
(TTEF - THYS) after TEF is detected

LED is open or shorted to GND
(VouTrn/Gn/Bn iS less than or equal to
the voltage selected by the detection

LED terminal is short or OUTn is short
to higher voltage (Vout, is greater than
The selected voltage by detection

Junction temperature is higher than the

voltage select bit in the detect temperature (Trer)

control data latch)

voltage select bit in the
control data latch)

8.4.2.5 Thermal Shutdown (TSD)

The thermal shutdown (TSD) function turns off all constant-current outputs when the device junction temperature
(T,) exceeds the temperature threshold (Ttgr = 165°C, typ). The outputs remain disabled as long as the
overtemperature condition exists. The outputs are turned on again after the device junction temperature drops
below (Tter — Thys)

8.4.2.6 Noise Reduction

Large surge currents may flow through the device and the board on which the device is mounted if all 24 LED
channels turn on simultaneously when BLANK goes low. These large current surges could induce detrimental
noise and electromagnetic interference (EMI) into other circuits. The TLC5952 turns the LED channels on in a
series delay to provide a circuit soft-start feature.

A small delay circuit is implemented between each output. When all bits of the on-off data latch are set to 1, each
constant-current output turns on in order (OUTRO0, OUTGO0, OUTB0, OUTR1, OUTG1, OUTB1, OUTR2-OUTBS,
OUTR?7, OUTG?7, and OUTB7) with a small delay between each output after BLANK goes low or LAT goes high;
see Figure 38. Both turnon and turnoff are delayed.

9 Power Supply Recommendations

Connect at least one 10-nF ceramic capacitor as close as possible between the V¢ pin and ground. Additional
capacitors are needed on the LED power supply to reduce ripple on the LED power supply to a minimum.
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10 Device and Documentation Support

10.1 Receiving Notification of Documentation Updates

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

10.2 Community Resources

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

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

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

10.3 Trademarks

PowerPAD, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

10.4 Electrostatic Discharge Caution

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.

‘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.
10.5 Glossary

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

11 Mechanical, Packaging, and Orderable Information

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
TLC5952DAP ACTIVE HTSSOP DAP 32 46 ROHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 TLC5952
TLC5952DAPR ACTIVE HTSSOP DAP 32 2000 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 TLC5952

® 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.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and 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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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 5-Jan-2022
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
L |<— KO '<7P14>‘
oo olo o oo T
go W
Reel | | i
Diameter
Cavity *‘ A0 |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
K0 | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
_+_ P1 | Pitch between successive cavity centers
| [ |
_{ Reel Width (\W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
OO0 0O0O0O0O0OO0 07, Sprocket Holes
| 1
T T
Q1 : Q2 Q1 : Q2
A== f--7--1- -
Q3 1 Q4 Q31 Q4 User Direction of Feed
| w A |
T 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)

TLC5952DAPR HTSSOP| DAP

32

2000 330.0 24.4 8.6 115 1.6 12.0 | 24.0

Q1

Pack Materials-Page 1



PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 5-Jan-2022
TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\‘ /}#\
. 7
\\ /
T
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLC5952DAPR HTSSOP DAP 32 2000 350.0 350.0 43.0

Pack Materials-Page 2



PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 5-Jan-2022
TUBE
T - Tube
height L - Tube length
f
W-Tube _| _ _ _ _ _ _ __ _ _ ___ e _____ 1.
i width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
TLC5952DAP DAP HTSSOP 32 46 530 11.89 3600 4.9

Pack Materials-Page 3



GENERIC PACKAGE VIEW
DAP 32 PowerPAD™ TSSOP - 1.2 mm max height

8.1 x 11, 0.65 mm pitch PLASTIC SMALL OUTLINE

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

Uy
¢
¢
¢
Uy
¢

4225303/A
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MECHANICAL DATA

DAP (R*PDSO*GBZ) PowerPAD™ PLASTIC SMALL—OQUTLINE PACKAGE
11,10
10,90
32 17
MR 1
i_ ______ THERMAL PAD _i
| SIZE AND SHAPE | 6,20 /,\\
: SHOWN ON SEPARATE SHEET : 6,00 o 0,15 NOM // N
L | 7,90 i // ﬁ
O |
AR -
o] b et e
EID o7

L

Seating Plane ‘

1
\ ]
\ /

Uﬂﬁﬁﬂﬂﬂﬁﬁﬂﬂﬂﬁﬁﬂmﬂ v
1

1,20 MAX 0.1 —
0,05
4073257-4/E 10/11
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.
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. SIMAQQZ for information regarding

recommended board layout. This document is available
Falls within JEDEC MO-153 Variation DCT.

PowerPAD is a trademark of Texas Instruments.

at www.ti.com <http: //www.ti.com>.
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http://www.ti.com/lit/slma002

THERMAL PAD MECHANICAL DATA

DAP (R—PDS0-(G32) PowerPAD™ PLASTIC SMALL QUTLINE
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 be 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,
can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SLMAQQ?2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQQ4,
Both documents are available at www.ti.com.

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

32 17

IR EEERTEERTRY;

b | e

3T 4y 005 4 T T L
4x 0,27 ﬁl i L. 0,70
BRLEEEEERRRL R

Exposed Thermal Pad Dimensions

4206319-3/M 09/13

NOTE: Al linear dimensions are in millimeters

PowerPAD is a trademark of Texas Instruments.

wip TEXAs
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LAND PATTERN DATA

DAP (R—PDS0—-G32) PowerPAD™ PLASTIC SMALL OUTLINE PACKAGE

Example Board Layout Stencil Openings
Via pattern and copper pad size Based on a stencil thickness
may vary depending on layout constraints of .127mm (.005inch).
Soldermask Reference table below for other
1.0 over copper solder stencil thicknesses
32X 0,3 —| |=—
32x60,20— H%H{ﬁﬁﬂﬂ H H :H:|_H_H‘H‘ H H HH_HH H_HH H_H}H_H_H_H}
See Note E)—
% O [0 ¢] o/ ( ) \~ 32X 1,8
[} o [e] [e]
5,2 .11 7.4 7.4 Y| 4n
o [} o o
13- % X
o] o] Q }
1,3 —/ A (25 -— 4,36 —
il F I i
I“ HH e H%%%}ml
- | | older Mas| 30X 0,65 —= |=—
/ 14,567 | =—30X 0.65 pefined Pad
i (See Note C, D)
/
/
/
!' Example Solder Mask Opening
| (See Note F)
Center Power Pad Solder Stencil Opening
‘ Stencil Thickness X Y
\ 0.1mm 4.9 4.63
\ 0.127mm 4.56 411
'; 0.152mm 3.99 3.76
\i’\ 0.178mm 3.68 3.47
| ] Pad Geometry
/

4210213-2/E 01/14

NOTES:  A. All 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. SLMA002, SLMAQQ4, 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>. Publication IPC—7351 is recommended for alternate designs.

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 other stencil recommendations.

F. Contact the board fabrication site for recommended soldermask tolerances.

PowerPAD is a trademark of Texas Instruments
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s PACKAGE OUTLINE
DAP0032C PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE
331
@ .
30x [0.65
_ - ” (7

) I —
—] =
—] —
— —1
— —1
— —1
11.1 — —1
10:9 — — 2%
NOTE 3 — — 975
—] —
—] —
—] —
—] —
—] —
—] —
16 ] %E—J—
| 171 i 8 ?g
6.2 :
IJ~7 60 (¢ [0.1@ [c]A[B]

T

S \ (0.15) TYP

k L ,) J E%

. o

SEE DETAIL AJ
—] —
—] —
—] L 304 __, —
— 2.46 — EXPOSED
— {THERMAL PAD
— ’ﬁ —
—] / —
374 —]
3.16 —] — GAGE PLANE
—] —
—1 _ —1 +
—] — 1
2X (0.6) —44 F — 2x (0.15) 0°-&
NOTE 5 NOTE 5

—] —
— — DETAIL A
— — TYPICAL

4223691/A  05/2017

NOTES: PowerPAD is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. Reference JEDEC registration MO-153.

. Features may differ and may not be present.
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EXAMPLE BOARD LAYOUT
DAP0032C PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

(5.2)
NOTE 9 SOLDER MASK
(3.04) DEFINED PAD

32X (1.5
(.8 S\((LMM SEE DETAILS
I foeeeens -

3 o = i e
32X (0.45) ] CD ‘ CD
% 3 ‘ %
=1 o C 1]
30X (0.65) — | |
o o |
SYMM | \ (11)
R R 5 B
% 1 | % (12TYP)
: I e} | ! V
1 \
RO.OSTYP — [ [ ]| « o | 1)
| ‘
16 e o ‘ 17
P = B |
T
METAL COVERED—— |
BY SOLDER MASK | (0.65) TYP |
| (1.3) TYP |
) —
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE-8X
SOLDER MASK METAL UNDER
8|?EEJ|E§GMASK\ METAL OPENING‘\ / SOLDER MASK
”””””” )
EXPOSED METAL EXPOSED METAL—— |
L 0.05 MAX 41% 0.05 MIN
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
SOLDER MASK DETAILS
NOT TO SCALE

4223691/A 05/2017

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMAQ02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).

9. Size of metal pad may vary due to creepage requirement.

/]
INSTRUMENTS
www.ti.com




EXAMPLE STENCIL DESIGN

DAP0032C PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

(3.04)
BASED ON
0.125 THICK

32X (1.5) STENCIL

L

1
32X (0.45) T %
3

w
N

30X (0.65) — %

(3.74)

_J  BASEDON

0.125 THICK
STENCIL

DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES

1)
==
1]
)
— |
1]
==
1]
.
)

16 - ~ 17
,’, ,,,,,,,,,,,, |
METAL COVERED |
BY SOLDER MASK | S\g’”‘" ‘

SOLDER PASTE EXAMPLE
EXPOSED PAD
100% PRINTED SOLDER COVERAGE BY AREA

SCALE:8X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.40 X 4.18
0.125 3.04 X 3.74 (SHOWN)
0.15 2.78 X 3.41
0.175 2.57 X3.16

4223691/A 05/2017

NOTES: (continued)

10. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.

11. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com
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