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5 Pin Configuration and Functions

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

Top View
o O 3
eNb 1 32 [ IREF
SN2 | :31:|vCC
SCLK (] 3 : 130 [ souT
LAT ] 4 | 129 [ BLANK
OUTRO ] 5 | 128 [ ouTe?
OUTGO ] 6 : 127 [ OUTG?
OUTBO ] 7 | : 26 [ OUTR7
|
OUTR1 ] 8 ! Thermal 125 |3 ouTse
ouTGt1 9 Pad 124 ] OUTG6
ouTB1 ] 101 : 23 3 OUTRé
OUTR2 ] 11 : 122 |3 outss
OUTG2 [ 12 : 21 |3 outes
ouTB2 ] 13! 120 [ OUTR5
OUTRS ] 14: 119 ] OUTB4
ouTG3 ] 151 118 [0 ouTe4
outB3 (] 16'-————————————— —~ 17 |3 OUTR4
Not to scale
Pin Functions
PIN
I/0 DESCRIPTION
NAME NO.
All outputs are blank. When BLANK is high, all constant-current outputs (OUTR0-OUTR?7,
BLANK 29 I OUTGO0-OUTG7, and OUTB0O-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 32 /o Reference current terminal. The maximum current for the outputs OUTR0-OUTR?7,
OUTGO0-OUTG7, and OUTBO—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.
OUTBO-OUT ’lg ’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.
OUTGO-OUT 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.
58 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 I Serial data input for the 25-bit common shift register
SOUT 30 o Serial data output. The MSB of the 25-bit common shift register is shifted out at the rising
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

Vce  Supply voltage Vee -0.3 6 \%
OUTRO-OUTR7, OUTGO-OUTG7 45

lout Output current (dc) mA
OUTB0O-OUTB7 35

VN Input voltage range | SIN, SCLK, LAT, BLANK, IREF -0.3 Vee +0.3 \%
SOuUT -0.3 Vee + 0.3

Vout Output voltage range \%
OUTRO-OUTR7, OUTGO-OUTG7, OUTBO-OUTB7 -0.3 16

-I;J(ma Operation junction temperature 150 °C

X

Tsig  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
V(Esp) Electrostatic discharge Charg(ze)d—device model (CDM), per JEDEC specification JESD22- +500 \Y
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.

Copyright © 2009-2018, Texas Instruments Incorporated
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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 =3V to 55V
Ve Supply voltage 3 55 \%
Vo Voltage applied to output 8838{8:881577 OUTGO-OUTGY, 15 \%
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 \Y
loH High-level output current SOUT -1 mA
loL Low-level output current SOUT 1 mA
loLc Constant-output sink current OUTRO-OUTRY, OUTGO-OUTGY % mA

OUTBO-OUTB7 26.2
T 40 s
n tomparatite 40 25| c
AC CHARACTERISTICS, Vec =3V to 55V
feLk (scLk) Data shift clock frequency SCLK 35 MHz
twHo SCLK 10 ns
twio SCLK 10 ns
twH1 Pulse duration LAT 15 ns
twhz BLANK 15 ns
twiz BLANK 15 ns
tsuo , SIN — SCLK1 4 ns
Setup time
tsus LATT — SCLK1 150 ns
tho _ SIN — SCLK1 3 ns
ths Hold time LAT? — SCLK?1 10 ns
6.4 Thermal Information
TLC5952
THERMAL METRIC® DAP (TSSOP) UNIT
32 PINS

Rosa Junction-to-ambient thermal resistance 28.3 °CIW
RoJc(top) Junction-to-case (top) thermal resistance 20.6 °CIW
Ross Junction-to-board thermal resistance 10.7 °CIW
LAL Junction-to-top characterization parameter 0.3 °CIW
LAl Junction-to-board characterization parameter 10.6 °CIW
Reac(bot) Junction-to-case (bottom) thermal resistance 2.6 °CIW

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

Copyright © 2009-2018, Texas Instruments Incorporated 5
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6.5 Electrical Characteristics
At T; =—-40°C to 150°C, Vo =3V 10 5.5V, and V., = 5 V, unless otherwise noted. Typical values are at T, = 25°C and V¢

=3.3V.
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Von High-level output voltage | loy = -1 mA at SOUT Vec - 0.4 Vee \%
Voo Low-level output voltage | Io. =1 mA at SOUT 0.4 \
Iin Input current V| = Vcc or GND at SIN, SCLK, LAT, and BLANK -1 1 A
SIN, SCLK, LAT = low, BLANK = high,
Voutrn, -n, -8n = 1V, BCR, -G, -B = 7Fh, 1 3
Rirer = 24 kQ (loutrnien = 2 MA target, loyte, = 1.5 MA target)
SIN, SCLK, LAT = low, BLANK = high,
Voutrn, -Gn, -8n = 1 V, BCR, -G, -B = 7Fh, 8 14
Rirere = 2.4 KQ (louTrnian = 20 mA target, loyte, = 15 MA target)
lec Supply current mA
SIN, SCLK, LAT = low, BLANK = low, all OUTRn, -Gn, -Bn = on,
VouTrn, -Gn, -Bn = 1 V, BCR, -G, -B = 7Fh, 12 30

Rirer = 2.4 KQ (louTrnian = 20 MA target, loyte, = 15 MA target)

SIN, SCLK, LAT = low, BLANK = low, all OUTRn, -Gn, -Bn = on,
VouTrn, -Gn, -Bn = 1 V, BCR, -G, -B = 7Fh, 20 50
Rirer = 1.5 kKQ (louTrnign = 32 MA target, loyte, = 24 MA target)

loLc

At OUTRO-OUTR7 and OUTG0-OUTG7,

All OUTRn, -Gn, -Bn = on, BCR, -G, -B = 7Fh,
Voutrn, -6n, -Bn = Youtiix =1V,

Rirer = 1.5 KQ (loutrnien = 32 MA target)

Constant-output current mA
At OUTBO-OUTB7,

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

Voutrn, -6n, -8n = Youtiix =1 V,
Rirer = 1.5 kQ (louten = 24 MA target)

29 32 35

21.8 24 26.2

loLke Leakage output current

At OUTRO-OUTR7, OUTG0-OUTG?7, and OUTBO-OUTB7, 01 vA
BLANK = high, Vouytrn, -Gn, -8n = Vouriix = 15 V, Rirer = 1.5 kQ ’

AloLc (channel-to-channel in Voutrn, -Gn, -Bn = VouTix =1V, +1% +3%

At OUTRO-OUTR7, OUTG0-OUTG?7, and OUTBO-OUTB7,
Constant-current error® | All OUTRn, -Gn, -Bn = on, BCR, -G, -B = 7Fh,

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

Aloc1 | (device to device in Voutrn, -Gn, -8n = Voutfix =1V, +3% +6%

At OUTRO-OUTR7, OUTGO-OUTG7, and OUTBO-OUTB7,
Constant current error® | All OUTRn, -Gn, -Bn = on, BCR, -G, -B = 7Fh,

same color group) Rirer = 1.5 kKQ (louTrnian = 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, OUTGO-OUTG?7, or
OUTBO0-OUTB?7) constant current. The deviation_js calculated by the formula (X = R, G, or B; n = 0-7):
|
A (%) = ourn -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):
(I +1 +ot )
oUTX0 T oum o _ (Ideal Output Current)
A (%) = 8 x 100
Ideal Output Current
Ideal current is calculated by the_following equation for OUTRO—OUTR7 and OUTGO-OUTG7 (X = R, G, or B):
1.20
| =40 x | ————
OUTRn/Gn(IDEAL, mA) x Ricr (@)
Ideal current is calculated by the following equation for OUTRO—-OUTR7 and OUTGO-OUTG7 (X = R, G, or B):
1.20
| =30%x | ———
OUTBN(IDEAL, mA) Rier (@)
6 Copyright © 2009-2018, Texas Instruments Incorporated
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Electrical Characteristics (continued)

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

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
At OUTRO-OUTR7, OUTGO0-OUTG7, and OUTBO-OUTB?7,
Aloicz | Line regulation® All OUTRn, -Gn, -Bn = on, BCR, -G, -B = 7Fh, +0.5% +1%
Voutrn, -6n, -8n = Voutrix = 1 V, Riggr = 1.5 KQ
At OUTRO-OUTR7, OUTG0-OUTG?7, and OUTBO-OUTB7,
Aloics | Load regulation® All OUTRn, -Gn, -Bn = on, BCR, -G, -B = 7Fh, *1 £3| %IV
Voutrn, -Gn, -8n = 1 V10 3V, Vourix = 1V, Riger = 1.5 KQ
Thermal error flag . ® o
Tier | threshold Junction temperature 150 165 180 C
T Thermal error flag Junction temperature® 5 10 20| °C
HYS hysteresis
Vi opo All OUTRn, -Gn, -Bn = on, detection voltage select code = Oh 0.25 0.3 0.35 \
Viop: | LED open detection All OUTRn, -Gn, -Bn = on, detection voltage select code = 1h 0.5 0.6 0.7 \
Viopy | threshold All OUTRn, -Gn, -Bn = on, detection voltage select code = 2h 0.8 0.9 1 \Y,
Viobs All OUTRn, -Gn, -Bn = on, detection voltage select code = 3h 11 12 13 \%
Vi spo All OUTRn, -Gn, -Bn = on, detection voltage select code = 4h 0.55 x Ve 0.6 x Vce 0.65 x Ve \%
Visp1 | LED short detection All OUTRn, -Gn, -Bn = on, detection voltage select code = 5h 0.65 x Ve 0.7 x Ve 0.75 x Ve \
Vispy | threshold All OUTRN, -Gn, -Bn = on, detection voltage select code = 6h 0.75 x Ve 0.8 x Ve 0.85 x Ve Vv
Visp3 All OUTRn, -Gn, -Bn = on, detection voltage select code = 7h 0.85 x V¢ 0.9 x Ve 0.95 x Ve \%
V\Rer Reference voltage output | Riger = 1.5 kQ 1.17 1.2 1.25 \
(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 N 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):
(loutxn @t Vourxn = 8 V) = (loumxn @t Vourxn = 1V) 100
A (%/V) = x
(loutxn @t Vourxn =1V) 3V-1vVv

(5) Not tested; specified by design.

Copyright © 2009-2018, Texas Instruments Incorporated 7
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6.6 Switching Characteristics

At To, =—-40°C to 85°C, V¢ =3V t0 5.5V, C, =15 pF, R. =120 Q, Rgee = 1.5 kQ, and V gp = 5 V, unless otherwise noted.
Typical values are at T, = 25°C and Ve = 3.3 V.

PARAMETER TEST CONDITIONS MIN  TYP MAX|UNIT
tro i i SOUT 6 15 ns
Rise time
tr1 OUTRO-OUTR7, OUTGO0-OUTG7, OUTBO-OUTB7, BCR, -G, -B = 7Fh 10 30| ns
tro i SOUT 6 15 ns
Fall time
tr1 OUTRO-OUTR7, OUTGO0-OUTG7, OUTBO-OUTBY7, BCR, -G, -B = 7Fh 10 30| ns
tpo SCLK?t 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
t Propagation delay OUTRnN on to OUTGnN on, OUTGn on to OUTBnN on, 3 6| ns
D3 time® OUTBn on to OUTRn + 1 on, BCR, -G, -B = 7Fh
t OUTRn off to OUTGn off, OUTGn off to OUTBN off, 3 6| ns
D4 OUTBN off to OUTRn + 1 off, BCR, -G, -B = 7Fh
t LAT? to loytn changing by global brightness control (BC data are 20 50| ns
DS 0Ch-72h or 72h—0Ch)
fon ERR Output on-time error® On-off Iatched data = 1, BCR, -G, -B = 7Fh, 20 ns BLANK low level one- _11 5| ns
- shot pulse input

(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
tps (OUTRN to OUTGn = off, OUTGn to OUTBnN = 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 B

tWHO* tWLOY tWH1' tWHZ' tWLZ:

| | === Vg
1 1
1 1
1 1
INPUT 50% ==~ = === o mmmmmmm e e
| |
1 1
! ! . GND
b twh ! b
tsuo tsutr thos Bt
=== Vee
1 1
1 1
CLocK i '
INPUT®  50% , ,
1 1
1 1
! ! --- GND
: tSU : : tH :
[ -
1 1
i i === Vec
1 1
DATA/CONTROL _ ' j
INPUTD 0% mmmmm oo oo oo m oo e
i i
1 1
--- GND

Input pulse rise and fall time is 1 ns to 3 ns.

Figure 1. Input Timing
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tror tr1s tros tr1s toos To1s toas togs Toas tost

--- Ve

INPUT®  50%

--- GND

=== VgyorV,
OH OUTRn/Gn/BnH
90% - ---

OUTPUT  50% —----

10% ----

=== VoL " VoyrrmGnenL
I I
- e fgort
Input pulse rise and fall time is 1 ns to 3 ns.

Figure 2. Output Timing
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Output On/Off Data Write Control Data Write

ROB - 22 CO

EXEN EN EN 65 6N G
f— tg )y —m] S

o )

25 1 2 3 23 24 25

tyq ot by —y

LAT
I « Vo L_____

)Y D]

oty o et b ]

BLANK

I I
Rl ]

Common Shift Register LoD L B75 \/ G7B \/ R76 \/ 68 \/ GoB 506 \/ GoB \/ 0B 0 Vi = > T
Bit O (Internal) ROA OW A of A on Alon A on A on on A\ on On ROB 9 Cont Cont Cont

Common Shift Register LOD L B78 \/| G78 \/ R7B \/ B6B R16 \/ BB \/ GOB oD YO0 1y 3 — -
Bit 1 (Internal) GOA 0 On On On On On On On GOB ROB 9 Cont Cont

Common Shift Register LOD LOD \/LO LOD \/ LOD \/LOD \/ LOD oD | B7B LOD LoD \/ LoD \/ LoD too\Jtoo\ 23 |
Bit 23 (Internal) B7A Gc7A A R7A A\ Bea A GeA A Rea A BsA ROA A"OWA_on B7B 678 A\ R7B A BeB GoB A RoB A Cont

£ (¢
On/Off Data Latch 7 S e
(Internal) Previous Data X Current Data

D) T VY ce o
Control Dz(altst(le.z;:lf; Previous Data Current Data

LOD LOD LOD LOD LOD LOD \/ LOD ;
Low High

SOuUT
(Common Shift Register Bit 24)

tpy | - = = tps
OFF  (VoutrwGnent) try = «
)
OUTRO  ON Vourruuen) « RED outputs are turned off by output on/off data.
""""“;':‘ 2 ' Output current
OFF D3 is changed
by BC data.
OUTGO . _9[:] _________________ « « f——————
)T )T
OFF tos =]
OuUTBO ___(2@ __________________ « « f——————
)7 )7
OFF tog = «
1 _ -~
OUTR1  ON . /
"""""""""""" Y
OFF (](] [](] _____
OUTR7 ___O_’:‘ ____________________________________ (¢ £
T )
OFF []{]
ouTG7 ON « « =
"""""""""""""""""""""" Rl 7
OFF g
OUTB7 - _c_)’:‘ ____________________________________ (](] (](] -----

Figure 3. Timing Diagram

10 Copyright © 2009-2018, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tlc5952?qgpn=tlc5952
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS

www.ti.com.cn

TLC5952

ZHCSIJ9A —MAY 2009—REVISED JULY 2018

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

Output Current (mA)

Figure 4. Reference Resistor vs Output Current (Red and

100 100
€} g
3 3
S S
2 « 24000 2 24000
3 3 18000
< 9600 <
[0] [0]
; 10 ~ ; 10 500
8 4800 o
2 2 -
¢ 3200 [, - ~3600
Z T~ 1920 Z 2400
T
1800 1374
1 eom‘ ‘W».
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
\ \ \ T, = +25°C, Ve = 3.3 V, BCR/G = 7Fh lo = 35 mA
. Thermal Pad Soldered 35 i
£ 5000 / lo =30 mA
£
£ = 30
° <
5 4000 E
(4 = 25
< 3 / lo=20mA
= 3000 5 20
§=3 o
2 Thermal Not Pad Soldered ERRL
= o
Q2000 5 lo=10mA
g ~ © 10 ;
S 1000 ; lo=2mA /IO:SmA
4
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
T, = +25°C T =+25°C, Voo = 5V, BCR/G = 7Fh lo=35mA
35 | V=33V 35 1
5 |BOB=7Fn % /7 lo -30mA
< = 26. <
H lo = 26.2 MA H
= 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
o o
10 7 10 ‘
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¢ = 3.3V, unless otherwise noted.

Output Voltage (V)

Figure 14. Output Current vs Output Voltage (Blue Color
Group)

40 - 40
T, = +25°C loLomax = 35 MA
35 Veg=5V 39 Vg =33V
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5 20 / 5 35 B
3 / o = 22.5 mA lp = 15 mA 3 ,;/
— - /4
E’- 15 ‘ E’- 34 'l//'
8 |O =1.5mA IO =3.75mA lO =7.5mA 8 33 'I
10 ¥ L R [ p— T, =-40°C
5 / 32 Ty = +25°C
14 - 31 — — - T,=1485°C
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)
8 | 26.2 mA 40 | 35 mA
OLCMax = 0.2 M OLCMax = 92 M
30 v, =83V 39 Vge=5V
29 [BCB=7Fh 38 [BCR/G = 7Fh
< <
E 28 T
' 27 = =3 £ 36 —= == ==
- e g
E Py s s P
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25 i 5 34 AL
%‘ il % if/
e | 3 33 i
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23 I 32
Ta=+25°C H Ty =+25°C
22 — — -T,=4+85C 31 ! — — - T,=+85C
21 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 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 [Vge=5V 3 |BCR=7Fh
29 [BCB=7Fh 5
<
E 28 1
E 27 /‘I“—_—-—————"'-'---: ______ g S
= W
5 26 7/ g 0
© .'/ 2 7T
5 25 y <
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3 24 |
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Figure 15. Constant-Current Error vs Output Current
(Channel-to-Channel in Red Color Group)
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Typical Characteristics (continued)

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

Ambient Temperature (°C)

(Channel-to-Channel in Red Color Group)

Figure 18. Constant-Current Error vs Ambient Temperature

4 4
Tp=+25°C Tp=+25°C
3 |BCG =7Fh 3 |BCB = 7Fh
2 2
—~ 1 — 1
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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)
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Figure 19. Constant-Current Error vs Ambient Temperature
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Figure 20. Constant-Current Error vs Ambient Temperature
(Channel-to-Channel in Blue Color Group)
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Figure 21. Global Brightness Control Linearity (Red and
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Typical Characteristics (continued)
At T, = 25°C and V¢ = 3.3V, unless otherwise noted.
40 ‘ T 30
Tp=+25°C lo = 26.6 MA Tp=+25°C
35 ‘ (R=1.371kQ) o5 | SIN=17.5MHz
Vo =33V ‘ SCLK = 35 MHz -7
= 30 | - i
< VYV ---- Ver=5V 1 BCR/G/B = 7Fh -
£ «© lo=15mA \ 20 | All Group Output = On e
g R=24kQ) = L
[0 PR
E 0 lo=7.5mA E 15 __r
o (R = 4.8 kQ) 8 R
2 15 -
[=% -
3 lo = 1.5mA 2 10 1
10 [FR=24kQ) ,,—/
5 _X / | oeee—" 5 - VCC 33V
/ " —_———— VCC =5V
0 é"/@ 0 ‘ :
0 16 32 48 64 8 96 112 128 0 5 10 15 20 25 30 35
Brightness Control Data (dec) OUTRN/Gn Output Current (mA)
Figure 22. Global Brightness Control Linearity (Blue Color Figure 23. Supply Current vs Output Current (Red and
Group) Green Color Group)
30 35
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3 s 815 F—— oo e
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,a" BCR/G/B = 7Fh, All Group Output = On
5 == Ve =33V 5 bo=-- F T . fmmmmdmmnas ..
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Figure 24. Supply Current vs Output Current (Blue Color Figure 25. Supply Current vs Ambient Temperature
Group)
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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

Vee ' I

—

R

l GND

Figure 27. SIN, SCLK, LAT, BLANK

Figure 28. SOUT

OUTn

-—- GND

Figure 29. OUTRO, -GO, -BO Through OUTR7, -G7, -B7

7.2 Test Circuits

VCC

- IREF outxn®

Rirer GND
— |

B VLED ] VCC

SOUT 1_
GND c”
] I

Figure 30. Rise Time and Fall Time Test Circuit for OUTRn,

Figure 31. Rise Time and Fall Time Test Circuit for SOUT

-Gn, -Bn
Ve OUTRO |
Vee | :(1)
pu IREF OUTXn
R 7 |
IREF GND 0OUTB7 Voutrn/Gnen
1 T Vourix —|_

X=R,G,orB;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 >
4
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
A
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 @] @]
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, o cvax 1S Programmed by a single resistor, Rgeg, Which is placed
between the IREF and GND pins. The voltage on IREF is set by an internal band-gap Vgrer, With a typical value
of 1.20 V. The maximum channel current is equivalent to the current flowing through Rrge multiplied by a factor
of 40 for OUTRn, -Gn and 30 for OUTBn. The maximum output current per channel can be calculated by
Equation 1.

R (kQ) = M x 40 (for OUTRN/Gn)
IREF
loLcmax (MA)

__Virer M) 30 (for 0UTBN)

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

loLcmax IS the largest current for each output. Each output sinks the lg cpmax CuUrrent 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.

Rirer Must be between 1.37 kQ and 24 kQ to hold lg, cmax b€tween 35 mA (typ) and 2 mA (typ) for OUTRn, -Gn
and between 26.2 mA (typ) and 1.5 mA (typ) for OUTBnN. Otherwise, the output may be unstable. Output currents
lower than 2 mA (or 1.5 mA for OUTBN) can be achieved by setting lo_.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, R\ggg.

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

loLcmax (MA)
OUTRn, OUTGN OUTBN Rirer (KO)
35 26.28 137
30 225 16
25 18.75 1.92
20 15 2.4
15 11.25 3.2
10 75 4.8
5 375 9.6
15 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-OUTRY,
OUTGO0-OUTG7, and OUTBO-OUTBY. 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-OUTR?7,
OUTGO-OUTG7, and OUTBO-OUTBY). All color group output currents can be adjusted in 128 steps from 0% to
100% of the maximum output current, lo 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.

BCR/G/B
I mA) = | mA) x | ——
out (MA) = lovcye (MA) x | =2
where:

loLemax = the maximum channel current for each channel determined by R gee
* 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 loncne: (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 OUTRnN, -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 0O before the LED is turned on.
Otherwise, the V¢ supply current (Icc) 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

18 Copyright © 2009-2018, Texas Instruments Incorporated
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8.4 Device Functional Modes

8.4.1 LOD, LSD, and TEF Operation

0A 23B 20B 3B B 0B 16C
SN _on N0 A o X G0 X om Kon X N on X oaKoa X o Ao & ow Xon X on X 0w X ow X or K on X on___.
SCLK f !

LAT

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.

I

BLANK

)

(¢

SOuUT
(Common Shift Register)
(Bit 24)

OUTXn (LSD Voltage) - - - === ON *========m==mmommoc oo mc oo ocoo o S S \----mmommeeeeees ON=============m=

)Y

T EEED
A B7A R7A /\_B6A /\ G6A

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

(LOD Voltage)
[ R L L L L L L

LOD/LSD Data

For OUTXn
(Internal)

Figure 33. LOD, LSD, and TEF Operation (No LED Error)

SN _ga \tow A S0 X or X ow X or) Lo e X B X X B X e X e (e .
On On On On On On On On On On On On On On On __.
SCLK f H

LAT

BLANK

SOuUT
(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 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.

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.

« '1" (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 e X 60 X oo X ) Low
On © 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
(¢ -
)Y
BLANK « )
sout TEF LOD \/ LoD \/ LOD \/ LOD \/ LOD T
(cammon st gt T
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
(¢ -
LSD Voltage) ========= === =fe e e e e e B e u pu pupupupu S
OUTXn ¢ gc) /
ON
A L

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 228 \/ 218 \/ 208 3B 1B 0B i6C
SN _on N0 A on X o0 X on Kon X N on KoK o K o Ao &ow Xon Xon X ow X ow X or K on X o0 __.
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 T
(commen shitRegise T X o) X e K ima X son K can A\ ia K son A con X on )

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 - Tiyys
when the output is off.

'1' (Temperature is Higher Than T¢p) '1' (Temperature is Higher Than Trgg)
(¢

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)

P T T T T EEEEmm 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

24 }
24

Output On/Off Data Latch (24 Bits)
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 ouTs1 | outet | ouTrt | ouTso | outao | outro [_ 1 from LAT when the
! On On On On On On On On On On On H MSB of the common
 —t ! shift register is ‘0".
i i
1 1
B o o o o o - - - - - - - - - - - - - - - - - 1

24

To Output On/Off Control Circuit
24
Control Data Latch (24 Bits)
1
! MSB . . . LsB , |
: 23 22 21 4 20 ______ 14 ! 18 _____ v . 6 _—— 0 ' The latch pulse comes
| Voliage | volage | votage | right g | Brght aram | ergnt ®arght [t flom 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/]; 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 (OUTR0O-OUTRY7,
OUTGO0-OUTG7, and OUTBO-OUTBY7). The LED current for each group can be adjusted between 0% and 100%
of lo cmax 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-OUTR?7, data = 00h to 7Fh)
13-7 Global brightness control data for GREEN group (OUTG0-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 V¢ x 60% (typ) threshold
5 = LED short detection with V¢ x 70% (typ) threshold
6 = LED short detection with V¢ x 80% (typ) threshold
7 = LED short detection with V¢ 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

0A B7B G7B \/ R7B B6B \/ GéB Ré6B BOB \/ GOB ROB ; 22 2 R
LD 7 €5 €50 €9 €9 69 659 §9 G SIE L0 G0 5 G &5 65 G

) )
SCLK g g
23 24 25 1 2 3 23 24 25
LAT q ) « (£ |_
— X ) ) . Ao .
The data in the common shift register are copied The data in the common shift register are copied

BLANK to the on/off data latch at the rising edge of LAT. to the control data latch at the rising edge of LAT.
I |

I
R

BOB GoB ROB LOD High 22 1 o |7

On On On ROB 9 Cont Cont/\Cont | ____.

R1B \/ BOB \/” GoB 2 T

On On On Cont/\Cont | ____.
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Common Shift Register
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(Internal) Current Data
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Previous Data « Current Data
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Low o)
GOA ROA B B7B G7B /\_R7B GOB /\ ROB
SID data are copied to the 25-bit

common shift register at the
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Control Data Latch
(Internal)

SOouT
(Common Shift Register Bit 24)

The LOD/LSD result of each LED comes from SOUT.

off  VoutrnGnenH)

I

v~~~
OUTRO oN  (VoutRwanen) \ / \ « / RED outputs are turned off by the output on/off data.
""""""""""" > Output current
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ouTGo ON \_/_\ I 6/ "=
"""""""""""" 7 )y
OFF
OUTBO  ON \_/_\ . L e
"""""""""""" 7 )y
OFF «
OUTR1  ON \ / \ . / K
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OuUTG7 ON « « S
""""""""""""""""""""" R 7

L
OUTB7  ON o ——

_________________________________________ I I
D 37

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.
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LOD/LSD Holder (24 Bits) and TEF Holder (1 Bit)
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' i
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1 Thermal | LOD or LOD or LOD or LOD or LOD or LOD or LODor | LOD or LODor | LODor LOD or :
: Error LSD for | LSD for | LSDfor | LSDfor | LSDfor | +++| LSDfor | LSDfor | LSD for | LSDfor | LSD for | LSD for 1
1 Flag OUTB7 | OUTG7 | OUTR7 | OUTB6 | OUTG6 OouTB1 OUTG1 | OUTR1 OUTBO | OUTGO | OUTRO :
1 il
1 | !
1 | !
(S IS IR I IS I I S I IS IS IS AU I H SID are loaded to the
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! - —————— at the rising edge of LAT
I when the common shift

: """""""""""""""""""" :‘""“""““""""""""“"""“. register MSB is ‘0’.
H I 1
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! MSB LSB -
H 1

Common Shift Register (25 Bits)

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
OUTRN, -Gn, -Bn voltage to the LOD detection threshold voltage level set in the control data latch (Table 4). If
the OUTRN, -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 us 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 pus 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 (Ttgr = 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 Tigg — 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 — Thys When LAT goes high, the TEF data in the
TEF holder become 0. If the device temperature is not below Ttgg — 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
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 sho_rted or the output is off Junction temperature is lower than the
(MouTrn/cn/an IS greater than the (MouTrn/en/en IS less than or equal to
. 3 detect temperature (Ttgg) before TEF
0 voltage selected by the detection the voltage selected by the detection | .
o o is undetected or the detect temperature
voltage select bit in the voltage select bit in the (Trer — Trys) after TEF is detected
control data latch) control data latch) TEF ™ THYS
LED is open or shorted to GND LED terminal is short or OUTn is short
(MouTrnicnien IS less than or equal to | to higher voltage (Vouth is greater than ) .
1 the voltage selected by the detection The selected voltage by detection Junctlogett(zr;pteerrﬁtugrealti rg'g(?.er t;] an the
voltage select bit in the voltage select bit in the P TEF
control data latch) 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 (Trer — 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 (OUTRO, OUTGO, OUTBO0, OUTR1, OUTG1, OUTB1, OUTR2-OUTBS,
OUTR7, OUTG7, 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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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )
TLC5952DAP Active Production HTSSOP (DAP) | 32 46 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 85 TLC5952
TLC5952DAP.A Active Production HTSSOP (DAP) | 32 46 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 85 TLC5952
TLC5952DAP.B Active Production HTSSOP (DAP) | 32 46 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 85 TLC5952
TLC5952DAPG4 Active Production HTSSOP (DAP) | 32 46 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 85 TLC5952
TLC5952DAPG4.A Active Production HTSSOP (DAP) | 32 46 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 85 TLC5952
TLC5952DAPG4.B Active Production HTSSOP (DAP) | 32 46 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 85 TLC5952

TLC5952DAPR Active Production HTSSOP (DAP) | 32 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 TLC5952
TLC5952DAPR.A Active Production HTSSOP (DAP) | 32 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 TLC5952
TLC5952DAPR.B Active Production HTSSOP (DAP) | 32 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 TLC5952

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

® |ead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

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
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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 [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
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
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TAPE AND REEL BOX DIMENSIONS

*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
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TUBE

T - Tube
height L - Tubelength

< n < n
« Lt < Lt

*
w-Tube| I U U _
> width %%
; v

— B - Alignment groove width

\ 4

*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
TLC5952DAP.A DAP HTSSOP 32 46 530 11.89 3600 4.9
TLC5952DAP.B DAP HTSSOP 32 46 530 11.89 3600 4.9
TLC5952DAPG4 DAP HTSSOP 32 46 530 11.89 3600 4.9
TLC5952DAPG4.A DAP HTSSOP 32 46 530 11.89 3600 4.9
TLC5952DAPG4.B DAP HTSSOP 32 46 530 11.89 3600 4.9
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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.
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MECHANICAL DATA

DAP (R—PDS0—-G32) PowerPAD™ PLASTIC SMALL—OUTLINE PACKAGE
11,10
10,90
32 17
LA AN ‘
r———--—- T —=—= |
! THERMAL PAD !
I I
SIZE AND SHAPE 6,20 B
SHOWN ON SEPARATE SHEET 6,00 / N
: : 8,30
I | 7,90
L _
O
1 L J L 16
0,19
0,65 030
[]0,10 @
( ) [y )
A Ty Seoting Plone 4L 471 s
AN /
20w ois I mEml —
0,05 E :
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 Literatur
recommended board layout. This document is available
Falls within JEDEC MO-153 Variation DCT.

PowerPAD is a trademark of Texas Instruments.

e No. SLMAQQ2 for information regarding
at www.ti.com <http: //www.ti.com>.
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THERMAL PAD MECHANICAL DATA

DAP (R-PDSO-G32) PowerPAD"™ PLASTIC SMALL OUTLINE
THERMAL INFORMATION

This PowerPAD ™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must 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? 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
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4x 0,27 -‘1| i L2x 0,70
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Exposed Thermal Pad Dimensions

4206319-3/M  09/13

NOTE: All linear dimensions are in millimeters

PowerPAD is a trademark of Texas Instruments.
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LAND PATTERN DATA

DAP (R—PDS0—G32)

PowerPAD™ PLASTIC SMALL OUTLINE PACKAGE

32x90,20—

Example Board Layout
Via pattern and copper pad size

Stencil Openings
Based on a stencil thickness

may vary depending on layout constraints of .127mm (.005inch).
Reference table below for other
solder stencil thicknesses

32X 0,3 —=] |=—

TITIITTi00y

Soldermask
over copper

11,0

32X 1,8

(See Note E) —

—

7,4

f.11 7.4

"

o

X
3

| ——

Center Power Pad Solder Stencil Opening
/ ‘ Stencil Thickness X Y
/0,07 —m— \ 0.1mm 291 | 463
/Al Around \ 0.127mm 4.36 411
: : 0.152mm 3.99 3.76
\ ..V\/.\Pad oty 0.178mm 3.68 3.47
\ 0,3 —=T F=— /

4,

i

| Solder Mask
30X 0,65 Defined Pad
(See Note C, D)

AN

30X 0,65 —=| |J=—

T

Example Solder Mask Opening
(See Note F)

e

4210213-2/E 01/14

NOTES:

F.

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.
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.

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.
Contact the board fabrication site for recommended soldermask tolerances.

PowerPAD is a trademark of Texas Instruments
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PACKAGE OUTLINE
DAPO0032C PowerPAD™ TSSOP - 1.2 mm max height

4

PLASTIC SMALL OUTLINE

8.3

|-
@ 79 TYP
PIN 1 ID AREA 30X 0 o5
1 :f =32 lﬁ
— 1
—: —
| — —
—/ —
—/ —
111 —/ —
10'9 —/ — ox
NOTE 3 —] —
—/ —
—/ —
—/ —
—/ —
—/ —
—/ —
16— —— =1 J
L 17 1 0.30
32X 0.19
6.2
IJ% S — & [01@ [C[A]]

11 /

—
S
N
RS
_‘
<
o

J\'-/’
SEE DETAIL A

—] —
—] —
—] 3.04 —
— 2.46 — EXPOSED
—] { THERMAL PAD
— ’ﬁ —
—] —
3.74 —] '/ —
3.16 —] —
—] —
—1  — +
L
2X (0.6) 44 F — 2X (0.15) 0°-8 0.50 0.05
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
DAPO0032C PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

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

32X (1.5
5 SEMM SEE DETAILS
I foeeeens -

S e
a2x a5 1 | | ]
= » =
=1 - C [ ]
30X (0.65) — ! |
oo o,
SYMM i \ (11)
(A S I | NOTE 9
¢ e —5 G
% 1 | % 1.2TYP)
i I e} | I V
0.2) TYP E/ l C 1]
! |
(R0.05) TYP C 1] = o 1)
‘
16 e o ‘ 17
\ A \
,,,,,,,,,,,,,,,,,,, |
METAL COVERED—" !
BY SOLDER MASK | (0.65) TP |
‘ (1.3) TYP ‘
R 0 N
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X
METAL UNDER
SOLDER MASK METAL SOLDER MASK
OPENING \ OPENING‘\ SOLDER MASK
o )
EXPOSED METAL EXPOSED METAL— | ‘
L 0.05 MAX #L 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 SLMAO02 (www.ti.com/lit/sima002) and SLMAO004 (www.ti.com/lit/sima004).

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

DAPO0032C PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

(3.04)
BASED ON
0.125 THICK

32X (1.5) STENCIL

o

1
==
— 7

w
N

30X (0.65) — %

SYMM

|

(3.74)
BASED ON
0.125 THICK
STENCIL

DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES

METAL COVERED \
BY SOLDER MASK | SEMM \

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 X 3.16

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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