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LED PWM DRIVER

12§ LED PWMIR 525

12-CHANNEL LED PWM DRIVER

B FEATURES

- Input voltage range VCC: 2.5V to 5.5V

* 12C interface, automatic address increment
function

» Four selectable 1°C addresses (HTR3212F)

* Internal soft reset register

* Modulate LED brightness with 256 steps PWM
- Each channel can be controlled independently

- Each channel can be scaled independently by 1,

1/2, 1/3 and 1/4

- ENEEEEVCC: 2.5V-5.5V

- RCEO, IFEEEHE

- AP RCHENERTIR (HTR3212F)

- RERHENETFESR

- S9RLED#5256F PWM=EE

- 128& LED ¥ zizsl

- 1288 LED B REEFIHSZIEH, 4HENE

- PWM frequency selectable
- 3kHz (default)
- 22kHz
- Pb-free Packages, QFN20L-3x3

B APPLICATIONS
- Smart Speakers - Wireless Speakers
- Mobile phones and other hand-held devices for

LED display

- 215
- QFN20L-3x3, FiR+iaE

o

TRnlsE, 3kHz(BRA)FI22kHz

=10 - LB
- HLEDERMFENME LIGE

- REELEDE R

- LED in home appliances

B DESCRIPTION

HTR3212 is comprised of 12 constant current channels
each with independent PWM control, designed for driving
LEDs, PWM frequency can be 3kHz or 22kHz. The output
current of each channel can be set at up to 38mA (Max.) by
an external resistor and independently scaled by a factor of
1, 1/2, 1/3 and 1/4. The average LED current of each
channel can be changed in 256 steps by changing the PWM
duty cycle through an I2C interface.

The chip can be turned off by pulling the SDB pin low or by
using the software shutdown feature to reduce power
consumption.

HTR3212 is available in QFN-20L (3mmx3mm) packages.
It operates from 2.5V to 5.5V over the temperature range of
-40°C to +85°C.

HTR3212/& —# 12 LED PWMIR 5 2%, PWM
A AT [ 5 A 3kHzE 22kHzZ . 45— B8 5 K
Eﬁ%ﬁﬁftﬁﬁ%ﬁﬁ&lﬁﬂREXTiﬂ** EEi'j(38mA It
AT PIST RS ARY TT 0k o 45— BR P A I 12C B phips
%U256§iémﬂﬁc%%%4ﬁo

FE g ham it 12CH: N AT HTR321233H 47 e e 45
], LK SDB LR B A 15 B ] I b

HE R IR L

HTR32121# HQFN-20L(3mmx3mm)&t . T

YEHEAE2.5VEI5.5V, AI7E-40°C to +85°C L
1E.
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B TYPICAL APPLICATION
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B ORDERING INFORMATION

Ordering Number Package Type Marking Operatmg;egn;perature Shipping Package / MOQ
HTR3212F . .

HTR3212FSQER QFN20L-3x3 YYYMAAB' -40C~85TC Tape and Reel / 5000pcs
HTR3212S o

HTR3212SSQER QFN20L-3x3 YYYMAAB -40°C~85C Tape and Reel / 5000pcs

Ordering Number

HTR3212S SQE

R
L Shipping Package

Package Type

Part Number

Production Tracking Code

Y M

AA

Random Code

Lot Number

Date Code - Month

{ [os)
v \ 4 \4

Internal Code
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B TERMINAL CONFIGURATION

¥ -T2 @ ¥ T2 o
35555 35558
@ R2=rie @ R 2i=rie
REXT| 11  1115) outs AD | 10 115 outs
vee| 2} | | 14| outr vee| 2§ | 114 outr
eno |3 1 BP 1 T3] N eno 31 BP0 A3 enp
GND [ 4 i i 12| ouTs REXT| 4 i i | 12| ouTs
SDA | 51 \__________ 4 111 ouTts SDA | 5 \__________ 4 11| ouTs
= —
HTR3212S Top View HTR3212F Top View
B TERMINAL FUNCTION
Terminal No. .
HTR3212S | HTR3212F Name Description
/ 1 AD I2C address setting. PCaF LI+
2 2 VCC Power supply. FRURHI AT, $20.1uF Al luF 25 21
3,4,13 3,13 GND Ground. b
Input terminal used to connect an external resistor. This
1 4 R EXT regulates the global output current. & —E 18 & i K IR
- IvaxdZE i 1, AMZERexr LRI, T.x = 63.3 X ;EZXVT
i i SDA I°C serial data. PCE 2, T4 BRidBH (2i4.70)
1.8V/3.3V R Gi 5] 1§
6 6 SCL IC serial clock. PCH¥#s, FH#: FHimfH (&#iX4.7%) ,
1.8V/3.3V RG] 1§
7~12 7~12 OUT1~0UT6 Output channel 1~ 6 for LEDs. %4 i#1E 1~6
14~19 14~19 OUT7~OUTI2 Output channel 7~ 12 for LEDs. % i i@ i&7~12
Shutdown the chip when pulled low. JWitsF, (KHFH
20 20 SDB o FHEHL100k FHLHPH, ETFHLERI IR R P GPIOTE
il S KWTE, PCA RN A A7 ae AT 545 4E
/ / Exposed Thermal Pad | Connect to GND. $ i,




l:.“ \ EIfFREREEEESRAS HTR3212
U | LED PWM DRIVER

B SPECIFICATIONS'

® Absolute Maximum Ratings 2

PARAMETER Symbol MIN TYP MAX UNIT
Power supply voltage for VCC VCC -0.3 6 \%
Voltage at SCL, SDA, SDB, OUT1 to OUT36 Vi -0.3 VCC+0.3 \Y,
Moisture Sensitivity Level (MSL) MSL3
Ambient Operating Temperature TA -40 85 °C
Junction Temperature Ty -65 150 °C
Storage Temperature Tste -65 150 °C
Package thermal resistance, junction to
ambient (4 layer standard test PCB based on 6ua 57.9 °C/W
JEDEC standard)
ESD (HBM) +8 kV
ESD (CDM) +1 kV

® Main Electrical Characteristics

Condition: Ta = 25°C, VCC = 3.6V, unless otherwise specified

PARAMETER Symbol CONDITION MIN TYP MAX | UNIT
Power supply voltage for VCC VCC 25 55 \%
Maximum global output current Imax Vg;:jzi\g/)\g?_u::o%%v 38 mA
Output current lout Vour= Og\lszSBTz 3.3k, 23 mA
Headroom voltage VHR Rexr= 3.3kQ, lout= 20mA 0.4 0.6 \Y
Quiescent power supply current lcc Rext= 3.3kQ 5 mA
Shutdown current Isp Vsps= 0V or software shutdown 1.7 5 uA
0x4B= 0x00 29 kHz
PWM frequency of output four OxdB= 0x01 216 KHz
Output leakage current loz PWM=0, Vour= 5.5V 0.2 uA
Thermal shutdown Tsp 160 °C
Thermal shutdown hysteresis Tsp_Hys 20 °C
Output voltage of R_EXT pin VEXT 1.2 \%
® Logic Electrical Characteristics (SDA, SCL, SDB)
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
Logic “0” input voltage Vi Vee= 2.5V~5.5V 0.4 \Y,
Logic “1” input voltage ViH Vee= 2.5V~5.5V 1.4 \Y,
Logic “0” input current I Vinpur= 0V 5 nA
Logic “1” input current I Vineur= VCC 5 nA

' Depending on parts and PCB layout, characteristics may be changed.

2 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.

3 The recommended minimum value of Rext is 2kQ, or it may cause a large current.

5
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® |2C Control Port

PARAMETER Symbol MIN TYP MAX UNIT
Serial-Clock frequency fsoL 400 kHz
Bus free time between a STOP and a START condition teuF 1.3 us
Hold time (repeated) START condition. After this period, the first 0.6
clock pulse is generated. thisTa) us
Setup time for a repeated START condition tsu(sTa) 0.6 us
Setup Time for SCL to STOP condition tsusTo) 0.6 us
Data hold time th(DAT) 0 0.9 us
Setup Time, SDA to SCL tsu(DAT) 100 ns
Required Pulse Duration, SCL HIGH thicH 0.7 us
Required Pulse Duration, SCL LOW tLow 1.3 us
Rise Time, SCL and SDA Tr 300 ns
Fall Time, SCL and SDA Ts 300 ns

tr tsupan

-6- 09/2020 - V0.5
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B TYPICAL OPERATING CHARACTERISTICS

Vcevsl
cc VS Icc Ve vs Isp
20 s
18— Regxr=3:3k 45 | Rgr=3.3k
16 0
14 35
g 12 ——REXT =3.3k Z 5 ——REXT = 3.3k /,
g 8 25 87
8 20 /
6 15 /
4 10 =
2 5
0 0
25 3 35 4 45 5 5.5 25 3 35 4 45 5 55
VCC (V) veem)
Rext VS e Rext VS Iviax
20 50
17.5 45 VCC =5V
40 VCEC =36V
15 35 N\
——VCC=5V
g 12:3 \\ ——VCC=3.6V § 30 \\
T 10 S 2 R
%5 = 20
\ i
5 —
10
25 5
0 0
2 4 6 8 10 2 3 4 5 6 7 8 9 10
Rexr (kohm) Rexr (kohm)
Vee VS Vexr VCC vs fopym
2 30
=2 2k
18— Rpr=3:3k — PWM = 22KHz
1.6 25 “—PWM = 3kHz
1.4
—REXT = 20
g 5 REXT = 3.3k g
£ 1 2
S 3 15
0.8 E
0.6 10
0.4 5
0.2
0 0
25 3 35 4 45 5 55 25 3 35 4 45 5 55
VCC (V) vecm™)
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B APPLICATION INFORMATION
1 I2)C INTERFACE

The HTR3212 uses a serial bus, which conforms to the 12C
protocol, to control the chip’s functions with two wires: SCL
and SDA. The chip has a 7-bit slave address (A7:A1),
followed by the R/W bit, A0.

Since HTR3212 only supports write operations, A0 must
always be “0”. For HTR3212F, the value of bits A1 and A2
are decided by the connection of the AD pin. For HTR3212S,
the 12C slave address is 01111000.

The complete slave address is:

HTR3212 {2 #F & 12C @15 s it &
fTAEtm 2k SDA A SCL kg% it B i LAE )5 e
HTR3212 f# f 8 i HBHE (A7:A0), R
H¥AE, A0 NEAL, N 0; XFF HTR3212F, Al
A A2 i AD FIIERE kR E . X T
HTR3212S, Hubk>AlE E /) 01111000,

TR LA -

Table1 Slave Address (Write only)

Bit AT:A3 A2:A1 A0

HTR3212F 01111 AD 0
Value

HTR3212S 01111 00 0

AD connected to GND, AD = 00;. AD connected to VCC,
AD = 11; AD connected to SCL, AD = 01; AD connected to
SDA, AD = 10;

The SCL line is uni-directional. The SDA line is bi-
directional (open-collector) with a pull-up resistor (typically
4.7kQ). The maximum clock frequency specified by the 12C
standard is 400kHz. In this discussion, the master is the
microcontroller and the slave is the HTR3212.

The “START” signal is generated by lowering the SDA
signal while the SCL signal is high. The start signal will alert
all devices attached to the I>C bus to check the incoming
address against their own chip The 8-bit chip address is sent
next, most significant bit first. Each address bit must be
stable while the SCL level is high. address.

The 8-bit chip address is sent next, most significant bit first.
Each address bit must be stable while the SCL level is high.

After the last bit of the chip address is sent, the master
checks for the HTR3212’s acknowledge. The master releases
the SDA line high (through a pull-up resistor). Then the
master sends an SCL pulse. If the HTR3212 has received the
address correctly, then it holds the SDA line low during the
SCL pulse. If the SDA line is not low, then the master should
senda “STOP” signal (discussed later) and abort the
transfer.

Following acknowledge of HTR3212, the register address
byte is sent, most significant bit first. HTR3212must generate
another acknowledge indicating that the register address has
been received.

Then 8-bit of data byte are sent next, most significant bit
first. Each data bit should be valid while the SCL level is
stable high. After the data byte is sent, the HTR3212 must
generate another acknowledge to indicate that the data was
received.

ADi%E#: 2 GND, AD = 00; ADi%E#: £ VCC,
AD = 11; ADi##: £ SCL, AD = 01; ADiE#: 2
SDA, AD = 10;

12C o 26 SCRFEICHR AU m) A& - SCL A 5 [ iy
[1; SDA XU I, e oRan, oMz L
FrE P CHEE A 4.7k) . ORI BRI R N
400kHz. 7EIXFEOLT, FIEdt N5
S, W8 HTR3212.

“Frif "5 5 B SCL M Pk SDA i
K=, “IF1k” FoRRgRERM&LIE, 4
SCL {E5 NE M I, H4 SDA fimimh =4 115
IR R

7E SCL Fe e i FE Y, SDA v 8K
A, FEEAEAME IS5 B R RF = P o B Tk
AR 1254 LAAh, SDA R fefE SCL NIk
A RECG AR . 24 SCL AP, SDA L%
ANHHE A LR R RE

BRIy, etk 8 ML gs bt . 75
3= Rl VA e v VI ) = B O - & o S A o |
HTR3212 HINZME 5. Fiasfimat b4 iH
eI SDA N, SRJE{E SCL KixE— Mk
. W HTR3212 IEMf#ERICE] 8 15, 1E
SCL Ikt 1) & ¥ SDA HifiK; i SDA £k
AN, WIFRREAR A IR, FiEa 6
SRIE—A AR (55 B W R LI .

£ HTR3212 N5 5 RIEZ G, F1res
R A 2% o B A7 g b & A, HTR3212
7 2 — AN BB ALK 7R B A7 g Hb bk O 4
IR
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The “STOP” signal ends the transfer. To signal “STOP”, the
SDA signal goes high while the SCL signal is high.

PP RALIEHEBAL I Ar A7 8 Bidli . 7ESCL
DREFAERE 1A e T I R A A2 A 2 - 81

BARAL LS, HTR3212[ARE R P2 A — AN
B RZR R B I IER R

L1 -,
. ! I\ | 1./
SDA / X X /N /|
tLow "_ t : : E“:_“éth(STA) : :
SCL = ! : i | i
th(DAni"’i tHIGHH é“ ;4"5 tsu(STA)?‘:’ : tsu(STO)é(:"g :
¥ Selly STA sT0
Figure 1 I2C Interface Timing
T T T 55
1 1 |
SDA /: ] X' — \
: | e
1 1 1
1 1 I
SCL \
Data Line Stable  Change of Data
Data Valid Allowed

Figure 2 Bit Transfer

2  ADDRESS AUTO INCREMENT

To write multiple bytes of data into HTR3212, load the
address of the data register that the first data byte is intended
for. During the HTR3212 acknowledge of receiving the data
byte, the internal address pointer will increment by one. The
next data byte sent to HTR3212 will be placed in the new
address, and so on. The auto increment of the address will

WA 2Bl AR 144 HTR3212,
KIEF D HBESANR TR £
HTR3212 Uit a1, arfras it 2 B ahin
1, T MEE B GE
npbgrss, HE PCHA “IFIE” F5. WTHH

==
HE

BONH R A7 ARl

continue as long as data continues to be written to HTR3212 4
(Figure 4).
i 2 3 4 .5 6 .7 8 9 1 .2 3 4 .5 .6 .7 8 9 1 .2 3 4 5 6 .7 8 9
SDA [RTYRe YRS YR YRz RTYR0) | A [ATYRe YA TR Rs YAz YR (R0} | A [B7 D6 YDs ey D3y D2 Ybribo) | A
‘ 1
scL AYAVAVAVAWAWAW /AN ANAVAYAYAYRY uyyuuyuy
k. . Ack Ack . / Ack Stop
Slave Address Byte Slk:i)\"e Register Address Byte Sz{'e Data Byte Sll;-“'{e M::;er
Figure 3 Typical I2C Writing
1,2 3 4 .5 .6 ,7 ,8 9 1 ,2 .3 4 .5 .6 ,7 .8 9 ,1 ,2 3 .4 5,6 .7 .8 ,9
SDA ] [A7)Y a6 YAs Y4 s Y2 YAt o) | A (A7 asIas A4 A3 a2 a1 Yo ) | A [D7 [bs [IDs Y D4 D3 P2 b1 )[D0} [A -« - -
| T E E !
s LU U un U U U UL
Start /' Acks . / Ack § / Ack
by Slave Address Byte by Register Address Byte by Data 1 Byte by
Master Slave Slave Slave
9 1 ,2 3 .4 .5 6,7 .8 9,1 .2 3 4 ,5 6,7 8 9
\A D76 Y5 BB Y2 b [bo) | A (57 YBe YDs baoa bz bi oo} A [T
N N i
hmmmmmmmmmmmmmmmmmn&
Ack /Ack \ g /Ack Stop
by Data (n-1) Byte by Data n Byte by by
Slave Slave Slave Master

Figure 4 12C Writing with Automatic Address Increment

-O-
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3  Register Map

Table2 Register Map

Register Address Name Function Default Value
Shutdown Set software shutdown mode

00h X 0000 0000

AT CE IR
PWM 12 channels PWM duty cycle data register
0Dh~18h ) o 0000 0000
ik 77 12 B LED 1) PWM 52
PWM Update Load PWM Register and LED Control Register’s data

25h L . o XXXX XXXX

T PWM 577 2801 LED $ i1l 25 77 8% A S
LED Control Channel 1 to 12 enable bit and current setting
32~3Dh X ) o 0000 0000
WE 12 % LED BYFF IRAFT AL a4y
Global Control Set all channels enable

4Ah X o 0000 0000

2R B A LED IFFIRAS
Output Frequency Setting | Set all channels operating frequency

4Bh X ) R 0000 0000

W EATE LED JRiEMmE
Reset Reset all registers into default value

4Fh . . XXXX XXXX

B TA A A S BRI

Register Address: 00h, Shutdown Register (default 0000 0000)

Bit Label Default Description
D7:D1 Reserved 0000000 Unused, make it always 0000000
DO Shutdown 0 0: Software shutdown mode

1: Normal operation

Register Address: 0Dh~

18h, PWM Register OUT1~OUT12 (default 00000000)

Bit

Label

Default

Description

D7:DO0

PWM

00000000

The PWM Registers adjusts LED luminous intensity in 256 steps.
% PWM 27 /7880t B LED 08 256 FALH TS .

The value of a channel's PWM Register decides the average output current for each output,
OUT1~0UT36. The average output current may be computed using:

PWM 2517 88 & B A& 4 HH BP0 P, B P e T i LR AR
I 7
Iown = % x ZD[n] x 2m
n=0
Where “n” indicates the bit location in the respective PWM register.
For example: D7:DO0 = 10110101, lout = Imax (20+22+24+25+27)/256

The lout of each channel is setting by the SL bit of LED Control Register (26h~49h). Please refer to
the detail information in Page 11.

lour 1 LED ##1| 27 77 23(32h~3Dh) % i .

Register Address: 25h, PWM Update Register

Bit Label Default Description
D7:D0 | PWM / The data sent to the PWM Registers and the LED Control Registers will be stored in temporary
Update registers. A write operation of “0000 0000” value to the Update Register is required to update the

registers (0Dh~18h, 32h~3Dh).

RiE%y PWM 274785 (0Dh~18h) FlI LED #il25 f7 4% (32h~3Dh) IHE 2 Bl A7 B I i 5 4795 B o
5\ 0000 0000 BT #]i% PWM HEHZ17a%, 12 PWM 277 88R1 LED % i 23 77 %% (0l B 4=

10
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Register Address: 32h~3Dh, LED Control Register OUT1~0OUT12 (default 00000000)

Bit

Label

Default

Description

D7:D3

Reserved

00000

Unused, make it always 00000

D2:D1

SL

00

Output Current Setting lout B4 C(lout) W ENL:
00: ZB 4 H R Ivax

01: ZERHH IR Imax/2

10: R A Imax/3

110 IZE A TN Imax/4

DO

ouT

LED State LED J-5%ffifig:
0: LED off. % LED 4
1: LEDon. iZ# LED Jf/a

Register Address: 4Ah, Global Control Register (default 00000000)

Bit Label Default Description
D7:D1 Reserved 0000000 Unused, make it always 0000000
DO G_EN 0 Global LED Enable 47 LED {§i&E{

0: Normal operation. frE T{ERE
1: Shutdown all LEDs. 12 # LED [A)f 5% 4]

Register Address: 4Bh, Output Frequency Setting Register (default 00000000)

Bit Label Default Description
D7:D1 Reserved 0000000 Unused, make it always 0000000
DO OFS 0 The Output Frequency Setting Register selects a fixed PWM operating frequency for all output

channels. % & 36 # LED %4z
0: 3kHz
1: 22kHz

Register Address: 4Fh, Reset Register

Bit

Label

Default

Description

D7:DO0

Reset

/

Once user writes “0000 0000” data to the Reset Register, HTR3212 will reset all registers to default
value. On initial power-up, the HTR3212 registers are reset to their default values for a blank display.

5 X\ 00000000 BT & 5ds 2% E A7 9%, HTR3212 KITH 27 as o I BN BRI . FE4086 1
fF, HTR3212 75 1725 B .4 3 52 7 BRI -

11
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4  Typical Application
4.1 PWM Control

The PWM Registers (0Dh~18h) can modulate LED
brightness of 12 channels with 256 steps. For example, if the
data in PWM Register is “0000 01007, then the PWM is the
fourth step.

Writing new data continuously to the registers can modulate
the brightness of the LEDs to achieve a breathing eftect.

4.2  Rgxr Setting

The maximum output current of OUT1~OUT12 can be
adjusted by the external resistor, Rexr, as described in
Formula:

X =63.3, Vour =0.8V, Vext = 1.2V
The recommended minimum value of Rgxr is 2kQ.
4.3  Current Setting

The current of each LED can be set independently by the SL
bit of LED Control Register (32h~3Dh). The maximum
global current is set by the external register Rexr.

When channels drive different quantity of LEDs, adjust
maximum output current according to quantity of LEDs to
ensure average current of each LED is the same.

For example, set Rext = 3.3kQ then Imax = 23mA. If OUT1
drives two LEDs and OUT?2 drives four LEDs, set the SL bit
of LED Control Register (32h) to “01” and SL bit of LED
Control Register (33h) to “00”. So the current of OUT1 is
Iouti = Imax/2 = 11.5mA and the current of OUT2 is lour2 =
Imax = 23mA. The average current of each LED is the same.

44 Gamma Correction

In order to perform a better visual LED breathing effect we
recommend using a gamma corrected PWM value to set the
LED intensity. This results in a reduced number of steps for
the LED intensity setting, but causes the change in intensity
to appear more linear to the human eye.

Gamma correction, also known as gamma compression or
encoding, is used to encode linear luminance to match the
non-linear characteristics of display. Since the HTR3212 can
modulate the brightness of the LEDs with 256 steps, a
gamma correction function can be applied when computing
each subsequent LED intensity setting such that the changes
in brightness matches the human eye's brightness curve.

Choosing more gamma steps provides for a more continuous
looking breathing effect. This is useful for long reathing
cycles. The recommended configuration is defined by the
breath cycle T. When T=1s, choose 32 gamma steps, when
T=2s, choose 64 gamma steps. The user must decide the final
number of gamma steps not only by the LED itself, but also
based on the visual performance of the finished product.

IS % E PWM 77 /745 (0Dh~18h) >k /5 12
¥ LED W5 . WiE PWM Zfids T E5 AN
“0000 0100”7, M%H ~EE 4 0 fE .

TESEE NBUHRE PWM 25 B8 %085 2 o b
&, BIATSZHL LED WRUR SR .

HTR3212 (1] 12 & e K th AL i i 4
HE Rexr B, FTHEARXUWT:

EXT
X = 63.3, VOUT :O.SV, VEext = 1.2V

Rexr #EFEAE A R 5 /NHAE S 2kohm,

HTR3212 wliE it i% & LED % 25 17 4%
(32h~3Dh)i SL A K id i aE % LED Y FLJifE
FRES I B K MRS HA/ME HL P Rexr Yhig, J8id
SL Az a7 ) v B R LED [ HR .

2% 155 K sh LED MO RIS, ATAR 4
LED RIANEIIE B i i b 1 B K AL, S 0
LED -3 i PRk — 2.

Bltn, 24 Rexr = 3.3kQ I, Imax = 23mA,
47 OUTI #M% 2 i LED, OUT2 4% 4 i LED,
JAE 6 B LED (¥ mARR, W& 32h 7F
T2 SL Al “017, 33h 29472810 SL 7K

“00”, M OUT1 WIHFA loutt = Iuax/2 =
11.5mA, OUT2 HIHHN Iout2 = Imax = 23mA.

/] HTR3212 23l LED PRI RCRRS, Ny
E RN e S VO il PRl e | 2
P IE.

HTR3212 s £k 14 (1) 256 2% PWM
o BT NMUBE XS 72 B (AR 22, L IR 2 1k 1 st
WG L 25 bt 2RI T U ) e P AR AR, SR 5 1R
PR N B AT ) J . Ay T R AN 1) L, A
WPIRCRS S 51 NS R M R 51, T8 B SE R 1
2R

NT BRI RSCR, AREUCE 2 01
S, B LR B e A A8 B SR T AR . HE
TEMI IR A, B BB AL IR T
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Table3 32 Gamma Steps With 256 PWM Steps

HTR3212
LED PWM DRIVER

C(0) ) CQ2) CB3) C4) c®) C(6) )
0 1 2 4 6 10 13 18
C(8) C(9) C(10) C(11) C(12) C(13) C(14) C(15)
22 28 33 39 46 53 61 69
C(16) C(17) C(18) C(19) C(20) C(21) C(22) C(23)
78 86 96 106 116 126 138 149
C(24) C(25) C(26) C(27) C(28) C(29) C(30) C(31)
161 173 186 199 212 226 240 255

256
/
192
£ 160
Q
= 128
= 4
Y //
64 //
32 //
0 --(/
0 4 8 12 16 20 24 28 32
Intensity Steps
Figure 5 Gamma Correction (32 Steps)
Table4 64 Gamma Steps With 256 PWM Steps
C(0) c(1) C(2) C(3) C(4) C(5) C(6) C(7)
0 1 2 3 4 5 6 7
C(8) C(9) C(10) C(11) C(12) C(13) C(14) C(15)
8 10 12 14 16 18 20 22
C(16) C(17) C(18) C(19) C(20) C21) C(22) C(23)
24 26 29 32 35 38 41 44
C(24) C(25) C(26) C(27) C(28) C(29) C(30) C(31)
47 50 53 57 61 65 69 73
C(32) C(33) C(34) C(35) C(36) C(37) C(38) C(39)
77 81 85 89 94 99 104 109
C(40) C(41) C(42) C(43) C(44) C(45) C(46) C(47)
114 119 124 129 134 140 146 152
C(48) C(49) C(50) C(51) C(52) C(53) C(54) C(55)
158 164 170 176 182 188 195 202
C(56) C(57) C(58) C(59) C(60) C(61) C(62) C(63)
209 216 233 230 237 244 251 255
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HTR3212
LED PWM DRIVER

PWM Data
=

96 /
64 //
/
32 7~
0 _’/
0 8 16 24 40 48 56 64
Intensity Steps

Figure 6 Gamma Correction (64 Steps)

4.5 Shutdown Mode

Shutdown mode can be used as a means of reducing power
consumption. During shutdown mode all registers retain their
data.

Software Shutdown

By setting shutdown bit of the Shutdown Register (00h) to
“0” the device will operate in software shutdown mode.
When the device is in software shutdown mode, all current
sources are switched off.

Hardware Shutdown

The chip enters hardware shutdown when the SDB pin is
pulled low. All analog circuits are disabled during hardware
shutdown, typical the current consume is 3pA.

The chip releases hardware shutdown when the SDB pin is
pulled high. When set SDB high, the rising edge will reset
the I>C module, but the register information retains. During
hardware shutdown state Function Register can be operated.

4.6 PWM Frequency Select

The HTR3212 output channels operate with a default PWM
frequency of 3kHz. Because all the OUTx channels are
synchronized, the DC supply will experience large
instantaneous current surges when the OUTx channels turn
ON. These current surges will generate an AC ripple on the
power supply which cause stress to the decoupling
capacitors.

When the AC ripple is applied to a monolithic ceramic
capacitor chip (MLCC) it will expand and contract causing
the PCB to flex and generate audible hum in the range of
between 20Hz to 20kHz, To avoid this hum, there are many
countermeasures, such as selecting the capacitor type and
value which will not cause the PCB to flex and contract.

O P R RT 0D Dk . AR R
Witk 2GR, BT aF A7 a Drds IR Aol A A2

AN e A AE 2% (00h) H Shutdown fi7
B 07, S AHEN AW, BT 1 E
S 5

24 SDB BRI, & 2 AR i 3

HTR3212/ER N5 HPWMATZ A3kHz, H
FHrEH R EZFED 1, DCHLES 5 ABFER
T, AT S B IR G 5] NACSUH

HHF1Z3kHZAR 2 T [E AR, PCBR S|
Re o= AR ml I e e . B SR 1% 7 Y — R g i
SERAE P AN TR 5 R0 B 20 AR DI L2 o
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An additional option for avoiding audible hum is to set the H—d R E SR [E 2, 4Bh
HTR3212’s output PWM frequency above the audible range. P A7 S AT R 1 B 2E AT 210 DO 7 7] 1 B AR
The Output Frequency Setting Register (4Bh)’s bit DO can be iy g 22kHz o R R A 3] LB F S AL RE
used to set the switching frequency to 22kHz, which is PWM 4 2 iy 25 .

beyond the audible range. Figure 7 below shows the variation
of output PWM frequency across supply voltage and
temperature.

30

Bl —— 85°C

s 25°C

| 40°C

QUTPUT PWM Frequency(kHz)

3.1 3.9 3.9 . 3 4.1 2.1

vee(v)

Figure 7 VCC vs. Output PWM Frequency
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HTR3212
LED PWM DRIVER

B PACKAGE OUTLINE
SQE (QFN20L-3X 3)
a2 D -

Top View
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- 1 o
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N00NN

Bottom View

Side View
Dimensions in Millimeters

Symbol Min. Nom. Max.
A 0.700 0.750 0.800
Al 0.000 - 0.050
A2 0.195 0.203 0.211
2.950 3.000 3.050
E 2.950 3.000 3.050
D1 1.450 1.500 1.550
El 1.450 1.500 1.550

k 0.325MIN.
b 0.150 0.200 0.250

e 0.400TYP.
L 0.275 0.325 0.375
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