HTR3316

16-CHANNEL LED DRIVER AND GPIO CONTROLLER
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16-CHANNEL LED DRIVER AND GPIO CONTROLLER

B FEATURES

* 16 multi-function 1/O, each for LED drive (current-
source dimming) or GPIO mode

+ 256 steps linear dimming in LED drive mode

= Any GPIO can be configured as an input or an
output independently

- Support interrupt, 8us deglitch, low-level active

- Standard IC interface, AD1/ADO select I°C device
address

- SDA, SCL, RSTN, and all GPIO can accept in
1.8V logic input

- 16/NBIIREI0, IEGPIOEREYLEDIREN (BB
TEEYE)

- LEDIRzNET 2562t

- (FEGPIOAIEL B I ATE N B

- FhiThEE, SusPitl, (REEFEX

- FREEI2CEEO, AD1/ADOIEIRI2CEE {4 tbit

- SDA, SCL, RSTNLAR B GPIOg#51.8ViZ1ig

= Supply shutdown function, low-level active =0
= 2.5V~5.5V power supply - BEXmER, KBEFEEN
- Pb-free Packages, QFN4x4-24L . 2.5V ~5.5V{itE

- QFN4x4-24L, FiREd%e

B APPLICATIONS
* Cell Phone - PDA/MP3/MP4/CD/Mini display

B DESCRIPTION

HTR3316 is a 16 multi-function LED driver and GPIO
controller. Any of the 16 1/O ports can be configured as LED
drive mode or GPIO mode. Furthermore, any GPIO can be
configured as an input or an output independently.

After power on, all the 16 1/O ports are configured as GPIO
output as default, which default states are set according to
the I°C device address selection inputs, ADO and AD1. All
I/O ports configured as inputs are continuously monitored
for state changes. State changes are indicated by the INTN
output. When HTR3316 reads GPIO state through the 1°C
interface, the interrupt is cleared. Interrupt has 8us deglitch.

When the 1/O ports are configured as LED drive mode,
HTR3216 can set the current of LED drive between 0~luax
by I°C interface, which is divided by 256 steps linear
dimming. The default maximum current (Iwax) is 37mA, and
Imax can be changed in GCR register.

HTR3316 is available in QFN4x4-24L package, and
2.5V~5.5V power supply.

- F#l - PDA/MP3/MP4/CD/iXREZ TR

HTR3316 /& — 3k 16 % £ 1) G€ LED JX 3 #&%
GPIO#% %8 164N 1/Ou L1 A (AT fa] — AN # AT
LARE B NLEDIR A 34 B GPIOR 3. b4,
AEATGPIOHS AT LA FSH E & i A B H -

WL, B 16-4N/0% H i B v ER A GPIO%:
o BRUCIR SR 4 12C 23 4 3t 1k 3% 5 I ADO A1
AD1RE . BT BeE N A 11/ O 1 #i o> Fp 4k
ORI RS HINTNG R 4
THR3316i@ 1T 12CH: BN GPIOAR A, AT
Wi bR BB EH ] R8s .

21/Ov; B B NLEDIR B 2845 20, HTR3216
A] DL I 12CHz 10K LED B 2h 2% ) HEL i 16 B 7
O~ImaxZ T8, F£ 1T LA i LL256 20 34T 26 P 1
Hoo BRAINEKHI (Iwax) A37TmMA, AJEGCR
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HTR3316

16-CHANNEL LED DRIVER AND GPIO CONTROLLER

B ORDERING INFORMATION

Ordering Number Package Type Marking Operating;negn;perature Shipping Package / MOQ
QFN4x4-24L HTR3316 R, Tape and Reel (R)
HTR3316SQER (SQE) VYYMAABL -40°C~85°C 5000PCS
Ordering Number
HTR3316 SQE R
N Shipping Package
» Package Type
» Part Number

Production Tracking Code

YYY M

AA

B
»
Lad
>
>

Lot Number

Internal Code

Random Code

Date Code - Month
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16-CHANNEL LED DRIVER AND GPIO CONTROLLER

B TYPICAL APPLICATION
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Drive 16 function LED, including 6 ports feasible for LED backlight

When LED anode is connected to VCC, the AD1/ADO PIN
must be connected to VCC to assure that the default value
of GPIO after POWER ON is High or Hi-Z so that LED
cannot be lighted falsely. The default value of GPIO after
POWER ON is decided by AD1/ADO PIN (refer to table 1).

The Dropout performance of the low 6 LED Ports
(P1_0~P1_3, PO_0~PO0_1) is optimized, so these ports are
recommended if you want to use HTR3316 to drive LED
backlight.

4 LED [ FH A% 2 VCC IvF, 7 8 85 H 1
AD1/ADO#2VCC, HifrGPIOM L HER IR
R, LEDANS AR 555, GPIOM) L HL
BRYVIRZS HAD1/ADOK B e sE, BiRS B/
1.

k6% (P1.0~P1.3, PO O~P0_ 1) f#
Dropout: Gl 1 581k, 7EIRBILCD T Ya e 2 il
BEEUX J L%

11/2021 - V0.5



HTR3316

16-CHANNEL LED DRIVER AND GPIO CONTROLLER

©) vece 1.8vV~vCC

VCC l
L 4 VCC 100kQ
luF] ] 0.1uF *8
— :L AD1 K
VDD PO_0O & Sub System1
ADO
PO_1 Sub System2
HTR3316 - Y
4.7kB. 7k
¢ SDA P12
P13
Micro SCL P1 4
Controller P15
RSTN P16
P1_7
INTN - Keyboard
PO_2 ?
PO_3
PO_4
GND PO_5
PO_6
— PO_7

Function LED + keyboard/IO Extended

When LED anode is connected to VCC, the AD1/ADO PIN
must be connected to VCC to assure that the default value
of GPIO after POWER ON is High or Hi-Z so that LED
cannot be lighted falsely. The default value of GPIO after
POWER ON is decided by AD1/ADO PIN (refer to table 1).

Any of the 16 I/O ports can be configured as LED drive
mode or GPIO mode. In the above application schematic,
P1_0 and P1_1 are configured as LED mode, PO_0, PO_1
is configured as GPIO output to control sub system,
P1_2~P1_7 are configured as GPIO output to drive the row
line of keyboard, PO_2~P0_7 are configured as GPIO input
to drive the column line of keyboard

2 LED ) BH A% 2 VCC I, 7 %8 1
AD1/ADO#2VBAT, #fi{RGPION] L HERIIRZS
N, LEDASHR 5. GPIOK) L
BRIVIRES HAD1/ADOKI L, HiASHE
#1.

16 % 10 7] {ifi GPIO % LED IKzh{#
Mo ERURINAF, P10, P1_1EEN
LED #z(, PO_0 it & GPIO fi H#5=0H K
BT 2%, P1_2~P1_7 &N GPIO #ith
FEECH R IKBh B B 1472k, PO_1~P0_7 L&
4 GPIO g NS SR IR B B AL 1 51 28
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16-CHANNEL LED DRIVER AND GPIO CONTROLLER

VDD

—

4.7kQ 4.7kQ

Micro

Controller

RSTN

SCL
SDA

HTR3316 ">

vee (@

6 LED
Backlight
or
Function
LED

WA WA A R

WA N7 WA

10 White or
RGB LED

1
RSTN 0
[ ]
1

e PO_0
SDA

HTR3316 "

vccC @

6 LED

Backlight
or
Function

LED

WA WA R A

10 White or

RGB LED

Function LED + keyboard/IO Extended

When LED anode is connected to VCC, the AD1/ADO PIN
must be connected to VCC to assure that the default value
of GPIO after POWER ON is High or Hi-Z so that LED
cannot be lighted falsely. The default value of GPIO after
POWER ON is decided by AD1/ADO PIN (refer to table 1).

The 2 HTR3316s can share reset line RSTN and clock line
SCL, but the data line SDA need to separate. So the 2
HTR3316s consume 4 GPIOs

W3 WA XA

MLEDRIFHREEVCCH, Tkt i

AD1/ADO#:VCC, fRGPION] L HERIIRES
AEEER, LEDASE RS GPIOH
HER YIRS HADL/ADOM - Fie, Hixkz

E#xRl.

P RIHTR3316 7] & H 2 7 2k RSTNAII £ £k
SCL, #IELLSDATE /3T, SILTHEEANGPIO

EECGHN
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HTR3316
16-CHANNEL LED DRIVER AND GPIO CONTROLLER

B TERMINAL CONFIGURATION
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B TERMINAL FUNCTION

Terminal No. Name Description

GPIO mode default, input or output, push-pull mode. Can be configured
as LED drive mode. The default state after power on is related to

1~4 P1 0~P1 3 AD1/ADO PIN.

BRAGPIO, fmAEifidi, L. Al E NLEDIKS), EHIERIA
KA 5ADUADOH K

GPIO mode default, input or output, open-drain (default) or push-pull
mode. Can be configured as LED drive mode. The default state after

5~8 PO_0~PO 3 power on is related to AD1/ADO PIN.

BRINGPIO, B, JHRait (GBRIA) BUfEREi . vBEN
LEDIE). EHERIIRE 5ADI/ADO K.

9 GND Ground. s

GPI10O mode default, input or output, open-drain (default) or push-pull
mode. Can be configured as LED drive mode. The default state after
10~13 PO_4~P0_7 power on is related to AD1/ADO PIN.

BRNGPIO, B, JHwaity GBRIA) BUfEfRaity . vaEN
LEDIXZ). ERERIURZE 5 ADI/ADOME K.

GPIO mode default, input or output, push-pull mode. Can be configured
as LED drive mode. The default state after power on is related to

14~17 P1 4~P1 7 AD1/ADO PIN.
I BINGPIO, f N, HEMGLs . vk EONLEDIRAN . b HERIIR
A5 AD1/ADOK % .
I2C interface device address, connect to VCC or GND, and control the
18 ADO default state of output pin (refer to table 1),
12CE8 ke FE, $VCCHIGND, JFiXBEGPIORA (WED .
19 SCL 12C serial clock. 12CH} %}
20 SDA 12C serial data. 12C%#f
21 VCC Power supply. H % A\ 3.

Interrupt output pin, open-drain mode, need external pull-up resistor;

22 INTN . .
interrupt low active.

6- 11/2021 — V0.5



HTR3316

16-CHANNEL LED DRIVER AND GPIO CONTROLLER

i, JTRSE R, RN LA AR, R R

Hardware reset pin, low reset; it has an internal 100 kQ(typical) pull-low

23 RSTN resistor.

BEAESEAL, ROAEAL, AT HI100 kQ (BURE D HIFH

I2C interface device address, connect to VCC or GND, and control the
24 AD1 default state of output pin (refer to table 1).

12CEefE bR, BEVCCEIGND, HXBEGPIORES (IELD .
Ep Exposed Thermal Ground. Hb.

Pad, also GND
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HTR3316
16-CHANNEL LED DRIVER AND GPIO CONTROLLER

B SPECIFICATIONS'

® Absolute Maximum Ratings 2

PARAMETER Symbol MIN TYP MAX UNIT
Power supply voltage for VCC VCC -0.3 6 \
e | v
Max power @ Ta =25C Ppmax 3.2 w
Moisture Sensitivity Level (MSL) MSL3
Ambient Operating Temperature TA -40 85 °C
Junction Temperature Ta 150 °C
Storage Temperature Tstc -65 150 °C
Lead Temperature (Soldering 10 senconds) TLeAD 260 C
Package thermal resistance, junction to
ambient (4 layer standard test PCB based on RN 31 °C/W
JEDEC standard)
ESD (HBM) +2 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
Supply voltage and current
Power supply voltage for VCC VCC 25 55 \%
Shutdown current Isp RSTN=GND 0.1 uA
LED Driver
Max current of LED drive Imax ConflgureIPFIL/Ix Reg. as 37 mA
Dropout voltage on low 6 ports _
(P1-0~P1_3, PO_0~P0_1) Veropt lour= 20mA 60 mv
Dropout voltage on high 10 _
ports (P0-2~P0_7, P1 4~P1 7) Vdrop2 lout=20mA 80 mA
Digital pin output
— _ VCC-
Vce=2.5V, Isource=10mA 170 mV
High-level output voltage _ _ VCC-
(P0_7~P0_0, P1_7~P1_0) Vou Vee=3.6V, Isource=20mA 250 mv
_ _ VCC-
Vce=5V, Isource=20mA 200 mV
Vce=2.5V, lsink=10mA 90 mV
Low-level output voltage _ _
(PO_7~P0_0, P1_7~P1_0) VoL Vce=3.6V, Isink =20mA 70 mV
Vce=5V, lsink =20mA 60 mV
Vce=2.5V, lsink =6mA 150 mV
:‘,\ﬂ",;l')e"e' output voltage (SDA, |, Vcc=3.6V, lsnk =6mA 100 mv
Vce=5V, Isink =6mA 75 mV
Digital pin input
High-level input voltage ViH SCL, SDA, RSTN, ADO, AD1, 1.4 V
Low-level input voltage ViL PO_7~P0_0,P1 7~P1 0 0.4 \Y;
Input Current I SCL, SDA, RSTN, ADOQ, AD1, -0.2 +0.2 uA
i PO_7~P0_0,P1 7~P1_0, Vi=
Input Capacitance Ci VCC or GND 3 pF
Internal pull-low resistor in Internal pull-low resistor in
RSTN PIN ResN RSTN PIN 100k Q
Pulse width that RSTN tsp_RrsTN RSTN=VCC 10 us

1 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.

_8- 11/2021 - V0.5




HTR3316
16-CHANNEL LED DRIVER AND GPIO CONTROLLER

| PIN can filter |

® [2C Control Port

PARAMETER Symbol MIN TYP MAX UNIT
Serial-Clock frequency fscL 400 kHz
Bus free time between a STOP and a START condition tsuF 13 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 tsusTA) 0.6 us
Setup Time for SCL to STOP condition tsu(sTo) 0.6 us
Data hold time th(pAT) 0 0.9 us
Setup Time, SDA to SCL tsu(DAT) 100 ns
Required Pulse Duration, SCL HIGH tHiGH 0.7 us
Required Pulse Duration, SCL LOW tLow 13 us
Rise Time, SCL and SDA Tr 300 ns
Fall Time, SCL and SDA Ty 300 ns

1

SDA , {

| teur [ | |

| || E

scL | 1 T\
I |1 tasTaie>) | i i i
LS_TCT 1 I_S_TIT ! thoan > lHlGHH i E*’E
tt  tupan
o 11/2021 V0.5




HTR3316
16-CHANNEL LED DRIVER AND GPIO CONTROLLER

B TYPICAL OPERATING CHARACTERISTICS

Ismk = VO Sink Current - mA
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HTR3316

16-CHANNEL LED DRIVER AND GPIO CONTROLLER

B APPLICATION INFORMATION

HTR3316 is a 16 multi-function 10 controller, which is
applied for LED drive or GPIO. Any of the 16 1/O ports can
be configured as LED drive mode or GPIO mode. Furthermore,
any GPIO can be configured as an input or an output
independently.

When configured as GPIO mode, all 1/O ports configured as
inputs are continuously monitored for state changes. State
changes are indicated by the INTN output. When THR3316
read GPIO state through the 12C interface, the interrupt is
cleared.

When configured as LED drive, drive current range is
0~Imax, which 256 steps is divided. Default Iyax is 37mA,
and it can be changed in GCR register.

1 Power On

After power-up, about 100us delay is required before RSTN
set to high, otherwise, the device may work incorrectly. The
minimal wait time for I2C communication is Sms, during this
period, some internal modules (such as LDO) start to work
and reach a stable state.

Below is the recommended operation timing.

HTR331652 —#KI2CH: 0. 16 EEIFIRAT
16 B3 8 GPIO #&Mfil#%, BA& 16 XA
GPIO¥ [, Hrfpgnl @it g 4R E N LED
K. 76 GPIO #iF, #—# GPIO
AJ U B A N B

BB O NGPIO R, Frfa & N
/0%t A # 2 R IS RS . RS TS H
INTN#i 367~ {4 THR33163@ 15 12CH: M2 HL
GPIOARZSHS, = Wi

ic & NLEDIRBN, BXE)H RN
O~Ilwax, 73 N256:0 . BRikluax N37mA, HJ7E
GCRZH 725 1 B 4

AR, RSTNBCE N i 7 2 KZ1100
wsIREIR, I, el fEik L H AR,
12CIE {5 1) F R S A I [A) 9Bms,  fE LT, —

LE NI (AILDO) R TAE A BIRS E IR
&

BN o

PATF & WIS ¥ o

VBAT
— |
€ 100us »! Note: About 100us delay is required after power on
|
RSTN | I
| P 5ms ...!
|"‘ I'l/
I’c : I\ Note: The minimal wait time for I°C communication is 5ms
I I

Figure 1 Power On Timing

2  GPIO OUTPUT

After power on, all the 16 I/O ports are configured as GPIO
output as default, which default states are set according to the
12C slave address selection inputs, ADO and AD1, refer to
table 1 for detail. The P1 port is Push-Pull mode; PO port is
Open-Drain mode (default) and can be configured as Push-
Pull mode. When PO port is Open-Drain mode, it need pull-
up resistor.

FHJE, 16 B GPIO HERAA GPIO #i
A, HOEHRES, HHEROE ST 2 A2
bl (AD1. ADO) #HATHCE, BARECE
KX WZE 1. P1 34 Push-Pull 35, PO i
12K\ Open-Drain Xz}, nlidid it & 4 /s
| ZFfEaei% N Push-Pull ZR3h. X4 PO N
Open-Drain #5Un, 754z EhrfpH .

-11-
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HTR3316

16-CHANNEL LED DRIVER AND GPIO CONTROLLER

Table1 Default State of 10 ports, AD1/ADO and PO_x/P1_x

AD1 | ADO [P1_7|P1_6|P1.5[P1 4|P1.3|P1 2|P1_1|P1 0|P0_7|P0_6|P0_5|P0_4|P0_3|P0_2|P0_1|P0_D
GND [GND | © 0 0 0 0 0 0 0 0 0 0 0 0 0 0o | o
GND |VBAT| 0 0 0 0 1 1 1 1 0 0| o 0 | Hi-Z | Hi-Z | Hi-Z | Hi-Z
VBAT| GND | 1 1 1 1 0 0 0 0 | Hi-Z |Hi-z |Hi-Z | Hi-Z| 0 0 0| o
VBAT [ VBAT| 1 1 1 1 1 1 1 1 | Hi-z | Hi-Z | Hi-Z | Hi-Z | Hi-Z | Hi-Z | Hi-Z | Hi-Z

3

The register Config_Port0 and Config Portl can configure a
port as input or output. Each bit of the register is
corresponding to each port, the bit set ‘1’ as input, ‘0’ as
output. The default value is ‘0’ as output.

GPIO INPUT/OUTPUT DIRECTION SELECT

4  GPIOINPUT

User can get the current state of GPIO through reading the
register Input Port0 and Input_Portl by 12C Interface.
HTR3316B GPIO support 1.8V logic input.

5

HTR3316B can monitor IO state to generate interrupt when
configure port as GPI and GPIO interrupt enabled. External
MCU is required acknowledge by INTN pin. INTN is open-
drain output, low-level active, and need external pull-up
resistor.

INTERRUPT

When HTR3316B detect port change, any input state from
high-level to low-level or from low-level to high-level will
generate interrupt after 8us internal deglitch. External MCU
read GPIO_INPUT A/B register to clear interrupt. P1 port
state change must clear interrupt by read GPIO_INPUT B
register; PO port state change must clear interrupt by read
GPIO_INPUT A register.

Config_Port0 #iI Config_Port 1 155 %t 1
RN HHRE . FAESRE — A0 R A
GPIO i [, AL E ‘17 REFMANRE, E 0
REHUHPIRES . BVMEN 0, fHbIRES.

B 12C ¥ O B Input_Port0 Al
Input_Port1 3R 47T GPIO i FIZARIRE .
HTR3316B GPIO [N>ZHf 1.8V M.

GPIO M E s A,  H S Re i ol
ReJa, HA AR AT 5] A i H (INTND
AR, NI ] b PR AR 258 Fh IBTid oK . i 12C
FEOEEL GPIO H ANARASHS, wT LB BRI
BRIV O R, 16 B GPIO [+ I fif g .
HTR3316B I %] i Wl 4 AR A&, 4 4 W 2
GPIO [MZH A4k, WHESHEE AT 8us
ZElEhabE; #F 8us Ja, BN ILIREAR L, N
WS RK . ANE GPIO 1 HLF AR AR
B =AM, YRR A . K — B GPIO
FIC B Rl B BOoC P b g e, T3
RAS BB A 227 A T

JETEEEL Input_Port0 A1 Input_Port1 %F
FEa 0] LT B rh 7, AT Hh 7 5| BEE e AR
HPHBL . B PO FZARAL = A b iy, 020t
Input_Port0 #Ff7#siEkR: H P1 A=A
dir, A4 Input_Port1 2917 28T, ANAlEs
GRS A S 12C BEOZE
kR WA 2,

* GPIO PIREAL AW G, S
IS FHORAS B HZ 10 DRl ERE, &R
LMW, BB 12C S0 EiERR
Wr, BaE S A7 T REE B .
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8us deglitch

Data readout

/__\

SDA

lslllu|1|1|UPAD1’ADC|0|A|0|0|U|U|UI0|0|0/1|A|511|U|1|1|u|ﬂDl|nDc|1]AIMSB

NG

0: read PO Port
1:read P1 Port

Figure 2 Interrupt generation and clear

6 LEDDRIVE

HTR3316B is co-anode current source LED drive. LED
drive IMAX is configured by GCR (ISEL) register, to select
4 grades. The default Imax is 37mA.

In LED drive mode, LED dim step can be manually
controlled by external MCU. Drive current is from 0~Imax
divided by 256 steps.

HTR3316B 4 1 16 B3 FHER A LED
WKzh, @S 12H 1 13H H A7 AT
PO CIfIP1 OB N LED IRahER. & H A
BHHMHKET WS HRMERKE (vax) A
37mA (JLAD. [FIRY, &E ISEL[1:0]7 K DG
6 R SE £ 0~IMAX . 0~(IMAX X 3/4) .
0~(IMAX X 2/4) 5% 0~(IMAX X 1/4) Py A~ AN [ [X
[E] N, ISEL[1:0]AC & 70Uk 9.

TERfE e KRB LRt A b, & —B% LED
ATLLEIE DIM ZR/E8s AT 256 BLRPEIRE.
DIMx (x=0~3) 7K 8bits, HARKIEIEZEL N,
#* 2. HTR3316B *I{k 6 % LED Kz
Dropout M&EfE T 584k, X7 60mV [ HIR
JERERATERME 20mA ) LED iR, IS
4 URE) LCD ). fELRE) LCD et @ ik
BUX L%

Table2 256 steps dimming

DIMx bit D

7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 OFF
0 0 0 0 0 0 0 1 1/255 X Tmax
0 0 0 0 0 0 1 0 2/255 X Imax
1 1 1 1 1 1 0 1 253/255 X Tmax

1 1 1 1 1 0 254/255 X Imax
1 1 1 1 1 1 1 1 255/255 X Imax

7 12C INTERFACE
HTR3316B support I>C interface. The bidirectional I>C bus

consists of the serial clock (SCL) and serial data (SDA) lines.

Both lines must be connected to a positive supply via a pull-
up resistor when connected to the output stages of a device.
Data transfer may be initiated only when the bus is not busy.

I’C communication with this device is initiated by a master
sending a Start condition, a high-to-low transition on the
SDA input/output while the SCL input is high. After the Start
condition, the device address byte is sent, MSB first,
including the data direction bit (R/W). This device does not
respond to the general call address.

HTR3316B it 12C #1115 MCU ilfs,
HRERAPEL: ARAERB (100kHZ), Fluigif
3% (400kHz). HTR3316B 1 N MHLIEEEAE 12C
W2% I, SCL MNH N ;s SDA N RN
g . 24 SDA e i, AT IR L,
FhME FRi . 7 SCL 4642 i P, SDA
2 M FELP IR FE P DD U 320K 12C B2
TR BT A ARSI 46 TS ih 2R e E i
ih%kAth. 7E SCL £R2 M F i, SDA MK
FE T i) e EE P D030 20 12C B2 s 1 261
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After receiving the valid address byte, this device responds
with an ACK, a low on the SDA input/output during the high
of the ACK-related clock pulse. The address inputs
(AD1/ADO) of the slave device must not be changed between
the Start and Stop conditions.

I’C communication with this device is initiated by a master
sending a Start condition, a high-to-low transition on the
SDA input/output while the SCL input is high. After the Start
condition, the device address byte is sent, MSB first,
including the data direction bit (R/W). This device does not
respond to the general call address.

On the 12C bus, only one data bit is transferred during each
clock pulse. The data on the SDA line must remainstable
during the high pulse of the clock period, as changes in the
data line at this time are interpreted as control commands
(Start or Stop).

A Stop condition, a low-to-high transition on the SDA
input/output while the SCL input is high, is sent by the
master.

Any number of data bytes can be transferred from the
transmitter to the receiver between the Start and the Stop
conditions. Each byte of eight bits is followed by one ACK
bit. The transmitter must release the SDA line before the
receiver can send an ACK bit. The device that acknowledges
must pull down the SDA line during the ACK clock pulse so
that the SDA line is stable low during the high pulse of the
ACK-related clock period. When a slave receiver is
addressed, it must generate an ACK after each byte is
received. Similarly, the master must generate an ACK after
each byte that it receives from the slave transmitter. Setup
and hold times must be met to ensure proper operation.

A master receiver signals an end of data to the slave
transmitter by not generating an acknowledge (NACK) after
the last byte has been clocked out of the slave. This is done
by the master receiver by holding the SDA line high. In this
event, the transmitter must release the data line to enable the
master to generate a Stop condition.

IR AL A5 L 25 A BCE SRR AR 2 P TR
1k

RIS EZ R, 12C BEKRI%E—
MWW AR . 24 HTR3316B R T 5%
25, SR NLHEE. i SDA %
E R LS 3 — MHLHBEEAR R, Uz AL
#E¥ SDA ZRHR AR, (R,

PR (SCL) NmH-TiIF, SDA £k L
IR L AR FFASRE o« R TR MRS ANIZ 155
GRS

4, SDA £ LHJH-F- i A fEfE SCL
I 4 BE AL

NE T RN B AR % . RIETT
(FHL Kik7T 8bits HE 5, BIRBIN
SDA %o W7 (WAL A5 R I ik i 3
B, AR SDA £k. HTR3316B fEAHEk
— TR R AN

AT, MHL HTR3316B Jc/kix 8
PEE, SRIERE SDA LRI SDA % I
MIRLE o UARASI BN E,  H BN KIEE
IEZ6AF, ML AR SR AR Kt . A SR ARAS I
BN, I MHURH 1L AR Bl S 5 1k 2%
(G

S: start condition
Sr : repeat start condition

P : stop condition

Figure 3 12C Start and stop condition
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8

!
spA /|
|
|

— e — —

— \
R

| SDA stable | Change of |
| Data avalible Idata allowedl

Figure 4 12C Bit Transfer
1
! -
L/ X XX/
|
1
: NACK
i Al 7
1
|
|
|
]
]
|
1
|

Data output by : \
transmitter 1

Data output by

receiver

ACK T

Clock Pulse for ACK

Figure 5 Acknowledgment On 12C Bus

DEVICE ADDRESS

Below is the device address of HTR3316B. AD1/ADO bit in HTR3316B #21it 2 bits ik 5] i AD1.ADO,
device address match with AD1/ADO pin respectively. KR4 12C BERZATFRNEH 4 4

HTR3316B #:ff. 1 7 A MHLHbEIn—fi S
FIWAL (RIW D 4Rk T 8 frdthhil, BfFELE%
PF 2 JE 15 B AR . W SRR AL R AL BE 5
2k ERIR— A2 AR T A, G S
J7 ¥ SDA ZRHifk (M.,

MHLHBE P 5 A7 [ 2 A “ 101107 25K,
LA IRSE AD1. ADO, HiAf g 5] AD1.
ADO FIME g . 55 )\r (LSB) i EFr&ENE,
B T OREIERE R s S EE. 17 FoR
B, ‘00 ®rH,

1 0 1 1 0 AD1 | ADO | R/'W

AD1/ADO value should match with HTR3316B pin AD1/ADO respectively. AD1. ADO RI{EwAIS AD1,
ADO 5|FIEYE—E

Figure 6 Acknowledgment On 12C Bus
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9 I2C WRITE

Data is transmitted to the HTR3316B by sending the device
address and setting the least-significant bit to a logic 0. The
register address byte is sent after the device address and
determines which register receives the data that follows the
command byte.

After sending data to one register, the next data byte is sent
to the other register. There is no limitation on the number of
data bytes sent in one write transmission. In this way, each 8-
bit register may be updated independently of the other
registers.

Device address

|
THIAANEE |
N\ |

Register address

WK 7 y HTR3316B SigfEmtFFE. *
WU RIERRIG & AF, BB R 7 AN
—fIEEEAL 075 MRIER ML EE S R A
HTR3316B #sf bk AHFF &0, % HTR3316B
N HiE, FEHLKE 8 £ HTR3316B & A7
Ak, Kk g AN A U (MSB) S K%,
A L (LSB) J& &ki%; HTR3316B W& 5,
EHEE K% 8 M FAaEdE, 12 MSB
Jo k%, LSB JEKi%. #%E, HTR3316B M& s
FEWLARIEAT 15 DL AR IR A il -

Register data

|
|
|
| | | |
' P \ HEEE b
| M | A 1 |
/ \ \y / g
SDA 1 0 1 1| 0 |ADLADO| O A:MSB sesn LSB: A | MSB see LSBlII\ I_
e wi N L
AC )
Start ' k I ACK ACK St!:ro
Figure 7 12C Write operation
10 I2C READ

The bus master first must send the HTR3316B address with
the least-significant bit set to a logic 0. The register address
byte is sent after the address and determines which register is
accessed. After a restart, the device address is sent again, but
this time, the least-significant bit is set to a logic 1. Data
from the register defined by the register address byte then is
sent by the HTR3316B.

After a restart, the value of the register defined by the
register address byte matches the register being accessed
when the restart occurred. Data is clocked into the register on
the rising edge of the ACK clock pulse. After the first byte is
read, additional bytes may be read, but the data now reflect
the information in the other register.

Data is clocked into the register on the rising edge of the
ACK clock pulse. There is no limitation on the number of
data bytes received in one read transmission, but when the
final byte is received, the bus master must not acknowledge
the data.

K 8 & HTR3316B iiffEmtFE.
WA RIERIG A, A K% 7 AL AL
—fIEEEAL 075 MRIEM LI EE SR —AS
HTR3316B # {4l AH 77 &1, i% HTR3316B
N, %, FHLKIE 8 i HTR3316B %1%
Rk, Ak s O s AL (MSB) St ki,
A %47 (LSB) i k%, H HTR3316B M4
WG, ENURIET LK R BT RA%AM, Bh
G AR AN 1L | R VA A VAR I
HTR3316B [i%r; MN&ZJ&E, HTR3316B Ki%
8 P Fastdl, KiLrg =\ MSB TERT,
LSB 7E/Jq; TEE: FoRIINE I B, EHLARZ,
e EMLR LT 1E 25 A DAGE A R AL i
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: Device address : Register address : Device address :
1 7HEM ANt 1 ACK HiFEinhh I ACK . 1
I A il A il 4 !
v/ \ w v I \ 1
son | [To <o o] o [ia Juss ol 5 [o[x [ = [o [rotpod 2 [ia |-+
1 FJW :  t t ot
o . ESRneH RAW 1 ack
Start Start
3\ !
I
S Read out data b
HTR3316 RS EEr BEHEEE | 1
7 A A : :
sew MSE (Y LSBll\hl I_
tr 1
EYREE | UL
NACK | SToP
Figure 8 12C Read operation
11 I12C READ

HTR3316B support 3 reset mode: power on reset, hardware
reset, software reset. Each reset mode can reset registers to

HTR3316B CH¢ —Fpi iz LR,
TEAE S AL E AL . =FhE A AR I ks 2517

default value. B4 T BR L
HARDWARE RESET g Ar
tsp rsTN
1 <10us! | Il
e i~ e trw ol |
| |
RSTN 5: ;II Sl ﬂ_
I I I Ity
| |
|
|
HT3316 i N N
State Normal Operation  IE S iE(E X =13 Reset X #IEEIRAS Initial Condition
|
|
Figure 9 Hardware Reset Timing
Table3 Hardware Reset Parameter
Parameter Condition min typ max unit
trRw Reset pulse low level width | VSS=0V, VCC=2.4V~5.5V, T=-40"C~125C 20 us
trT Reset recovery time 1 us
NOTE: HEE:

1 A2 A5 (RSTND WE T
Bl r . ol (ESD) Bl
TS SR R SRRk R, ANl
ARGHENL

1. The hardware reset PIN (RSTN) has a built-in deglitch
block. Spike due to an electrostatic discharge on RSTN
line does not cause irregular system reset.
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2. After reset, HTR3316B is in default state. All GPIO are R
configured as output, which value is decided by 2 device 2. G5, HTR3316B 4 TRk, 1At

address (AD1/ADO) (refer to table 1). The interrupt
(INTN) is cleared and pulled up by external pull-up
resistor.

Ji GPIO I RC & ot , o 48 i
2 frds itk (AD1. ADO) W, BAk(E
3. Spike Rejection also applies during a valid reset pulse as ?f%% 1 : El:'{iﬁﬁ%?‘ﬁ(lNTN) BeiRTE.
opike Rejecti Lo LA S
3. FEEALLBKP RS AL, B3 R A
WRIER, /NT 10ns (1@ kg s s,
I s -

|
>|

20us

Reset is
accepted

20ps |
|

|l >
[ >

Reset is
accepted

—| | (Less than 10ns width positive
10ns spike will be rejected)

Figure 10 Operation When RSTN IS LOW
12 SOFTWARE RESET

HTR3316B support software reset mode. Writing 00H to the HTR3316B [FIIf 2 Fr G A=, B
software register(7FH) will generate a reset pulse. After oO12C HOSH B EAR (TFH) B%E
software reset, HTR3316B is in default state, which is the 00H, W2 p=r:— k8 Ak . 865,

same as hardware reset. The software reset timing is as below. HTR3316B 4 T-ERiCIRAS, FolR A 5k 4
HE . AL T W E TR .

After the software reset command is send through the 12C
interface, it takes at least 1ms for chip to acknowledge the
new [2C command.

SCL

Software reset register address Software reset register data |

device address

| | |
| b7 e T Gl ! ST REE [
RIAItEE i e , T b
A\ A\ 1 A | |
/ \ I / AN | V4 ™ |

SDA 1]o]|1]| 1|0 [api|aDo| o :A ol1]1]al2a|lz2l2]2]Aa]lo|lofloflolo]o]oO io iA
ol :1' :1‘ FoA

SRR RIW | ACK JACK |ACK  fibstr
thrt | | SToP

Reset_int | !
( IBBEfRIEKS ) |\—|

Figure 11 Software Reset Timing
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13 Register Map

Table4 Register Map

igg:,ztsesr R/W Name Function Default Value
00h R Input_Port0 PO port input state Equal to PO
01h R Input_Port1 P1 port input state Equal to P1
02hj R Output_Port0 PO port output state Refer to table 1
03h R/W Output_Port1 P1 port output state Refer to table 1
04h R/W Config_Port0 PO port direction configure 00h
05h R/W Config_Port1 P1 port direction configure 00h
06h R/W Int_Port0 PO port interrupt enable 00h
07h R/W Int_Port1 P1 port interrupt enable 00h
10h R ID ID register (read only) 23h
11h R/W CTL Global control register 00h
12h R/W LED Mode Switch PO port mode configure FFh
13h R/W LED Mode Switch P1 port mode configure FFh
20h W DIMO P1_0 LED current control 00h
21h w DIM1 P1_1 LED current control 00h
22h w DIM2 P1_2 LED current control 00h
23h w DIM3 P1_3 LED current control 00h
24h w DIM4 PO_0 LED current control 00h
25h w DIM5 PO_1 LED current control 00h
26h w DIM6 PO_2 LED current control 00h
27h W DIM7 PO_3 LED current control 00h
28h W DIM8 PO_4 LED current control 00h
29h w DIM9 PO_5 LED current control 00h
2Ah W DIM10 PO_6 LED current control 00h
2Bh W DIM11 PO_7 LED current control 00h
2Ch W DIM12 P1_4 LED current control 00h
2Dh W DIM13 P1_5 LED current control 00h
2Eh W DIM14 P1_6 LED current control 00h
2Fh W DIM15 P1_7 LED current control 00h
7Fh w SW_RSTN Software reset 00h
other ) R Res_erved, user should not wr_ite these }

registers, or may cause function error

Register Address: 00h, 01h, Input state register (default Equal to P0, P1)

Address | Name Default | Description

00h Input_Port0 | x PO port current logic state, O-low level; 1-high level
PO FI5I 4TRSS . O-(RH T 1-m P

01h Input_Port1 | x P1 port current logic state, O-low level; 1-high level
P1 E5I A ATEHIRS . O-RHT: 1-m P
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The Input state registers (00H,01H) reflect the incoming logic EOIRES ZE5E (00H, 01H) FH LA Ak
levels of the pins, regardless of whether the pin is defined as GPIOIT 4T KB HRIRA, A% GPIO M
an input or an output by the Configuration Register. It only W B g NSRRI R A SRR
acts on read operation. Writes to these registers have no Y = o HERs S
effect. The default value, X, is determined by the externally Eifﬁg SERIEICA. HBRIME A AR 05]
applied logic level. °

Before a read operation, a write transmission is sent with the BT I2CH% Flii;%OOH (FME, P EATR B Ei;
command byte to let the I2C device know that the Input Port PO FI5LEERH M 520 01H e, Wl L
registers will be accessed next. FrEH P1ESIEER W, fEERIEZ AT, ot

Jeilid 12CH: OVE AP A A At

T A O0OH MIZE 7 B2 0 SARKIKATRL
PO_7~P0_0 HIHIAIRZES, 01H HIZE 7 %55 0
PRI R P1_7~P1_0 M NIRAS .
Register Address: 02h, 03h, Output state register (default Refer to Table1)

Address | Name Default Description

02h Output_Port0 | Refer to Table1 Set PO port output value. O-low level; 1-high level
BWE PO HI A HAE . O-Fr RSP - e P
03h Output_Port1 | Referto Table1 | Set P1 port output value. O-low level; 1-high level
wE P1 D5l A, -4 R 1-HiH R E T

The Output state register (02H, 03H) show the outgoing RS T AF48 (02H, 03H) HLIKE
logic levels of the pins defined as outputs by the GPIO H#HrH E . X & i A
Configuration register. Bit values in this register have no GPIO [, HXMEIMITR: FFEH, EZ
effect on pins defined as inputs. In turn, reads from this SRS B B B SRR A S M, A
register reflect the value that is in the flip-flop controlling the Gl BT R T 1 RS

output selection, not the actual pin value.
AAEAs 02H MIZE 7 ZH 0 ALK B
PO_7~P0_0 MfmiiREs, O3H %8 7 25
0 ALK RL P1_7~P1_0 Mg R .

Register Address: 04h, 05h, Configuration register (default 00h)

Address | Name Default Description
04h Config_Port0 | 00h PO port input/output mode select. 0-output; 1-input
PO M/ A AL PR . O-Fn BTt 140 AT
05h Config_Port1 00h P1 port input/output mode select. 0-output; 1-inputl
P1 AN AR R . O-4 HIRRER: 140 NIRR

The Configuration registers (04H, 05H) configure the e 8 & f7ee (04H, 05H) HULIKE

directions of the I/O pins. If a bit in this register is set to 1, the GPIO MibFi R ek i, &7

corresponding port pin is enabled as an input with a high- GPIO [1H] S it B by Ak iAot 23

impedance output driver.. If a bit in this register is cleared to 0, RTREE Ny 1, U R [ TR B AN

the corresponding port pin is enabled as an output. T N P
Pic B 0 A

HIEee O4H M 7 B 0 AR
PO_7~P0_0 MBCE =], 05H HIZH 7 &5
0 fIAkRATR. P1_7~P1_0 HIFCE #7Hi .
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Register Address: 06h, 07h, Interrupt enable register (default 00h)

Address | Name Default Description
06h Int_Port0 00h PO port interrupt enable. 0-enable; 1-disable
PO O lifdifE. O-FhIifdifE; 1-HP WA fdiRE
07h Int_Port1 00h P1 port interrupt enable. 0-enable; 1-disable
P1 Crhrfiige. O-Pibrfae; 1-splTAfline

The Interrupt enable register (06H, 07H) are used to
configure the interrupt enable or disable of GPIO. If a bit in
this register is set to 1, the interrupt function of the
corresponding port pin is disabled. If a bit in this register is
cleared to 0, the interrupt function of corresponding port pin
is enabled.

Register Address: 10h, ID register (default 23h)

Tl RE A A7 45 (O5H, 06H) HILLXHE
GPIO Hiyrhibrfsifg. A ikEN 0, N
Ao e HOT R LR DD fE s A REA
15 ISR P 23 RS T DO RE

Address | Name Default Description

10h ID 23h

ID register, read only, the readout value is 23H

ID FFAEd%, R, By 23H

Register Address: 11h, Global control register (GCR) (default 00h)

00: O~Iwax
01: O~( ImaxXx3/4)
10: O~( ImaxX2/4)

11: 0~( Imax X 1/4)

Bit Name Default Description
D7:D5 Reserved 00
D4 GPOMD 0 Set PO port GPIO output drive mode. # & PO HIKzhHR
0, PO port is Open-Drain mode; PO 1} Open-Drain
1, PO port is Push-Pull mode PO 124 Push-Pull 5%
D3:D2 Reserved 00
D1:D0 | ISEL 00 256 step dimming range select. 256 i Yt FE £

D[4] is used to configure PO port output drive as Open-Drain
or Push-Pull mode. When PO port use as output with Open-
Drain mode, it needs pull-up resistor. If in Push-pull mode, it
needs no pull-up resistor.

D1:DO0 is used to configure the max drive current of LED.
HTR3316B set max current IMAX to 37mA(typical) default,
and through register ISEL[1:0] can set to Imaxx1/4, Imax*2/4,
Imax*3/4,Imax,S0 the 256 step dimming

range changes.

Except D4, D1:DO0, other bits (D7:D5], D3:D2) are used for
test purpose and the default value is 0. If user needs to
configure register 11H, then the bits D7:D5], D3:D2 must
configure to 0, or system function error may occur.

D4 LABLE PO i N TR
(Open-Drain) =34 (Push-Pull) #ix{.
2 PO Al Y, A R, Zigb
e ERHRH; A HAER S, WA Bhid
BH..

D1:DOHLAELE LED XA kK .
BONEOL R, O B R R KBRS E N
37TmA (HAED, B ISEL[1:0]7 $i% A8 i
— B WEN Imax X 114 Iuax X 2/4.  Ivax X
3/4. lvax, M 256 BTG B HE 2 22

Z A7 AERD4. D1:DOAELE A, HAthfr

(D7:5D. D3:D2) JMilliffEH, BRIAMEN

0; AP &EFEFAe 1MH ST E, NH
D7:5D. D3:D2A 0L E N 0, HMARES] i
ARG IREEE R
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Register Address:

12h, LED mode switch register (default FFh)

Address | Name Default Description
12h LED mode | FFh Configure PO_7~P0_0 as LED or GPIO mode. Ai& PO_7~P0_0 & LED &k GPIO =\
switch

1: GPIO;
0: LED

Register Address:

13h, LED mode switch register (default FFh)

Address | Name Default Description
13h LE!D mode | FFh Configure P1_7~P1_0 as LED or GPIO mode. Fit& PO_7~P0_0 & LED #f GPIO ##x{
switeh 1: GPIO;
0: LED
Register Address: 20h~2Fh, 256 step dimming control register (default 00h)
Address | Name Default Description
2xh DIMx 00h Px_x port LED current control, See Table 4 and table 2.
Register Address: 7Fh, Software reset register (default 00h)
Address | Name Default Description
7Fh Soft\;vare 00h Write 00H to generate a reset pulse, see figure 11. 5 00H =& A7 fkel, WA 11.
resel
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B PACKAGE OUTLINE

a D e
N19 r_" N2A
‘ Uy uyguu -
= . Clw
£ =
| D | . A
&4 _\ = (:
[ DI =
N3 ) @
o 7\ N\
I
—’bj.— \‘
Top View Bottom View
;?:
-
Side View
Dimensions in Millimeters
Symbol
Min. NOM Max.
A 0.700 0.750 0.800
Al 0.000 0.050
A3 0.195 0.203 0.211
3.900 4.000 4.100
E 3.900 4.000 4.100
El 2.500 2.700
D1 2.600 2.700 2.800
k 0.250MIN.
0.200 0.250 0.300
e 0.500TYP.
L 0.300 0.400 0.500
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