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1. Absolute Maximum Ratings 
 
 

Table 1. Absolute Maximum Rating(1) 
 

Parameter Symbol Conditions Min Typ. Max Units 
Maximum supply voltage VDD_MAX  -  8.0 V 
Supply voltage range(1) VDD_RNG  2.2  6.0 V 
Voltage on any input port VIN_MAX  -  VDD+0.3 V 
Maximum current into any 
port IMIO  -100  100 ㎃ 

Power dissipation PMAX  -  800 ㎽ 
Storage temperature TSTG  -65  150 ℃ 
Operating humidity HOP 8 hours 5  95 % 
Operating temperature TOPR  -40  85 ℃ 

Junction temperature TJ  -40  125 ℃ 
Notes. 
(１) This is the real valid power supply voltage range considering allowable supply tolerance. It cannot be used as target supply 

voltage range which is separately presented at below 2. DC Electrical Characteristics. 
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2. DC Electrical Characteristics 
 
 

Table 2. DC Electrical Characteristics(1) 
 

Parameter Symbol Conditions Min. Typ. Max. Unit 
Power supply and current consumption 

Target supply voltage VDD  2.7 3.3 
/ 5.0 5.5 V 

Current Consumption 
(Normal stand-by) IDD   160  ㎂ 

Internal reset voltage(2) VDD_RST TA = 25℃ - 1.6 2.0 V 
Digital input/output 

Input high level voltage VIH  0.7VDD - VDD+0.
3 V 

Input low level voltage VIL  -0.3 - 0.3VDD V 
Internal pull-up resistor 

(Ports : SCL, SDA) RPU  - 30 - kΩ 

Output (LED PWM) drive 
Output sink current 

(LED drivable) ISINK Active low output(3) - - 10 ㎃ 

Output source current ISRC Active high output(3) - - 4 ㎃ 

Output impedance to 
GND (NMOS) ZON 

Active low output 
(Low level)(3) - 10 - Ω 

Active low output 
(High level)(3) - 30 - MΩ 

Output impedance to 
VDD (PMOS) ZOP 

Active high output 
(Low level)(3) - 30 - MΩ 

Active high output 
(High level)(3) - 15 - Ω 

Output PWM duty steps 
(LED brightness steps) NDUTY LED output - 32 - step 

Maximum PWM low duty 
(Maximum brightness) DMAX(L) LED output - 100 - % 

Minimum PWM low duty 
(LED off) DMIN(L) LED output - 0 - % 

PWM Frequency FPWM  - 22 - kHz 
Sensing Input ( SIN, RIN ) 
Minimum detectable 
input capacitance 
variation 

ΔCS_MIN  0.1 - - pF 

Max. SIN(RIN) input 
Capacitance 

CSIN_MAX 

CRIN_MAX  - - 100 pF 

Sensitivity selection 
Steps NSEN  - 60 - step 

Sense internal series 
resistor RS  - 140 - Ω 

SIN external series 
resistor RE_SIN  - 680 1000 Ω 

Timing for operations 
Time for stable power 
Reset TRST  - 100 - msec 

Start Time for I2C 
Communication after Power 
On 

Tcom  - - 20 usec 

Touch Operating Time 
After Power On TT  500 - - msec 

 

Notes. 
(１) Test condition: VDD = 3.3V, TA = 25℃ (Unless otherwise noted) 
(２) The GT304L has internal reset circuit 
(３) All the OUT ports can be selected as open-drain NMOS structure (Active Low) or as open drain PMOS structure (Active High). 
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Table 3. ESD Characteristics 
 

Mode Polarity Min. Reference 

H.B.M POSITIVE / NEGATIVE 8000 V 
VDD 
VSS 

P to P 

M.M POSITIVE / NEGATIVE 500 V 
VDD 
VSS 

P to P 
CDM POSITIVE / NEGATIVE 2000 V Field induced 

 
 
 
 
 
 
 
 
 
 

Table 4. Latch-Up Characteristics 
 

Mode Polarity Max Test Step 

I-test 
POSITIVE 200mA 

25mA 
NEGATIVE -200mA 

Vsupply 
Overvoltage Test POSITIVE ~ 8.5V - 
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3. I2C-bus Characteristics 
 

Table 5. Characteristics of the SDA and SCL bus lines for I2C-bus devices(1) 
 

PARAMETER SYMBOL 
STANDARD-

MODE FAST-MODE 
Unit 

MIN. MAX MIN. MAX. 
SCL clock frequency fSCL 0 100 0 400 kHz 
Hold time (repeated) START condition. 
After this period, the first clock pulse is 
generated 

t HD;STA 4.0 - 0.6 - us 

LOW period of the SCL clock t LOW 4.7 - 1.3 - us 
HIGH period of the SCL clock t HIGH 4.0 - 0.6 - us 
Set-up time for a repeated START 
condition t SU;STA 4.7 - 0.6 - us 

Data hold time: 
for CBUS compatible masters 
(see NOTE, Section 10.1.3) 
for I2C-bus devices 

t HD;DAT 
5.0 
0(2) 

- 
3.45(3) 

- 
0(2) 

- 
0.9(3) us 

Data set-up time t SU;DAT 250 - 100(4) - ns 

Rise time of both SDA and SCL signals t r - 1000 20 +  
0.1 Cb

(5) 300 ns 

Fall time of both SDA and SCL signals t f - 300 20 +  
0.1 Cb

(5) 300 ns 

Set-up time for STOP condition t SU;STO 4.0 - 0.6 - us 
Bus free time between a STOP and  
START condition t BUF 4.7 - 1.3 - us 

Capacitive load for each bus line Cb - 400  400 pF 
Noise margin at the LOW level for each  
connected device (including hysteresis) VnL 0.1VDD - 0.1VDD - V 

Noise margin at the HIGH level for each  
connected device (including hysteresis) VnH 0.2VDD - 0.2VDD - V 

Notes 
(１) All values referred to VIH and VIL levels (see Table 2-1). 
(２) A device must internally provide a hold time of at least 300 ns for the SDA signal (referred to the VIH of the SCL signal) to 

bridge the undefined region of the falling edge of SCL. 
(３) The maximum t HD;DAT has only to be met if the device does not stretch the LOW period (t LOW) of the SCL signal. 

(４) A Fast-mode I2C-bus device can be used in a Standard-mode I2C-bus system, but the requirement t SU;DAT ≥ 250 ns 
must then be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such 
a device does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line t r max + t SU;DAT = 
1000 + 250 = 1250 ns (according to the Standard-mode I2C-bus specification) before the SCL line is released. 

(５) Cb = total capacitance of one bus line in pF. 
 
n/a = not applicable 
 
 
 

 
 
 
 
  

Figure 3.1 Definition of timing for devices on the I2C-bus. 
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5. Internal POWER-ON RESET 
 
 

The GT304L has internal power reset functions. The internal reset operation is used for initial power 
reset. 
The internal power reset sequence is represented as below. 
 

 
Internal reset sequence of GT304L 

 
The internal VDELAY voltage starts to rise when VDD come up to VDD_RST level. The internal reset pulse is 
maintained as low between t1 and t2. During this low pulse period, the internal power reset operation 
is finished. Every time when VDD drops under VDD_RST internal reset block makes VDELAY signal low and 
then internal reset pulse drops to low. By above internal reset operation sequence GT304L gets more 
certain and more correct power reset function than any others.  
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7-2. LED PWM Output Implementation 
 
 
 

The LED PWM drive is available by using output pins from OUT1 to OUT4. There are 32 steps for the 
LED brightness and it is controlled by PWM control register. The maximum LED brightness is on 100% 
duty and the minimum is on 0% duty. The maximum sink current is 10mA on each pin under typical 
condition. The OUTn pins can’t be used for 1 to 1 direct touch sensing output simultaneously when it 
is used for driving LED. The basic implementation for LED PWM drive is shown in figure below. The 
RPU are LED current limiting resistors. 
( See. 11-5 Device Control ) 
( See. 11-8 LED PWM Brightness Control ) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 7.3 LED Driving Output Circuit as Active Low. 
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9-1. DEVICE ADDRESSING 
 
 
 

Following a START condition, the bus master must output the address of the slave it is accessing. 
The address of the GT304L is shown in Figure 9.2 To conserve power, no internal pull-up resistors 
are incorporated on the hardware selectable pins(A0) and it must be connected to either VDD or GND. 
Bit[3] and bit[2] are changeable by register. See.11-1 Device Address (Address 00h). 
 

 
 

The last bit of the slave address defines the operation to be performed. When set to logic 1, a read 
operation is selected, while a logic 0 selects a write operation. 
 
 
 
 
 
 
 
 
 
 

9-2. WRITE OPERATION 
 

 
 
 
 
 
 
 
 
 
 
 

9-3. READ OPERATION 
 

 
 
 
 
 
 
 
  

Figure 9.2 Slave Address 

FIXED 

1 0 1 1 0 1 A0 R/W 

SELECTABLE 
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10. REGISTER QUICK REFERENCE 
 
 
 

WARNING: All “Reserved” registers must maintain their default state to ensure proper functional 
operation. 
 

Table 9. REGISTER MAP 
 

Addr. Def. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

00H 
0xB4 

or 
0xB6 

Reserved ADDR[3:2] A0 Reserved 

01H 0x01 Reserved RST 

02H - Reserved TOUCH 
OUT4 

TOUCH 
OUT3 

TOUCH 
OUT2 

TOUCH
OUT1 

06H 0x41 SLEEP EN_ 
MULTI 

EN_ 
PWM EN_INT OUT_ 

POL SEN_IDLE_TIME 

07H 0x27 Reserved TOUCH_PER CAL_TIME 

10H 

0x0A 
or 

0x0F 

Reserved SENSITIVITY1 

11H Reserved SENSITIVITY2 

12H Reserved SENSITIVITY3 

13H Reserved SENSITIVITY4 

20H 0x00 Reserved PWM_DATA1 

21H 0x00 Reserved PWM_DATA2 

22H 0x00 Reserved PWM_DATA3 

23H 0x00 Reserved PWM_DATA4 
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11. REGISTER DESCRIPTION 
 
 
 

11-1. Device Address (Address 00h) 
 

 Description: The I2C-bus master must output the address of the slave it is accessing. 

See. 9-1 DEVICE ADDRESSING 
 

 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Reserved ADDR[3:2] A0 Reserved 

1 0 1 1 0 1 A0 0 
 
 
 

ADDR[3:2] Slave address bit[3:2]. RW 

A0 Set by A0 Pin. R 
  
 
 
 
 
 

11-2. Device Status (Address 01h) 
 

 Description: Indicate the status of GT304L. 
 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Reserved RST 

0 0 0 0 0 0 0 1 
 
 
 

RST Set ‘1’ after POWER-ON RESET RW 
 
 
 
 
 

11-3. Touch Output Status (Address 02h) 
 

 Description: An each touch channel output status can be monitored.. 
 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Reserved TOUCH 
OUT4 

TOUCH 
OUT3 

TOUCH 
OUT2 

TOUCH
OUT1 

0 0 0 0 0 0 0 0 
 
 
 

TOUCH 
OUT4 Set ‘1’ when touch-on of SIN4 is detected R 

TOUCH 
OUT3 Set ‘1’ when touch-on of SIN3 is detected R 

TOUCH 
OUT2 Set ‘1’ when touch-on of SIN2 is detected R 

TOUCH 
OUT1 Set ‘1’ when touch-on of SIN1 is detected R 
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11-4. Device Control (Address 06h) 
 

 Description: The GT304L can be controlled for meeting various user applications. 
 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

SLEEP EN_ 
MULTI 

EN_ 
PWM EN_INT OUT_ 

POL SEN_IDLE_TIME 

0 1 0 0 0 0 0 1 
 
 
 

SLEEP 

Current consumption can be saved in sleep mode 
and Touch Engine is initialized when falling edge 
occur. The values of registers are not changed. 
 

0 : Operation mode 
1 : Sleep mode. 

RW 

EN_MULTI 0 : Single touch mode 
1 : Multi touch mode. RW 

EN_PWM 
0 : PWM mode disable 
1 : PWM mode enable. 
See. 7-2 LED PWM Output Implementation 

RW 

EN_INT 
0 : INT mode disable 
1 : INT mode enable. 
See. 7-3 Interrupt Output Implementation (OUT1/INT) 

RW 

OUT_POL 
0 : Active Low Output 
1 : Active High Output 
See. 7-3 1:1 Direct Output Implementation 

RW 

SEN_IDLE_ 
TIME 

000 : about 3ms 
001 : about 18ms 
010 : about 60ms 
011 : about 120ms 
100 : about 240ms 
101 : about 360ms 
110 : about 480ms 
111 : about 600ms 
*Deviation : ±30% 

RW 

 
 
 
 
 

11-5. Touch Engine Control (Address 07h) 
 

 Description: The GT304L can be controlled calibration time for optimal performance against 
environmental change in user application.   

 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Reserved TOUCH_PER CAL_TIME 

0 0 1 0 0 1 1 1 
 
 
 

TOUCH_PER The continuous period for touch detection. RW 

CAL_TIME 

The calibration time to protect from environmental 
change 
0000 : + 1 period  1000 : 480ms + 1 period 
0000 : 60ms + 1 period 1001 : 540ms + 1 period 
0010 : 140ms + 1 period 1010 : 600ms + 1 period 

RW 
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0011 : 180ms + 1 period 1011 : 660ms + 1 period 
0100 : 240ms + 1 period 1100 : 720ms + 1 period 
0101 : 300ms + 1 period 1101 : 780ms + 1 period 
0110 : 360ms + 1 period 1110 : 840ms + 1 period 
0111 : 420ms + 1 period 1111 : 900ms + 1 period 
*Deviation : ±30% 

 
 
 
 
 

11-6. Touch Sensitivity (Address 10h – 13h) 
 

 Description: The GT304L can be controlled independently for getting the optimal sensitivity 
on each channel (SINn). 

 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Reserved SENSITIVITYn 

0 0 - - - - - - 
 
 
 

SENSITIVITYn 

Touch sensitivity for SINn 
Default value by CTRL Pin. 
See. 8. Sensitivity (CTRL) 
 

CTRL=GND : 0x0A 
CTRL=VDD : 0x0F 

RW 

 
 
 
 
 

11-7. LED PWM Brightness Control (Address 20h – 23h) 
 

 Description: The GT304L support LED PWM dimming function. The brightness is 
changeable by the register. 

 
 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Reserved PWM DATAn 

0 0 0 0 0 0 0 0 
 
 
 

PWM_DATA 
LED PWM Brightness is controlled within 32 Steps. 
06h[4]EN_PWM should be set ‘1’. 
See. 7-2 LED PWM Output Implementation 

RW 
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12-3. Application Notes 
 
 

Normally a touch sensing operation is ultimately impedance variation sensing. Hence a touch sensing 
system is recommended to be taken care of prevention of the external sensing disturbance. Although 
the GT304L has enough noise rejection algorithms and various internal protection circuits to prevent 
error touch detection caused by noise and incapable sensing, it is better to take care in noisy 
applications such as home appliances. There are many measurable or invisible noises in system that 
can affect the impedance sensing signal or distort that signal. The main principal design issues and 
required attentions are such as below. 
 
 
 

12-2.1 Power Line <Note1> 
 

 The touch sensor power line is recommended to be split from the other power lines such as relay 
circuits or LED power that can make pulsation noise on power lines. 

 The big inductance that might exist in long power connection line can cause power fluctuation by 
other noise sources. 

 The lower frequency periodic power noise such as a few Hz ~ kHz has more baneful influence on 
sensitivity calibration. 

 An extra regulator for touch sensor is desirable for prevention above power line noises. 
 The VDD under shooting pulse less than internal reset voltage (VDD_RST) can cause system reset. 
 The capacitor connected between VDD and GND is somehow obligation element for buffering 

above power line noises. This capacitor must be placed as near to IC as possible. 
 
 
 

12-2.2 Sensing Input <Note2> 
  

 The sensing lines for touch detection are desirable to be routed as short as possible and the 
width of routing path should be as narrow as possible. 

 The sensing line for touch detection should be formed by bottom metal, in other words, an 
opposite metal of a touch PAD.  

 The additional extension line pattern of RIN input on application PCB can help prevention of 
abnormal actions caused by radiation noise, but excessive long RIN input line can be a reason 
for failure of touch detect. 

 SIN capacitor is useful for sensitivity reduction adjust. A bigger capacitor of SIN makes sensitivity 
of corresponding channel to be lower. 

 RIN capacitor value is about average value of total capacitance of each SIN touch sensing inputs. 
 The sensing line for touch detection is desirable to be routed as far as possible from impedance 

varying path such as LED drive current path.  
 An unused sensing channel is desirable to be turned off by control register (See. 11-4 Touch 

Enable). (Recommendation)  
 Additional external series resistors are profitable for prevention of abnormal actions caused by 

radiation noise or electrical surge pulse. The series resistor value should be less than 1kΩ and 
the location of resister is better as near as possible to the SIN ports for better stable operation. 

 All touch sensing pads are recommended to be surrounded by GND pattern to reduce noise 
influence. 

 Not used SIN channel must be open. 
 
 
 

12-2.3 I2C-bus <Note3> 
 

 The SCL is I2C clock input port and SDA is I2C data input/output port. SCL and SDA have internal 
optional pull-up resistor. So, when I2C interface is not required, SCL and SDA ports can be 
floating. For high speed communication, the lines must be connected to a positive supply voltage 
via a pull-up additional external resistor. 

 
 
 

12-2.4 1:1 Direct Output <Note4> 
 

 The OUT ports that are used as 1:1 direct output purpose. The lines must be connected to a 
positive supply voltage via a pull-up external resistor or GND via a pull-down external resistor. 

 Each OUT ports has sinking current ability and sourcing current ability. 
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12-2.5 LED PWM <Note5> 
 

 The OUT ports that are used as LED PWM Output purpose. The lines must be connected to a 
positive supply voltage via a pull-up external resistor and LED or GND via a pull-down external 
resistor and LED. 

 The maximum 10mA LED drive current can be sunk by a single OUT port on typical temperature 
condition. The OUT ports which are used as LED PWM drive ports cannot carry out the role of 1 
to 1 direct out simultaneously.  

 The 32 steps brightness control is possible. 
( See. 11-5 Device Control ) 
( See. 11-7 LED PWM Brightness Control ) 

 
 
 

12-2.6 CTRL/A0 <Note6> 
 

 CTRL/A0 Pin must be connected to either VDD or GND. The OPEN connection is forbidden. 
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13. PACKAGE DIMENSIONS 
 
 
 

13-1. SOP14L PACKAGE 
 
 

 
 
  

Figure 13.1 SOP14L PACKAGE DIMENTION 
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