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DESCRIPTION 

The JW1386 is an integrated power solution for 

LCD Panel. JW1386 provides a boost converter 

for AVDD, positive charge pump for VGH, 

negative charge pump for VGL, gate pulse 

modulation function GPM and 1 channel operation 

amplifier for VCOM.  

The JW1386 built in 0.2ohm NMOS with 3A 

current limit and 1MHz operation switching 

frequency. One channel positive charge pump for 

VGH, by internal voltage control and feedback 

control for stable output voltage. One channel 

negative charge pump for VGL by internal voltage 

control and feedback control for stable output 

voltage. It also provides gate pulse modulation for 

reducing flicker of panel and power on delay time 

can be set by external capacitor. Otherwise 

JW1386 provides one channel operation amplifier 

setting unity gain buffer for VCOM. And OP output 

can sink/source 200mA short circuit current. It built 

in voltage detect function for generating a reset 

signal during power on/off. 

The device includes protection function such as 

under voltage lockout (UVLO) for input VDD, over 

voltage protection (OVP) for boost controller and 

under voltage protection (UVP) for each channel 

output voltage. 

The JW1386 is available with 24 pin 4mm×4mm 

VQFN green packages. 

 

Company’s Logo is Protected, “JW” and “JOULWATT” are Registered 

Trademarks of Joulwatt Technology Co., Ltd. 

FEATURES 

 2.5V to 5.5V Input Voltage Range 

 Boost Converter 

- Built in 20V, 3A, 0.2 Power MOS 

- 1MHz Switching Frequency 

 Positive Charge Pump Regulator 

 Negative Charge Pump Regulator 

 Gate Pulse Modulation 

- Adjustable Power On Delay Time 

 Operational Amplifier 

- 200mA short circuit current 

- 35V/s Slew Rate 

 Voltage Detection 

- Open Drain Output 

 Protection Function 

- Under Voltage Lockout (UVLO) 

- Over Voltage Protection (OVP) 

- Under Voltage Protection (UVP) 

- Over Temperature Protection (OTP) 

 VQFN24 4X4mm Package Available 

APPLICATIONS 

 TFT-LCD GOA Panel  
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TYPICAL APPLICATION 
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Application Schematic 
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ORDER INFORMATION 

 

Notes： 

Line2:
Lot number

Week code
Year code

Line1:

JoulWatt LOGO

JW #

Package Code
Part No.

1)

2)

YW

Product code

Tape and Reel (If TR is not shown, it means Tube)

JW

 3) All JoulWatt products are packaged with Pb-free and Halogen-free materials and compliant to RoHS standards.

TR

 

PIN CONFIGURATION 

TOP VIEW 
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DEVICE1) PACKAGE TOP MARKING2) ENVIRONMENTAL3) 

JW1386VQDFA#TR VQFN4x4-24 
JW1386 

YW□□□□□ 
Green 
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ABSOLUTE MAXIMUM RATING1） 
VDD, RST to GND …..…..…..…..…...…...…..……………...…..……….…..……….…....... -0.3V to +6.5V 

AVDD, LX to GND ............................................................................................................. -0.3V to +20V 

VGH, VGHM, RE to GND ................................................................................................ -0.3V to +40V 

FBA, FBP, FBN, CTL, RSTIN .................................................................................... -0.3V to VDD+0.3V 

VI+, VI- ................................................................................................................... -0.3V to AVDD+0.3V 

COMP, REF, DLY ...................................................................................................... -0.3V to VDD+0.3V 

Junction Temperature 2) ................................................................................................... -40ºC to 150ºC 

Lead Temperature ........................................................................................................................ 260ºC 

Storage Temperature .................................................................................................... -65ºC to +150ºC 

ESD (HBM)..................................................................................................... ................................ ±2kV 

ESD (MM).................................................................................................................................... ± 200V 

RECOMMENDED OPERATING CONDITIONS 3) 

Input Voltage VDD….............................................................................................................. 3.3V to 5V 

Output Voltage VGH…............................................................................................................ 15V to 38V 

Output Voltage VGL…............................................................................................................ -15V to -3V                                      

Operating Junction Temperature ..................................................................................... -40ºC to 125ºC  

THERMAL PERFORMANCE4）                                              θJA    θJC 

VQFN4x4-24................................................................................................................45.6 ......7.5ºC/W 

  

Notes： 

1) Exceeding these ratings may damage the device. These stress ratings do not imply function operation of the device 

at any other conditions beyond those indicated under RECOMMENDED OPERATING CONDITIONS. 

2) The JW1386 includes thermal protection that is intended to protect the device in overload conditions. Continuous 

operation over the specified absolute maximum operating junction temperature may damage the device.  
3) The device is not guaranteed to function outside of its operating conditions. 

4) Measured on JESD51-7, 4-layer PCB. 
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ELECTRICAL CHARACTERISTICS

 
 
  

VDD= 5V, VGH= 27V, VGL= -8V, VAVDD= 13V, Typical values are at TA = 25°C, unless otherwise specified. 

ITEM SYMBOL CONDITION MIN. TYP. MAX. UNITS 

General 

VDD Input Range VDD   2.5   5.5 V 

AVDD Input Range VAVDD   6   18 V 

VDD UVLO Threshold VDD_UVLO 
Rising 2.15 2.25 2.35 V 

Falling 2.05 2.15 2.25 V 

VDD Quiescent Current IDD LX Non Switching  0.5 1 mA 

  LX Switching  1 3 mA 

AVDD Operating Current IAVDD   1.5 5 mA 

Thermal Shutdown Temperature TST Temperature Rising 130 150 170 °C 

Reference Voltage 

Reference Voltage VREF   1.238 1.250 1.262 V 

REF Line Regulation LIR 
IVREF=100μA, 

VDD=2.5V~5.5V 
 2 5 mV 

REF Load Regulation LOR IVREF=0~100μA  1 5 mV 

Boost Converter (AVDD) 

AVDD Output Range VAVDD  6  18  V 

Switching Frequency 
Freq1AVDD   450 500 550 kHz 

Freq2AVDD  900 1000 1100 kHz 

Maximum Duty DAVDD    95 % 

FBA Feedback Voltage VFBA  1.238 1.25 1.262 V 

FBA Bias Current IFBA    40 nA 

Switching NMOS On Resistance RON   200  mΩ 

LX Leakage Current ILX VLX=18V  1 10 μA 

Current Limit ILIM  3 3.5 4 A 

FBA Under Voltage Protection Threshold VFBAUVP  0.95 1 1.05 V 

FBA Under Voltage Protection Fault Time TFBAUVP  48 55 62 ms 

FBA Short Circuit Protection Threshold VFBASCP   0.1  V 

Over Voltage Protection Threshold VOVP  19.2 19.8 20.5 V 

Over Voltage Protection Threshold 

Hysteresis 
VHYP  0.8 1 0.12 V 

Soft Start Time TSS  10 11 12 ms 
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Negative Charge Pump Regulator (VGL) 

Input Supply Voltage Range VINAVDD  6  18 V 

DRVN Switching Frequency FDRVN  450 500 550 kHz 

DRVN High Side MOS On Resistance RONH   3 6 Ω 

DRVN Low Side MOS On Resistance RONL   3 6 Ω 

FBN Voltage Range VFBN  0.235 0.25 0.265 V 

FBN Bias Current IFBN  -40  40 nA 

FBN Under Voltage Protection Threshold VFBNUVP  0.4 0.45 0.5 V 

FBN Under Voltage Protection Fault Time TFBNUVP  48 55 62 ms 

Soft Start Time TSS  2.8 3.4 4 ms 

Positive Charge Pump Regulator (VGH) 

Input Supply Voltage Range VINAVDD  6  18 V 

Output Range VGH  15  38 V 

DRVP Switching Frequency FDRVP  450 500 550 kHz 

DRVP High Side MOS On Resistance RONH   3 6 Ω 

DRVP Low Side MOS On Resistance RONL   3 6 Ω 

FBP Voltage Range VFBP  1.23 1.25 1.27 V 

FBP Bias Current IFBP  -40  40 nA 

FBP Under Voltage Protection Threshold VFBNUVP  0.95 1 1.05 V 

Soft Start Time TSS  2.8 3.4 4 ms 

Operation Amplifier (VCOM) 

Input Supply Voltage Range VINAVDD  6  18 V 

Input Supply Current IVIN V_VI+= AVDD/2   2 mA 

Input Offset Voltage VOFFSET V_VI+=5V  2 15 mV 

Input Bias Current IVI+ V_VI+=5V -40  40 nA 

Output Voltage Swing High VOSH I_VCOM=20mA 
AVDD-

0.3 
  V 

Output Voltage Swing Low VOSL I_VCOM=20mA  0.2 0.3 V 

Output Short Current 
IOS+   200  mA 

IOS-   -200  mA 

Slew Rate SR 

V_VI+=2V to 8V, 20% 

to 80% and 8V to 2V, 

and 80% to 20% 

25 35  V/μs 

Open Drain Output (RESET) 

RST Output Voltage VRST IRST=1.2mA  0.12 0.15 V 

RSTIN Sense Voltage VRSTIN  1.23 1.25 1.27 V 

RSTIN Hysteresis Voltage VHYSRST   50  mV 

RSTIN Blanking Time TBRST   163  ms 

RSTIN Input Bias Current IBRST  -40  40 nA 
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Gate Pulse Modulation (GPM) 

DLY Source Current IDLY  4 5 6 μA 

DLY Threshold Voltage VDLY  1.2 1.25 1.3 V 

DLY Discharge On Resistance RDLY    8 Ω 

CTL Input High Voltage VIH    2 V 

CTL Input Low Voltage VIL  0.5   V 

CTL Input Bias Current IBCTL  -40  40 nA 

Propagation Delay CTL to VGHM TDLY   100  ns 

VGH to VGHM Switch On Resistance RPON   15  Ω 

VGHM to Re Switch On Resistance RNON   30  Ω 

VGHM to GND Pull Down Resistance RPD  1.5 2.5 3.5 kΩ 
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PIN DESCRIPTION 

Pin No. Pin Name I/O Pin Function 

1 VI+ I OPA non Inverting input 

2 VI- I OPA Inverting input 

3 VO O OPA Output 

4 GND  Ground of OPA and Charge Pump 

5 AVDD I AVDD Power Supply for OPA and Charge Pump  

6 DRVP O Positive Charge Pump Regulator 

7 DRVN O Negative Charge Pump Regulator 

8 CTL I Input Control Clock for VGHM 

9 RST O RST Output Signal  

10 FBP I Positive Charge Pump Feedback Pin 

11 FBN I Negative Charge Pump Feedback Pin 

12 REF O Reference Voltage 

13 VDD I Main Power Supply Input 

14 GND  Analog Ground 

15 RSTIN I Comparator of RST Signal Input   

16 COMP O Boost Error Amplifier Compensation Pin 

17 FBA I Boost Converter Feedback Pin 

18 PGND  Power Ground 

19 PGND  Power Ground 

20 LX O Boost Converter Switching Pin 

21 RE O Gate Pulse Modulation Discharge Pin 

22 VGHM O Gate Pulse Modulation Switching Output 

23 VGH I High Voltage Supply for Gate Pulse Modulation 

24 DLY O Delay time of Gate Pulse Modulation 

25 E-PAD P Thermal Pad Need to Connect to Ground 
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BLOCK DIAGRAM 
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FIG1. JW1386 Function Block 
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POWER ON/OFF SEQUENCE 
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FIG. 2 Power ON/ OFF Sequence 
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FUNCTIONAL DESCRIPTION 

Application Information 

JW1386 provide multi power solution for TFT 

LCD panel. The device contains one channel 

boost converter for AVDD, one channel positive 

charge pump regulator for VGH and one channel 

negative charge pump regulator for VGL. The 

device also contains one channel operation 

amplifier for VCOM, gate pulse modulation for 

flicker compensation and voltage detect function 

with open drain structure for reset function. 

In addition, the device includes various system 

protection schemes such as input under-voltage 

lockout (UVLO), output under voltage protection 

(UVP) and over temperature protection (OTP). 

Boost Converter 

Boost converter uses peak current mode PWM 

architecture, with 600k (option) / 1.2MHz (default) 

switching frequency. It have high efficiency and 

fast transient response. The input operating 

voltage of boost converter is 2.5V to 5.5V and 

output voltage is set by external resistor with 

FBA feedback control. By the way the maximum 

of output voltage is 18V, and over voltage 

protection is 19.6V (typ). The AVDD output can 

be calculated by following equation:  

 

VAVDD = 1.25V × ( 1 + 
𝑅1

𝑅2
 ) 

Positive Charge Pump Regulator 

The positive charge pump regulator provide high 

voltage for panel gate turn on. The structure of 

positive charge pump is determined by the 

number of stages. Output voltage is set by 

external resistor with FBP feedback control. The 

maximum of output voltage is 35V and the VGH 

output can be calculated by following equation:  

 

VGH = 1.25V × ( 1 + 
𝑅5

𝑅6
 ) 

Negative Charge Pump Regulator 

The negative charge pump regulator provide 

negative voltage for panel gate turn off. The 

structure of negative charge pump is determined 

by the number of stages. Output voltage is set 

by external resistor with FBN feedback control. 

The VGL output can be calculated by following 

equation:  

 

VGL = 0.25V −
𝑅4

𝑅3
( 1.25𝑉 − 0.25𝑉) 

Operation Amplifier 

The JW1386 includes one channel operation 

amplifier for VCOM function. The operation 

amplifier is capable of rail to rail input and output 

range and output with  200mA short circuit 

current. The operation amplifier can be designed 

in unity gain buffer configuration to generating 

VCOM voltage. The VO pin3 is the output of OP, 

it need to connect 10 ohm resistance and 1F 

capacitance to ground for VCOM stable 

operation. 

Gate Pulse Modulation 

Gate Pulse Modulation is composed of two 

switch MOS between VGH to VGHM and VGHM 

to RE. GPM function is designed for flicker 

compensation, the purpose is to reduce coupling 

effect of gate line. The CTL pin is connected to 

external clock signal to determine the VGHM pull 

to VGH or discharge through RE. When CTL go 

high, high side switch will turn on, low side switch 

turn off and then VGHM pull to VGH voltage. If 

CTL go low, low side switch will turn on, high side 

switch turn off and then VGHM voltage discharge 

through RE to low level. During power off, VGHM 
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will pull high to VGH when VIN < UVLO or RST 

pull to low. 

Reset Function 

JW1386 have internal reset function with open 

drain structure. When power on, VIN exceed 

UVLO, RST have 163ms blanking time. During 

blanking time, RSTIN ignore the high/low signal 

and RST keeps in Hi_Z state. When the RSTIN 

voltage lower than the 1.25V (VREF), RST 

output will pull to low. The detect voltage can be 

calculated by following equation: 

 

𝑉𝐷𝐸𝑇𝐸𝐶𝑇 ×
𝑅8

𝑅7 +  𝑅8
= 1.25V = 𝑉𝑅𝑆𝑇𝐼𝑁 

 

𝑆𝑒𝑡𝑡𝑖𝑛𝑔  𝑉𝐷𝐸𝑇𝐸𝐶𝑇 > 1.25V ×  
𝑅7 + 𝑅8

𝑅8
 

 

For example:  

If R7=R8=10k, 1.25V x (10k+10k)/10k =2.5V 

We can set VDETECT=VIN=5V 

Thermal Protection 

JW1386 provides thermal protection to prevent 

overheating in IC. When the junction 

temperature over Tj=160oC will trigger thermal 

sensor, it will shut down whole chip. It need to 

repower on to clear fault latch status then normal 

operating.   

PCB Layout Note 

For System performance such as stability, 

transient response, and EMI is greatly affected 

by the PCB layout. Below are some general 

layout guidelines as follow  

 

1. Inductor 

Always try to use shielded low EMI inductor with 

a ferrite core. The inductor should be placed as 

close to LX pin for reducing EMI, and the trace 

should be wide and short. 

2. Bypass Capacitors 

Place the low ESR ceramics bypass capacitors 

as close as possible to the VDD and VREF pins. 

This will help eliminate trace inductance effects 

and will minimize noise present on the internal 

supply rail. The ground connection of the VDD 

and VREF bypass capacitor should referenced 

to analog ground (GND). 

 

3. Output Capacitors 

Minimize the trace length and maximize the 

trace width to minimize the parasitic inductance 

between the output capacitors of each regulator 

and its load for best transient response. 

 

4. Feedback and Compensation Components 

Any components for feedback, such as resistive 

divider networks for setting output voltage, 

should be placed as close as possible to its 

respective feedback pin. Minimize any feedback 

trace length to avoid noise. Likewise, 

compensation components should be place as 

close as possible to the pin. 

 

5. Ground Plane 

Use a power ground plane for the boost output 

capacitor ground, charge pump output capacitor 

grounds, and GND, PGND pins. All power 

ground nodes should be connected using short 

trace length but wide trace width, which helps to 

lower IR drop and minimize noise. Create an 

analog ground plane (GND) for VDD and VREF 

bypass capacitor grounds, compensation 

component ground, feedback resistive network 

grounds, DLY capacitor ground, RSTIN ground, 

and the GND pins also. Note that the IC’s bottom 

side exposed pad should be also connected to 

the analog ground plane. Analog ground (GND) 

and power ground (PGND) should be connected 

only at one signal point, near the expose pad by 

shorting the GND pin to the expose pad. 
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PACKAGE OUTLINE 

VQFN4X4-24                                                                    UNIT: mm 
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IMPORTANT NOTICE 

 Joulwatt Technology Co.,Ltd reserves the right to make modifications, enhancements, 

improvements, corrections or other changes without further notice to this document and any 

product described herein.  

 Any unauthorized redistribution or copy of this document for any purpose is strictly forbidden. 

 Joulwatt Technology Co.,Ltd does not warrant or accept any liability whatsoever in respect of 

any products purchased through unauthorized sales channel. 

 JOULWATT TECHNOLOGY CO.,LTD PROVIDES TECHNICAL AND RELIABILITY DATA 

(INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE DESIGNS), 

APPLICATION OR OTHER DESIGN ADVICE, SAFETY INFORMATION AND OTHER RESOURCES, 

AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION 

ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE 

OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY RIGHTS. 
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