LP6278

19 Channel Level Shift for GOA TFT-LCD Panel

Features

e DVDD Input Supply Range
2.5V to 5.5V
e VGH1/VGH2 Input Supply Range
8.0V to 40V
e LVGL/VGL Input Supply Range
-3.0V to -18V
e 19-Channel Level Shifter:
12-ch CLK output (CLK1 to CLK12)
3-ch STV output ( STVO, STV1A, STV1B)
LC1/LC2 Low frequency output channel
LS_LVGL and LS_VGL Low voltage output channel
o Level Shifter output function
CLK support programmable phase output
(6-phase/8-phase/10-phase/12-phase)

CLK11/12 can be used as a low frequency output
channel(CLK configured to 6-/8-/10-phase)

CLK support multiple DLG mode output

CLK support multiple Rotate mode output

LC1/LC2 support multiple Initialize mode output
CPV1/CPV2 support three input signal modes

(only rising only falling and rising falling both trigger)

e Programmable output shutdown discharge function

CLK1-CLK12 and LC1/LC2 are a group
STVO is a group
STV1A and STV1B are a group
LS _LVGL is a group
e Protection fucntion
Input under voltage lockout (UVLO)
Thermal overload protection (OTP)
Over current protection (OCP)
Short circuit protection (SCP)
e Integrated MTP Non-Volatile Memory
e lIC Compatible Interface for Register Control
o RoHS compliant and 100% Lead(Pb)-Free
e Available in 5.0mmX5.0mm 40-pin QFN Package

General Description

The LP6278 includes 19-channel high-voltage level shifter.
This device is suitable for GOA TFT-LCD panel application.
It converts logic level signals from Timing Controller(T-
CON) to high level signals used by the LCD panel. The
outputs are switching from VGL/LVGL to VGH1/VGHZ2,
with capacitive loads up to 4.7nF.

The LP6278 transform the logic-level controlled signals,
which are generated by the display timing controller
(TCON), into the high-level signals needed by LCD panel.
It provides outputs (STVO0, STV1A, STV1B, LC1, LC2,
CLK1~CLK12, LS_VGL, LS_LVGL) witch are switching
from VGL/LVGL to VGH1/VGH2, it also integrates
Terminate function.

The LP6278 features extensive protection functions that
include UVLO, OTP, SCP and OCP. The device operates
over the -40°C to +85°C. It is available in 5mmx5mm, 40-
lead QFN package.

Applications

o GOA TFT-LCD Panel

Order Information

wpe278 | | [ ] [ ]
L F:Green

Package Type
QV : QFN5X5-40
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Device Information

Moisture
Part Number Top Marking Sensitivity Package Shipping
Level
LPS
LP6278QVF LP6278 MSL3 QFN5X5-40 3K/REEL
YWX
Marking indication:
Y: Year code. W: Week code. X: Batch numbers.
Pin Diagram
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QFN5X5-40
Note: Recommend connecting the Thermal Pad to the Ground for excellent power dissipation.
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Pin Description

Pin# Name Description
1 DIS_SENSE | 0x00h[2]=0, Level shifter input discharge sens_ing voltage. .
/DLG _EN 0x00h[2]=1, and 0x00h[1:0]=00, DLG enter/exit control function
2 FAULT FAULT Terminal.
3 AO Device Address select . _
AO=Low, Address=0x50h, AO=Floating/High, Address=0x52h
4 SDA I12C - Compatible serial bidirectional data line.
5 SCL I2C — Compatible clock input.
6 GND GrOL_Jnd. Th_e expo_sed pad must be soldered to a large PCB and connected to GND for
maximum dissipation.
LS LVGL, CLK1 ~ CLK12, STVO, STV1A, STV1B, LC1/LC2 negative power supply.
7 LVGL Please refer to function block and application circuit.
The voltage of LVGL must be lower (or equal) than VGL.
8 VGL Low level of LS_VGL circuit. Please refer to the function block and application circuit.
9 LS VGL Discharge function for liquid crystal capacitor.
10 NC No Connected
11 CLK12 Level Shift Output Channel.
12 CLK11 Level Shift Output Channel.
13 CLK10 Level Shift Output Channel.
14 CLK9 Level Shift Output Channel.
15 CLK8 Level Shift Output Channel.
16 CLK7 Level Shift Output Channel.
17 CLK®6 Level Shift Output Channel.
18 CLK5 Level Shift Output Channel.
19 CLK4 Level Shift Output Channel.
20 CLK3 Level Shift Output Channel.
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Pin Description(continued)

Pin# Name Description

21 CLK2 Level Shift Output Channel.

22 CLK1 Level Shift Output Channel.

23 LS LVGL Discharge function for liquid crystal capacitor. @0x04h [3] =

/VGHO VGHO output channel @0x04h [3] = 1

24 STV1A Level Shifter Output Signal. (Start pulse for GOA).

25 STV1B Level Shifter Output Signal. (Start pulse for GOA).

26 STVO Level Shifter Output Signal. (GOA reset signal).

27 LC1 Level Shifter Output Signal. (Low frequency LC1).

28 LC2 Level Shifter Output Signal. (Low frequency LC2).

29 VGH?2 LC1, LC2, STVO pos_itive power supply_. _ o

Please refer to function block and application circuit.
LS_VGL, LS_LVGL, CLK1 to CLK12, STV1A and STV 1B positive power supply.

30 VGH1 Please refer to function block and application circuit.

31 NC No Connected

32 STILO Level shifter input signal. (GOA reset signal) rising/falling edge trigger
33 STI_1B Level shifter input signal. (Start pulse for GOA) rising/falling edge trigger
34 STI_1A Level shifter input signal. (Start pulse for GOA) rising/falling edge trigger
35 CLK11 | Level shifter input signal. CLK11 rising/fe_zlling edge trigger

— *- Only 0x00h[3]=1 and The CLK output is not 12 phase
36 CLK12 | Level shifter input signal. CLK12 rising/fe_zlling edge trigger
— *- Only 0x00h[3]=1 and The CLK output is not 12 phase

37 CPV2 Level shifter input signal rising/falling edge trigger.

38 CPV1 Level shifter input signal rising/falling edge trigger.

39 LC_IN Level shifter input signal. (Low frequency clock) rising/falling edge trigger
40 DVDD Supply voltage input.

41 EPAD The E-Pad should be connected to ground for maximum dissipation.
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Absolute Maximum Ratings (NoteT)

SDA, SCL to GND -0.3V to +7.0V
DIS_SENSE/DLG_EN to GND -0.3V to +7.0V
A0, FAULT to GND -0.3V to +7.0V
STI_0, STI_1A, STI_1B, CPV1, CPV2, LC_IN to GND -0.3V to +7.0V
CLK11_IN, CLK12_IN to GND -0.3V to +7.0V
DVDD to GND -0.3V to +7.0V
LVGL to GND -20V to +0.3V
VGL to GND -20V to +0.3V
LS_VGL to GND (-0.3+VGL)V to +VGH1
LS_LVGL/VGHO to GND (-0.3+LVGL)V to +VGH1
CLK1-CLK12 to GND (-0.3+LVGL)V to +VGH1
STV1A, STV1B to GND (-0.3+LVGL)V to +VGH1
STVO, LC1, LC2 to GND (-0.3+LVGL)V to +VGH2
VGH1, VGH2 to GND -0.3V to +45V
LVGL,VGL to GND 22V to +0.3V
VGH1, VGH2 to LVGL, VGL -0.3V to +60V

Note1: 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 in the operational
sections of the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

ESD Ratings(Note2)

HBM (Human Body Model) 2KV
CDM (Charge Discharge Model) 750V

Note2: Devices are ESD sensitive. Handling precaution is recommended.

Thermal Information

Junction Temperature (TJ) 150°C
Operating Junction Temperature Range (TJ) -40°C to 125°C
Ambient Temperature Range -40°C to 85°C
Storage Temperature Range -65°C to 150°C
Maximum Soldering Temperature (at leads, 10 sec) 260°C
Bua (Junction-to-Ambient Thermal Resistance) TBD°C/W
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Recommended Operating Conditions
Over Operating free-air temperature range (unless otherwise noted)

SYMBOL PARAMETER CONDITIONS MIN Def. MAX UNIT
DVDD DVDD supply voltage 2.5 3.3 55 \%
VGH1 VGH1 input voltage range 10 40 Vv
VGH2 VGH2 input voltage range 10 40 \%
LVGL LVGL input voltage range -18 -3 \%
VGL VGL input voltage range -18 -3 Vv
DVDDuvior | DVDD under voltage rising 2.3 24 2.5 \%
DVDDuvior | DVDD under voltage falling 1.7 1.8 1.9 \%
VGH2uvior | VGH2 under voltage rising 0x03h[0]=0 7 7.5 8.0 \%
VGH2uvior | VGH2 under voltage rising 0x03h[0]=1 14 15 16 \%
VGH2uvior | VGH2 under voltage falling 3 4 5 \%
XONDber vri | XON detect voltage rising1 g’;?ggt[gc\’}sg%\ﬁf'r’i‘gng 23 2.4 25 v
XONper ve1 | XON detect voltage falling1 g’;?ggt[gc\’}sgoa\';i"glﬁng 17 18 19 v
XONpet_vr2 | XON detect voltage rising2 0x00h[1:0]=01, Rising 2.4 2.5 2.6 \%
XONpet_vr2 | XON detect voltage falling2 0x00h[1:0]=01, Falling 2.2 2.3 2.4 \%
XONpet_vrs | XON detect voltage rising3 0x00h[1:0]=10, Rising 0.9 1.0 1.1 \
XONpet_ves | XON detect voltage falling3 0x00h[1:0]=10, Falling 0.7 0.8 0.9 \
XONpet_vra | XON detect voltage rising4 0x00h[1:0]=11, Rising 26 2.7 2.8 \%
XONpet_vrsa | XON detect voltage falling4 0x00h[1:0]=11, Falling 24 2.5 2.6 \
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Electrical Characteristics

DvDD = 3.3V, VGH1=VGH2=30V, LVGL=-10V, VGL=-6V, GND=0V, Ta=25C
The device is not guaranteed to function outside its operating conditions. Parameters with MIN and/or MAX limits are
100% tested at +25°C, unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS | MIN | TYP | MAX | uNIT

GENERAL

Vbvbb DVDD supply voltage DVDD 2.5 3.3 5.5 V
VvGH1/2 VGH1/2 supply voltage 10 40 \%
Vivel LVGL supply voltage -18 -3 Vv
VveL VGL supply voltage -18 -3 V
VGH-VGL VGH1/2 — LVGL/VGL voltage range 60 \Y%
Vpvob_uvior | DVDD under voltage lockout |\R/|I1S'g?ozgsveot|t\;/agléage 2.3 2.4 2.5 V
Vovop_uvior | DVDD under voltage lockout Falling Threshold Voltage 1.7 1.8 1.9 \%
VGH2uvor | VGH2 under voltage lockout g;ﬁgﬁ[giﬁet Voltage 14 | 15 | 16 | v
VGH2uvor | VGH2 under voltage lockout g;ﬁgﬁ[gi%et V@ 70 | 75 | 80 | Vv
VGH2uvior | VGH2 under voltage lockout Falling Threshold Voltage 3 4 5 V
la_pvop DVDD quiescent current 1.3 mA
la_vaH1 VGH1 quiescent current 0.2 mA
la_veHz VGH2 quiescent current 0.5 mA
la_veL VGL quiescent current 50 uA
la_Lver LVGL quiescent current 0.3 mA
Tsp Over temperature shutdown protect Junction temperature 145 155 165 °C
TSDhys Thermal shutdown hysteresis recover | Falling triger 20 °C
BLANKmive | Power on blanking time 0x04h[7]=0 0 mS
BLANKmime | Power on blanking time 0x04h[7]=1 150 mS

*. The sequence of LVGL must be earlier (or equal) than VGL in the application.
And the voltage of LVGL must be lower (or equal) than VGL
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Electrical Characteristics

DvDD = 3.3V, VGH1=VGH2=30V, LVGL=-10V, VGL=-6V, GND=0V, Ta=25C
The device is not guaranteed to function outside its operating conditions. Parameters with MIN and/or MAX limits are
100% tested at +25°C, unless otherwise specified.

SYMBOL | PARAMETER TEST CONDITIONS | MIN | TYP | MAX | uNIT
Input Signals (CPV1, CPV2, LC_IN, STI_0, STI_1A, STI_1B, A0, FAULT)

CPV1pp R CPV1 internal pull low resistor Internal pull low to GND 100 KQ
CPV2pp_r CPV2 internal pull low resistor Internal pull low to GND 100 KQ
LC INpo r | LC_IN internal pull low resistor Internal pull low to GND 100 KQ
STI_Opp_r STI_0 internal pull low resistor Internal pull low to GND 100 KQ
STI_1App_r | STI_1A internal pull low resistor Internal pull low to GND 100 KQ
STI_1Bpp r | STI_1B internal pull low resistor Internal pull low to GND 100 KQ
DLG EN | DLG_EN internal pull low resistor gg;gg'hr[’;‘:'g]"z‘goto GND 100 KQ
CLK11_| CLK11_I internal pull low resistor Internal pull low to GND 100 KQ
CLK12_1 CLK12_l internal pull low resistor Internal pull low to GND 100 KQ
FAULTpu r | FAULT internal pull up resistor Internal pull up to DVDD 200 KQ
AOpPu_r AO internal pull up resistor Internal pull up to DVDD 200 KQ
FOSCcrv CPV1/CPV2 operating frequency Maximum frequency 1200 KHz
VIW Input signal Minimum pulse width DVDD=2.5V to 5.0V 200 nS
VIH Input signal high level voltage DVDD=2.5V to 5.0V 1.2 \%
VIL Input signal low level voltage DVDD=2.5V to 5.0V 0.6 V
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Electrical Characteristics

DvDD = 3.3V, VGH1=VGH2=30V, LVGL=-10V, VGL=-6V, GND=0V, Ta=25C
The device is not guaranteed to function outside its operating conditions. Parameters with MIN and/or MAX limits are
100% tested at +25°C, unless otherwise specified.

SYMBOL | PARAMETER TEST CONDITIONS | MIN | TYP | MAX | uNIT

Output Channel (CLK1 to CLK12)

RONHmos CLK1~CLK12 high-side PMOS Ron lLoap=10mA 8 15 Q

RONLmos CLK1~CLK12 low-side NMOS Ron lLoap=10mA 8 15 Q

CLKpHAsE CLK phase output select 0x00h[7:6]=00 6 Ph

CLKpHaseE CLK phase output select 0x00h[7:6]=01 8 Ph

CLKpHase CLK phase output select 0x00h[7:6]=10 10 Ph

CLKpHase CLK phase output select 0x00h[7:6]=11 12 Ph
_ - 0x00h[5:4]=00

Tr1 CLK1~CLK12 rising slew rate1 R=51R. Ci=4.7nF 1000 V/us
_ - 0x00h[5:4]1=01

Tro CLK1~CLK12 rising slew rate2 R.=51R. Ci=4.7nF 700 V/us
_ - 0x00h[5:4]=10

Trs CLK1~CLK12 rising slew rate3 R.=51R. Ci=4.7nF 400 V/us
_ - 0x00h[5:4]=11

Tra CLK1~CLK12 rising slew rate4 Ri=51R, C.=4.7nF 100 V/us
5 . 0x00h[5:4]=00

Tr1 CLK1~CLK12 falling slew rate1 R=51R. Ci=4.7nF 1000 V/us
5 . 0x00h[5:4]1=01

Tr2 CLK1~CLK12 falling slew rate2 R=51R, C.=4.7nF 700 V/us
5 . 0x00h[5:4]=10

Trs CLK1~CLK12 falling slew rate3 Ri=51R, C.=4.7nF 400 V/us
5 . 0x00h[5:4]1=11

Tra CLK1~CLK12 falling slew rate4 R=51R, C.=4.7nF 100 V/us

Ter CLK1~CLK12 rising delay 50% input to 10% output 80 150 nS

Ter CLK1~CLK12 falling delay 50% input to 90% output 80 150 nS

*. Rising/Falling time measure point is before RC.
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Electrical Characteristics

DvDD = 3.3V, VGH1=VGH2=30V, LVGL=-10V, VGL=-6V, GND=0V, Ta=25C
The device is not guaranteed to function outside its operating conditions. Parameters with MIN and/or MAX limits are
100% tested at +25°C, unless otherwise specified.

SYMBOL | PARAMETER TEST CONDITIONS | MIN | TYP | MAX | uNIT
Output Channel (STVO0, STV1A, STV1B)

RONHmos STVO high-side PMOS Ron lLoap=10mA 8 15 Q
RONLmos STVO low-side NMOS Ron lLoab=10mA 8 15 Q
Tr STVO rising slew rate RL=51R, C.=4.7nF 300 V/us
TrF STVO falling slew rate RL=51R, C.=4.7nF 300 V/us
Ter STVO rising delay 50% input to 10% output 80 150 nS
Ter STVO falling delay 50% input to 90% output 80 150 nS
AUPTIvE STVO autopulse time 0x04h[4]=1 220 260 300 uS
RONHmos STV1A high-side PMOS Ron lLoab=10mA 8 15 Q
RONLmos STV1A low-side NMOS Ron lLoap=10mA 8 15 Q
TR STV1A rising slew rate RL=51R, C.=4.7nF 300 V/us
Tr STV1A falling slew rate RL=51R, C.=4.7nF 300 V/us
Ter STV1A rising delay 50% input to 10% output 80 150 nS
Ter STV1A falling delay 50% input to 90% output 80 150 nS
RONHmos STV1B high-side PMOS Ron lLoab=10mA 8 15 Q
RONLmos STV1B low-side NMOS Ron lLoap=10mA 8 15 Q
TR STV1B rising slew rate RL=51R, C.=4.7nF 300 V/us
Tr STV1B falling slew rate RL=51R, C.=4.7nF 300 V/us
Ter STV1B rising delay 50% input to 10% output 80 150 nS
Ter STV1B falling delay 50% input to 90% output 80 150 nS

*. Rising/Falling time measure point is before RC.
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Electrical Characteristics

DvDD = 3.3V, VGH1=VGH2=30V, LVGL=-10V, VGL=-6V, GND=0V, Ta=25C
The device is not guaranteed to function outside its operating conditions. Parameters with MIN and/or MAX limits are
100% tested at +25°C, unless otherwise specified.

SYMBOL | PARAMETER TEST CONDITIONS | MIN | TYP | MAX | uNIT

Output Channel (LC1, LC2)
RONHwmos LC1 high-side PMOS Ron lLoap=10mA 8 15 Q
RONLmos LC1 low-side NMOS Ron lLoap=10mA 8 15 Q
Tr LC1 rising slew rate RL=51R, C.=4.7nF 300 V/us
TrF LC1 falling slew rate RL=51R, C.=4.7nF 300 V/us
Ter LC1 rising delay 50% input to 10% output 80 150 nS
Ter LC1 falling delay 50% input to 90% output 80 150 nS
RONHwmos LC2 high-side PMOS Ron lLoap=10mA 8 15 Q
RONLmos LC2 low-side NMOS Ron lLoap=10mA 8 15 Q
TR LC2 rising slew rate RL=51R, C.=4.7nF 300 V/us
TrF LC2 falling slew rate RL=51R, C.=4.7nF 300 V/us
Ter LC2 rising delay 50% input to 10% output 80 150 nS
Ter LC2 falling delay 50% input to 90% output 80 150 nS

*. Rising/Falling time measure point is before RC.
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Electrical Characteristics

DvDD = 3.3V, VGH1=VGH2=30V, LVGL=-10V, VGL=-6V, GND=0V, Ta=25C
The device is not guaranteed to function outside its operating conditions. Parameters with MIN and/or MAX limits are
100% tested at +25°C, unless otherwise specified.

SYMBOL | PARAMETER TEST CONDITIONS | MIN | TYP | MAX | uNIT

Output Channel (LS_LVGL, LS_VGL)

RONHmos LS_LVGL high-side PMOS Ron lLoap=10mA 10 18 Q
RONLwmos LS _LVGL low-side NMOS Ron lLoab=10mA 10 18 Q
XONpLy LS_LVGL rising propagation time XON trigger 0.2 0.5 uS
TR LS_LVGL rising slew rate RL=51R, C.=4.7nF 1 uS
VGH10 VGH10 delay autopulse time STVO0 autopulse end 4.4 5.4 6.4 uS
VGH10 VGH10 power on delay time 0x04h[1:0]=00 0 mS
VGH10 VGH10 power on delay time 0x04h[1:0]=01 50 mS
VGH10 VGH10 power on delay time 0x04h[1:0]=10 100 mS
VGH10 VGH10 power on delay time 0x04h[1:0]=11 150 mS
RONHwmos LS_VGL high-side PMOS Ron lLoap=10mA 10 18 Q
RONLwmos LS_VGL low-side NMOS Ron lLoab=10mA 10 18 Q
XONbLy LS VGL rising propagation time XON trigger 0.2 0.5 uS
TR LS_VGL rising slew rate RL=51R, C.=4.7nF 1 uS

*. Rising/Falling time measure point is before RC.
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Electrical Characteristics

DVDD = 3.3V, VGH1=VGH2=30V, LVGL=-10V, VGL=-6V, GND=0V, Ta=25TC

The device is not guaranteed to function outside its operating conditions. Parameters with MIN and/or MAX limits are
100% tested at +25°C, unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS | MIN | TYP | MAX | uNIT
Output Channel OCP Level (CLK1 to CLK12)
ocp+ CLK1~CLK12 PMOS current detect | oo o0l 090 200 mA
ocP- CLK1~CLK12 NMOS current detect | oo ol 090 200 mA
OCP+ CLK1~CLK12 PMOS current detect 0x02h[5:3]=001 20 30 mA
OCP- CLK1~CLK12 NMOS current detect 0x02h[5:3]=001 20 30 mA
OCP+ CLK1~CLK12 PMOS current detect 0x02h[5:3]=010 30 40 mA
OCP- CLK1~CLK12 NMOS current detect 0x02h[5:3]=010 30 40 mA
OCP+ CLK1~CLK12 PMOS current detect 0x02h[5:3]=011 40 50 mA
OCP- CLK1~CLK12 NMOS current detect 0x02h[5:3]=011 40 50 mA
OCP+ CLK1~CLK12 PMOS current detect 0x02h[5:3]=100 60 70 mA
OCP- CLK1~CLK12 NMOS current detect 0x02h[5:3]=100 60 70 mA
OCP+ CLK1~CLK12 PMOS current detect 0x02h[5:3]=101 75 90 mA
OCP- CLK1~CLK12 NMOS current detect 0x02h[5:3]=101 75 90 mA
OCP+ CLK1~CLK12 PMOS current detect 0x02h[5:3]=110 100 120 mA
OCP- CLK1~CLK12 NMOS current detect = | 0x02h[5:3]=110 100 120 mA
OCP+ CLK1~CLK12 PMOS current detect 0x02h[5:3]=111 135 160 mA
OCP- CLK1~CLK12 NMOS current detect | 0x02h[5:3]=111 135 160 mA
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Electrical Characteristics

DvDD = 3.3V, VGH1=VGH2=30V, LVGL=-10V, VGL=-6V, GND=0V, Ta=25C
The device is not guaranteed to function outside its operating conditions. Parameters with MIN and/or MAX limits are
100% tested at +25°C, unless otherwise specified.

SYMBOL PARAMETER | TESTCONDITIONS | MIN [ TYP | MAX | UNIT
Output Channel OCP Time (CLK1 to CLK12)
OCP_DC CLK1~CLK12 OCP detect count 0x02[7:6]=00 4 Time
OCP_DC CLK1~CLK12 OCP detect count 0x02[7:6]=01 8 Time
OCP_DC | CLK1~CLK12 OCP detect count 0x02[7:6]=10 16 Time
OCP_DC | CLK1~CLK12 OCP detect count 0x02[7:6]=11 32 Time
OCP_BT | CLK1~CLK12 OCP blanking time 0x01h[2]=0 1.2 2 uS
OCP_BT | CLK1~CLK12 OCP blanking time 0x01h[2]=1 3.2 4 uS
OCP_DT | CLK1~CLK12 OCP detect time 0x02h[2:0]=000, +40% 0.6 1 uS
OCP_DT | CLK1~CLK12 OCP detect time 0x02h[2:0]=001, +40% 1.2 2 uS
OCP_DT | CLK1~CLK12 OCP detect time 0x02h[2:0]=010, +20% 2.4 3 uS
OCP_DT | CLK1~CLK12 OCP detect time 0x02h[2:0]=011, +20% 3.2 4 uS
OCP_DT | CLK1~CLK12 OCP detect time 0x02h[2:0]=100, +20% 4 5 uS
OCP_DT | CLK1~CLK12 OCP detect time 0x02h[2:0]=101, +20% 4.8 6 uS
OCP_DT | CLK1~CLK12 OCP detect time 0x02h[2:0]=110, +20% 5.6 7 uS
OCP_DT | CLK1~CLK12 OCP detect time 0x02h[2:0]=111, +20% 6.4 8 uS
SCP+ CLK1~CLK12 PMOS SCP detect 200 | 300 mA
SCP- CLK1~CLK12 NMOS SCP detect 200 | 300 mA
SCP_DTH | CLK1~CLK12 PMOS SCP time Detect high-side PMOS 40 | 50 uS
SCP_DTL CLK1~CLK12 LMOS SCP time Detect low-side NMOS 40 50 uS

Ver1.0: Jan-2026 www.lowpowersemi.com email: marketing@lowpowersemi.com 15/ 76



http://www.lowpowersemi.com/
mailto:marketing@lowpowersemi.com

LP6278

Electrical Characteristics

DVDD = 3.3V, VGH1=VGH2=30V, LVGL=-10V, VGL=-6V, GND=0V, Ta=25TC

The device is not guaranteed to function outside its operating conditions. Parameters with MIN and/or MAX limits are
100% tested at +25°C, unless otherwise specified.

SYMBOL PARAMETER | TESTCONDITIONS | MIN [ TYP | MAX | UNIT
Output Channel OCP Level (LC1, LC2, STVO0, STV1A, STV1B, LS_LVGL, LS_VGL)
OCP+ CHn Excluded PMOS current detect OOXCOIlhd[isS::E)TgOO 200 mA
OCP- CHn Excluded NMOS current detect OOXCOIlhd[isS::E)TgOO 200 mA
OCP+ CHn Excluded PMOS current detect | 0x01h[5:3]=001 20 30 mA
OCP- CHn Excluded NMOS current detect | 0x01h[5:3]=001 20 30 mA
OCP+ CHn Excluded PMOS current detect | 0x01h[5:3]=010 30 40 mA
OCP- CHn Excluded NMOS current detect | 0x01h[5:3]=010 30 40 mA
OCP+ CHn Excluded PMOS current detect | 0x01h[5:3]=011 40 50 mA
OCP- CHn Excluded NMOS current detect | 0x01h[5:3]=011 40 50 mA
OCP+ CHn Excluded PMOS current detect | 0x01h[5:3]=100 60 70 mA
OCP- CHn Excluded NMOS current detect | 0x01h[5:3]=100 60 70 mA
OCP+ CHn Excluded PMOS current detect | 0x01h[5:3]=101 75 90 mA
OCP- CHn Excluded NMOS current detect | 0x01h[5:3]=101 75 90 mA
OCP+ CHn Excluded PMOS current detect | 0x01h[5:3]=110 100 120 mA
OCP- CHn Excluded NMOS current detect | 0x01h[5:3]=110 100 120 mA
OCP+ CHn Excluded PMOS current detect | 0x01h[5:3]=111 135 160 mA
OCP- CHn Excluded NMOS current detect | 0x01h[5:3]=111 135 160 mA
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Electrical Characteristics

DvDD = 3.3V, VGH1=VGH2=30V, LVGL=-10V, VGL=-6V, GND=0V, Ta=25C
The device is not guaranteed to function outside its operating conditions. Parameters with MIN and/or MAX limits are
100% tested at +25°C, unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS | MIN | TYP | MAX | uNIT
Output Channel OCP Time (LC1, LC2, STV0, STV1A, STV1B, LS_LVGL, LS_VGL)
OCP_DC CHn Excluded OCP detect count 0x01[7:6]=00 4 Time
OCP_DC CHn Excluded OCP detect count 0x01[7:6]=01 8 Time
OCP_DC CHn Excluded OCP detect count 0x01[7:6]=10 16 Time
OCP_DC CHn Excluded OCP detect count 0x01[7:6]=11 32 Time
OCPBT | Barkiatme = e " 99 0P 1 oxothizi=0 12 | 2 us
OCP_BT | Bankiatme o e " 998 OCF | ox0thizp=1 32 | 4 us
OCP_DT STVn High-Side OCP detect time 0x02h[2:0]=000, +30% 0.6 1 uS
OCP_DT STVn High-Side OCP detect time 0x02h[2:0]=001, +25% 1.2 2 uS
OCP_DT STVn High-Side OCP detect time 0x02h[2:01=010, +20% 24 3 uS
OCP_DT STVn High-Side OCP detect time 0x02h[2:0]=011, +20% 3.2 4 uS
OCP_DT STVn High-Side OCP detect time 0x02h[2:0]=100, +20% 4 5 uS
OCP_DT STVn High-Side OCP detect time 0x02h[2:0]=101, £20% 4.8 6 uS
OCP_DT STVn High-Side OCP detect time 0x02h[2:0]1=110, +20% 5.6 7 uS
OCP_DT STVn High-Side OCP detect time 0x02h[2:0]1=111, £20% 6.4 8 uS
OCP_DT CHn Excluded Low OCP detect time | 0x01h[1:0]=00, +20% 32 40 uS
OCP_DT CHn Excluded Low OCP detect time | 0x01h[1:0]=01, £20% 64 80 uS
OCP_DT CHn Excluded Low OCP detect time | 0x01h[1:0]=10, £20% 96 120 uS
OCP_DT CHn Excluded Low OCP detect time | 0x01h[1:0]=11, +20% 128 160 uS
SCP+ CHn Excluded PMOS SCP detect 200 300 mA
SCP- CHn Excluded NMOS SCP detect 200 300 mA
SCP_DTH | CHn Excluded PMOS SCP time Detect high-side PMOS 40 50 uS
SCP_DTL CHn Excluded LMOS SCP time Detect low-side NMOS 40 50 uS
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Electrical Characteristics

The device is not guaranteed to function outside its operating conditions. Parameters with MIN and/or MAX limits are
100% tested at +25°C, unless otherwise specified.

SYMBOL | PARAMETER TEST CONDITIONS | MIN | TYP | MAX | uNIT

lIC INTERFACE(SDA,SCL)

ViH High Level Input Voltage 1.5 - - Vv

Vi Low Level Input Voltage - - 0.5 \%

lIC TIMING CHARCTERISTICS

fsoL Serial-Clock Frequency 10 400 KHz
Bus Free Time Between STOP and

teur START Conditions 1800 ) = | — | S
Hold Time(Repeated) START

tHD.STA Condition 600 nS

tLow SCL Pulse-Width Low 1300 --- --- nS

tHicH SCL Pulse-Width High 600 nS
Setup Time for a Repeated

tsusTA START Condition 600 | - nS

tHD.DAT Data Hold Time 50 - 800 nS

tsu.pat Data Setup Time 100 - - nS

tr SDA and SCL Receiving Rise Time | CB is IN pF s | — | 300 | ns
SDA and SCL Receiving Fall Time ) 20+

tr ving ! CBis IN pF 0.1CB - 300 nS

CIN SDA and SCL Input Capacitance - 400 pF

tsusTo Setup Time for STOP Condition 600 nS

taa Clock Low to Data Out Valid 100 - 900 nS
Program MTP Blanking Time 200 ms

Ver1.0: Jan-2026 www.lowpowersemi.com email: marketing@lowpowersemi.com 18 / 76



http://www.lowpowersemi.com/
mailto:marketing@lowpowersemi.com

LP6278

‘- LowPowerSeni G363

Functional Block Diagram

[
CPV1 : 22 | CLK1
|
CPV2 } CLK2
[
CLK12_| : CLK3
[
CLK11_| | CLK4
Logic Block M:—
STIL1A | CLK5
Vivel |
STI 1B i CLK6
: Level Shifter
STLO ! CLK7
[
LC_IN [39 | CLK8
[
DIS _SENSE D:‘ XON I CLK9
DLG_EN Function i 137 CLKA0
| 13 ]
[
SDA[ 4 | CLK11
|
12C
|
SCL Interface I cLKi2
AO[3 !
|
%{— Level Shifter —:—|:24E| STV1A
LVGL |
FAULT[ 2 —— FAULT v |
| [
Vet | . |
VGH2 [29 Voo T Level Shifter —|—|I 25 | STV1B
| |
VGH?1 | |
—,—VVGH” Level Shifter —:—[25 LS LVGL
DVDD Vivel | -
POWER | |
AGND | 6 | | |
Vet || evel Shifter —:—[g:] LS VGL
LvGL Ve T | 3
| |
VGL| 6 | I
| [
Ve | ; |
AT Level Shifter 4|| 26 | STVO
- T |
| |
| |
[ |
v 27 LC1
~/ 22 Level Shifter | |
LVGL
1] | 28 [ LC2
[
]
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Typical Application Circuit

VGH VGH2

> VGH1
3 >
I —3 CLK1 0 —
= L
< 2 CLK2 o
— ¥ CLK3 )
—O ST O CLK4 o)
T o STI_1A CLK5 o
| o STI 1B CLK6 o
g o LC_IN CLK7 o
S| o CPV1 CLKS o
3| o CPV2 CLK9 o |5
IS s
o CLK11_| CLK10 o 3
—o CLK12_| CLK11 o |2
[
o A0 CLK12 o |8
(@)
o SDA
12C STVO o
o SCL
STV1A o
DVDD 0—¢ DVDD
STV1B o
S <X
TL 1° | DIS_SENSE LC1 o
S Al DLG_EN LC2 o
o
- LS_LVGL/VGHO o
I [JGND LS VGL o —
= FAULT o—>
LVGL 0 [ILVGL

JEPAD

10uF/25V
(o)
10uF/25V

|

O

>
VGL I
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Timing Diagram

DVDD —— /DVDD>UVLO_R
Discharge Falling =<
DIS_SENSE | JhéfDeglitch time = 1ms 9 g T
OTP. D | OTP download ok
‘ VGH2<uvlof
VGH1/2 — VGH2>uvlor —_——
LVGL ——— [
VGL i [
LS LVGL —— By 0x03h[4] Follow LVGL
LVGL | ‘
LS VGL ——— | Follow VGH1 | Follow V6L
VoL | |
STIO -
STI_1A/1B ‘ |_—|
STVO | | VeH2 By 0x03h[7] | FolowLvoL
| LVGL A ;
STVIAIIB ———— I_IVGH1 By 0X03h[6] Follow LVGL
LveL ! ;
PVt U U U L L L |
; MU U UL UL LU |
LVGL
Foll LVGL
CLK1~12 ——— VGHT By 0x03h[5] ]\ Follow LVGL
Lver r 1 1]
LC_IN

w | Follow VGH2 VT i Follow LVGL
gt —9v By 0x03h[5]

o | Follow VGH2 _—VYGH2 |
_ov . @@ o~
LC2 ; | LVGL

CLK1 to CLK12 output referred to for more detailed illustrations

Follow LVGL
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CLK Enable Control — 0x05h[6]
Type1: STI_O First Rising Don’t control CLK output — 0x05h[6]=0

DVDD DVDD>UVLO_R
DIS_SENSE r{Deglitch 1ms and Reload Data ~ 750us
OTP_D H
vehil2 —%—%H2>UVLO_R
VGL
! i
STLO [ ]
STVO 3 |_|
LVGL |
‘ | UL L Eainipipinin
CPV1 ‘ |
SR — ML LT UL
CLK1~12 N VGH1 —L

Type2: STI_O First Rising Control CLK output — 0x05h[6]=1

DVDD /DVDD>UVLO_R
DIS_SENSE r{Deglitch 1ms and Reload Data ~ 750us
OTP_D L
| |
VGHIR L s
v 3 ~ VGH2>UVLOR
VGL i 3
STI 0 i 3 First Rising |_|
STVO 3 i |_|
L LveL |
PV ; - fHUyUy Uy Ll NER RN
P2 | | JUREREREREREREREREN UL
| LVGL |
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CLK Output Control — Phase, Rotate, DLG and CPV control

Phase and Rotate setting

PHASE 0x06h[3:2] setting rotate mode
ROTATE MODE1 ROTATE MODE2 ROTATE MODE3 ROTATE MODE4
6Phase | 1-2-3-4-5-6-1 4-5-6-1-2-3-4 3-2-1-6-5-4-3 6-5-4-3-2-1-6
8Phase | 1-2-3-4-5-6-7-8-1 5-6-7-8-1-2-3-4-5 4-3-2-1-8-7-6-5-4 8-7-6-5-4-3-2-1-8
10Phase | 1-2-3-4-5-6-7-8-9-10-1 6-7-8-9-10-1-2-3-4-5-6 5-4-3-2-1-10-9-8-7-6-5 10-9-8-7-6-5-4-3-2-1-10
12Phase | 1-2-3-4-5-6-7-8-9-10-11-12-1 | 7-8-9-10-11-12-1-2-3-4-5-6-7 | 6-5-4-3-2-1-12-11-10-9-8-7-6 | 12-11-10-9-8-7-6-5-4-3-2-1-12
DLG mode 1
PHASE Enter DLG mode by 0X08h or DLG_EN PIN, and 0x06h[1:0]=00(DLG MODE1)
ROTATE MODE1 ROTATE MODE2 ROTATE MODE3 ROTATE MODE4
1=2 4=5 3=2 6=5
3=4 6=1 1=6 4=3
6Phase 5=6 2=3 5=4 2=1
1=2 4=5 3=2 6=5
1=2 5=6 4=3 8=7
3=4 7=8 2=1 6=5
8Phase 5=6 1=2 8=7 4=3
7=8 3=4 6=5 2=1
1=2 5=6 4=3 8=7
1=2 6=7 5=4 10=9
3=4 8=9 3=2 8=7
10Phase 5=6 10=1 1=10 6=5
7=8 2=3 9=8 4=3
9=10 4=5 7=6 2=1
1=2 6=7 5=4 10=9
1=2 7=8 6=5 12=11
3=4 9=10 4=3 10=9
5=6 11=12 2=1 8=7
12Phase 7=8 1=2 12=11 6=5
9=10 3=4 10=9 4=3
11=12 5=6 8=7 2=1
1=2 7=8 6=5 12=11
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IEI
DLG mode 2
PHASE Enter DLG mode by 0X08h or DLG_EN PIN, and 0x06h[1:0]=01(DLG MODE2)
ROTATE MODE1 ROTATE MODE2 ROTATE MODE3 ROTATE MODE4

1=4 4=1 3=6 6=3
2=5 5=2 2=5 5=2

6Phase 3=6 3=6 1=4 4=1
1=4 4=1 3=6 6=3
1=5 5=1 4=8 8=4
2=6 6=2 3=7 7=3

8Phase 3=7 7=3 2=6 6=2
4=8 8=4 1=5 5=1
1=5 5=1 4=8 8=4
1=6 6=1 5=10 10=5
2=7 7=2 4=9 9=4
3=8 8=3 3=8 8=3

10Phase 4=9 9.4 2=7 7=2
5=10 10=5 1=6 6=1
1=6 6=1 5=10 10=5
1=7 7=1 6=12 12=6
2=8 8=2 5=11 11=5
3=9 9=3 4=10 10=4

12Phase 4=10 10=4 3=9 9=3
5=11 11=5 2=8 8=2
6=12 12=6 1=7 7=1
1=7 7=1 6=12 12=6
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DLG mode 3
PHASE Enter DLG mode by 0X08h or DLG_EN PIN, and 0x06h[1:0]=10(DLG MODE3)
ROTATE MODE1 ROTATE MODE2 ROTATE MODE3 ROTATE MODE4
1=3 5=7 4=2 8=6
2=4 6=8 3=1 7=5
8Phase 5=7 1=3 8=6 4=2
6=8 2=4 7=5 3=1
1=3 5=7 4=2 8=6
1=3 7=9 6=4 12=10
2=4 8=10 5=3 11=9
5=7 11=1 2=12 8=6
12Phase 6=8 12=2 1=11 7=5
9=11 3=5 10=8 4=2
10=12 4=6 9=7 3=1
1=3 7=9 6=4 12=10
DLG mode 4
PHASE Enter DLG mode by 0X08h or DLG_EN PIN, and 0x06h[1:0]=11(DLG MODE4)
ROTATE MODE1 ROTATE MODE2 ROTATE MODE3 ROTATE MODE4
1=4 7=10 6=3 12=9
2=5 8=11 5=2 11=8
3=6 9=12 4=1 10=7
12Phase 7=10 1=4 12=9 6=3
8=11 2=5 11=8 5=2
9=12 3=6 10=7 4=1
1=4 7=10 6=3 12=9
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CLK Typical output waveform

1. Example of CPV input excitation pattern

Type: 12-phase, CPV Rising and Falling control

STIO

]

STI_1A

i
i
i

LS_STVO

[

LS_STVIA j ’—‘
vt — [y Uy Uy
cPv2 RN ERERER RN RN RN

| ‘ﬁ

LS_CLK2 ‘ ‘

‘ﬁ I R e I

LS_CLK4

I e I e I

LS_CLK6 ‘

‘ ‘ ‘ By STI_O reset ‘

‘ By STI_O reset

|
| ] [
{‘—] By STI_0 reset {‘—]

LS_CLK7

|
[
LS CLK8 Hﬁ

LS_CLK9

LS_CLK10 ‘ ‘ ‘ ‘

LS_CLK11

|
[

Type: 12-phase, CPV Only Rising control

STIO

STI_1A

i

LS_STVO

[

LS_STV1A j ’—‘
eevi— [UUUUHHUUL UL UL SRS RERE RN NN RN RN RN ) EE—
cPv2 Uy U Y LEL L mUryrvuuruuyye—

LS_CLK1

[
LS_CLK2 ﬁ
-

LS_CLK3

By STI_0 reset

]
[
[
] [
By STIO reset
[
[
[
[

LS_CLK4

LS_CLK5

LS_CLK6

LS_CLK7

[
[
[
[
[
LS_CLK8 ﬁ
[
[
[
[

LS_CLK9

LS_CLK10

LS_CLK11

LS_CLK12
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Type: 12-phase, , CPV Only Falling control

STIO

STI_1A

1
LS_STVO

[
LS_STVIA j ’—‘
vt — [ UL Uyt
cPv2 MUy Lt (RN RN NN R
]

i
i

=

LS_CLK1

[
LS_CLK2 ﬁ
T

LS_CLK3

LS_CLK4

By STI_0 reset

]
[
[
L
By STIO reset
[ ]
]
[
[

LS_CLK5

LS_CLK6

LS_CLK7

LS_CLK9

[
[
I

LS_CLK10

LS_CLK11

[
[
[
LS_CLK8 ﬁ
[
[
[
[

LS_CLK12
Type: 12-phase, , 1line Input Control Only CPV1 control, CPV2 is Terminal Function

1

STI_0

STI_1A

1
LS_STVO ﬂ ﬁ
LS_STV1A j
i

CPV1

[UUpuUyUyyy ULy Uy
3line Pre-charge and Interval=1

—

—

3line Pre-charge and Interval=

CPV2

LS_CLK1
T

LS_CLK2

LS_CLK3

By Term reset

]
[
[
‘ By Term reset
[
[
[

LS_CLK4

By Term reset

LS_CLK5

LS_CLK6

LS_CLK7

]
[
[
[
LS CLK8
[
[
[
[

LS_CLK9

LS_CLK10

LS_CLK11

I
I
L
e
—

LS_CLK12
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Example of CLK Rotate mode

Type: 12-phase, CPV rising and Falling control, Rotate mode1

STIO

STI_1A

LS_STVO

LS_STVIA
cPVA
CPV2

LS_CLK1
LS_CLK2
LS_CLK3
LS_CLK4
LS_CLK5
LS_CLK8
LS_CLK7
LS_CLK8
LS_CLK9
LS_CLK10
LS_CLK11

LS_CLK12

[

]

i

L

|

By STI_0 reset

By STI_O reset

By STI_0 reset

Type: 12-phase, CPV rising and Falling control, Rotate mode2

STI_0

STI_1A

LS_STVO

LS_STV1A
CPVA
CPV2

LS_CLK1
LS_CLK2
LS_CLK3
LS_CLK4
LS_CLK5
LS_CLK6
LS_CLK7
LS_CLK8
LS_CLK9
LS_CLK10
LS_CLK11

LS_CLK12

[

—
—

|

—

]

U U UL UL L L L L
Uy UUU Uy UL LI
‘ ‘ ‘ L By STI_O reset
By STI_O reset
|

‘ By STI_0 reset
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Type: 12-phase, CPV rising and Falling control, Rotate mode3

STIO

STI_1A

LS_STVO

LS_STVIA
cPVA
CPV2

LS_CLK1
LS_CLK2
LS_CLK3
LS_CLK4
LS_CLK5
LS_CLK8
LS_CLK7
LS_CLK8
LS_CLK9
LS_CLK10
LS_CLK11

LS_CLK12

1

.
]

1

i

Uy U UL L L LU

By STI_O reset

[ L T

By STI_0 rese

L

By STI_0 reset

Type: 12-phase, CPV rising and Falling control, Rotate mode4

STI_0

STI_1A

LS_STVO

LS_STV1A
CPVA
CPV2

LS_CLK1
LS_CLK2
LS_CLK3
LS_CLK4
LS_CLK5
LS_CLK6
LS_CLK7
LS_CLK8
LS_CLK9
LS_CLK10
LS_CLK11

LS_CLK12

[

—
—

—

|

]

By STI_0 reset

By STI_O rese!

By STI_0 reset
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3. Example of CLK DLG mode@Rotate mode1

Type: 12-phase, DLG mode1, CPV rising and Falling control, Rotate mode1

STI_O 1 1 1
STI_1A ] [
LS_STVO " " ’—’
LS_STV1A j ’—‘
RN RERE R RRERERERERED Uyt
cPv2 WJW LR [N E RN N
o — Lo 1 s o A
LS_CLK2 —J U U u U U _‘ ‘ U U U U L
oo L L [ o o o A A
LS_CLK4 —} U U u u L y ‘ U U U U u
LS_CLK5 ‘ U U U u ‘ ‘ U U U U p
LS_CLK6 ‘ U U U u ‘ ‘ U u U U p
o [ o N N o
s [ = O
LS_CLK9 ‘ u U U U ‘ ‘ U U U ;
S_CLK10 ‘ u U U U ‘ ‘ U U U ;
(s ot o L S = S
s oLz UL R
Type: 12-phase, DLG mode2, CPV rising and rising control, Rotate mode1
STI_O 1 1 1
STI_1A “ ’—‘
LS_STVO ﬂ ﬂ ﬁ
LS_STV1A j ’—‘
cPV1 U L L L L L L L LU Uyt
cPv2 WJW LR [N E RN N
LSCLK| —8 | U U u U U _‘ U U U U L
N O O A N N o A S O
LS_CLK3 ‘ U U U u ‘ ‘ U U U U p
UL L
LS_CLK5 ‘ u U U U ‘ ‘ U U U ;
L L L L S S S N —
LS_CLK7 —J U U u U U _‘ ‘ u U U U Q
LS_CLK8 —} U U u u L y STI ‘ U U U U u
LS_CLK9 ‘ U U U u ‘ ‘ U U U U p
UL o o R o D
LS_CLK11 ‘ u U U U ‘ ‘ U U U ;
LS_CLK12 ‘ u U U U ‘ ‘ U U U Q
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Type: 12-phase, DLG mode3, CPV rising and falling control, Rotate mode1

STIO

STI_1A

LS_STVO

LS_STVIA

CPV2

LS_CLK1

LS_CLK2

LS_CLK3

LS_CLK4

LS_CLK5

LS_CLK6

LS_CLK7

LS_CLK8

LS_CLK9

LS_CLK10

LS_CLK11

LS_CLK12

— 1

— T

] LT

] [ ]
EROEGOELLERLE LG LLLEG LT I
MU UL UL U MR
e N I e e I O o O
e SRR e NSNS S S
S o R S e B N A O
A B U N N O I o [ O O
L L L L R O A A
IS ERNERs 5 I
R O S R O 6 A
L L L [ )
L L [ )
SNSRI S S N
L L [ ) S
U U U N T I B

Type: 12-phase, DLG mode3, CPV rising and falling control, Rotate mode1

STI_O 1 1 1

STI_1A “ ’—‘
LS_STVO ﬂ ﬂ ﬁ
LS_STV1A j ’—‘

PV U U L L L LU Uyt

cPv2 WW LR [N E RN N
LI L L L LI L L L

L L L L L N N o A S O
LS_CLK3 ‘ U U U u ‘ ‘ U U U U p
cos — L N O o A
oo — L L L N N o A S O
s TS .
UL o o R o D
s N O o A S I
s IS N
s o o R o D
oL N O o A S I
LS_CLK12 ‘ u U U U ‘ U U U Q
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4. Example of CLK DLG mode@Rotate mode2

Type: 12-phase, DLG mode1, CPV rising and Falling control, Rotate mode2

STI_O [l [l 1
STI_1A ] [l
LS_STVO " " ’—'
LS_STV1A j ’—‘
vt — [ U UL UL RN RN RN N
cPv2 MU Uy U L NN NN
LS CLK1 ﬂ ﬂ ﬂ ﬂ ﬂ : By ﬂ ﬂ ﬂ ﬂ ﬂ
[T L T T ] [T L L 1L T
[ L T L T [T JL J1 T1
[ T L T T1 [T L T T1
(LT T T ] Pl 1 T J1
LT T T T [L L T T[]
LI T T L T L T T T
LT JTL T T ] LTl L T ]
LT T T T T T 7T I Il
< i [ T JL L 1L [1 L JL JTL T1 ]
[ T T T T [T J T I
s e LT T T L LT T T T
Type: 12-phase, DLG mode2, CPV rising and Falling control, Rotate mode2
STI_O 1 1 [
STI_1A 1 [
LS_STVO ﬂ ﬂ ﬁ
LS_STV1A j ’—‘
vt — [T L L U LU L RN RN RN N
cPv2 MU UL L U o U U L L L NN NN
A e e e LT T T T
(L JL JL T T[] (L JL JTL J1L T]
[ e LT T T T
[ s ) Y [T JL JL JTL T1
[ T L T T1 [T 1T 1 T1
LT LT T [T L T1 T
s e L L T [T T
L L T T T T1 [ L T 71 T1
[ T JL L 1L T1 [T T JL J1L T1
[ S I R I [T L T1 J1 T
LS_CLK11 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
LT T T T LT LT

LS_CLK12
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Type: 12-phase, DLG mode3, CPV rising and Falling control, Rotate mode2

LP6278

STI_O 1 ] [ ]
STI_1A [ [
LS_STVO *' " ’—'
LS_STV1A j ’—‘
vt U U U U iiizsiisiighiipipipa i
cPv2 MU Uy U L NN NN
[ I I A e M1
LS_CLK2 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
[T L 1 T1 T1 LT T T
LS_CLK4 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
(L J1L J1L JT1 T1 T T1 T
LS_CLK6 L ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
I Y R T L LT
LS_CLK8 T ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
[T T T T TL [T 1T 71 1T
S_CLK10 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
LS_CLK11 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
LS_CLK12 ﬂ ﬂ ﬂ ﬂ ﬂ r By STI_0 reset ﬂ ﬂ ﬂ ﬂ ﬂ
Type: 12-phase, DLG mode4, CPV rising and Falling control, Rotate mode2
STILO 1 ] [
STI_1A “ ’—‘
LS_STVO ﬂ ﬂ ﬁ
LS_STVIA j ’—‘
vt — Uy L L L L L UL RN RN RN N
cPv2 MU L L L U L L L L L nigigigigigizisizisisiaini gt
LS_CLK1 ﬂ ﬂ ﬂ ﬂ ﬂ y STI_0 ﬂ ﬂ ﬂ ﬂ ﬂ
[T FLIT T1 T1 LT LT
LS_CLK3 ﬂ ﬂ ﬂ ﬂ ﬂ i ﬂ ﬂ ﬂ ﬂ
LS_CLK4 ﬂ ﬂ ﬂ ﬂ ﬂ y STI ﬂ ﬂ ﬂ ﬂ ﬂ
LS_CLK5 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
LS_CLK6 L ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
I I o Tl L T I
LS_CLK8 T ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
LS_CLK9 L ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
LS_CLK10 j ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
LS_CLK11 T ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
LT T T LT LT T LT

LS_CLK12
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5. Example of CLK DLG mode@Rotate mode3

Type: 12-phase, DLG mode1, CPV rising and Falling control, Rotate mode3

STI_O [l [l 1
STI_1A ] [l
LS_STVO " " ’—'
LS_STV1A j ’—‘
e R R R R RN R NN R AR RN ER RN ERRRED RN RN RN N
cPv2 MU Uy U L NN NN
[T T T T T [ T T T 1
[ L JL T LT [ L JL JL 1
LI T T T T (L T T T ]
L L L T T T [ T T T T
LI T T T T Ll T T T
L L T T T L LT LT
LT T I Il [ T T ]
[ L JL L T L T L T
LTIt Il T I Tl
< i [ JL JL L T [ JL JL T
o e R [T T T I
S_CLK12 ﬂ ﬂ ﬂ ﬂ ﬂ r By STI ﬂ ﬂ ﬂ ﬂ ﬂ
Type: 12-phase, DLG mode2, CPV rising and Falling control, Rotate mode3
STI_O 1 1 [
STI_1A 1 [
LS_STVO ﬂ ﬂ ﬁ
LS_STV1A j ’—‘
vt — [T L L U LU L RN RN RN N
cPv2 MU UL L U o U U L L L NN NN
[ L JL T T [ L L J1
(s oua L L LT [ JL JL J1
[ T T T [ T T JL T
(L L L T JL 1 [L L JL JL 1
T L T JL JL T [ T T T J1
LI JL L JL T LT T L T
[L L JL LT [ JL JL J1
[ T T L Tl [ T T J1
[ L JL L T T [ L JL JL 1
[T T JL JL T [ T T JL T
L L L T T [L JL JL T T
L T T T LT T T T

LS_CLK12
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Type: 12-phase, DLG mode3, CPV rising and Falling control, Rotate mode3

STI_0

LS_STVIA

CPV1

CPV2

LS_CLK1

LS_CLK2

LS_CLK3

LS_CLK4

LS_CLK5

LS_CLK6

LS_CLK7

LS_CLK8

LS_CLK9

LS_CLK10

LS_CLK11

1 [
STI1A [ ] [
LS_STVO ﬂ ﬂ ﬁ
] [ 1
RN RERE RN RN Uy
MUy yuUyU ULy NN RN R NN E—
[ e e [ L L JL T
[ LT T T JTL T [T T T T
T T T T T [T T L T
N [ I s B
T T T T T [T T LT
LI L T T T L L T T T
[ L L T T [T JL T
[L T T1 1T T1 [ L T1 1 T1
[ L L T T L JTL T
[T T T T1 L T T T1
[ ) [T T T T
[ [T T LT

LS_CLK12

Type: 12-phase, DLG mode4, CPV rising and Falling control, Rotate mode3

STI_O

[ B

LS_STVO

L

LS_STV1A

CPV1

CPV2

LS_CLK1

[
[ 1
SR RERERN R RS RN E—
RN E R RN ) E—

LS_CLK2

LS_CLK3

LS_CLK4

L

LS_CLK5

LS_CLK6

=
e
B
M
e
—7

[ T
[T
L]
[T
[T
LT

[ L T
[ T T
[L T T
[ L T
[L T T
[L 1L T

LS_CLK7

LS_CLK8

LS_CLK9

LS_CLK10

LS_CLK11

jjjjjj

jjjjjj

jjjjjj

jjjjjj

jjjjjj
-

1
2
g

[ L T T
[T T T
LT T LT
[T LT
(LT T T
[T LT

=

LLLLLLLL
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6. Example of CLK DLG mode@Rotate mode4

Type: 12-phase, DLG mode1, CPV rising and Falling control, Rotate mode4

STI_O [l [l 1
STI_1A ] [l
LS_STVO " " ’—'
LS_STV1A j ’—‘
vt — [ U UL UL RN RN RN N
cPv2 MU Uy U L NN NN
LT T T ] [ T T Tl
[ L JL L T [ L L J1
[ L T L T [T JL J1 T1
[ T T L Tl [ T T Tl
[ e I B [ [ T T T
[L L T T T Jles [ T L JL T
T T T T T L T 7L T T
[ L JL T L 1 [ L T JL 1
LT T T T T T 7T I Il
[ L L T L 1 [ L JL L T
LT T T T LT T I Il
LT L T T T LT T T T
Type: 12-phase, DLG mode2, CPV rising and Falling control, Rotate mode4
STI_O 1 1 [
STI_1A 1 [
LS_STVO ﬂ ﬂ ﬁ
LS_STV1A j ’—‘
vt — [T L L U LU L RN RN RN N
cPv2 MU UL L U o U U L L L NN NN
[ L JL T T [ L L J1
(s oua L L LT [ JL JL J1
[ T T T [ T T JL T
(L L L T JL 1 [L L JL JL 1
T L T JL JL T [ T T T J1
LI JL L JL T LT T L T
[L L JL LT [ JL JL J1
[ T T L Tl [ T T J1
[ L JL L T T [ L JL JL 1
[T T JL JL T [ T T JL T
L L L T T [L JL JL T T
L T T T LT T T T

LS_CLK12
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Type: 12-phase, DLG mode3, CPV rising and Falling control, Rotate mode4

STI_O 1 ] [
STI_1A [ [
LS_STVO *’ " ’—’
LS_STV1A j ’—‘
vt U U U U iiizsiisiighiipipipa i
cPv2 MU Uy U L NN NN
[T JL JTL T R
LS_CLK2 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
[T JL JTL T L L T
LS_CLK4 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
[ e I Y e 1 J1L T J1 T
LS_CLK6 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
[ O ) T L LT
LS_CLK8 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
(LT T T T T T TL T T
S_CLK10 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
LS_CLK ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
(LI T T L T T1L T1 T
Type: 12-phase, DLG mode4, CPV rising and Falling control, Rotate mode4
STILO 1 ] [
STI_1A “ ’—‘
LS_STVO ﬂ ﬂ ﬁ
LS_STVIA j ’—‘
vt U U U U nnnnnnnnnnnmh.
cPv2 MU L L L U L L L L L NN NN
LS_CLK1 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
[ [ S Y 1 T1 T T1
LS_CLK3 ﬂ ﬂ ﬂ ﬂ ﬂ By STI_0 reset ﬂ ﬂ ﬂ ﬂ ﬂ
[T JL T T pEpEEREER
LS_CLK5 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
LS_CLK6 ﬂ ﬂ ﬂ ﬂ ﬂ r ﬂ ﬂ ﬂ ﬂ ﬂ
LS_CLK7 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
LS_CLK8 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
LS_CLK9 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
LS_CLK10 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
LS_CLK11 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
LT T T T T LT T T T

LS_CLK12

Ver1.0: Jan-2026 www.lowpowersemi.com email: marketing@lowpowersemi.com 37 / 76



http://www.lowpowersemi.com/
mailto:marketing@lowpowersemi.com

LP6278

WEFEZE

{ LowPowerSemi fFT463
. 9

Type: 12-phase, 1line input mode and pre-charge select — No interval =0

1

STIO

STI_1A

1
LS_STVO " ’—’
LS_STVIA j
i

CPV1

UUyuuyyuyy Ly Uiy
3line Pre-charge and Interval=0

—

=}
—

cPv2 3line Pre-charge and Interval=

LS ClKl —8 |

LS_CLK2 ‘ ‘ By Term reset

]
[
LS_CLK3 hﬁ ‘ By Term reset ﬁ
LS_CLK4 T ‘ By Term reset ﬁ
[
[

By Term reset

LS_CLK5

LS_CLK6

LS_CLK7

LS_CLK9

LS_CLK10

LS_CLK11

]
[
[ -
LS_CLK8 ﬁ ’—l—
[ I
[ L
[ ]
[ ]

LS_CLK12
Type: 12-phase, 1line input mode and pre-charge select — Interval =1

1

STI_0

STI_1A

1
LS_STVO ﬂ ﬁ
LS_STV1A j
i

CPV1

[UUpuUyUyyy ULy Uy
3line Pre-charge and Interval=1

—

—

3line Pre-charge and Interval=

CPV2

LS_CLK1
T

LS_CLK2

LS_CLK3

By Term reset

]
[
[
‘ By Term reset
[
[
[

LS_CLK4

By Term reset

LS_CLK5

LS_CLK6

LS_CLK7

]
[
[
[
LS CLK8
[
[
[
[

LS_CLK9

LS_CLK10

LS_CLK11

I
I
L
e
—

LS_CLK12

Ver1.0: Jan-2026 www.lowpowersemi.com email: marketing@lowpowersemi.com 38 /76



http://www.lowpowersemi.com/
mailto:marketing@lowpowersemi.com

WEFEZE

{ LowPowerSemi fFT463
. 9

LP6278

Type: 12-phase, 1line input mode and No pre-charge

sTLo [ M
STI_1A 1 [
oo || [
LS_STVIA j ’—‘
- U U UL Uy

CPV2

No Pre-charge and Interva

No Pre-charge and Interval=1

LS_CLK1

LS_CLK2

LS_CLK3

LS_CLK4

LS_CLK5

LS_CLK6

LS_CLK7

LS_CLK8

LS_CLK9

LS_CLK10

LS_CLK11

LS_CLK12

Type: 12-phase, 1line input mode and 1line pre-charge

STI0
STI_1A
LS_STVO
LS_STV1A
cPVA UUUU U U UL UL SRS RERE RN U RN RN RN RN ) E—
cPV2 1line Pre-charge and Interval= —] 1line Pre-charge and Interval=1

LS_CLK1

] [

LS_CLK2

LS_CLK3

LS_CLK4

‘ —

By Term reset

LS_CLK5

LS_CLK6

LS_CLK7

LS_CLK8

LS_CLK9

LS_CLK10

LS_CLK11

=
=
=
ﬁ
T
=
ﬁ
-
=
ﬁ
-

LS_CLK12
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Type: 12-phase, 1line input mode and 2line pre-charge

STIO

]

STI_1A

1
LS_STVO
LS_STVIA
i

CPV1

1
[
[ 1
[
UpyuUyyUyyLyULI L
2line Pre-charge and Interval=1

— —

—

cPv2 2line Pre-charge and Interval=

LS_CLK1

LS_CLK2

1
[

LS_CLK4

By Term reset

By Term reset

LS_CLK5

LS_CLK6

LS_CLK7

LS_CLK8

[
[
[
[
LS_CLK9 ﬁ
[
[
[

LS_CLK10

LS_CLK11

[
[
[
[ ]
[
[
|1
[
[
[
o

LS_CLK12

Type: 12-phase, 1line input mode and 3line pre-charge

STI_0

]

STI_1A

1
LS_STVO
LS_STV1A
i

CPV1

—
=

U uUUy Uy UL Uy
3line Pre-charge and Interval=1

—

—

cPV2 3line Pre-charge and Interval=

LS_CLK1
T

LS_CLK2

LS_CLK3

By Term reset

]
[
[
‘ By Term reset
[
[
[

LS_CLK4

By Term reset

LS_CLK5

LS_CLK6

LS_CLK7

[
P
[
[
LS_CLKs ﬁ
[
[
[
[

LS_CLK9

LS_CLK10

LS_CLK11

iny

LS_CLK12
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Type: 12-phase, 1line input mode and 4line pre-charge

STIO

STI_1A

1
LS_STVO
LS_STVIA
i

CPV1

1
[
[ 1
[
Uy LyyLI L
4line Pre-charge and Interval=1

—

—

cPv2 4line Pre-charge and Interval

LscKf — | ﬁj ﬁ
LS_CLK2 ﬁ ‘ By Term reset ﬁ
LS_CLK3 ﬁ ‘ By Term reset ﬁ
LS_CLK4 ﬁ ‘ By Term reset ﬁ
[
[

By Term reset

LS_CLK5

LS_CLK6

LS_CLK7

LS_CLK9

LS_CLK10

LS_CLK11

[
[
[ o
LS_CLK8 ﬁ ’—l—
[ I A
[ [
[ ]
R ]

LS_CLK12

Type: 12-phase, 1line input mode and 5line pre-charge

STI_0

]

STI_1A

1 1
LS_STVO ﬂ ﬁ

[
LS_STVIA j ’—‘
vt U U U UL LU Uy

cPV2 5line Pre-charge and Interval=1 —] 5line Pre-charge and Interval=1

LS ClKl ——MmM8 | —J By Term reset ﬁ
LS_CLK2 —|—‘ By Term reset {—]
LS_CLK3 u By Term reset {—]
LS_CLK4 {—l ‘ D By Term reset {—l
LS_CLK5 {—l By Term reset {—l
LS_CLK6 {ﬁ ’—l—
I
I
{—
ﬁ
ﬁ
r\

LS_CLK7

LS_CLK8

LS_CLK9
LS_CLK10

LS_CLK11

LS_CLK12
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Type: 12-phase, 1line input mode and 6line pre-charge

STIO

STI_1A

1
LS_STVO
LS_STVIA
i

CPV1

i

—] 6line Pre-charge and Interval=1

By Term reset

cPv2 6line Pre-charge and Interval

LS_CLK1

LS_CLK2 By Term reset

LS_CLK3 By Term reset

I
I S
I
LS_CLK4 ‘ By Term reset
]
]
]
]
]

By Term reset

LS_CLK5

LS_CLK6

LS_CLK7

LS_CLK8

LS_CLK9

LS_CLK10
LS_CLK11
By Term reset

LS_CLK12

Type: 12-phase, 1line input mode and 7line pre-charge

STI_0

]

STI_1A

1
LS_STVO

[
LS_STVIA j ’—‘
vt MU LU LT U

7line Pre-charge and Interval=1 —] 7line Pre-charge and Interval=1

|

CPV2

LS_CLK1 By Term reset ‘

LS_CLK2 By Term reset ‘ ‘

LS_CLK3 ‘ By Term reset ‘ ‘

ﬁ
LS CLk4 ‘ ‘ ‘ By Term reset ‘ L
L
L

LS_CLK5 ‘ ‘ By Term reset ‘

LS CLK6 ‘ ‘ ‘

LS_CLK7 ‘ ‘ ‘ L

LS CLK8 ‘ ‘ ‘ I

LS_CLK9 ‘ ‘

{—
LS_CLK10 ‘ ‘ e
ﬁ
r\

LS_CLK11 By Term reset
LS_CLK12 By Term reset
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LC1 and LC2 output power on status control
Type1: LC1 and LC2 Both LVGL output

VDD — -~ UVLOD R_ B DVDD -~ UVLOD R
‘ LVGL - - S —
LVGL N - AN
/ﬁLOHﬁR ~ N e
VGH1/2 - VeH172 | VGH2_POR R
LC_IN ‘ N I LC_IN ! : ‘
Lot Lct - S S
LC2 L - I Lc2
DVDD — <~ UVLOD R_ N DVDD UMODR L
‘ - _ LVGL b
LVGL < <
"UVLOH R MPRO R
VGH12 / LR B VGH1/2 e RC L —
LC_IN ‘ |—,— LC_IN ‘ | [
Let LCt - e ——
LC2 e . . LC2
Type2: LC1 Follow LVGL and LC2 Follow VGH2
DvpD — < UVLOD R_ - - DVDD _~"UVLOD R
LVGL - . - LVGL b

MLOH_R
VGH1/2 I - - VGH1/2

| VGH2_POR_R

LC_IN ‘ [ LC_IN i i [ I

LC1

Lct ; : e

Lc2 : S LC2 S N

DVDD _K(UVLOD R_ R - R DVDD /;/UVLQ,D,B ,,,,,,,
LVGL - - LVGL b

TUVLOH_R ‘ /
VGH1/2 / - - I VGH1/2 T VGH2 PROR .

LC_IN | [ R LC_ IN i i [

L ] - - LCt ; ; B I

LC2 ‘ = S T — Lc2 S ——— .
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Type3: LC1 Follow VGH2 and LC2 Follow LVGL

bVDD — <~ UVLOD R_

LVGL

VGH1/2

LC_IN

LC1

LC2

DVDD

LVGL

VGH1/2

LC_IN

LC1

LC2

Type4: LC1 and LC2 Both Follow VGH2

_TOnon R .

r
___~TUVIODR_ B
_TUnonk .

| I I

OVDD — <~ UVLOD R___

LVGL

VGH1/2

LC_IN

LC1

LC2

DVDD

LVGL

VGH1/2

LC_IN

LC1

LC2

| /"@LOH}" \
___~TUVIODR___ N
/"L@LOH_R"

‘ [ I

DVDD

LVGL

VGH1/2

LC_IN

LC1

LC2

DVDD

LVGL

VGH1/2

LC_IN

LC1

LC2

DVDD

LVGL

VGH1/2

LC_IN

LC1

LC2

DVDD

LVGL

VGH1/2

LC_IN

LC1

LC2

_UVLOD R —
N B -
%”VGHz_Po’R’_R _| ””””
‘UVLlODR
N B -
~VGH2 PROR | ___ e
A Y L
‘
_~1UVIODR
I N
VehzPORR |
o
1 [ N A B
_~TUVIOD R __
N,
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LC1 LC2 and STVO output status with autopulse control
Type1: LC1 and LC2 Both LVGL output

UVLO_R ‘ UVLO_R ‘
VGH1/2 VGH1/2

I I
T | |
! | i ! i
LC_IN i R r— - LC IN i ] r— -
LC1 ] 1 ,—\— LC1 ] ‘/_I ,—\—
Lc2 S S Lc2 N
. S [ S0 SN 1
. [ M [e2e0us [
STVO ! — STVO ] ! ‘
| ] 3 —» ;
LS_VGH10 ! LS_VGH10 ! ‘ 9uS
(04h[41=1 (04nh[4]=1 ‘
(a) Auto Pulse “OFF” and LC_IN =L (b) Auto Pulse “ON” and LC_IN =L

UVLOR _— UVLO R _—
VGH1/2 3 VGH1/2 !

I R LC IN

L

I
M ‘
LC_IN | b |
3 P ! r::‘ |:—\:5.4US
LCt ] — LCt ] b
Lc2 - 88 —H
smo [l oo i
o [ T pes [
STVO ] — STVO ] ! ;
b ! —> |<— .
LS_VGH1O ; LS_VGH1O ; ‘ 5.4uS
(04n[4]=1 (04n[4]=1 ‘
(c) Auto Pulse “OFF” and LC_IN = H (d) Auto Pulse “ON” and LC_IN = H
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STILO i [1 STILO i [1
| |_| | W%OuS |_|
STVO ! STVO ] ! ‘
| 3 — |<—5.4uS
VGHO ‘ VGHO |
(a) Auto Pulse  “OFF” and LC_IN =L (b) Auto Pulse “ON” and LC_IN =L

UWLOR UWLOR
VGH1/2 P VGH1/2 P

I R LC_IN

STIO i [1 STI_O i ‘ [ ]
| ] > [+—260us [
STVO ] ‘ STVO ] ! ‘
3 ( 3 —> |<f5.4uS
VGHO : VGHO :
(c) Auto Pulse “OFF” and LC_IN =H (d) Auto Pulse “ON” and LC_IN = H
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Type3: LC1 Follow VGH2 and LC2 Follow LVGL

VGH1/2

LC_IN

LC1

LC2
STIO
STVO

VGH1/2

VGHO

LC_IN

LC1

LC2
STIO
STVO

VGHO

=L

“ON” and LC_IN

(b) Auto Pulse

_IN=L

“OFF” and LC_IN

(a) Auto Pulse

3 4
< Q=
o] o | |
(o]
N
R_
o
)
=V SR RS N I S
D
Nz = N O 9© 0
= = o o _
1,LLIWH
T =
5 9 o o 8
=
Dn_
SN N
>
)
Nz = N o o 0O
= = o o _
1,LLIWH
g =
g 3 o 03

=H

(d) Auto Pulse “ON” and LC_IN

=H

(c) Auto Pulse “OFF” and LC_IN
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Type4: LC1 and LC2 Both Follow VGH2

VGH1/2

LC_IN

LC1

LC2

STILO

STVO

VGHO

VGH1/2

LC_IN

LC1

LC2

STIO

STVO

VGHO

=L

“ON” and LC_IN

(b) Auto Pulse

_IN=L

“OFF” and LC_IN

(a) Auto Pulse

VGH1/2

5.4uS

260uS

LC_IN

LC1

LC2
STIO

STVO

VGHO

VGH1/2

LC_IN

LC1

LC2
STIO

STVO

VGHO

=H

“ON” and LC_IN

(d) Auto Pulse

=H

(c) Auto Pulse “OFF” and LC_IN
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VGH10 Power on Delay and Initial
Type: Power on delay Oms and initial follow LVGL Type: Power on delay 150ms and initial follow LVGL

DVDD UVIOD R - DVDD UVODR
LVGL b - Y
| UVLOH_R TUVLOH_R
VGH1/2 ‘ S —-- - VGH1/2 e
— -—VGH10 Delay
VGHO ‘ [/ — - VGHO ‘ LVGL ] B —
Type: Power on delay Oms and initial is Hiz Type: Power on delay 150ms and initial is Hiz
DVDD ~TUVODR DVDD UWwopRrR .
LVGL —\ 77777777777777777777777777 LVGL UL, N
“ | TUVLOH_R
VGH1/2 VGH1/2 —3—— ——————————————————
Ui J VGH10 Del
VGHO VGHO L Hiz — e ) A
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Protection

The LP6278 implies Over-Temperature Protection(OTP), Over-Current Protection(OCP), Short-Current Protection(SCP).
The follow table shows the main behavior of each protection.

When OCP or SCP occurs and the chip is turned off, both DVDD and VGH2 must be powered down at the same time to
release OCP/SCP fault

When the XON function is activated, the OCP and SCP functions are disabled

Output Recovery

. Tj decrease

OTP e 20°C(Typ.)
Hi.Z DVDD<DVDDuvio_F
& VGH2<VGH2uvLoF
. DVDD<DVDDuvio
ocP Hi-z & VGH2<VGH2uvLoF
] DVDD<DVDDuvio
ScP Hi-z & VGH2<VGH2uvLor

Over-Temperature Protection(OTP)
An Over-Temperature Protection (OTP) is equipped to prevent LP6278 from overheating due to the excessive power

dissipation. The OTP will stop operating while junction temperature exceeds 150°C (Min.). All of output channel start
operating while the decrease of junction temperature approximately 20°C (Typ.)

X All-on Output(XAO)

The LP6278 output channel has XAO function, which can detect the voltage sag of DIS_SENSE or DVDD and trigger X
all-on. At this time, the state of the output channel is set by the temporary memory, and the state needs VGH2 to be less
than VGH2_UVLOF before it is released.

Function Function Function Output status Recove
effective condition Trigger condition after triggering v
DVDD>DVDDuvLor

By Register set
DIS_SENSE falling | By Register setting VGH2<VGH2uvLor
or DVDD falling

(&DIS_SENSE>THR)
& VGH1>VGH1uvLor
& First STI_1A rising

XAO
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Over-Current Protection(OCP)

The LP6278 can detect output pins (STVO0, STV1A, STV1B, CLK1 to 12, LC1, LC2, LS_VGL, LS _LVGL) short to each
other short current. If the pin to pin short current over limit, the IC all outputs (STVO0, STV1A, STV1B, CLK1 to 12, LC1,

LC2, LS VGL, LS_LVGL) will pull high impendence state. After DVDD<DVDDuvior and VGH2 <VGH2uvLor falling, IC
recovers again.

CLK OCP case1:
LR —

Output: High-Z

Detect time = 4us
—»

@® @® @ @ ® ® @
HSon/LSon| HSON | LSON | HSON | LSON | HSON | LSON | HSON | LSON | HSON | LSON | HSON
OC judgement PASS PASS PASS PASS Fail Fail Fail Fail Fail Fail Fail
Don't Don't Don't Don't
OCP_COUNT count count count count 1st Keep 1st 2nd Keep 2nd 3rd Keep 3rd 4th

CLK OCP case2:
LR
cLks AN IO ey I ety A Y  ES—

Output: High-Z

Detect time = 4us
—»

® @) @ ® ©) @

HSon/LSon| HSON | LSON | HSON | LSON | HSON | LSON | HSON | LSON | HSON | LSON | HSON

OC judgement PASS PASS PASS PASS Fail Fail Fail Fail Fail Fail Fail
Don't Don't Don't Don't
OCP_COUNT count count count it 1st Keep 1st 2nd Keep 2nd 3rd Keep 3rd 4th

CLK OCP case3:
STI_1A |—|

Output: High-Z

Detect time = 4us
—

@ ® ® @ ) ® ® @
HSon/LSon| HSON | LSON | HSON | LSON | HSON | LSON | HSON | LSON | HSON | LSON | HSON
OC judgement Fail PASS PASS PASS Fail Fail Fail Fail Fail Fail Fail
OCP_COUNT 1st Keep 1st | Keep 1st Reset 1st Keep 1st 2nd Keep 2nd 3rd Keep 3rd 4th
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LS_STVx OCP case4:

STLA_[] N N N N N

R g R— | 1
I O) D
I-LS_STV Output: High=Z
Detect time = 4us
Detect time = 40us D @ @) ) ® ® @
—_ >
HS HS HS HS HS HS
HS on/LS on ON LS ON ON LS ON ON LS ON ON LS ON ON LS ON ON
OC judgement Fail PASS PASS PASS Fail Fail Fail Fail Fail Fail Fail
OCP_COUNT N(;Tm Keep 1st Kf;p Reset 1st Keep 1st 2nd Keep 2nd 3rd Keep 3rd 4th

LS LVGL, LS VGL OCP case5:
| [ [ I

STIL1A
LS_LVGL/VGL | | |
1 N <= 1
}--LS--VGLx
Detect time = 40us - @ @ @
® CH: High-Z CH: High-Z CH: High-Z ALL: High-Z
Low-Side ocpP ocpP ocpP ocpP
OC judgement | Fail Fail Fail Fail
OCP_COUNT | 1st 2nd 3rd 4th
LC1, LC2 OCP caseb:
STL1A ] ] ] ]
LC_IN |
LC1LC2 | | f
- LCHLE2 == =51 ]
- [ [ I ||
 E—  E—  —
Detect time = 40us _
LC1/LC2 LC1/LC2 LC1/LC2 HI
HIZ HIZ HIZ A
Low-Side ocpP ocP ocpP ocp
OC judgement Fail Fail Fail Fail
OCP_COUNT 1st 2nd 3rd 4th
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The LP6278 can detect output pins (STVO, STV1A, STV1B, CLK1~CLK12, LC1~LC2, LS LVGL,LS_VGL) short to each
other short current. If the pin to pin short current over limit, the IC all outputs will pull high impendence state. After
VIN_UVLO, IC recovers again. Please follow reference flow chart. If continue 32 times(By 0x01h[7:6] set) STI_1A have

short occur, IC will pull all outputs to high impendence state. After VIN_UVLO and VGH2_UVLO, IC recovers again.
OCP Fucntion is below:

» STI_1A start @

) 4 ; ) 4 \ 4 A 4

STVO_OCP > ) LS_LVGL LC1_OCP
» STV1B_OCP CKO1_OCP | ----- CKO12_OCP LS VGL LC2_OCF’

STV1A OCP _OCP -

\ 4 A 4 A 4

N N
——_OCP_Trigger OCP_Trigger > ----- OCP_Trigger OCP_Trigger OCP_Trigger
Y Y Y
ounter+1
X @
Counter>32 > _____

Reset by STI_1A

Y CLKOx Hiz
Short happen+1

LS_LVGL Hiz
Short happen+1

Y CLKOx Hiz

Short happen+1
OCP ch Hiz

Short Happen +1

A\ 4

OR

LC1/LC2 Hiz Short happen+1

A Output continue
short counter +1

Counter>32
Reset by STI_1A

All outputs pull
High Impendence
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OCP detection behavior

OCP Disable OCP Disable OCP Start OCP Stop OCP Release
UVLO DVDD R & UVLO_DVDD _F or
CLK1-CLK12 0x02h[5:3]=000 UVLO_VGH_R& UVLO_VGH_F or thg_\?éaDﬁF &
DIS SENSE_R DIS SENSE_F - -
STVO UVLO DVDD R & UVLO DVDD _F &
STV1A 0x01h[5:3]=000 UVLO VGH_R& UVLO VGH_F & thg_\?ggDﬁF &
STV1B DIS SENSE_R DIS SENSE_F - -
UVLO _DVDD R & UVLO _DVDD_F &
tg; 0x01h[5:3]=000 UVLO_VGH_R& UVLO_VGH F & thg_\?éaDﬁF &
DIS SENSE R DIS SENSE F - -
UVLO _DVDD R & UVLO _DVDD_F &
LLSS_L\YC?LL 0x01h[5:3]1=000 UVLO VGH_R& UVLO VGH_F & thg‘%EDEF &
- DIS SENSE_R DIS SENSE_F - -
SCP detection behavior
Channel SCP Start SCP Stop
UVLO DVDD R UVLO DVDD _F &
CLK1-CLK12 OR UVLO_VGH_ R UVLO VGH_F
SS_I_-I;/V& UVLO DVDD R UVLO DVDD _F &
STVIB OR UVLO_VGH_ R UVLO VGH2_F
LC1 UVLO DVDD R UVLO DVDD F &
LC2 OR UVLO_VGH_R UVLO VGH_F
LS LVGL UVLO DVDD R UVLO DVDD F &
LS VGL OR UVLO VGH R UVLO VGH_F
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Power on Condition
Power on LC1/LC2 requirement

Case Analog Power Input LC1/LC2 Output Remark
DVDD VGH2 DIS_SENSE LC1 LC2
LVGL VGH2
w/o LC_IN signal
1 >UVLOR >UVLOH Don't care (By REG.) (By REG.) -
LCT=LC_IN w/i LC_IN signal
LC2=LC1 B -
2 >UVLOR <UVLOH Don’t care (Bt\l/?CI;ELG.) (B\;(Ii:é) Register Table
3 <UVLOR Don'’t care Don'’t care LVGL LVGL -
Power on logic table STV0, STV1A,STV1B
Case Power Input Output
DVDD VGH2 DIS_SENSE STIL O STI_1A/1B STVO STV1A/1B
1 >UVLOR >UVLOH >THR Don’t care Don’t care Normal Normal
2 >UVLOR >UVLOH <THR Don'’t care Don’t care LVGL LVGL
3 >UVLOR <UVLOH Don’t care Don'’t care Don’t care LVGL LVGL
4 <UVLOR >UVLOH Don’t care Don’t care Don'’t care LVGL LVGL
5 <UVLOR <UVLOH Don’t care Don’t care Don’t care LVGL LVGL
Power on logic table STI_0 can not control CLKx
Case Power Input Output
DVDD VGH2 DIS_SENSE STLO CPV1/CPV2 CLK1-12 STVO
1 >UVLOR >UVLOH >THR Don’t care Don’t care Normal Normal
2 >UVLOR >UVLOH <THR Don’t care Don’t care LVGL LVGL
3 >UVLOR <UVLOH Don’t care Don'’t care Don’t care LVGL LVGL
4 <UVLOR >UVLOH Don’t care Don’t care Don’t care LVGL LVGL
5 <UVLOR <UVLOH Don’t care Don’t care Don’t care LVGL LVGL
Power on logic table STI_0 can control CLKx
Case Power Input Output
DVDD VGH2 DIS_SENSE STI_O CPV1/CPV2 CLK1-12 STVO
1 >UVLOR >UVLOH >THR wii Don’t care Normal Normal
2 >UVLOR >UVLOH >THR w/o Don’t care LVGL Normal
3 >UVLOR >UVLOH <THR Don’t care Don’t care LVGL LVGL
4 >UVLOR <UVLOH Don’t care Don’t care Don’t care LVGL LVGL
5 <UVLOR >UVLOH Don'’t care Don'’t care Don’t care LVGL LVGL
6 <UVLOR <UVLOH Don'’t care Don'’t care Don’t care LVGL LVGL
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Power on logic table STI_1A can not control CLKx

Case Power Input Output
DVDD VGH2 DIS_SENSE STI_1A CPV1/CPV2 CLK1-12 STV1A
1 >UVLOR >UVLOH >THR Don’t care Don’t care Normal Normal
2 >UVLOR >UVLOH <THR Don’t care Don’t care LVGL LVGL
3 >UVLOR <UVLOH Don'’t care Don’t care Don’t care LVGL LVGL
4 <UVLOR >UVLOH Don’t care Don’t care Don’t care LVGL LVGL
5 <UVLOR <UVLOH Don’t care Don’t care Don’t care LVGL LVGL
Power on logic table STI_1A can control CLKx
Case Power Input Output
DVDD VGH2 DIS_SENSE STI_1A CPV1/CPV2 CLK1-12 STV1A
1 >UVLOR >UVLOH >THR wii Don’t care Normal Normal
2 >UVLOR >UVLOH >THR w/o Don’t care LVGL Normal
3 >UVLOR >UVLOH <THR Don'’t care Don’t care LVGL LVGL
4 >UVLOR <UVLOH Don’t care Don'’t care Don'’t care LVGL LVGL
5 <UVLOR >UVLOH Don’t care Don'’t care Don’t care LVGL LVGL
6 <UVLOR <UVLOH Don’t care Don’t care Don’t care LVGL LVGL
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Power off logic table

Analog Power Input Output
Case DVDD gveHz DIS_SENSE LC1 LC2 Remark
LVGL VGH2 w/o LC_IN signal
(By REG.) (By REG.) Normal operate
! >UVLOD >UVLOF >THR LC1=LC_IN wii LC_IN signal
LC2=LC1_B Normal operate
By XON Follow set
By XON REG. | By XON REG. | (STI_1A first rising
2 >UVLOD >UVLOF <THR happen)
LC1=LC_IN (STI_1A first rising
LC2=LC1 B don’t happen)
3 >UVLOD <UVLOF Don’t care LVGL LVGL
By XON Follow set
By XON REG. | By XON REG. | (STI_1A first rising
4 <UVLOD >UVLOF Don’t care happen)
LVGL LVGL (STI_1,A first rising
don’t happen)
5 <UVLOD <UVLOF Don’t care LVGL LVGL
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Power off logic table
Analog Power Input Output
Case DVDD VGH2 DIS_SENSE LS_LVGL LS_VGL Remark
LVGL
1 >UVLOD >UVLOF >THR (By REG.) VGL
By XON Follow set
By XON REG. | By XON REG. | (STI_1A first rising
2 >UVLOD >UVLOF <THR happen)
LVGL/VGH1 VGL (STI_1A first rising
0x04h[3] Reg. don’t happen)
3 >UVLOD <UVLOF Don’t care LVGL VGL
By XON Follow set
By XON REG. | By XON REG. | (STI_1A first rising
4 <UVLOD >UVLOF Don’t care happen)
LVGL VGL (STI_1,A first rising
don’t happen)
5 <UVLOD <UVLOF Don’t care LVGL VGL
Analog Power Input Output
Case DVDD VGH2 DIS_SENSE STVO STVIAMB Remark
1 >UVLOD >UVLOF >THR NoR§ Normal
Operate Operate
By XON Follow set
By XON REG. | By XON REG. | (STI_1A first rising
2 >UVLOD >UVLOF <THR happen)
LVGL LVGL (STI_1,A first rising
don’t happen)
3 >UVLOD <UVLOF Don’t care LVGL LVGL
By XON Follow set
By XON REG. | By XON REG. | (STI_1A first rising
4 <UVLOD >UVLOF Don’t care happen)
LVGL LVGL (STI_1,A first rising
don’t happen)
5 <UVLOD <UVLOF Don’t care LVGL LVGL
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Power off logic table

Case Analog Power Input Output Remark
DVDD VGH2 DIS_SENSE | STI_0,STI_1A CLK1-12
1 >UVLOD >UVLOF >THR w/o LVGL
>UVLOD >UVLOF >THR wii Normal
Operate
>UVLOD >UVLOF <THR w/o LVGL
By XON Follow set
>UVLOD >UVLOF <THR wi/i By XON REG. | (STI_1A first rising
happen)
3 >UVLOD <UVLOF Don'’t care Don’t care LVGL
w/o LVGL
, By XON Follow set
4 <UVLOD >UVLOF Don't care wii By XON REG. | (STI_1A first rising
happen)
5 <UVLOD <UVLOF Don’t care LVGL VGL
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E-fuse Program Flow:

e Step1: DVDD = 3.3V — LVGL = VGL = -6V — VGH = 20V.

e Step2: Select Slave Address: 0x50h/0x52h, then write register (0x00h~0x07h) data.

e Step3: Program register to E-fuse: OxFFh = 0xA5.
e Step4: Reload E-fuse: OxFFh = OxA4.
e Step5: Check register(0x00h~0x07h) data with writing code :

If register (0x0O0h~0x07h) data is the same with writing code --> successfully written
If register (0x0O0h~0x07h) data isn’t the same with writing code --> Repeat Step2~5

(Note: IC can’t program over 5 times)
e Step6: VGH = 0V — LVGL = VGL = 0V — DVDD = 0V.

=

Step1
Set Voltage

Step2
Select slave address
Then write register data

Step3
Program register to
E-fuse

Wait 50mS

Step4
Reload E-fuse to
register

YES

Step5
Read register data=
Program data

Pass and do
Step6

Read 0x07h[2:0]<5

NO

=

Ver1.0: Jan-2026

www.lowpowersemi.com email: marketing@lowpowersemi.com

60 / 76


http://www.lowpowersemi.com/
mailto:marketing@lowpowersemi.com

LP6278

Device Address Setting

PMIC Device Slave Address (By A0 PIN and 0x05h[2] set)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bito | ,irite | Read

0 1 0 1 o | O°NARO O | Rw | oxs0 | oxst

0 1 0 1 o |ONAso e | Rw | oxs2 | oxs3

0 1 0 1 o | %N O | Rw | oxsa | oxss

0 1 0 1 o %M e | Rw | oxse | oxs7
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Single Byte Write Transaction

12C Command pevice address (Write_50h/Read_51h)
1

Slave Address . .
S (0x52h) A Reg. Address A Data for index register | A P
2. Multi-Bye (Sequential) Write Transaction — From Registers X to Y
S Slave Address A | Reg.AddressX | A | DATAX) | A | DATAX+1) | A | —
(0x52h)
- A DATA(Y-1) A DATAC(Y) A P
3. Write All DAC into MTP
s Slave Address A Control Byte Address A Control Byte Code A P
(0x52h) (OxFFh) (A5h)
4. Single Byte Read Transaction
Slave Address Slave Adress
S (0x52h) A Reg. Address X | SR (0x53h) A Data read for X NA | P
5. Multi-Byte (Sequential) Read Transaction - from register at index address X to index address Y
Slave Address Index Slave Adress
S (0x52h) A Address X SR (0x53h) A | DATAX) | A | DATAX+1) | A | -
A | DATA(Y-1) | A | DATA(Y) [NA| P
6. Reset All data DAC from MTP to DAC
s Slave Address A Control Byte Address A Control Byte Code A P
(0x52h) (OxFFh) (A4h)
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Register Map:
12C Device Address: 0x50h/0x52h

Register : Default
Address Parameter Symbol Range Resolution value
[7:6] CLKx output phase no CLkx_pH | &-Phase. 8-phase 11: 12phase
' putp ' - 10-phase, 12-phase - 1eP
1000V/us, 700V/us )

[5:4] CLKXx output slew rate CLKx_SR 400V/us, 100V/us 10: 400V/us
0x00h [3] CLCK11 and CLK12 select 0: Don’t by control 0 Don't control
(E1h) By CLK11_I/CLK12_I control 1: Can by control '

[2] DIS_SENSE PIN 0: DIS_SENSE function ]

Function Select 1: DLG control function R

] DIS_SEN | 00: Detect dvdd pin voltage ]

[1:0] Detect SENSE voltage SE 01-11:(2.3V, 0.8V, 2.5V) 01: 2.3V

[7:6] Channel OCP detect count CDHC—:OCP 4 times to 32 times 00: 4 times

[5:3] Channel OCP level CH_OCP | 30mA to 160mA 101: 90mA

[2] Channel OCP blanking time CH_ 2us or 4us 0: 2uS

OCP_BT
0x01h =
(28h) CH: STV0/1A/1B,LS_VGL,
LS LVGL Low side MOS
[1:0] CH output low side detect time, 00- 40us
OCP detect time And LC1/LC2 low side and '
high side MOS detect time.
40us~160us

[7:6] CLKx OCP detect count (F;;LSEOC 4 times to 32 times 10: 16 times
0x02h [5:3] CLKx OCP level gLK—OC 30mA to 160mA 101: 90mA
(ADh) - -

[2:0] CLKx high/low side& CLK OC

STVO,STV1A,STV1B high side P D? 1us to 8us 101: 6us

OCP detect time -
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— IEI
12C Device Address: 0x50h/0x52h
Register : Default
Address Parameter Symbol Range Resolution value
[71 STVO 0: LS_LVGL ]
Power off XON Follow 1: VGH2 1:VGeH2
[6] STV1A/1B 0:LS_LVGL 1- VGH1
Power off XON Follow 1: VGH1
[5] CLKx, LC1/2 0: LS_LVGL 1: VGH1-CLK
Power off XON Follow 1: CLKx=VGH1, LCx=VGH2 VGH2-LC1/2
[41LS_LVGL 0:LS_LVGL 1- VGH1
0x03h Power off XON Follow 1: VGH1 |
(F1h) [3] Output Channel 0: Follow 0x03h[7:4] set 0:
Power off XON state setting 1: All Output Channel Hiz By 0x03h[7:4]
[2] Ou.tput Char.mel 0: S}/nchronqus 0: SYNC.
XON time-sharing control 1: Time-sharing
0: Enable
[1] LS output enable control 1: Disable (All Channel Hiz) 0: Enable
0:7v
[0] VGH2 power on UVLO_R 1: 15V
1: 15V
[7:6] LC1/2 power on status 11: Both VGH2
I 0: LC_IN First rising ) -
[5] LC1/LC2 initial remove 1: VGH_UVLO R 0: LC_IN rising
[4] Auto pulse function control 0: Disable
0x04h [3]LS_LVGL Output status 0: Follow LS LVGL ]
(CO) Option 1: Follow VGH1 0:-LS_LVGL
[2] VGHO Initial state ?f E‘i’z"ow LVGL 0: Follow LVGL
X 0: Follow VGH_UVLO_R ]
[1:0] VGHO output delay time 0ms to 150ms 0: Oms
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— IEI
12C Device Address: 0x50h/0x52h
E:gzt:; Parameter Symbol Range Resolution \I/D;Laeult
L 0: Oms
[7] Power on Blanking time 1- 150ms 0: OmS
. STIO_RS | 0: Don’t reset anythin ,
[6] STI_O reset CLK setting - - 1: STIO rising res):at CIQ_]K 0: Don’t RST
[5]STI_1A reset CLK setting g”A—R ?; g?:”j ;\esrztl:;{;r:;g 1: RST
0: Don’'t By STI_0 control 0: Don't
[4] CLK output enable control 1: By STI_0 rising control By STI 0
0x05h CLK is low before 15t STI_0 -
(28h) 0: Don’'t By STI_1A control
[3] CLK output enable control 1: By STI_1A rising control 1: By STI_1A
CLK low before 1st STI_1A
Set Slave address bit2
[2] Device address setting 0: Bit2=0 0: Bit2=0
1: Bit2=1
OTP Recover
[11 OTP_RE 0: Hysteresis recovery 0: HYS_RE
1: Latch, Power Re-start
[0] Dummy Dummy
[7:6] Reserved
00: Rising and Falling
[5:4] CPV input control select ?; 82:5 Elasl:;% 00:Rand F
11: 1line tcon input (CPV1)
0x06h 8?: I\Nﬂogm":'
: Mode
(00h) [3:2] CLK output rotate mode 10: Mode2 00: Normal
11: Inverted
00: Adjacent MODE
01: Half way apart MODE .
[1:0] DLG MODE SET 10: One aert ‘Iz/IODE 00: Adjacent
11: Two apart MODE
Only when 0x06h[5:4]=11
[7] CLK Interval select 0: No Interval between CLK 0: No Interval
1: Interval between CLK
[6:4] CLK pre-charge select OOgéy KIVST::(S-);(I)‘IE;?g[JseA]_H 000-
0x07h Just only @07h, bit[5:4] CPV 001-111: No Pre-charge
(00h) input select = 11 . .
1line to 7line Pre-charge
[3] Reserved
000:
[2:0] E-fuse Write Times Only 000~101 :. . User hasn't
Read E-fuse write 1-5 times .
been written.
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— EI
12C Device Address: 0x50h/0x52h
Register : Default
Address Parameter Symbol Range Resolution value
00h:
. | [7:0] DLG enable control .
OXO8N™ |~ nfigurable online and pLG EN | EXit DLG output mode 00h
(00N) | efective at next STI_1A risin oth:
- 9 Enter DLG output mode
[6] OTP fault status OTP 0: OK
[5] LS_VGL fault status OCP and SCP 0: OK
0x10h* | [4] LS_LVGL fault status OCP and SCP 0: OK
Read [3] LC1/LC2 fault status OCP and SCP 0: OK
Only [2] STV1A/1B fault status OCP and SCP 0: OK
[1] STVO fault status OCP and SCP 0: OK
[0] CLK1-CLK12 fault status OCP and SCP 0: OK
. ] A5: Write All DAC into MTP
O0xFFh [7:0] Control Byte CTRL_BT Ad- Reset from MTP to DAC 00h
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Registers and DAC settings
CLKx and XAO voltage setting (0x00h) --- Default Code E1h

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
CLKx_PHASE_SEL CLKx_SR C'_-g;’ﬂz D'fS—SI_EN DIS_SENSE_V
1 1 0 0 0 0 0 1
Bit Name Description
Code CLKx output phase select
00 6-Phase
[7:6] CLKx_PH_SEL 01 8-Phase
10 10-Phase
11 12-Phase
Code CLKXx output slew rate setting
00 1000V/us
[5:4] CLKx_SR 01 700V/us
10 400V/us
11 100V/us
Code CLK11/CLK12 by input signal control enable
[3] CLK11/12_CTRL 0 Don’t by CLK11_I and CLK12_| control
1 Can by CLK11_I and CLK12_1 control ( only 6/8/10 phase out)
Code DIS_SENSE pin function select
[2] B:ﬁ:gEESE— 0 DIS_SENSE voltage detect function
1 DLG enter and exit function (only 0x00h[1:0]=00)
Code DIS_SENSE detect voltage trigger XON function
00 Detect DVDD pin voltage trigger XON function
[1:0] DIS_SENSE_V 01 2.3V
10 0.8V
11 2.5V
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Channel Setting (0x01h) --- Default Code 28h

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
CH_OCP_DC CH_OCP_LEVEL CH—ISTCP CH_LOCP_LEVEL
0 0 1 0 1 0 0 0
Bit Name Description
Code Channel OCP detect count (CLKx is not included)
00 4 times
[7:6] CH_OCP_DC 01 8 times
10 16 times
11 32 times
Code Channel OCP detect level (CLKx is not included)
000 Disable OCP detect
001 30mA
010 40mA
[5:3] CH_OCP_LEVEL 011 50mA
100 70mA
101 90mA
110 120mA
111 160mA
Code All output channel OCP blanking time
[2] CH_OCP_BT 0 2uS
1 4uS
Output Channel Low-side OCP detect time (CLK is not included)
Code STVO0,STV1A,STV1B only Low-side,LC1/LC2 low-side and high-side
LS LVGL and LS_VGL low-side
(0] CH_LOCP_DT 00 40usS
01 80usS
10 120uS
11 160uS
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CLK Setting (0x02h) --- Default Code ADh

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
CLKx_OCP_DC CLKx_OCP_LEVEL CLKx_OCP_DT
1 0 1 0 1 1 0 1

Bit Name Description
Code CLKx channel OCP detect count
00 4 times

[7:6] CLK_OCP_DC 01 8 times
10 16 times
11 32 times
Code CLKx OCP detect level
000 Disable OCP detect
001 30mA
010 40mA

[5:3] CLKx_OCP_TH 011 50mA
100 70mA
101 90mA
110 120mA
111 160mA
Code CLKx OCP detect time
000 1us
001 2us
010 3us

[2:0] CLKx_OCP_DT 011 4us
100 5us
101 6us
110 Tus
111 8us
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Power off Setting (0x03h) --- Default Code F1h

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
She | S | e | S |oneore [ xours | e | v
1 1 1 1 0 0 0 1
Bit Name Description
Code STVO trigger XON power off follow setting
[7] STVO_POFF 0 LVGL
1 VGH2
Code STV1A/STV1B trigger XON power off follow setting
[6] fgg::f__‘/ STViB 0 LVGL
1 VGH1
Code CLKx and LC1/LC2 trigger XON power off follow setting
[5] S'F;g’lf_/l';c ez 0 LVGL
1 CLKx follow VGH1, LC1/LC2 follow VGH2
Code LS LVGL trigger XON power off follow setting
[4] LS_LVGL_POFF 0 LVGL
1 VGH1
Code Output Channel trigger XON power off follow setting
[3] CH_POFF_SEL 0 Follow 0x03h[7:4]
1 All output channel Hi-Z
Code Output channel trigger XON power off time-sharing control
[2] XON_TS 0 Synchronous
1 Time-Sharing
Code LS all output channel enable control
[1] LS_EN 0 Enable
1 Disable (All output channel Hi-Z)
Code VGH2 power on start voltage
[0] VGH2_UVLO_R 0 7.5V
1 15V
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Function Setting (0x04h) --- Default Code COh

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
LC_PON_MODE LC_INITIAL | AUP_EN ESTDLTngl _YNGI:"HQL VGHO_DLY
1 1 0 0 0 0 0 0
Bit Name Description
Code LC1/LC2 power on Initial state setting
00 Both LVGL
[7:6] LC_PON_MODE 01 LC1 follow LVGL, LC2 follow VGH2
10 LC1 follow VGH2, LC2 follow LVGL
11 Both VGH2
Code LC1/LC2 power on initial remove condition
[5] LC_INITIAL 0 LC_IN rising
1 VGH_UVLO rising
Code Auto pulse control
[4] AUP_EN 0 Disable auto pulse function
1 Enable auto pulse function
Code LS LVGL Output Status Control
[3] LS_LVGL_OPTION | O LS_LVGL Output LVGL
1 LS_LVGL Output VGH1
Code VGHO output initial status
[2] VGHO_INITIAL 0 Follow LVGL
1 Hi-Z
Code VGHO output delay time
00 Oms Follow VGH_UVLO_R
[1:0] VGHO_DLY 01 50ms
10 100ms
11 150ms
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Power off Setting (0x05h) --- Default Code 28h

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
PON_BT STIO_RST | STMA_RST | CLK_EN1 CLK_EN2 | Slave_SEL OTP_RE Dummy
0 0 1 0 1 0 0 0
Bit Name Description
Code Power on blanking time
[7] PON_BT 0 Oms
1 150ms
Code STI_0 reset CLK output control
[6] STIO_RST 0 Don’t reset CLK
1 STI_0 rising pull low CLK and reset CLK
Code STI_1Areset CLK output control
[5] STIMA_RST 0 Don'’t reset CLK
1 STI_1Arising pull low CLK and reset CLK
Code STI_O first rising control CLK output setting
[4] CLK_ENT1 0 Don’t by STI_0 control
1 By STI_0 rising control, CLK pull low before 15t STI_0
Code STI_1Afirst rising control CLK output setting
[3] CLK_EN2 0 Don’t by STI_1A control
1 By STI_1A rising control, CLK pull low before 1t STI_1A
Code Set Slave address bit2
2] f's'é\l_/E—ADDR 0 Address bit2=0
1 Address bit2=1
Code Over Temperature Protection recover condition setting
Hysteresis Recovery
(1] OTP_RE g - Temperature hysteresis 20°C and Next STI_1A rising
1 Latch Protection, Power Re-start
- DVDD and VGH restart up
Code Dummy
[0] Dummy 0
1
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CLK Control Setting (0x06h) --- Default Code 00h

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Dummy Dummy CPV_CTRL CLK_ROTATE_MODE CLK_DLG_MODE
0 0 0 0 0 0 0 0
Bit Name Description
Code Dummy
[7] Dummy 0
1
Code | Dummy
[6] Dummy 0
1
Code [ CPV1/CPV2 control CLK output setting
00 Rising and Falling (CPV1 and CPV2)
[5:4] CPV_CTRL 01 Only Rising (CPV1 and CPV2)
10 Only Falling (CPV1 and CPV2)
11 1line Tcon Input (Only CPV1, CPV2 is Terminal Function)
Code | CLK output sequence cycle setting
00 Forward sequential output - Normal
[3:2] CLK_ROTATE_MODE 01 Forward sequential output from the second half
10 QOutput in reverse order from the first half
11 Reverse sequence output
Code DLG output mode selection
00 Adjacent MODE
[1:0] DLG_MODE_SEL 01 Half way apart MODE
10 One apart MODE
11 Two apart MODE
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CLK Control Setting (0x07h) --- Default Code 00h

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
CLK interval CLK Pre-charge select Reserved E-fuse Write Times
0 0 0 0 0 0 0 0
Bit Name Description
Code CLK interval select
CLK Interval select* )
[7] Only 0X06h[5:4]=11 0 No interval between CLK
1 Interval between CLK
Code [ CLK pre-charge select
000 No Pre-Charge
001 1line Pre-Charge
CLK pre-charge select * g
Only 0x06h[5:4]=11 010 2line Pre-Charge
[6:4] 1line Tcon Input 011 3line Pre-Charge
(Only CPV1, CPV2is 100 4line Pre-Charge
Terminal Functi
erminal Function) 101 5line Pre-Charge
110 6line Pre-Charge
111 7line Pre-Charge
Code Record E-fuse Written times
000 E-fuse don't write
E-fuse have been 001 E-fuse write 1 time
[2:0] written 5 times. 010 E-fuse write 2 time
*- Only | If Register Data=101. : :
Read E-fuse can't be written 011 E-fuse write 3 time
andkeep 5th data, 100 E-fuse write 4 time
101 E-fuse write 5 time
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DLG Control Setting (0x08h) --- Default Code 00h

Bit Name Description

Code DLG enter and exit control

[7:0] DLG_EN 00h DLG disable or Exit DLG mode

01h Enter DLG mode

Control Byte (0xFFh) --- Default Code 00h

Bit Name Description
Code | Control Byte

[7:0] Control Byte A5 Write All DAC into MTP
A4 Reset from MTP to DAC
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Packaging Information
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Symbol DIMENSION IN MM DIMENSION IN INCH

MIN. NOM. MAX. MIN. NOM. MAX.
A 0.70 0.75 0.80 0.0276 0.0295 0.0315
A1 0.00 - 0.05 0.0000 - 0.0020
A2 0.20 REF 0.0079 REF

4.95 5.00 5.05 0.1949 0.1969 0.1988
E 4.95 5.00 5.05 0.1949 0.1969 0.1988
D1 3.30 3.40 3.50 0.1299 0.1339 0.1378
E1 3.30 3.40 3.50 0.1299 0.1339 0.1378
b 0.15 0.20 0.25 0.0059 0.0079 0.0098
e 0.40 BSC 0.0157 BSC
L 0.30 0.40 0.45 0.0118 0.0157 0.0177
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