P

. LuanwerSemi
LR

W RS E Datasheet

Multi-Channel DC-DC Converter for LCD Panels

General Description

The LP6288 is a multi-channel converter that
provides six regulated output voltage. It includes a
boost and three buck regulators and VGH and VGL
charge pump for TFT LCDs. All output can be
programmable via IIC.

Vavop boost and Vuavop buck for the Source Driver
and the Gamma Buffer. Vio buck and Vcore buck for
T-CON. VGH and VGL dual charge pump for the
Gate Driver or the Level Shifter. VGH rail can be
temperature compensated with GIP technology.

Otherwise, High Voltage Stress Mode (HVS) for
Vavop and Vuavoo and the integrated Vavop Isolation
Switch is implemented. Vcore, Vhavop, VGH, VGL,
GPM and the VGH temperature compensation can
be enabled and disabled by IIC programming.

Other features include short circuit protection,
thermal shutdown protection and under-voltage
lockout (UVLO). The LP6288 is available in a space
saving QFN-40 (0.5mm pitch) package.

Order Information

LP6288 0L L]

F: Green
Package Type
QV: QFN-40

Features

& Wide Vin Range: 8V to 14V
¢ Current-Mode Boost Regulator
» Isolation Switch PMOS
»13.5 to 19.8 Programmable Output Voltage
» Current Limit Protection
» Internal Switching Power NMOS Control
& Buck Regulator for Vio
»2.2V to 3.7V Programmable Output
» 3A Current Limit Protection
& Buck Regulator for Vcore
» 0.8V to 3.3V Programmable Output
»2.5A Current Limit Protection
& Buck Regulator for Vuavob
»>4.8V to 11.1V Programmable Output
> 1.7A Current Limit Protection
& Positive Charge Pump for VGH
»20V to 40V Programmable Output
» 0V to 15V Gate Shaping Voltage
» Temperature Compensation
& Negative Charge Pump for VGL
»-5.5V to -14.5V Output Voltage
¢ Reset Function for XAO
4 Under-Voltage Protection
& Over-Temperature Protection
# |IC Compatible Interface for Register Control
& Available in QFN-40 (6x6mm)
& RoHS Compliant and Halogen Free
& Pb-Free Package

Applications

¢ TFTLCD TV
& TFT LCD Monitor
& TFT LCD Panel

Marking Information

Device Marking Package Shipping
LPS
LP6288QVF | LP6288 QFN6X6-40 | 3K/REEL
YWX
Y: Year code. W: Week code. X: Batch number.
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Figure 1. Typical Application Circuit of LP6288
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Figure 3. QFN-40 Package (6mm x 6mm) - Top View
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Function Block Diagram
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Figure 4. Function Block Diagram
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Functional Pin Description

Pin NO. Pin Name Description
1,2 BKI1 Buck1 Regulator Power Source Input Pin. BKI1 is internally connected to BKI3.
3 RST Reset Function Output. Open drain.
4 SDA IIC interface data signal.
5 SCL IIC interface clock signal.
6 Addr IIC interface Device Address Bit0.
7 HVS Boost High Voltage Stress Enable.
8 VLI Internal Regulator and Startup Circuitry Supply Input. Connect a Ceramic capacitor between VLI
and GND.
9 AGND Analog Ground.
10 COMP Boost Regulator Error Amplifier Compensation Pin.
1" VL Internal Regulator Output. Bypass VL to AGND a capacitor.
12 NTC Temperature Compensation Pin.
13, 14, 29, 32 PGND Power Ground.
15,16 LXAVDD Boost Regulator Switching Node. Connect the inductor and Schottky diode to LXAVDD.
17 Swi Isolation Switch Input.
18 SWo Isolation Switch Output.
19 NC No Connection.
20 VGL Negative Charge Pump Output Sense Pin.
21 DRVN VGL Charge-Pump Regulator Driver Output.
22 DRVP VGH Charge-Pump Regulator Driver Output.
23 VGH Positive Charge Pump Output Sense Pin and Power Supply for GPM.
24 VGHM GPM Output
25 DRN GPM Discharge Pin. Connect a resistor between DRN and GND.
26 BKI3 Buck3 Regulator Power Source Input Pin. BKI3 is internally connected to BKI1.
27 BST3 Buck3 Bootstrap Pin. Connect a 0.1uF Ceramic capacitor from BKLX3 to BST3.
28 BKLX3 Buck3 Regulator Switching Node. Connect the inductor to BKLX3.
30 BKO3 Buck3 Regulator Output Sense Pin. Connect BKO3 to the HAVDD output.
31 EN Enable Pin.
33 BKLX2 Buck2 Regulator Switching Node. Connect the inductor to BKLX2.
34 BKO2 Buck2 Regulator Output Sense Pin. Connect BKO2 to the VCORE output.
Gate Voltage Shaping Control Pin.
35 GVOFF When GVOFF is high: VGH and VGHM are ON and the VGHM and DRN are OFF.
When GVOFF is low: VGH and VGHM are OFF and the VGHM and DRN are ON.
36 BKI2 Buck2 Regulator Power Source Input Pin.
37 BKO1 Buck1 Regulator Output Sense Pin. Connect BKO1 to the VIO output.
38, 39 BKLX1 Buck1 Regulator or Switching Node. Connect the inductor and Schottky diode to BKLX1.
40 BST1 Buck1 Bootstrap Pin. Connect a 0.1uF Ceramic capacitor from BKLX1 to BST1.
41(EP) PGND Exposed Pad. Power ground, connect this pin to AGND.

Version 0.6 — JAN. 2024  Email: marketing@lowpowersemi.com Web: http://www.lowpowersemi.com Page 5 of 30



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

Datasheet

LP6288

Absolute Maximum Ratings N°ote

VLI, EN, SWI, SWO, BKI3, BKO3, LXAVDD to PGND

SWI to SWO
VL, NTC, COMP, BKO1, BKI2, BKO2, DRVN to PGND

SDA, SCL, Addr, HVS, GVOFF, RST to PGND

BKLX1, BKLX2, BKLX3 to PGND
BKLX1, BKLX2, BKLX3 to PGND (for 20ns)

BST1 to BKLX1, BST3 to BKLX3

VGH, VGHM, DRN, DRVP to PGND
VGL to VL

PGND to AGND

Operating Junction Temperature Range (TJ)

Operation Ambient Temperature Range (Ta)

Storage Temperature Range

Maximum Soldering Temperature (at leads, 10sec)

R T T T TR SRS S SR SR S SRS

Maximum Junction Temperature

Note 1. Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress

-0.3V to +24V
-0.3V to +24V

-0.3V to +6V

-0.3V to +6V

-0.3V to (BKIx +0.3V)
-2V to (BKIx +0.3V)
-0.3V to +6V

-0.3V to +40V

-24V to +0.3V

-0.3V to +0.3V

-40°C to +150°C
-40°C to +85°C
-65°C to +150°C
+260°C

+150°C

ratings only. The functional operation of the device 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.

Thermal Information

< Thermal Resistance

QFN-40 (6x8), 6,
QFN-40 (6x8), 6,c

37.19°C/W
11.07°C/W
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Electrical Characteristics
(TA=25°C, V|_|= VBK|1 3=12V, VA\/DD=16.8V, V|o=3.3V, VCORE=1 .2V, VHAVDD=8.1V, VGH=28V, VGL=-10.3V, unless otherwise specified)

Parameter Symbol Test Conditions Min Typ Max | Units
General
VLI Input Supply Voltage Vi 8 14 Vv
Internal Oscillator Frequency Fosc 600 750 900 kHz
All LX Not Switching 0.2 mA
Vin Supply Current la
All LX Switching 7 mA
Input UVLO Threshold Vuvio VN Rising 7.4 \%
UVLO Threshold Hysteresis AVuvio | Falling Hysteresis 400 mV
Maximum Duty Cycle Dwiax 90 %
Fault Trigger Duration TFault 50 ms
Thermal Shutdown Threshold Tsp Temperature Rising 150 °C
Thermal Shutdown Hysteresis ATsp 30 °C

Internal Regulator

VL Output Voltage VL 5 \4

VL Output Voltage Tolerance AVvL -1 1 %

Logic Input (SDA, SCL, Addr, HVS, EN, GVOFF)
Input Leakage Current

(SDA, SCL, Addr, EN, GVOFF) liH, lie VIN=0V or VIN=3.3V 0.1 uA
ViH Logic High. 1.7
Input Threshold Voltage Vv
ViL Logic Low 0.6
IIC Output Low Voltage Viic Isink = 6BMA 0.3 \%
Reset Function
RST Output Voltage VRsT Isink = TmA 0.2 0.4
Vv falling 8.9
Voltage Detection Level VRsT
Rising Hysteresis 300 mV
Gate Pulse Modulator (GPM)
Gate Shaping Lower Limit Voltage Programmable Step 5V 0 15 \%
VGHM Switch ON Resistance Rps v | GVOFF ="H' 3 5
DRN Switch ON Resistor Ros pry | GVOFF =L’ 3 5
GVOFF to VGHM Delay Time 0.15 0.25 0.35 us
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Electrical Characteristics (Continued)
(TA=25°C, V|_|= VBK|1 3=12V, VA\/DD=16.8V, V|o=3.3V, VCORE=1 .2V, VHAVDD=8.1V, VGH=28V, VGL=-10.3V, unless otherwise specified)

Parameter Symbol Test Conditions Min Typ Max | Units
Isolation Switch
Switch Supply Voltage Vi 8 20
SWI Over Voltage Protection Vove 20.5 21.5 22.5
SWI OVP Hysteresis AVovp 1.5
P-MOS Switch On Resistance Rbs_iso ILx = 0.5A 100 200 mQ
Switch Current ILimit 3 A
Isw = 2.5A 1.5 ms
Short Circuit Trigger Duration
Iswi = 4.5A 100 us
Boost Regulator
Switch Leak Current ILeak Vix =16.5V 1 10 uA
SWO Regulation Voltage Range Vswo \S/tHg; 0=_1(3/V’ Programmable 13.5 19.8 \%
SWO Regulation Voltage Tolerance -1 +1 %
HVS Voltage Vhvs Programmable Step 0.2V 0 3 \%
NMOS Switch-ON Resistance Rps Bstn | lx1=0.5A 100 mQ
PMOS Switch-ON Resistance Ros Bstp | lx1 =10.1A 10 15 Q
Current Limit ILimit 4.25 5 5.75
Current Limit Negative Offset ILimit ofiset | Programmable Step -0.2A 0 2.8
Soft Start Time Tss_BsT Programmable Step 10ms 20 30 ms
SWO Line Regulation ﬁfﬁo%:niv' 0.005 %IV
SWO Load Regulation ViIN =12V, TIMA=IlL0ad =2A 0.25 Y%/A
SWO Fault Trip Level Vswo Falling 76 80 84 %
Transcocnductance Gm Al = 5uA 240 uA/vV
Voltage Gain Av 1000 VIV
Version 0.6 — JAN. 2024  Email: marketing@lowpowersemi.com Web: http://www.lowpowersemi.com Page 8 of 30
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Electrical Characteristics (Continued)
(TA=25°C, V|_|= VBK|1 3=12V, VA\/DD=16.8V, V|o=3.3V, VCORE=1 .2V, VHAVDD=8.1V, VGH=28V, VGL=-10.3V, unless otherwise specified)

Parameter Symbol Test Conditions Min Typ Max | Units
Negative Charge Pump Controller (VGL)
Charge Pump Soft Start Time Tss_cpN 3 ms
VGL Output Voltage Range VGL Programmable Step -0.5V -14.5 -5.5 \%
Regulation Voltage Tolerance -1 +1 %
DRVN Source Current IDRVN VoruN = 0.6V 5 8 mA
VGL Load Regulation Error OO A 11 25 | VIA
VGL Fault Trip Level VGL Rising 75 80 85 %
Positive Charge Pump Controller (VGH)
Charge Pump Soft Start Time Tss_crp 3 ms
VGH Output Voltage Range VGH VGH = VGH_L+VGH_H 20 40
VGH_L Regulation Voltage Range VGH_L | Programmable Step 1V 20 35
VGH Offset Voltage VGH_H [ Programmable Step 1V 0 15
Regulation Voltage Tolerance -2 +2 %
VGH = VGH-20% 5 mA
DRVP Source Current IprRvP
VGH<20% 80 uA
VGH Load Regulation Error \S/B’EX’:IDS:‘/; 2 i 11 25 | VA
VGH Fault Trip Level VGH Falling 75 80 85 %
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Electrical Characteristics (Continued)
(TA=25°C, V|_|= VBK|1 3=12V, VA\/DD=16.8V, V|o=3.3V, VCORE=1 .2V, VHAVDD=8.1V, VGH=28V, VGL=-10.3V, unless otherwise specified)

Parameter Symbol Test Conditions Min Typ Max | Units
Buck1 Converter (VIO)
Buck1 Soft Start Time Tss_sk1 3 ms
BKO1 Output Voltage Range VKot Programmable Step 0.1V 2.2 3.7 \%
Regulation Voltage Tolerance ILoad = 1T0MA -2 +2 %
H-Side NMOS On Resistance Rps_skin | lx = 0.5A 150 mQ
L-Side NMOS On Resistance Rps_skiL | lx = 0.5A 6 Q
Buck1 Current Limit ILimit_BK1 3 3.5 4 A
Buck1 Line Regulation 8V=VIN=14V, lLoad = 1T0MA 0.005 %IV
Buck1 Load Regulation ViN= 12V, TIMA=lL0ad =2.5A 0.25 %/A
Buck1Under Voltage Threshold Veko1 Falling 75 80 85 %
Buck2 Converter (VCORE)
Operating Frequency Fak2 2 MHz
Maximum Duty Cycle Dwmax 100 %
Buck2 Soft Start Time Tss_Bk2 3 ms
Buck2 Output Voltage Range VBKo2 Programmable Step 0.1V 0.8 3.3 \%
Regulation Voltage Tolerance ILoad = 10mMA -2 +2 %
H-Side PMOS On Resistance Rps_skern | lux = 0.5A 160 mQ
L-Side NMOS On Resistance Rps_skat | Ix = 0.5A 160 mQ
Buck2 Current Limit ILimit_BK2 25 3 3.5 A
Buck2 Line Regulation 8V=VIN=14V, lLoad=10mA 0.1 %IV
Buck2 Load Regulation VIN=12V, TmA= lLoad = 1A 0.1 Y%/A
Buck2Under Voltage Threshold Vekoz Falling 70 75 80 %
Buck3 Converter (HAVDD)
Buck3 Output Voltage Range VBK3 Programmable Step 0.1V 4.8 111 \Y,
Regulation Voltage Tolerance ILoad = 1T0MA -1 +1 %
H-Side NMOS On Resistance Rps_skan | lx = 0.5A 200 mQ
L-Side NMOS On Resistance Rps_skaL | I.x = 0.5A 200 mQ
Buck3 Current Limit ILimit_BK3 1.7 2.0 3.5 A
Buck3 Line Regulation 8V=VIN=14V, lLoad = 1T0mMA 0.1 %IV
Buck3 Load Regulation Vin=12V, TmA=IlLad=1A 0.1 Y%lA
Buck3 Over Voltage Threshold VovpBka | Vekos Rising 115 120 125 %
Buck3 Under Voltage Threshold Vuveeks | VekosFalling 75 80 85 %

Version 0.6 — JAN. 2024
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Electrical Characteristics (Continued)
(TA=25°C, V|_|= VBK|1 3=12V, VA\/DD=16.8V, V|o=3.3V, VCORE=1 .2V, VHAVDD=8.1V, VGH=28V, VGL=-10.3V, unless otherwise specified)

Parameter Symbol Test Conditions Min Typ Max | Units
IIC Timer Characteristics
Serial Clock Frequency FscL 0 1 MHz
Bus Free Tim_e. Between STOP and tour 13 us
START Conditions
o epeated) s
SCL Pulse-Width Low tLow 1.3 us
SCL Pulse-Width High tHiGH 0.6 us
gitnudpit;irrre for a Repeated START tsu.sTA 0.6 us
Data Hold Time tHD, DAT 800 ns
Data Setup Time tsu, paT 100 ns
SDA and SCL Receiving Rise Time tr 2053'1 300 ns
SDA and SCL Receiving Fall Time tr 20&(3)'1 300 ns
SDA Transmitting Fall Time trF 2053'1 250 ns
Setup Time for STOP Condition tsu,sTo 0.6 us
Bus Capacitance Cs 400 pF
Pulse Width of Suppressed Spike tsp 50 ns
EEPROM Start Up Blanking Time IC power up initialize - 2 10 ms
Program EEPROM Blanking Time 350 -- -- ms
Read EEPROM Blanking Time -- 15 5 ms
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Figure 5. Boost Steady State Light Load (50mA)
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Figure 7. Buck1 Steady State Light Load (50mA)
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Figure 9. Buck2 Steady State Light Load (50mA)
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Figure 6. Boost Steady State Heavy Load (1.6A)
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Figure 8. Buck1 Steady State Heavy Load (2A)
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Figure 10. Buck2 Steady State Heavy Load (0.8A)
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Typical Performance Curves (Continued)
TA=25°C, V|_|= VBK|1,3=12V, VA\/DD=16.8V, V|o=3.3V, VCORE=1 .2V, VHA\/DD=8.1V, VGH=28V, VG|_=-10.3V, unless otherwise specified.

BKO350mV/div.| BKO350mV/div.|

1us/div. 1us/div.
Figure 11. Buck3 Steady State Light Load (50mA) Figure 12. Buck3 Steady State Heavy Load (1A)
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Figure 13. Boost Efficiency (Internal MOS) Figure 14. BK1 Efficiency
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Figure 15. BK2 Efficiency Figure 16. BK3 Efficiency
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Typical Performance Curves (Continued)

TA=25°C, V|_|= VBK|1,3=12V, VA\/DD=16.8V, V|o=3.3V, VCORE=1 .2V, VHA\/DD=8.1V, VGH=28V, VG|_=-10.3V, unless otherwise specified.

PreVu

Vo 2V/div.ies
RV .. 1V/dliv i

(SOOI \/ G 10V/div. I

avpp10V/div.

s/ GH__20V/div.a

A ——

10ms/div.
Figure 17. Power On Sequence
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Figure 18. Power ON/OFF Sequence and GPM Control
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VIN Power On
(From 8V to 14V)

v

Buck Converter1
(From 2.2V to 3.7V / Step 0.1V)

v

Buck Converter2
(From 0.8V to 3.3V / Step 0.1V)

v

Negative Charge Pump Controller
(From -14.5V to -5,5V / Step 0.1V)

v

Enable High

v

|solation Switch

v

Booster Converter
(From 13,5V to 19.8V / Step 0.1V)

v

Bulk Converter3
(From 4.8V to 11.1V / Step 0.1V)

v

Positive Charge Pump Controller
(From 20V to 40V / Step 1V)

v

Gate Pulse Modulation

Figure 19. Power On Sequence and Function Step
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Application Information

The LP6288 is a multi-channel power supply for TFT
LCD panels. It contains a boost regulator, three buck
regulators, a positive charge pump and a negative
charge pump, GPM, and temperature compensation
for positive voltage.

Under Voltage Lockout (UVLO)

The LP6288 had an UVLO internal circuit that enables
the device once the voltage on the VIN voltage
exceeds the UVLO threshold voltage.

Boost Converter (AVDD)

The LP6288 uses fixed-frequency, current mode
architecture to regulate the output voltage. The output
voltage and soft start time can be adjustable by
internal register R[04h].

Boost Loop Compensation

The voltage feedback loop can be compensated with
an external compensation network consisted of
Rcomp, Ccomp (As Figure 1, 2). Choosing Rcomp to
set high frequency integrator gain for fast transient
response and Ccomp to set the integrator zero to
maintain loop stability.

Boost Over Voltage Protection

The boost converter has an over voltage protection to
protect the switch at the SWI pin. When the SWiI
voltage rises above 21.5V (Typ.), the boost converter
will turn the MOS off and stop switching. Until the
output voltage falls below the over voltage threshold,
the converter will resume operation.

Boost Over Current Protection

The internal power MOS switch current is monitored
cycle-by-cycle and it's limited to set by R[03h] that the
value does not exceed 3.4A (Typ.). But in external
mode R[20h] = 0x01, the OCP level can be set by Rcs
(As Figure 2) and senses inductor current to compare
with current limit value. When the inductor current
exceeds the current limit, the switching will turn off
immediately. It prevents large current damaging the
external component.

Boost Under Voltage Protection
When SWO voltage is under 80% of the setting, the

LP6288 activation an internal timer. If the fault status
continues for 50ms, LP6288 will be shut down.

Boost Short Circuit Protection

The LP6288 incorporates a short circuit protection to
protect itself and external component. In case Any
voltage sense is lower than 40% of the setting voltage
level, it will be shut down immediately until VIN power
cycled.

Input Capacitor Selection

For better input bypassing, low-ESR ceramic
capacitors are recommended for performance. A 20uF
input capacitor is sufficient for most applications. For a
lower output power requirement application, this value
can be decreased.

Boost Diode Selection

To achieve high efficiency, Schottky diode is good
choice for low forward drop voltage and fast switching
time. The output diode rating should be able to handle
the maximum output voltage, average power
dissipation and the pulsating diode peak current.

Output Capacitor Selection

For lower output voltage ripple, low-ESR ceramic
capacitors are recommended. The tantalum
capacitors can be used as well, but the ESR is bigger
than ceramic capacitor. The output voltage ripple
consists of two components: one is the pulsating
output ripple current flows through the ESR, and the
other is the capacitive ripple caused by charging and
discharging.

VrippLe = VRiPPLEESR) T VRIPPLE(C)

| R |PEAK Vout-Vin
PEAK>REsRT Cout Vour*Fosc

Inductor Selection

For a better efficiency in high switching frequency
converter, the inductor selection has to use a proper
core material such as ferrite core to reduce the core
loss and choose low-ESR wire to reduce copper loss.
The most important point is to prevent the core
saturated when handling the maximum peak current.
Using a shielded inductor can minimize radiated noise
in sensitive applications. The maximum peak inductor
current is the maximum input current plus the half of
inductor ripple current. The calculated peak current
has to be smaller than the current limitation in the
electrical characteristics. A typical setting of the
inductor ripple current is 20% to 40% of the maximum
input current. If the selection is 40%, the maximum
peak inductor current is

~

lpeak = linmax)+0-5%IrippLe = 1.2%linvax)
_ 1.9x [IOUT(MAX)XVOUT]
N*ViNMiIN

The minimum inductance value is derived from the
following equation:

_ nxVIN(MIN)Zx[VOUT'VIN(MIN)]

0.4x |OUT(MAX)XVOUT2 xFosc

Depending on the application, the recommended
inductor value is 6.8uH.
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Application Information (Continued)

Buck1 Converter (Vio)

The non-synchronous current mode buck1 converter
operates with PWM architecture with 750kHz
operation frequency and fast transient response. The
converter drivers an internal N-MOS, it need connect
a 100nF ceramic capacitor between the BST1 and
BKLX1 to provide gate driver voltage. It's necessary
to connect a Schottky diode between BKLX1 to GND.
The output voltage can be adjustable by internal
register. The converter has an internal soft start 3ms

(Typ.).

Buck1 Over Current Protection

The Buck1 offers cycle-to-cycle and peak 3.5A (typ.)
current limit for high-side MOS. The current limit is
relatively constant regardless of duty cycles.

Buck1 Over Voltage Protection

The buck converter has an over voltage protection.
When the BKO1 voltage rises above 110%, the Buck1
converter turn off the BKLX1. Until the voltage sense
falls below the over voltage threshold, the converter
will resume operation.

Buck1 Under Voltage Protection

When the BKO1 drop below 80% of its nominal
output, and the status continues for 50ms, LP6288
will be shut down until VIN power restart.

Buck1 Short Circuit Protection

The LP6288 provides short circuit protection function
to prevent the device damage from short condition.
When the BKO1 sense is lower than 40% of the
setting voltage level, the LP6288 will be shut down
immediately until VIN power cycled.

Buck1 Diode Selection

When the power MOS turns off, the path of the
current is through the diode connected between the
switch output and ground. This diode must have a
minimum voltage drop and quick recovery time,
therefore the Schottky diodes are recommended.
Whatever make sure the Schottky diode's reverse
voltage rating is greater than the maximum voltage,
and the current rating is greater than the maximum
current.

Buck2 Converter (Vcore)

The synchronous current mode buck2 converter
operates with PWM architecture with 2MHz operation
frequency and fast transient response. The converter
drivers an internal High site P-MOS and Low site
N-MOS. The output voltage can be adjustable by
internal register. The converter has an internal soft
start 3ms (Typ.).

Buck2 Over Current Protection

The Buck2 offers cycle-to-cycle and peak 3A (typ.)
current limiting for high-side MOS. The current limit is
relatively constant regardless of duty cycles.

Buck2 Over Voltage Protection

The buck converter has an over voltage protection.
When the BKO2 voltage rises above 110%, the Buck2
converter turn off the BKLX2. Until the voltage sense
falls below the over voltage threshold, the converter
will resume operation.

Buck2 Under Voltage Protection

When the routput voltage drops below 80% of its
nominal output, and the status continues for 50ms,
LP6288 will be shut down until VIN power restart.

Buck2 Short Circuit Protection

The LP6288 provides short circuit protection function
to prevent the device damage from short condition.
When the BKO2 sense is lower than 40% of the
setting voltage level, the LP6288 will be shut down
immediately until VIN power cycled.
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Application Information (Continued)

Buck3 Converter (Vhavbb)

The synchronous current mode buck3 converter
operates with PWM architecture with 750kHz
operation frequency and fast transient response. The
converter drivers an internal N-MOS, it need connect
a 100nF ceramic capacitor between the BST3 and
BKLX3 to provide gate driver voltage. The converter
drivers an internal High site and Low site N-MOS. The
output voltage can be adjustable by internal register.
The converter has an internal soft start 20ms.

Buck3 Over Current Protection
The Buck3 offers cycle-to-cycle and peak 12.0A (typ.)

current limit for its internal MOS. The current limit is
relatively constant regardless of duty cycles.

Buck3 Over Voltage Protection

The buck converter has an over voltage protection.
When the BKO3 voltage rises above 120%, the Buck3
converter turn off the BKLX3. Until the voltage sense
falls below the over voltage threshold, the converter
will resume operation.

Buck3 Under Voltage Protection

When the output voltage drops below 80% of its
nominal output, and the status continues for 50ms,
LP6288 will be shut down until VIN power restart.

Buck3 Short Circuit Protection

The LP6288 provides short circuit protection function
to prevent the device damage from short condition.
When the BKO3 sense is lower than 40% of the
setting voltage level, the LP6288 will be shut down
immediately until VIN power cycled.

Buck Input Capacitor Selection

The use of the input capacitor is filtering the switch
spike voltage and the input voltage ripple. For better
input bypassing, low-ESR ceramic capacitors are
recommended. The input capacitor ripple current
RMS value is calculated as:

Vour Vourt
linrms)=louT> x (1' )

ViN
This formula has a maximum at Vin=2*Vout, where

Inrws)=lout/2. For the input capacitor, a 20uF
low-ESR ceramic capacitor is recommended.

Buck Output Capacitor Selection
The output capacitor is used to keep the output
voltage and source the load transient current. When
operating in constant current mode, the output ripple
can analysis by two components:

VrippLe=VRiPPLEESR) T VRIPPLE(C)

The following equation shows the form of the ripple
contributions.

_ VOUT
VIN

Vour < (1

VRIPPLE(ESR)™ FosoxL ) xESR

VRipPLE(C)™ Vour (1‘ OUT)
© SXFOSCZXLXCOUT V|N
Where Fosc is the main frequency, L is the inductance
value, Vin is the input voltage, Vour is the output
voltage, ESR is the equivalent series resistance value
of the output capacitor, and the Cour is the output
capacitor.

Buck Inductor Selection

The output inductor is used for storing energy and
filtering output ripple current. A nice compromise
value between size and efficiency is to set the
peak-to-peak ripple current AlL between 20%~40% of
the maximum current. Then the inductance can be
calculated with the following equation:

Al =0.3%loyT(mAx)

_ Vour x(1_VOUT)

FoscxAl Vin

To guarantee enough output current, peak inductor
current must be lower than the high-side MOSFET
current limit.
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Application Information (Continued)

Positive Charge Pump (VGH)

The gate-high regulator is to provide the TFT-LCD
gate on voltage. The charge pump can provide a
programmable output voltage by register R[08h] and
R[09h]. A temperature compensation for VGH is
implemented. The charge pump has an internal soft
start 3ms (Typ.).

VGH Temperature Compensation

When temperature compensation function is enabled,
the VGH voltage is dependent on V¢, and adjustable
from 20V to 40V.The V+c value can calculation as
below equation:

R R
Vemy, x e/ RD
(R4//R7) +Re
Veu_L Vic =1V
VGH = {VGH_L + VGH_H X (VTC — 1), 1V < VTC <2V
VeH_L + VeH H ,  Vig=2V
Figure  20exhibited the VGH  temperature

compensation curve. When Vrc under 1V, the VGH
voltage will be equal VGH_L register R[08h] setting
voltage, and V¢ large than 2V, the VGH voltage will
be equal VGH_L register add VGH_H register R[09h]
setting voltage.

Volt.
.

Sefting by R[0S].R[05]

wEH Selling by R[0E]

Slope saniral

oy B B R

> Temp.

T1 T2

Figure 20.VGH Temperature Compensation

Over Temperature Protection

The LP6288 device enters over temperature
protection (OTP) if its junction temperature exceeds
150°C (Typ.). During over temperature protection
none of the device's functions are available. To
resume normal operation, the junction temperature
needs to cool down then the outputs will restart.

Negative Charge Pump (VGL)

The gate-low regulator is to provide the TFT-LCD gate
on voltage. Operation of the negative linear regulator
is similar to the positive linear regulator. The charge
pump can provide a programmable output voltage by
internal register R[OBh]. The charge pump has an
internal soft start 3ms (Typ.).

Gate Pulse Modulator (GPM)

The GPM is controlled by the frame signals from
timing controller to modulate the Gate-On voltage,
VGHM, which acts a flicker compensation circuit to
reduce the coupling effect between gate lines and
pixels. It also can delay the Gate-On voltage while
power on for achieving a correct power on sequence
for gate driver ICs. Both of the power on delay time
and the falling time of the Gate-On voltage are
programmable by external capacitor and resistor.

The start-up delay of high voltage switch control block
is controlled by VGH power ready signal. The
discharge slope is control by the VGHM pin gate
capacitance and the DRN pin external resistor.
LP6288 can set the gate pulse modulation stop level
by register. When the stop level voltage is reached the
DRN function will stop, and VGHM output is high
impedance until GVOFF goes high again.

VIN J
EN |

GVOFI

TD v i The fallng me can
= Poeonlnal by B,
Diglay time |5 al i i
by WGH pewer ready L

VGHM
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1. |lIC Interface Specification

The LP6288 can easily modify the parameters by IIC bus, that slave address is show below:

Slave Address

A6 A5 A4 A3 A2 A1 A0 W/R

0 1 0 0 0 0 Addr 0/1

IIC is a two-wire serial interface developed, the bus consists of a clock line (SCL) and a data line (SDA)
with pull-up structures. The LP6288 works as a slave mode, and address can set by Addr pin. The data
transfer protocol follows IIC Bus Specification's standard mode (100kbps) and fast mode (400kbps).

DATA_\ o /_
ok s N/ \__/

START condition STOP condition

Figure 23. START and STOP Conditions

DATA ><
CLK T S\

Data line {Change
stable; of data
data valid :allowed

Figure 24. Bit transfer on the Serial Interface
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Application Information (Continued)

2. Write Data to Register

101 0 0 0 0 Add 0

Start Slave Address Stop

Figure 25. Write Single Byte Data to Register

3. Read Data to Register

su—uwwuwm_ﬂmmm—\_ﬂﬂﬂﬂjumﬂfwmmm—
DA IAo Yav Jad Ja3 Jao Jap Tag Jwe Voo ] o7 Te Yoo YRe (83 T2 [R1 YRo Jaocd | Vg A Ta4 Ya3 [0 Jar {0 RD Leoc D7 De Y05 104 T3 oo 1o o0 P} [~
w1ﬂooﬂAcdru ! ! !
Start :‘ Slave Address | | |

|

l
Regjster Addfess | Slave Address Data Stop
f

'¢
*

L
e R ——

Figure 26. Read Single Byte Data from Register

4. 1IC REGISTER MAP

Function Parameter Symbol | Address Range Resolution FaEE)w\OI:\’IIue BIT(Step)
Channel | Disable Channel Output Dis_CH 00h 0x00 - Ox3F - 0x00 6bits
Boost Output Voltage | BST_O 0th ( 0 ?)Q.ng) 0.1V ( o1 ) (646§ittesps)
Boost VS Voltage BST_AVS o2n 0’((83 : g)\(/(;F 0-2v (?Xg\?) (1 642?598)
Current Limit BST_ILIM |  03h %%0_'2%% 0.4A (?f‘g:) " ?‘)Sbtg?)s)
Soft Start Time BST_SST |  04h (s - 20ms) 10ms R oo
Buck1 Output Voltage BKO1 05h (g’fgg - gf‘;)\f) 04V (%fg\% (164gitt:ps)
Buck | Buck2 OutputVoltage | BKO2 06h (%’.‘g\(} - gf‘;\% 0.1V ((1)).(2\4/,) (3252ittesps)
Buck3 Output Voltage |  BKO3 07h (%(\)f)_' 101X_:;’f/) 0.1V (g’_‘f\}) 6 46§ittesps)
VGH Output Voltage VGH_L 08h ((’;83 - gé?g v (%C{?) (164gittesps)
VGH VGH Output Offset VGH_H 09h (2X(?\9_' ?gS)F v %35)3 (164gitt§ps)
GPM Stop Level VGPM 0Ah 0(’8‘\)/0_' 105‘\‘/))3 5V (012(5) (428bti;z Y
VGL VGL Output Voltage VGL 0Bh eV - TAB) 0.6V T T
Memory Write Remain Time MRT FEh (Igi);%Fd) - 0xOF 4bits
Control Control Register Ctrl_Reg FFh 0x00, 0x01, 0x80 - 0x00 8bits
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Set Channel Output (Register Address — 00h)

Disable Channel Output

RE%(';\hDDR Default Value: Dis_CH = 0x00. All Channel Enable.
D7 D6 D5 D4 D3 D2 D1 DO
R R R/W R/W R/W R/W R/W R/W
0 0 BK2 BK3 VGH VGL VGHM NTC

Disable Channel Output

Register Bit Description
0 Enable Channel Output
1 Disable Channel Output
Set Boost Output Voltage (Register Address — 01h)

Boost Output Voltage

RE%thDR Default Value: BST_O = 0x21. AVDD = 16.8V
D7 D6 D5 D4 D3 D2 D1 DO
R R R/W R/W R/W R/W R/W R/W
0 0 BST_O [5] BST_O [4] BST_O[3] BST_O[2] BST_O[1] BST_O[0]

BST_O [5:0]

Register Volt (V) Register Volt (V) Register Volt (V) Register Volt (V)
000000 13.5 010000 15.1 100000 16.7 110000 18.3
000001 13.6 010001 15.2 100001 16.8 110001 18.4
000010 13.7 010010 15.3 100010 16.9 110010 18.5
000011 13.8 010011 15.4 100011 17.0 110011 18.6
000100 13.9 010100 15.5 100100 171 110100 18.7
000101 14.0 010101 15.6 100101 17.2 110101 18.8
000110 14.1 010110 15.7 100110 17.3 110110 18.9
000111 14.2 010111 15.8 100111 17.4 110111 19
001000 14.3 011000 15.9 101000 17.5 111000 19.1
001001 14.4 011001 16.0 101001 17.6 111001 19.2
001010 14.5 011010 16.1 101010 17.7 111010 19.3
001011 14.6 011011 16.2 101011 17.8 111011 19.4
001100 14.7 011100 16.3 101100 17.9 111100 19.5
001101 14.8 011101 16.4 101101 18.0 111101 19.6
001110 14.9 011110 16.5 101110 18.1 111110 19.7
001111 15.0 011111 16.6 101111 18.2 111111 19.8

Set Boost HVS Output Voltage (Register Address — 02h)
HVS Voltage
RE%Q‘DDR Default Value: BST_HVS = 0x08. HVS=1.6V
D7 D6 D5 D4 D3 D2 D1 DO
R R R R R/W R/W R/W R/W
0 0 0 0 BST_HVS[3] | BST_HVS[2] | BST_HVS[1] | BST_HVS[0]
BST_HVS [3:0
Register Volt (V) Register Volt (V) Register Volt (V) Register Volt (V)
0000 0.0 0100 0.8 1000 1.6 1100 2.4
0001 0.2 0101 1 1001 1.8 1101 2.6
0010 0.4 0110 1.2 1010 2.0 1110 2.8
0011 0.6 0111 1.4 1011 2.2 1111 3.0
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Application Information (Continued)

Set Boost Current Limit (Register Address — 03h)

Current Limit (Negative Offset)
RE%;‘hDDR Default Value: BST_ILIM = 0x04H. ILIM = 1.6A
D7 D6 D5 D4 D3 D2 D1 DO
R R R R R R/W R/W R/W
0 0 0 0 0 BST_ILIM[2] | BST_ILIM[1] | BST_ILIM [0]
BST_ILIM [2:0

Register Current (A) Register Current (A) Register Current (A) Register Current (A)
000 0.0 010 0.8 100 1.6 110 2.4
001 0.4 011 1.2 101 2 111 2.8

Set Boost Soft Start Time (Register Address — 04h)
Soft Start Time (Base on 10ms)
RE%thDR Default Value: BST_SFT = 0x00. TSS = 10ms.
D7 D6 D5 D4 D3 D2 D1 DO
R R R R R R R R/W
0 0 0 0 0 0 0 BST_SST 0]
BST_SST [0]
Register Time (ms) Register Time (ms)
0 10 1 20
Set BKO1 Output Voltage (Register Address — 05h)
BKO1 Voltage
RE%SAhDDR Default Value: BKO1 = 0x0B. VBKO1 = 3.3V.
D7 D6 D5 D4 D3 D2 D1 DO
R R R R R/W R/W R/W R/W
0 0 0 0 BKO1 [3] BKO1 [2] BKO1 [1] BKO1 [0]
BKO1 [3:0]

Register Volt (V) Register Volt (V) Register Volt (V) Register Volt (V)
0000 2.2 0100 2.6 1000 3 1100 3.4
0001 2.3 0101 2.7 1001 3.1 1101 3.5
0010 2.4 0110 2.8 1010 3.2 1110 3.6
0011 2.5 0111 2.9 1011 3.3 1111 3.7
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Application Information (Continued)

Set BKO2 Output Voltage (Register Address — 06h)

BKO2 Voltage
RE%:hDDR Default Value: BKO2 = 0x04. VBKO2 = 1.2V.
D7 D6 D5 D4 D3 D2 D1 DO
R R R R/W R/W R/W R/W R/W
0 0 0 BKO2 [4] BKO2 [3] BKO2 [2] BKO2[1] BKO2 [0]
BKO2 [5:0]

Register Volt (V) Register Volt (V) Register Volt (V) Register Volt (V)
00000 0.8 01000 1.6 10000 2.4 11000 3.2
00001 0.9 01001 1.7 10001 2.5 11001 3.3
00010 1 01010 1.8 10010 2.6
00011 1.1 0101 1.9 10011 2.7
00100 1.2 01100 2 10100 2.8
00101 1.3 01101 2.1 10101 2.9
00110 1.4 01110 2.2 10110 3
00111 1.5 01111 23 10111 3.1

Set BKO3 Output Voltage (Register Address — 07h)
BKO3 Voltage
REGADDR | Default Value: BKO3 = 0x21. VBKO3 = 8.1V.
D7 D6 D5 D4 D3 D2 D1 DO
R R R/W R/W R/W R/W R/W R/W
0 0 BKO3 [5] BKO3 [4] BKO3 [3] BKO3 [2] BKO3[1] BKO3 [0]
BKO3 [5:0]

Register Volt (V) Register Volt (V) Register Volt (V) Register Volt (V)
000000 4.8 010000 6.4 100000 8 110000 9.6
000001 4.9 010001 6.5 100001 8.1 110001 9.7
000010 5 010010 6.6 100010 8.2 110010 9.8
000011 5.1 010011 6.7 100011 8.3 110011 9.9
000100 5.2 010100 6.8 100100 8.4 110100 10
000101 5.3 010101 6.9 100101 8.5 110101 10.1
000110 54 010110 7 100110 8.6 110110 10.2
000111 55 010111 71 100111 8.7 110111 10.3
001000 5.6 011000 7.2 101000 8.8 111000 10.4
001001 5.7 011001 7.3 101001 8.9 111001 10.5
001010 5.8 011010 7.4 101010 9 111010 10.6
001011 5.9 011011 7.5 101011 9.1 111011 10.7
001100 6 011100 7.6 101100 9.2 111100 10.8
001101 6.1 011101 7.7 101101 9.3 111101 10.9
001110 6.2 011110 7.8 101110 9.4 111110 11
001111 6.3 011111 7.9 101111 9.5 111111 1.1
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Set VGH Low Level Output Voltage (Register Address — 08h)

VGH_L Voltage
REG IOPR | Default Value: VGH_L = 0x08. VGH_L=28V
D7 D6 D5 D4 D3 D2 D1 DO
R R R R R/W R/W R/W R/W
0 0 0 0 VGH_L [3] VGH_L [2] VGH_L [1] VGH_L [0]
VGH_L [3:0]

Register Volt (V) Register Volt (V) Register Volt (V) Register Volt (V)
0000 20 0100 24 1000 28 1100 32
0001 21 0101 25 1001 29 1101 33
0010 22 0110 26 1010 30 1110 34
0011 23 0111 27 101 31 1111 35

Set VGH_H Output Voltage (Register Address — 09h)
VGH High Level Offset Voltage
REGO:hDDR Default Value: VGH_L = 0x08. VGH_H = 8V
D7 D6 D5 D4 D3 D2 D1 DO
R R R R R/W R/W R/W R/W
0 0 0 0 VGH_H [3] VGH_H [2] VGH_H [1] VGH_H [0]
VGH_H [3:0]

Register Volt (V) Register Volt (V) Register Volt (V) Register Volt (V)
0000 0 0100 4 1000 8 1100 12
0001 1 0101 5 1001 9 1101 13
0010 2 0110 6 1010 10 1110 14
0011 3 0111 7 1011 11 1111 15

Set GPM Stop Level Voltage (Register Address — 0Ah)
VGPM Voltage
REGOQEDR: Default Value: VGHM = 0x03. VGPM = 15V
D7 D6 D5 D4 D3 D2 D1 DO
R R R R R R R/W R/W
0 0 0 0 0 0 VGPM [1] VGPM [0]
VGPM [1:0]
Register Volt (V) Register Volt (V) Register Volt (V) Register Volt (V)
00 0 01 5 10 10 1" 15
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Set VGL Output Voltage (Register Address — 0Bh)

VGL Voltage
RECADPR: | Default Value: VGL = 0x08. VGL = -10.3
D7 D6 D5 D4 D3 D2 D1 DO
R R R R R/W R/W R/W R/W
0 0 0 0 VGL [3] VGL [2] VGL [1] VGL [0]
VGL [3:0]

Register Volt (V) Register Volt (V) Register Volt (V) Register Volt (V)
0000 -5.5 0100 -7.9 1000 -10.3 1100 -12.7
0001 -6.1 0101 -8.5 1001 -10.9 1101 -13.3
0010 6.7 0110 -9.1 1010 -11.5 1110 -13.9
0011 -7.3 0111 9.7 1011 -12.1 1111 -14.5

Control Register Function (Register Address — FFh)
Control Function Select
REGFf;‘EDR: Default Value: Ctrl = 0x00. Read data from DAC register.
D7 D6 D5 D4 D3 D2 D1 DO
W R R R R R R R/W
Ctrl [7] 0 0 0 0 0 0 Ctrl [0]

Write Data to EEPROM Function Ctrl [7]

Register

Bit Description

0

Read back value.

1

Write register value to EEPROM.

Read Data from Register or EEPROM Select Ctrl [0]

Register

Bit Description

0

Read data from register.

1

Read data from EEPROM.
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5.

IIC Programming Flow Chart

MTF Program
Sequence Start

Power on if IC ig in
power dnwn state

Disable EEFR.OM
Read Flag

I'Fl[FFI'I] Bit0=0)

Enable EEPROM
Write Flag=1
rF{[FFh] Bit7=1)

Write Conirol
Register Setting

[ Wait 350 ms* ]

[ IC Power off ]

MTF Program
Sequence END

*Do not do any 12C

EEFROM Read
Start

h J

Enable EEFROM
Read Flag
(R[FFhQ] BitD=1)

i

Read Control
Register Setting

l

Enable EEFROM
Fead Flag
(R[FFh] Bit0=0)

EEPROM Read
End

read/write operation at this step.
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Application Information (Continued)
Layout Guideline

The proper PCB layout and component placement are critical for all circuit. The careful attention should be

preventing electromagnetic interference (EMI) problems. Here are some suggestions to the layout of LP6288
design.

1. Connected all ground together with one uninterrupted ground plane, which include power ground and
analog ground.

2. The input capacitor should be located as closed as possible to the VIN and ground plane.

3. Minimize the distance of all traces that connected to all LX nodes. Shorten the traces length and route width
to obtain optimum efficiency.

4. All output capacitor must be closed to ground plane. The ground terminal of COUT must be located as
closed as possible to ground plane.

5. The exposed pad of the chip should be connected to ground plane for maximum thermal consideration.

Figure 22. Recommended PCB Layout Diagram

Version 0.6 — JAN. 2024  Email: marketing@lowpowersemi.com Web: http://www.lowpowersemi.com Page 29 of 30



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

) LowPowerSemi

R 3 S 1F Datasheet LP6288

Package Information
QFN-40 Package (6x6) pitch 0.5 (Unit: mm)
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SYMBOL DIMENSION IN MILLIMETER
MIN NOM MAX
A 0.700 0.750 0.800
A1 - 0.020 0.050
b 0.180 0.250 0.300
A3 0.180 0.200 0.250
D 5.900 6.000 6.100
D2 4.100 - 4.550
E 5.900 6.000 6.100
E2 4.100 - 4.550
e 0.500 BSC
Nd 4.500 BSC
Ne 4.500 BSC
L 0.300 0.400 0.450
h 0.300 0.350 0.400
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