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LCD Bias With Integrated Gamma Reference for Notebook PCs, Tablet PCs and Monitors

Check for Samples: TPS65642A

1 Introduction

1.1 Features

« 2.6 Vto 6V Input Voltage Range « Panel Discharge Signal (XAO)

« Synchronous Boost Converter (AVpp) . System Reset Signal (RST)

« Non-Synchronous Boost Converter With « 14-Channel, 10-Bit Programmable Gamma
Temperature Compensation (Vgp) Voltage Correction

« Synchronous Buck Converter (V¢oge) « On-Chip EEPROM with Write Protect

- Synchronous Buck Converter (Vo) « I>C™ |nterface

« Low Dropout Linear Regulator (Vo) « Thermal Shutdown

« Programmable Vo) Calibrator With Two « Supports GIP and Non-GIP Displays
Integrated Buffer Amplifiers « 56-Ball, 3,16-mm x 3,45-mm 0,4-mm Pitch

- Gate Voltage Shaping DSBGA

1.2 Applications
« Notebook PCs
Tablet PCs

« Monitors

1.3 Description

The TPS65642A device is a compact LCD bias solution primarily intended for use in notebook and tablet
PCs. The device comprises two boost converters to supply the source driver and gate driver, or level
shifter, of the LCD panel; two buck converters and a low-dropout (LDO) linear regulator to supply the
system logic voltages; a programmable Vqom generator with two high-speed amplifiers; 14-channel
gamma-voltage correction; and a gate-voltage shaping function.

Vin Boost Converter 1 —° AVpp
Buck Converter 1 = Vecore
Buck Converter 2 ——o0 Vo
Vior 06— LDO Regulator F——-o0 Vo,
AVpp 0— Boost Converter 2 F——o0 Vgy

o meT
Reset Generator RST
—©° XAO

Vey 00— Gate Voltage Shaping F—"2 Vaum
Programmable 14
Gamma Voltages 7 © Voam
Programmable 2
Vcowm + Buffers 7 © Veou
2 2
I'C o— I'C Interface

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

Excel is a registered trademark of Microsoft Corporation.

All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. Products conform to Copyright © 2013, Texas Instruments Incorporated
specifications per the terms of the Texas Instruments standard warranty. Production ’
processing does not necessarily include testing of all parameters.
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2 Electrical Specifications

These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
“: I\ during storage or handling to prevent electrostatic damage to the MOS gates.

2.1 ABSOLUTE MAXIMUM RATINGS(
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
VIN, SW2, VCORE, SW3, VIO1, VIO2 RSET, COMP, SCL, SDA, 03 7
EN, FLK, WP, TCOMP, XAO, RST
AVDD, SW1, OUT1, OUT2, OUTA-OUTN -0.3 12 V
Pin Sw4 0.3 36 Vv
voltage
POS1, NEG1, POS2, NEG2 -0.3 120) %
|[POS1-NEG1|®¥), |POS2-NEG2|*) 2 %
VGH, VGHM, RE -0.3 40® Vv
Human Body Model 2000 V
Eitlijng Machine Model 200 \
Charged Device Model 700 \
Ta Ambient temperature -40 85 °C
Ty Junction temperature -40 150 °C
Tsta Storage temperature —65 150 °C
Lead temperature (soldering, 10 seconds) 300 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

PR
o8N

VgH supplies up to 40 V can be generated, but require an external cascode transistor or charge pump.
For supply voltages less than 12 V, the absolute maximum input voltage is equal to the supply voltage.
Differential input voltage.
The combination of low temperatures and high Vg voltages can cause increased leakage current through the RE pin. In GIP

applications that do not use the gate-voltage shaping function it is recommended to leave the RE pin open to minimize this effect.

2.2 THERMAL INFORMATION®™

TPS65642A
THERMAL METRIC YFF UNIT
56 PINS

B4a Junction-to-ambient thermal resistance 45
8ctop Junction-to-case (top) thermal resistance 0.2
048 Junction-to-board thermal resistance 6.4 oy
Wyt Junction-to-top characterization parameter 0.8
WiB Junction-to-board characterization parameter 6.1
Bychot Junction-to-case (bottom) thermal resistance N/A

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

2.3 RECOMMENDED OPERATING CONDITIONS

MIN TYP MAX UNIT

Vin ’ Input voltage range 2.6 6 \
BOOST CONVERTER 1

AVpp Boost converter 1 output voltage range 7 10.1 \
IAVpp Boost converter 1 output current when 6 V 2 Vi 2 4 V 700" mA

Boost converter 1 output current when 3.63 V = Vi 2 2.64 V 400" mA

(1) This figure includes the current that must be supplied to the input of boost converter 2.
2 Electrical Specifications Copyright © 2013, Texas Instruments Incorporated
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RECOMMENDED OPERATING CONDITIONS (continued)

MIN TYP MAX UNIT
L Boost converter 1 inductor range 2.2 4.7 10 uH
Cout Boost converter 1 output capacitance 10 uF
BOOST CONVERTER 2
AVpp Input voltage range 7 84 1010 %
Van Output voltage range 16 24 400 Y
IGH Output current 15 40 mA
L Inductor 10 15 uH
Cout Output capacitance 1 4.7 uF
RnTe Thermistor resistance at 25°C 10 kQ
BUCK CONVERTER 1 (VcoRg)
VcoRe Output voltage 1 1.1 1.3 \
lcore Output current 600 mA
L Inductor 1 2.2 4.7 uH
Court Output capacitance 4.7 10 22 uF
BUCK CONVERTER 2 (V,01)
Vios Output voltage 1.7 25 \
liot Output current 2004 mA
L Inductor 1 2.2 4.7 uH
Court Output capacitance 4.7 10 22 uF
LDO Regulator (V|o2)
Vioz Output voltage 1.7 1.8 \
lio Output current 200 mA
Cout Output capacitance 4.7 10 uF
PROGRAMMABLE VCOM
IseT Programmable Vo set current 50 HA
PROGRAMMABLE GAMMA CORRECTION
lgam Output current per channel -100 100 HA
Caam Output capacitance 50 pF

(2) Vgn— AVpp must be greater than 9 V.
(3) Output voltages greater than 36 V require an external cascode transistor.
(4) This figure includes the current supplied to the input of the linear regulator.

2.4 ELECTRICAL CHARACTERISTICS

Vin= 3.3V, Veope= 1.1V, Vigi= 1.7V, Vigo= 1.8 V), AVp= 8.4 V, V= 24 V, Tp= —40°C to 85°C. Typical values are at 25°C
(unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
POWER SUPPLY
Supply current into VIN pins Converters not switching 1.9 3 mA
Pin G5. 0.1 1
Iin Supply current into AVDD pins Pin B7. No load on gamma reference outputs 4.3 6 mA
Pin F4. No load on op-amp outputs 4.0 75
Supply current into VGH No load on VGHM 0.1 1 mA
UNDERVOLTAGE LOCKOUT
V|\ rising 23 2.42 25
Undervoltage lockout threshold -
Vuvio V| falling 2.1 2.19 24 \
Hysteresis 0.23

(1) When V\gy =1.7 Vor 1.8 V, the LDO regulator is disabled. When V|51 = 2.5 V, the LDO regulator is enabled.
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ELECTRICAL CHARACTERISTICS (continued)
Vin= 3.3V, Voore= 1.1V, Vigr= 1.7 V, Vigp= 1.8 V), AVpo= 8.4 V, Vgu= 24 V, Ta= —40°C to 85°C. Typical values are at 25°C

(unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
CONTROL PINS (EN, FLK, WP)
Viy=2.64 V 1 1.8
Vi EN high-level input voltage threshold | EN rising Vn=33V 1.1 1.8 \
Vin=6V 1.7 1.8
Vin=2.64V 0.7 0.9
Vi EN low-level input voltage threshold EN falling Vn=33V 0.7 1 \
Vin=6V 0.7 1.6
[m EN high-level input current EN=25V -100 100 nA
I EN low-level input current EN=0V -100 100 nA
Vin=2.64V 0.9 1.8
Viy FLK high-level input voltage threshold | FLK rising Vin=33V 1 1.8 \
Vin=6V 1.4 1.8
Vin=26V 0.6 0.8
Vi FLK low-level input voltage threshold | FLK falling Vn=33V 0.6 0.9 \
Vin=6V 0.6 1.3
[ FLK high-level input current FLK =25V -100 100 nA
I FLK-low-level input current FLK=0V -100 100 nA
ViN=2.64V 1 1.8
Vi WP high-level input voltage threshold | WP rising Vn=33V 1.1 1.8 \
Vin=6V 1.7 1.8
Vin=2.64 V 0.7 0.9
Vi WP low-level input voltage threshold | WP falling Vn=33V 0.7 1 \"
Vin=6V 0.7 1.6
RpuLL-up WP internal pullup resistance 30 52 75 kQ
BOOST CONVERTER 1 (AVpp)
AVoo Output voltage range 7 10.1 v
Tolerance -1% 1%
Vuve Undervoltage protection threshold AVpp falling 65 70 75 Z(\’/g:,
Vscp Short-circuit threshold AVpp, falling 25 30 35 Z‘\’/Of
DD
Ik Switch leakage current Vsw=Vn=83V,EN=0V, T, =—-40°C to 85°C 10 HA
IDS(ON) Switch ON resistance lsw=1A 114 250 mQ
ILim Switch current limit 25 3 3.5 A
IDS(ON) Rectifier ON resistance lsw=1A 242 400 mQ
fsw Switching frequency FREQ -0 750 kHz
FREQ =1 1200
TDS(ON) Discharge ON resistance lavop = 10 mA 76 100 Q
BUCK CONVERTER 1 (VcoRe)
Veore Output voltage 1 1.1 1.3 v
Tolerance —3% 3%
Vuve Undervoltage protection threshold Vcore falling 65 70 75 \;ﬁosz
Vscp Short-circuit threshold Veore falling 25 30 35 \Z’oifg
ILima Switch current limit Isw ramps from 0 Ato 2 A 0.8 1 1.2 A
IDS(ON) Switch ON resistance ngh—s'lde, low = lum 183 310 mQ
Low-side, Isy =1 A 95 150
torr Off time Vin=33V 260 370 480 ns
Vn=5V 380 560 750
4 Electrical Specifications Copyright © 2013, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS (continued)

Vin= 3.3 V, Veore= 1.1V, Vigi= 1.7V, Vigp= 1.8 VIV, AVp= 8.4 V, V= 24 V, To= -40°C to 85°C. Typical values are at 25°C
(unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
BUCK CONVERTER 2 (V|o4)
Output voltage 1.7 1.8 25
Viot \
Tolerance —3% 3%
Vuvp Undervoltage protection threshold Vo1 falling 65 70 75 \/Z:f
1
- . % of
Vscp Short-circuit threshold Vo1 falling 25 30 35 Vi
1
ILm High-side switch current limit High-side, Iy ramps from 0 Ato 2 A 0.8 1 1.2 A
High-side switch ON resistance Isw = lLim 183 350
'bs(oN) - . : mQ
Low-side switch ON resistance lsw=1A 255 400
) V=33V 170 250 330
torr Off time ns
V=5V 250 370 500
IDS(ON) Discharge ON resistance Measured with 10 mA 15 50 Q
LINEAR REGULATOR (Vo)
v Output voltage | 1 mA 1.7 1.8 v
=1m
02 Tolerance oz —3% 3%
Vuvp Undervoltage protection threshold Vo2 falling 65 70 75 % of
Vio2
Vscp Short circuit threshold Vo falling 25 30 35 % of
Vioz

BOOST CONVERTER 2 (Vgp)

Output voltage range 16 40@
VGH \
Tolerance -3% 3%
Vuvp Undervoltage protection threshold Vg falling 65 70 75 % of Vgn
Vscp Short-circuit threshold VgH falling 25 30 35 % of Vgn
Ik Switch leakage current Ven=0V; Vgws =36V 10 pA
IDS(ON) Switch ON resistance lsw=1A 0.41 1 Q
tonmax) Maximum toy time 1 1.67 25 us
torr torr time 1.5 2.1 3 us
) 85°C 48 54
lrcomp Thermistor reference current IseT = 50 YA, Vicomp =1V pA
25°C 50
RESET (RST)
‘ Reset pulse duration range Measured from end of Vone ramp to 50% of RST rising 2 16 ms
RESET Tolerance edge with a 10k pullup resistor _20% 30%
VoL Low output voltage l.ss = 1 mA (sinking) 0.27 0.5 \"
lon High output current Vg =25V -1 1 MA
PROGRAMMABLE GAMMA CORRECTION
) . Code = 1023; load = 10 pA, sourcing 5.6 100
VbRoPH High-side output voltage drop - mV
Code = 1023; load = 100 pA, sourcing 44.2 200
. Code = 0; load = 10 pA, sinking 49.1 100
VbRroprL Low-side output voltage drop — mV
Code = 0; load = 100 pA, sinking 65.5 200
Offset Code = 512 -25 25 mV
INL Integral nonlinearity No load, Vgamu = AVpp —0.25 V, VgamL = 0.25 V -3.6 5.9 LSB
DNL Differential nonlinearity No load, Vgamn = AVpp — 0.25 V, VgamL = 0.25 V -1 1.5 LSB
PROGRAMMABLE V¢on CALIBRATOR
SETzse Set zero-scale error -1 1 LSB
SETese Set full-scale error -7 7 LSB
VRseT Voltage on RSET pin lrser = 50 pA —2% 1.25 2% \%
DNL Differential nonlinearity -1 1.5 LSB
(2) LDO is enabled, when Vg1 =2.5 V.
(3) Output voltages greater than 36 V require an external cascode transistor or charge pump circuit.
Copyright © 2013, Texas Instruments Incorporated Electrical Specifications 5
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ELECTRICAL CHARACTERISTICS (continued)

Vin= 3.3 V, Veore= 1.1V, Vigi= 1.7V, Vigp= 1.8 VIV, AVp= 8.4 V, V= 24 V, To= -40°C to 85°C. Typical values are at 25°C
(unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

AvoL Open loop gain Vem = AVpp / 2, Vourt =2 V, Voure = AVpp 2 V, R = 70 91 dB
Vio Input offset voltage Vem =AVpp /2, Vour =AVpp / 2 -15 15 mV
Ig Input bias current Vem =AVpp /2, Vour =AVpp /2 -150 150 nA
Voross | High-side voltage drop pros = o 2. paee = AVoo /2= TV, 0.05 0.1 v
VoropL | Low-side voltage drop I\gFl’JC;S==1%Vr$]%/82"’1¥gSG =AVop/2+1V, 0.03 0.1 v
o High-side peak output current Ve = AVpp / 2, Vgianal = 2 Vep, open-loop, 200 294 A

Low-side peak output current Ro== CL=1uF -349 —200
CMRR Common-mode rejection ratio Vemt =2V, Ve = AVpp —2 V, Voyut = AVpp / 2 40 78 dB
PSRR Power supply rejection ratio AVpp1 =7V, AVppo =10.1V, Ve =3V, Vour =3V 40 110 dB

Open-loo Ta =—40°C 18 30

SR Slew rate Vppos _ A\F;;,D Jo+V T, - 25C 10 85°C 25 38 V/us
GATE VOLTAGE SHAPING

VGH to VGHM ON resistance Veu=24V, lgum =10 mA, FLK =25V 12 25
osion VGHM to RE ON resistance Voru =24 V. la = 10 mA, FLK -0V 12 25 e

Vaum =6V, lgum = 10 A, FLK =0 V 12 25

o XG(;'M rising, 2.5 V, 50% thresholds, Coyt = 150 pF, Rg = 72 175

Propagation delay - ns
touL B/GSM falling, 2.5 V, 50% thresholds, Coyt = 150 pF, Rg = 81 200
PANEL RESET / LCD BIAS READY (XAO)

VoL Low output voltage luo =1 MA (sinking) 0.23 0.5 \"
lon High output current Vie=25V 1 MA
XAO threshold voltage - 2.2 3.9

XAO falling
VpeT Tolerance —2.5% 2.5% Vv
Hysteresis XAO rising 3% 6.3% 1%
TIMING
Boost converter 1 delay range 0 70
toLy1 ms
Tolerance —20% 30%
Gate voltage shaping; LCD bias- 0 35
toLye ready delay range ms
Tolerance —20% 30%
tes Soft-start ramp time Veore: Vior. Vioa 0.5 4 ms
Tolerance —20% 30%
teso Soft-start ramp time AVop, Ve 4 7.5 ms
Tolerance —20% 30%
tuvp Undervoltage protection timeout 40 50 65 ms
12C INTERFACE
Configuration parameters slave
ADDR address 74h
Programmable VCOM slave address 4Fh
Vi Low level input voltage Rising edge, standard and fast mode 0.75 \%
Viu High level input voltage Rising edge, standard and fast modes 1.75 \
Vhvs Hysteresis Applicable to fast mode only 125 mV
VoL Low level output voltage Sinking 3 mA 500 mV
C Input capacitance 10 pF
fscL Clock frequency Standard mode 100 kHz
Fast mode 400
tLow Clock low period Standard mode 47 us
Fast mode 1.3
6 Electrical Specifications Copyright © 2013, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: TPS65642A


http://www.ti.com/product/tps65642a?qgpn=tps65642a
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSC21&partnum=TPS65642A
http://www.ti.com/product/tps65642a?qgpn=tps65642a

I3 TEXAS TPS65642A

INSTRUMENTS

www.ti.com SLVSC21 —-OCTOBER 2013

ELECTRICAL CHARACTERISTICS (continued)

Vin= 3.3 V, Veore= 1.1V, Vigi= 1.7V, Vigp= 1.8 VIV, AVp= 8.4 V, V= 24 V, To= -40°C to 85°C. Typical values are at 25°C
(unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
‘ Clock hih period Standard mode 4
ock hi erio s
HiGH gne Fast mode 0.6 H
\ Bus free time between a STOP and a | Standard mode 4.7 us
BUF START condition Fast mode 13
Hold time for a repeated START Standard mode 4
tha:sTA condition Hs
0 Fast mode 0.6
| Set-up time for a repeated START Standard mode 4 s
SwSTA condition Fast mode 0.6 H
; Data set-up i Standard mode 250
] ata set-up time ns
SUDAT P Fast mode 100
) Data hold ti Standard mode 0.05 3.45
' ata hold time s
NADAT Fast mode 0.05 0.9 "
20 +
Rise time of SCL after a repeated Standard mode 0.1Cq 1000
treLd START condition and after an ACK 20 ns
bit +
Fast mode 0.1Cs 1000
Standard mode 02(1)53 1000
troL Rise time of SCL 2;0 ns
+
Fast mode 0.1Cq 300
Standard mode 02?5 300
teoL Fall time of SCL 2'0 = ns
+
Fast mode 0.1Cs 300
Standard mode & 1000
trRpA Rise time of SDA 2'0 B ns
+
Fast mode 0.1Cs 300
Standard mode 02(1)53 300
tepa Fall time of SDA 2;0 ns
+
Fast mode 0.1Cq 300
. " Standard mode 4
tsu:sTO Set-up time for STOP condition us
Fast mode 0.6
. Standard mode 400
Cg Capacitive load on SDA and SCL pF
Fast mode 400
EEPROM
NwriTe Number of write cycles 1000
twriTE Write time 100 ms
Data retention Storage temperature = 150°C 100 1000 hrs
THERMAL SHUTDOWN
Tep™ ‘ Thermal shutdown threshold 120 150 180 °C
(4) Once triggered, thermal shutdown will remain in the shutdown state until the device is powered down.
Copyright © 2013, Texas Instruments Incorporated Terminal Description 7
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3 Terminal Description

3.1  Pin Assignment

f NEG2 | out2 | w AVDD | w sw1 | w GND | ‘ GND | ‘ sw4 @ @
i \ ! \ ! \ ! \ ! \ ! \
H1 H2 H3 H4 H5 H6 H7
\ r/ \ y/ \ I \ I \ i \ v
GND | I OUTT | I AWDD } ! SWi | ! GND | | EN | | GND
RN ' / / / N

G1 G2 G3 G4 G5 G6 G7
r/ \\ r/ \ r/ \ r/ \\ r/ \ y/ \\ r/
| NEGT | | OUTD | ! OUTH | ! ADD | ! WP | | COMP | | VGH
\ / \ A N FARE / \ B \

F1 F2 F3 F4 F5 F6 F7
/! N\ H K / K / K M N\ ' \ / N
| POS2 | 1 OUTC | | OUTG } | OUTK | | OUTN | ' SCL | | VGHM |

E1 E2 E3 E4 E5 E6 E7
/! \ H \ / \ / \ M N / \ /
| POST | |\ OUTB | | OUTF | | OUT | | OUTM } | SDA | | RE

N AN /RN RN Y /

D1 D2 D3 D4 D5 D6 D7
| RSET | ‘:OUTA | 0 OUTE | ! OUTL | ' OUTL | ! GND | ! FLK @
\ i \ ! \ ! \ ! \ i \ ! \

c1 c2 c3 c4 cs5 ce c7
f AVDD | VIOt RST XAO VIN chorle: ‘:VCOREl @

B1 B2 B3 B4 B5 B6 B7

GND | \’ vio2 | ‘: GND | ‘: sw3 | { VIN | { sw2 { GND @ @ @
! \ ! \ ! \ ’ \ ! \ ’ \
A1 A2 A3 A4 A5 A6 A7
TOP VIEW BOTTOM VIEW

3.2 Pin Assignment

Table 3-1. PIN DESCRIPTIONS

NAME PIN NO. 110 DESCRIPTION
GND A1 P Ground
Sw2 A2 O Buck converter 1 (Vgogrg) switch pin
VIN A3 P Supply voltage
SW3 A4 O Buck converter 2 (V|p1) switch pin
GND A5 P Ground
GND A7 P Ground
VIO2 A6 O Linear regulator (V\o2) output and output sense
VCORE B1 | Buck converter 1 (Vgorg) output sense
TCOMP B2 | Boost converter 2 (Vgy) thermistor network connection
VIN B3 P Supply voltage
XAO B4 0 Panel discharge
RST B5 0 System reset
VIO1 B6 | Buck converter 2 (V|o1) output sense. (Internally connected as supply voltage for LDO
regulator.)
AVDD B7 | Boost converter 1 (AVpp) output sense. (Internally connected as supply voltage for
programmable gamma correction.)
FLK C1 | Gate voltage shaping flicker clock
GND c2 P Ground
OUTL C3 O Gamma correction
8 Terminal Description Copyright © 2013, Texas Instruments Incorporated
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Table 3-1. PIN DESCRIPTIONS (continued)

PIN /0 DESCRIPTION
NAME NO.
OuTI C4 (6] Gamma correction
OUTE C5 (6] Gamma correction
OUTA C6 (6] Gamma correction
RSET Cc7 O Reference current-setting resistor connection
RE D1 O Gate voltage shaping discharge resistor connection
SDA D2 /0 I2C serial data
OUTM D3 (6] Gamma correction
ouTJ D4 (0] Gamma correction
OUTF D5 (0] Gamma correction
OouTB D6 (0] Gamma correction
POS1 D7 | Vcom 1 non-inverting input
VGHM E1 O Gate voltage shaping output
SCL E2 /0 I2C serial clock
OUTN E3 (0] Gamma correction
OUTK E4 (0] Gamma correction
OouTG E5 (0] Gamma correction
ouTC E6 (0] Gamma correction
POS2 E7 | Vcowmz hon-inverting input.
VGH F1 | Boost converter 2 (Vgn) output sense. (Internally connected as supply voltage for the gate
voltage shaping.)
COMP F2 O Boost converter 1 (AVpp) compensation network connection
WP F3 | EEPROM write protect
AVDD F4 | Vcomt and Vgome supply voltage
OUTH F5 O Gamma correction
OUTD F6 O Gamma correction
NEG1 F7 | Vcowmt inverting input
GND G1 P Ground.
EN G2 | Boost converter 1 (AVpp) enable
GND G3 P Ground.
SwWi1 G4 O Boost converter 1 (AVpp) switch pin
AVDD G5 (6] Boost converter 1 (AVpp) rectifier output
OUT1 G6 (0] Vcowmt output
GND G7 P Ground.
Sw4 H1 O Boost converter 2 (Vgy) switch pin
GND H2 P Ground
GND H3 P Ground
SwWi1 H4 O Boost converter 1 (AVpp) switch pin
AVDD H5 O Boost converter 1 (AVpp) rectifier output
ouT2 H6 O Vcome output
NEG2 H7 | Vcowmz inverting input
Copyright © 2013, Texas Instruments Incorporated Terminal Description 9
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4 Typical Characteristics

41

Table of Graphs

FUNCTIONAL BLOCK PARAMETER TEST CONDITIONS FIGURE
Boost Converter 1 (AVpp) | Efficiency AVpp=7V,84V,94V,10.1V, laypp = 1 mA to 500 mA Vn=33V Figure 4-1
Vn=5V Figure 4-2
Line Regulation Vin=26V1to6V,AVpp=28.4V, Iaypp = 100 mA Figure 4-3
Load Regulation Vn=383V,5V,AVpp =8.4 YV, laypp = 1 mA to 500 mA Figure 4-4
Line Transient Response Vin=3V1t04.8V (dV/dt=7.5V/ms), AVpp =8.4V R.=82Q Figure 4-5
R.=33Q Figure 4-6
Load Transient Response | AVpp = 8.4V, laypp = 20 mA — 200 mA Vn=33V Figure 4-7
Vn=5V Figure 4-8
Output Voltage Ripple AVpp=84V,R =82Q Vn=33V Figure 4-9
Vn=5V Figure 4-10
Switching Waveforms Vin=33V,AVpp =84V R. =820 Q Figure 4-11
R.=82Q Figure 4-12
Switching Frequency Vn=26V1to6V,AVpp=7V,84V,101V R.=82Q Figure 4-13
Buck Converter 1 (Vcoge) | Efficiency Veore =1V, 1.1V, 1.2V, 13V, Icore = 1 mA to 500 mA Vn=34V Figure 4-14
Vn=5V Figure 4-15
Line Regulation Vin=2.6 V106V, Vcore = 1.1V, Igore = 300 mA Figure 4-16
Load Regulation Vin=3.4V, 5V, Veore= 1.1V, lcore = 1 mA to 500 mA Figure 4-17
Line Transient Response Vin=3V10o4.8YV (dV/dt=7.5V/ms), Vcore= 1.1 V, Load = 3.9 Q Figure 4-18
Load Transient Response | Voore = 1.1V, Igore = 50 mA - 200 mA Vn=33V Figure 4-19
Vn=5V Figure 4-20
Output Voltage Ripple Veore = 1.1 V,RL=390Q Vn=33V Figure 4-21
Vn=5V Figure 4-22
Switching Waveforms Vin=33V,Veore=1.1V R.=120Q Figure 4-23
R.=39Q Figure 4-24
Switching Frequency Vn=26V1to6V,Veore=1.1V R.=12Q Figure 4-25
Buck Converter 2 (V|o1) Efficiency Vior =17V, 18V, 25V, ljo; =1 mAto 500 mA Vn=33V Figure 4-26
Vn=5V Figure 4-27
Line Regulation Vn=26V1to6V, Vo =17V, lo; =100 mA Figure 4-28
Load Regulation Vin=34V,5V, V=17V, lp; =1 mA to 500 mA Figure 4-29
Line Transient Response Vin=3V1t0o48YV (dV/dt=75V/ms), Vo1 =17V, R =27Q Figure 4-30
Load Transient Response | Vo1 =1.7 V, lio; = 50 mA - 100 mA Vn=33V Figure 4-31
Vn=5V Figure 4-32
Output Voltage Ripple Vior=17V,R.=27Q Vn=33V Figure 4-33
Vn=5V Figure 4-34
Switching Waveforms Vn=383V,Vg =17V R.=270Q Figure 4-35
R.=27Q Figure 4-35
Switching Frequency Vn=26V1to6V, Vo =17V R.=27Q Figure 4-35
LDO Regulator (Vo) Load Regulation Vior =25V, Vigp =18V, [gpo =1 mA to 100 mA Figure 4-38
Line Transient Response Vin=3V1t04.8V (dV/dt=75V/ms), Vo1 =25V, Vie=18V,R. =27Q Figure 4-39
Load Transient Response | V=33V, Vg1 =25V, Vgo=1.8V, ljgo =50 mA - 100 mA Figure 4-40
Output Voltage Ripple Vin=33V, V|51 =25V, V=18V, R =27 Q Figure 4-41

10 Typical Characteristics
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FUNCTIONAL BLOCK PARAMETER TEST CONDITIONS FIGURE
Boost Converter 2 (Vgy) | Efficiency Vin=87V,AVpp=84V,Vgy=16V,24 V,31V Figure 4-42
Line Regulation Vin=38.7V,AVpp=7V1010.1V,Vgy=24V, Igy=10mA Figure 4-43
Load Regulation Vin=3.7V,AVpp =84V, Vgy=24V, Igy=1mAto 50 mA Figure 4-44
Line Transient Response Vin=3V104.8YV (dV/dt=7.5V/ms), AVpp =84V (R.=82 |R_=4.8kQ Figure 4-45
Q) Van=24V R =1.2kQ Figure 4-46
Load Transient Response | Viy=3.3VV,AVpp =84V (R .=82Q), Vgy=24V lgh=5mA-10 mA Figure 4-47
Igy =10 mA - 30 mA Figure 4-48
Output Voltage Ripple Vin=83V,AVpp =84V (R .=82Q),Vgqy=24V R. = 4.8 kQ Figure 4-49
R =1.2kQ Figure 4-50
Switching Waveforms Vin=3.3V,AVpp =84 V(R =82Q),Vgy=24V R, = 4.8 kQ Figure 4-51
R.=1.2kQ Figure 4-52
Switching Frequency ViNn=83V,AVpp=7V,84V,10.1V,Vgyu=16V1to 31V Figure 4-53
Power-Up Behavior Vins Viot Viozs Veore Y,,;, 33.3 V,tss1=0.5ms, Vio; =25V, Voo =18V, Veore = |RL=390Q Figure 4-54
EN, AVpp, Vgn Vin=3.3V,tssp=4ms, AVpp=8.1V (R . =33Q), Vgu=24 |tpyy=0ms Figure 4-55
V(RL=1.2KkQ) tpys = 10 ms Figure 4-56
XAO, AVpp, Ve, Vam Vin=383V,AVpp =81V (R .=33Q),Vgy=24V(R.=12 |tpyg=0ms Figure 4-57
kQ), GIP =0 toLye = 10 ms Figure 4-58
XAO, AVpp, Van, Vanu Vin=383V,AVpp =81V (R.=33Q),Vgu=24V (RL.=12 |tpyg=0ms Figure 4-49
kQ), GIP =1 toLys = 10 ms Figure 4-60
AVpp, Ve, Veoms Vaama Vin=3.3V,AVpp=8.1V, Vgy =24V, Voom = 4.05V, Vgaya = 4.05V Figure 4-61
Power-Down Behavior RST, Vio1, Vioz, Vcore Vper =25V Rmope =0 Figure 4-62
Rmope = 1 Figure 4-63
Vin» XAO, AVpp, Varm GIP=0 Figure 4-64
AVpp, Vah, Voo, Veava SMODE =0 Figure 4-65
SMODE = 1 Figure 4-66
Gate Voltage Shaping FLK, Vghm \k/g)= 33V,Re=1kQ,C . =10nF, AVpp =84V (R.=33Q),Vgy=24V (R .=1.2 Figure 4-67
Op-Amp Large-Signal Response AVpp =8.4V, Vpos =38V 05V Figure 4-68
Small-Signal Bandwidth AVpp =8.4V, Vpos =4V + 65 mVpp, Ay =+1, Re=0Q Figure 4-69
Gain Bandwidth AVpp =8.4V,Vpos =4V + 65 mVpp, Ay =+1,RE=0Q Figure 4-70
Peak Output Current Vn=83V,AVpp=84V,R =2kQtoAVpp/2,C_ =1 uF Figure 4-71
Line Transient Response Vin=3V104.8V (dV/dt=7.5V/ms), AVpp =84 V,Veouy=4V,R = Figure 4-72
Output Voltage Ripple and | Viy=3.3V,AVpp =84V (R.=82Q),Vecom=4V,R = Figure 4-73
Noise
Programmable Gamma Dynamic Response AVpp =8.4V, R =909k, C_ =55 pF OG/Z,}/flA = Ox0ff to Figure 4-74
X

GAMA = 0x2ff to Figure 4-75

0xOff
Line Transient Response Vin=3V104.8V (dV/dt=7.5V/ms), AVpp =84V (R.=82 | GAMA = 0x0ff Figure 4-76
Q) GAMA = 0xiff Figure 4-77
GAMA = Ox2ff Figure 4-78
Output Voltage Ripple and | Viy=3.3V, AVpp=8.4V (R . =820Q) GAMA = Ox1ff Figure 4-79
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Boost Converter 1 — Efficiency Boost Converter 1 — Efficiency
Vin=33V,AVpp=7V,84V,94V,10.1V Vin=5V,AVpp=7V,84V,94V,10.1V
100 100
90 / e ——— 90 —
80 |4 S —— /4
, \\\\ //
70 , 70 y
L 53
< 60 < 60
5 A 5
§ 50 .5 50
o o
£ 40 £ 40
w L
30 30
20 AVDD =7.0V 20 AVDD =7.0V
AVDD =84V AVDD =84V
10 AVDD =9.4V 10 AVDD = 9.4V
L=Toko 1269AS-H-4R7M AVDD = 10.1 V L=Toko 1269AS-H-4R7M AVDD =101V
0 - 0 -
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
lout - Output Current - mA lout - Output Current - mA
Figure 4-1. Figure 4-2.
Boost Converter 1 — Line Regulation Boost Converter 1 — Load Regulation
Vin=26Vto6V,AVpp=8.4V, laypp = 100 mA Vin=3.3V,5V,AVpp =8.4V, laypp =1 mA to 500 mA
8.55 8.55
8.50 8.50
> >
© 8.45 S 845
g g
5 840 5 8.40
3 3
.8 8.35 ', 8.35
z z
8.30 8.30
VIN =33V
L=Toko 1269AS-H-4R7M L=Toko 1269AS-H-2R2M VIN=50V
8.25 8.25
2.6 3.1 3.6 4.1 4.6 5.1 5.6 0 50 100 150 200 250 300 350 400 450 500
V- Input Voltage - V lavop - Output Current - mA
Figure 4-3. Figure 4-4.
Boost Converter 1 — Line Transient Response Boost Converter 1 — Line Transient Response
Vin=3Vto48V,AVpp=84V,R . =82Q Vin=3Vto48V,AVpp=84V,R =33Q
Tek Run = 3 : Trig'd Tek Run = - - Trigd

(@ 200V @ oo J[1.00ms WSS AW T | @ 200y @ oo J1.00ms WONss AW T
W 1060 100k points  2.00% 1000 & 100k points  2.00 ¥
Figure 4-5. Figure 4-6.
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Boost Converter 1 — Load Transient Response
Vin=3.3V, AVpp =8.4V, Ipaypp = 20 mA - 200 mA
Tek Run _ it - Trigd

B : B g ] i i ]
VDD : : ;
v
| : 4 . .
a nv o |[200ps S00MS/s Aux £
@ 10omA & 10.00 1M points 2.00 VJ

Figure 4-7.

Boost Converter 1 — Output Voltage Ripple
Vin=33V,AVpp=8.4V,R =820Q

Tek Stop

(@ 10.0mvia )(1.00ps 2.5065/5 ®
|l70.00000s 1M points G‘DWJ

Figure 4-9.

Boost Converter 1 — Switching Waveforms
VlN =33 V, AVDD =84 V, RL =820 Q
Tek 5top —jf s .

..... w‘w’ mn.n; e &ks-z, il me;m. = L%'m

@ o 400ns 2.505/5 ® 5
200mA ). 00 % 1M points 0.00V
P

Figure 4-11.

Boost Converter 1 — Load Transient Response
Vin=5V, AVpp = 8.4 V, laypp = 20 mA - 200 mA

Tek Run Trig'd

[ Vo |(200ps 500M5/5 Aux f
100ma_ & 10.00 oints ;
00 1M point: 2.00

Figure 4-8.

Boost Converter 1 — Output Voltage Ripple
Vin=5V,AVpp=8.4V,R =820Q

Tek Stop -

(@ ro.0mvus (1. 00ps 2.5005/5 ®
|4 70.000005 1M polnts U.DWJ

Figure 4-10.

Boost Converter 1 — Switching Waveforms
Vin=33V,AVpp=84V,R =820Q
Tek Prevu _ - -

By

@ o 400ns 2.5005/5 @ 5
@ 200mA ). 00 % 1M points 0.00 VJ

Figure 4-12.
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Buck Converter 1 — Efficiency

Boost Converter 1 — Switching Frequency Vin=34V,Veope=1V,1.1V,1.2V, 1.3V, Icore = 1 mA to 500
Vin=26Vto6V,AVpp=7V,84V,10.1V,R =820Q mA
100
1,500 %0
J [ [
z 1300 —T T~ 80 ~—
- /i
? _— \/ 3} 70 //
03; 1,100 C\. 60
>
T 2 50 l
o 900 o ’
c o
£ £ 40
S i |
'% 700 30
3 500 AVDD=7.0V 20 l VCORE =10V
g VCORE =1.1V
AVDD=8.4Y 10 VCORE =12V
L=Toko 1269AS-H-4R7M AVDD=10.1V L=Toko 1269AS-H-2R2M VCORE = 1.3V
300 0
25 3.0 35 4.0 45 5.0 5.5 6.0 0 50 100 150 200 250 300 350 400 450 500
V,\ - Input Voltage - V lcore - Output Current - mA
Figure 4-13. Figure 4-14.
Buck Converter 1 — Efficiency Buck Converter 1 — Line Regulation
Vin=5YV, VCORE =1V,11V,12V,13V, ICORE =1 mA to 500 mA Vin=26Vto6V, VCORE =11V, ICORE =300 mA
100 1.15
90 1.14
[
80 S 113
70 2112
K3 s
. 60 S 111
5 <// z
g 50 / 3110
o 3
£ 40 I O 1.09
30 £1.08
20 I VCORE =1.0V > 1.07
I VCORE=11V
10 -1 1.06
L=Toko 1269AS-H-2R2M :gggi - 1 2: L=Toko 1269AS-H-4R7M
0 - 1.05
0 50 100 150 200 250 300 350 400 450 500 2.6 3.1 3.6 4.1 4.6 5.1 5.6
lcore - Output Current - mA V- Input Voltage - V
Figure 4-15. Figure 4-16.
Buck Converter 1 — Load Regulation Buck Converter 1 — Line Transient Response
Vn=34V,5V, VCORE =11V, ICORE =0 mA to 500 mA Vin=3Vto48YV, VCORE =11V,R.=39Q
1.15 Tek Run —4 Trl:g'd
1.14
> 1.13 i
e 112
fg L
=S I L1 NN NS N N S N N A SN A R B -
> B i
3 1.10 Y —
5 109 VCORE
o1 T —— e
&1.08
> 1.07
1.06 VIN=3.4V
L=Toko 1269AS-H-2R2M VIN=5.0V
1.05 i . : .
0 50 100 150 200 250 300 350 400 450 500 w6 W'L‘-"“'“ \  isepuns Baoy
lcore - Output Current - mA
Figure 4-17. Figure 4-18.
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Buck Converter 1 — Load Transient Response
Vin =3.3V, Veore = 1.1V, Icore = 50 mA - 200 mA
Tek Run 5 —f 5 Trigd

@ s50.0mvia 100ps 100MS/s Aux £
@ 10omA & 10.00 100k points  2.00 VJ

Figure 4-19.

Buck Converter 1 — Output Voltage Ripple
Vin=33V,Veore = 1.1V, R . =3.9Q

Tek Stop

(@ 10.0mvia )(1.00ps 2.50G5/5 ®
|iw0.000005 1M polnts G‘DWJ

Figure 4-21.

Buck Converter 1 — Switching Waveforms
le = 33 V, VCOHE = 11 V, RL = 120 Q
Tek Run - -

Trigd

@ 200V 200ns 2.50G5/5 @ 5
@ 200mA ). 00 % 1M points 0.00 VJ

Figure 4-23.

Buck Converter 1 — Load Transient Response
Vin=5V, Veore = 1.1V, Icore = 50 mA - 200 mA
Tek Run . — 5 Trigd

@ soomvia  ]100ps 100M5/5 Aux J
@ 10omA & 10.00 100k points 2,00 VJ

Figure 4-20.

Buck Converter 1 — Output Voltage Ripple
Vin=5V,Vcore = 1.1V, R . =3.9Q

Tek Stop -

(@ ro.0mvus (1. 00ps 2.50G5/8 ®
|4 70.000005 1M polnts U.DWJ

Figure 4-22.

Buck Converter 1 — Switching Waveforms
VlN =33 V, VCORE =1.1 V, RL =390Q
Tek Run = :

Trigd

By

® 200V 200ns 2.50C8/s @ 5
@ 200mA ). 00 % 1M points 0.00 VJ

Figure 4-24.
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o1 - Output Voltage - V

g
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\Y

1.64
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Buck Converter 1 — Switching Frequency

Veore =1.1V,R =120

Buck Converter 2 — Efficiency
ViNn=33V,V|p1 =1.7V,1.8V,25V, |lo; =1 mA to 500 mA
100

—_—

90

T~

80 /'
70 /
60

50

40
30

Efficiency - %

e —

20

VIO1=17V

L=Toko 1269AS-H-2R2M

10

VIO1=18V
L=Toko 1269AS-H-2R2M VIO1=25V

25

3.0 35 4.0 4.5 5.0

V) - Input Voltage - V

Figure 4-25.

Buck Converter 2 — Efficiency
ViN=5V,V,01=17V,1.8V,25V,lo; =1 mA to 500 mA
100

0
55 6.0 0 50 100 150 200 250 300 350 400 450 500

lio1 - Output Current - mA

Figure 4-26.

Buck Converter 2 — Line Regulation
ViN=2.6Vto6V,Vio =17V, Il =100 mA
1.80

1.78

=

v

1.76
1.74

/

1.72

/

1.70

V,0; - Output Voltage - V

|
I
I
/

L=Toko 1269AS-H-2R2M

VIO1=17V

VIO1=18V 1.62
VIOL =25V L=Toko 1269AS-H-2R2M

0

50 100 150 200 250 300 350 400 450 500 2.6 3.1 3.6 4.1 4.6 5.1 5.6

lio1 - Output Current - mA

Figure 4-27.

Buck Converter 2 — Load Regulation
Vin=3.4V,5V, V01 =17V, ljp; =1 mA to 500 mA

V) - Input Voltage - V

Figure 4-28.

Buck Converter 2 — Line Transient Response
Vn=3Vto48V,Vp;=1.7V,R =27 Q

Trig'd

L=Toko 1269AS-H-2R2M

0

50 100 150 200 250 300 350 400 450 500

lio1 - Output Current - mA

Figure 4-29.

p. i
7 o e e -
wnezav | 0 s B Pove e
VIN=5.0V
(@ 200v 2 J1.00ms 10.0MS/s  Aux S

100k points ~ 2.00 ¥

Figure 4-30.
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Buck Converter 2 — Load Transient Response

Tek Run

Tek Run

(e}

Vin =33V, Vior = 1.7 V, lio = 50 mA - 100 mA

Buck Converter 2 — Load Transient Response
ViN=5V, Vio1 =1.7 V, lio; = 50 mA - 100 mA

Trigd

Trigd

100M5/5

T

[! 50.0mA &

100M5/5

@ X Aux S oA lnﬂps. Aux S
E! S0.0mA & 100k points  2.00 VJ J[ 10.00 ¢ 100k points 2.0 VJ
Figure 4-31. Figure 4-32.

Buck Converter 2 — Output Voltage Ripple
Vin=33V,Vio1=17V,R. =27 Q

Tek Stop

Vi01

Buck Converter 2 — Output Voltage Ripple

Vin=5V,Vi01=17V,R. =27 Q

Tek Stop -

2.50G5/8

(@ 10.0mvia
1M points

|(1.00ps .
L 0.00000 5

@ To 0w

®
u‘oqu

Figure 4-33.

Buck Converter 2 — Switching Waveforms
VlN =33 V, V|o1 =17 V, RL =270 Q

Tek Run

Tek Run

](1.00us .
L 0. 00000 5

2.50C5/s
1M points

®
u.owJ

Figure 4-34.

Buck Converter 2 — Switching Waveforms
Vn=33V,Vi01=17V,R. =27 Q

Trig

2.50G5/s

Trig'd

2.50C8/s

{! 200mA J[Zﬂﬂns 1M points fDUIVJ [! 200mA J[Ztlﬂns 1M points :‘gj.lDUIVJ
Figure 4-35. Figure 4-36.
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Buck Converter 2 — Switching Frequency LDO Regulator — Load Regulation
Vin=2.6Vto6V,Vio;=17V,R. =27 Q Vio1 =25V, Vigo2 =18V, ljp2 =1 mA to 100 mA
2,000 1.85
1,900
< 1,800 1.83
' — >
g 1,700 %
2 1,600 £ 181
o [/
= =2
5 1,400 3179
21,300 o
s &
= 1,200 1.77
" 1,100
L=Toko 1269AS-H-2R2M
1,000 1.75
25 3.0 35 4.0 45 5.0 55 6.0 0 10 20 30 40 50 60 70 80 90 100
V) - Input Voltage - V lio2 - Output Current - mA
Figure 4-37. Figure 4-38.
LDO Regulator — Line Transient Response LDO Regulator — Load Transient Response
Vin=3Vto48V,Vip1=25V,V,0o=18V,R =27 Q ViNn=33V,V|01=2.5V, Vg2 =18V, ljgo =50 mA - 100 mA
Tek Run — Trig'd Tek Run = Trig'd
S | | ......

vio2

P
5 -
=1

..... r-- ; o
i
(@ 200V ol : )(1.00ms ' m.nms}s Aux 5 : : ® s : } 100ps ' mn.\ns}s Aux J
100k points 2,00V @ 50.0mA R [ 100k points 2,00V
Figure 4-39. Figure 4-40.
Boost Converter 2 — Efficiency
LDO Regulator — Output Voltage Ripple (AVpp losses are excluded)
VIN =33 V, V|O1 =25 V, V|02 =1.8 V, RL =27Q VIN =3.7 V, AVDD =8.4 V, VGH =16 V, 24 V, 31V
Tek Run i Aqlo 100
: 90
_— . 50 f
70
°\T 60
3 o)
Vioz 5 50
(=}
£ 40
i}
30
20 VGH =16 V
..... 10 VGH =24V
L=Murata LQH3NPN150NGO VGH =31V
0
0 10 20 30 40 50
: / : : lgy - Output Current - mA
(@ _10.0mvy |(1.00ps 2.50G5/5 ®
lwv0.0 1M points 0.00%
Figure 4-41. Figure 4-42.
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Boost Converter 2 — Line Regulation Boost Converter 2 — Load Regulation

Vin=3.7V,AVpp=7V1t010.1V,Vgy=24V, Igqy = 10 mA Vin=3.7V,AVpp=8.4V,Vgy=24V, gy =1mA to 50 mA

24.20 24.20

24.15 24.15
> 24.10 > 24.10
(5] (4]
g 24.05 & 24.05
o o
> >
5 24.00 5 24.00
=3 =3
> =]
O 23.95 O 23.95
>‘ID 23.90 >5 23.90

23.85 23.85

L=Murata LQH3NPN150NGO L=Murata LQH3NPN150NGO
23.80 23.80
7 75 8 8.5 9 9.5 10 0 5 10 15 20 25 30 35 40 45 50
AVpy, - Input Voltage - V Igy - Output Current - mA
Figure 4-43. Figure 4-44.
Boost Converter 2 — Line Transient Response Boost Converter 2 — Line Transient Response
Vin=3Vto48V,AVpp =84V (R .=82Q),Vgy=24V,R =48k Vy=3Vto48V,AVpp=84V (R .=820Q),Vgy=24V, R =1.2k

TekRun___ — : Trig'd Tek Run s —ji : Trig'd

.

(@ 200v [ Domy ]fl.ﬂﬂr;‘\.s ' m.nms}s Aux : @ z.nin v [ DomV Wfl.nﬂm.s ' m.nms}s Aux S
w1000 100k points 2‘DUVJ \w 10.00 100k points Z.DGVJ
Figure 4-45. Figure 4-46.
Boost Converter 2 — Load Transient Response Boost Converter 2 — Load Transient Response
Vin=33V,AVpp =84V (R .=82Q),Vgy=24V,lgy=5mA-10 V|y=3.3V,AVpp=84V (R .=820Q),Vgq=24V,Igy=10mA-30
mA mA

Tek Run___ i = _ Tek Run

@ s X i s 200ps SO.QMSI./S Aux S . . @ 50 0mvis 200ps S0.0MS.fs Aux S
@ 5.00mA & 10.00 100k points  2.00 VJ @ 10.0mA R 10.00 100k points  2.00 VJ
Figure 4-47. Figure 4-48.
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Boost Converter 2 — Output Voltage Ripple
Vin=3.3V,AVpp=8.4V (R .=82Q),Vgy =24V, R_=4.8k Vin=3.3V,AVpp=8.4V (R .=82Q),Vgy=24V, R =1.2k

Tek 5top =

Boost Converter 2 — Output Voltage Ripple

Tek Stop =

(@ 10.0mya : ]fl.nﬂ];s G ® ; @ m.;nmL’-w : Wfl.nﬂp.s T e
I 0 100k points _ 0.00V |w0.000005 100k points _ 0.00 V
Figure 4-49. Figure 4-50.

Boost Converter 2 — Switching Waveforms Boost Converter 2 — Switching Waveforms
Vin=3.3V,AVpp =84V (R.=82Q),Vgy=24V,R_=4.8k Vin=33V,AVpp =84V (R .=82Q),Vgu=24V, R =1.2k
TekStop = _ : . Tekstop i _ : o

Li .'i G . A e i : il ‘_.. IE. ..........
Sl Iﬂ’,;‘.' |‘Iﬁia | lll;s_ I"“:{.h vsw ’nglfl : ‘ 'I'\J'i ' 5.|.ﬁ,ﬁ,' |
wl il ,ﬂ;‘;;;f'ﬁpwi 1y | il J | i ||
I 0 5 l|‘ LA L il W o AP L‘._. y El o L
By an il PR i L T PR

® . 1.00;5 2506575 o 5 : : ® 10 1.uo|.|.s 2306575 D s :
E! 200mA ][ ). 00 & 1M points 20.0¥ [! 200mA }[ 00 % 1M points 20.0V
Figure 4-51. Figure 4-52.
Boost Converter 2 — Switching Frequency Power-Up Sequencing
AVpp=7V,84V,10.1V,Vgy=16 Vto 31 V,R_=4.8 kQ Vins Viots Viozs Vcore
550 Tek 5top = ;

a
o
o

Py
al
o

_~

—

=

w
al
o

fsw - Switching Frequency - kHz
5
o

w
o
o

A
L=Murata LQH3NPN150NGO

N
a
o

16 18 20 22

24
Vg - Output Voltage - V

Figure 4-53.

26

=
B
AVDD=7.0V
AVDD=8.4V ERpvCOREss
AVDD=10.1V :
28 30

@ 30V & @ 150 i 1.00ms 10.0M5/5 Aux S
@ 130V & @ LV & 100k points 2,00V

Figure 4-54.
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Power-Up Sequencing
EN, AVpp, Vg (toLy1 = 0 ms)

Tek Run. Trig?

@ 330V F] ][mums 50.0M5/5s @ S ]

1M points ~ 1.52V

Figure 4-55.

Power-Up Sequencing — GIP = 0
XAO, AVpp, VaH; VeHm, toLye = 0 ms

Tek Run Trig?

@ 250V 2 4.00ms 25.0M5/s @ S
@ 2.0V M points 1.50 v

Figure 4-57.

Power-Up Sequencing — GIP =1
XAO, AVpp, VgH, VgHm: toLys = 0 ms
Tek Run Trig?

@ 250V 2 4.00ms BoMsis @
@ 2.0V M points  1.50 ¥

Figure 4-59.

TelcRun_

Power-Up Sequencing
EN, AVpp, VgH (tpLy1 = 10 ms)
e —— —Tig?

® 330V
@ 2.0V

2 4.00ms 25.0M5/s @ 1
1M points  1.52V

Tek Run__

Figure 4-56.

Power-Up Sequencing — GIP = 0
XAO, AVpp, VgH; VeHms toLys = 10 ms
A Trig?

][4.00ms 25.0M5/s @ T

@ 1.0v M points  1.50 v

Tek Run

Figure 4-58.

Power-Up Sequencing — GIP =1
XAO, AVpp, Veh; VeHms toLys = 10 ms

Trig?

® 250V
@ 2.0V

4.00ms 25.0m5/s @ 5
1M points ~ 1.50V

2
@ 2.0y

Figure 4-60.
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Power-Up Sequencing Power-Down Sequencing — RMODE = 0
AVpp; Veh; Veoms Vaama Vper = 2.5V, RST, Vo1, Vio2; Vcore

Tek Run.

Trig? Tek Run .

Trig?

[@{vCoRE-
@ sV 2 ][mums 25.0M5/s @ T @ 250V 2 ][1.00ms 100Ms/s @ }
@ 400V @ 4.00v IM points  2.59V @ 1.0V @ 1.0y 1M points 1.0V
Figure 4-61. Figure 4-62.
Power-Down Sequencing — RMODE = 1 Power-Down Sequencing — GIP = 0
Vper =2.5V, RST, Vio1, Vio2, Vcore Vins XAO, AVpp, Vgum .
TekRun_ . 5 — . Trig? Tek Run . I i — - . _Trlg?

[ ) 250V 2 ]['1.00ms T00MS/s [) " ] [) 330V 2 ][4..0(ims BoOMss @ v
@ 150V @ 1.20v M points  1.00V @ s.10v @ 1.0y 1M points  1.00V
Figure 4-63. Figure 4-64.
Power-Down Sequencing — SMODE = 0 Power-Down Sequencing — SMODE = 1
AVpp, VeH, Vcoms Vaama AVpp, Vgh; Vcoms Veama
Tekstop | B Tek Stop | E————
[14AVDD -

EHVCAMA
@ s0v 2 ][4.00ms 25.0MS/s @ @ s.10v 2 ][4.00ms 25.0MS/s @
@ 400V @ 400V 1M points  2.00¥ @ 400V @ 400V 1M points  2.00Y
Figure 4-65. Figure 4-66.
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Gate Voltage Shaping — FLK, Vgum
ViNn=3.3V,AVpp=8.4V (R .=33Q),Vgy=24V (R.=1.2kQ), Rg
=1kQ,C_=10nF

Tek Run

Trig'd

N

N

'z

A

(@ 165V 2 )/ 20.0ps . suu.\ns}s Aux
( 100k points 1,50V
Figure 4-67.

VCOM Buffer — Small-Signal Bandwidth
AVpp = 8.4V, Vpgg =4 V + 65 mV,,,

AR LOG HAG HMKR : 56.234 132 SMHz
REF__ -3.H88 dB 3.888 dB/ -2.959 dBb

START 18kHz [-28.8 dBm]

Figure 4-69.

STOP 188MHz

VCOM Buffer — Peak Output Current

Vin=3.3V,AVpp=8.4V, R, = 2k to AVpp /2, C_ = 1 yF
Tek Fun . B S ———— . Trig'd

10035 0007 @ 7
10k points 264md,

@ 200md

Yalue Wean Min Max Std Dev
@ 1ax J4dmb 350m 336m 30 4.38m
@n -376mé, -376m -3%2m -363m 5.23m

Figure 4-71.

VCOM Buffer — Large Signal Response
AVpp=84V,R_=82Q, Vpos=3.8V + 0.5 Vpp

Tek Stop
. 100ns 2.5065/5 ® /
@ )l 100k points 000
@ Fise Time 33.49n3
@il Time 20.97ns
Figure 4-68.
VCOM Buffer — Gain-Bandwidth Product
AVpp = 8.4V, Vpos = 4 V + 65 mV,,,
HR A/R L A MKR 1: 33.352 594MHz
REF __ 8.888 dB __ 18.8A8 dB/ 8.888 dB
Cor \R
Bt
*-.h\_‘__-h
\-@
‘-\h\
g
START 1MHz [-20.8 dbml STOP 188MHZ

Figure 4-70.

VCOM Buffer — Line Transient Response

Vn=3V1t04.8V,AVpp=84V,R . =820Q,Vecou=4V,R =
Tek Run = Trig'd

10.0M5/5
100k points

(@ 200 2 I(1.00ms Aux S

2.00¢

Figure 4-72.
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VCOM Buffer — Output Voltage Ripple and Noise

Viy = 3.3V, AVpp = 84V(RL_820),VCOM 4V, R.__
Tek 5top

[ 2 T )(1.00ps 2.5065/5 @ s
100k points _ 10.0mV

Figure 4-73.

GAMMA Voltage — Dynamic Response

GAMA = 0x2ff to 0x0ff, R = 909 kQ, C = 55 pF
TekRun . . Trig?

4

VGAMA

=

(@ 100v J[2.00us 250655 @
1M points  3.00V

Figure 4-75.

Programmable GAMMA — Line Transient Response

N=3V104.8V, Av[,D 84V(R|__829) GAMA = Ox1ff
k Run Trlgd

<

VIN

T vGAMMA

(@ 2.00v ® 100 J[1.00ms 10.0M5/5 AuX S
{ 100k points 2,00

Figure 4-77.

Programmable GAMMA — Dynamic Response

GAMA = 0xOff to 0x2ff, R._ =909 kQ, C, = 55 pF
TelcRun_ _ Trig?

——

P{vcAMA

(@ 1.00v )[2.00us 2.5065/s @ S
1M points  3.00V

Figure 4-74.

Programmable GAMMA — Line Transient Response

n=3V1048YV,/ AVDD 84V(R|__82 Q), GAMA = 0x0ff
kRun Trlgd

#<

VGAMMA

(@ 2o00v @ oo J[1.00ms 10.0M5/s  Aux S
( 0 100k points  2.00 ¥

Figure 4-76.

Programmable GAMMA — Line Transient Response

=3Vto4.8V, Av[,D 8.4V (R, =82 Q), GAMA = 0x2ff
kRun Trlgd

#<

VIN

(@ 200v @ o J1.00ms 10085/ Aux S
L

100k points 2,00

Figure 4-78.
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Programmable GAMMA — Output Voltage Ripple and Noise
ViN=3.3V, AVpp =8.4V (R, = 82 Q), GAMA = 0x1ff
Tek Stop i

(@ m.hmu Wy : I(1.00ps ' Lsncs}s ®
100k points  0.00
Figure 4-79.
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5 Detailed Description

Figure 5-1 shows an internal block diagram of the TPS65642A device.

EN [ — Internal
Vivio {]
Sequencing
.
{]
Voer
A
VIN [] & Buck 1
— Buck 2
L L
LDO —— ]
] r
COMP [} Boost 1 ::q
L
T t L
emperature
TCOMP [ }— Compensation Boost 2 °
Gate Voltage
FLK [ Shaping
L
Programmable !
AVDD [} gamma |
{]
Programmable
RSET [ }— %/COM
A
POS1 [} ﬂ\ :Ij
NEG1 [} { 1
POS2 [} +K .
L
NEG2 [} {
SCL [}
2
SDA Ic — Internal
Interface
WP [}

Figure 5-1. Internal Block Diagram
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5.1 BOOST CONVERTER 1 (AVpp)

Boost converter 1 is synchronous and uses a virtual current mode topology that:
+ Achieves high efficiencies

» Allows the converter to work in continuous-conduction mode under all operating conditions, which
simplifies compensation

* Provides a better drive signal for the negative charge pump connected to the switch node (because the
converter always runs in continuous-conduction mode, even at low output currents)

* Provides true input-output isolation when the boost converter is disabled

VIN

AVDD VIN SW1
I

o
L
r
L
o
L

Q1B | AVDD
™ L ——o0 AVpp

I

O— «—— FREQ

PWM
Control

Ly SMODE—(Q & — Q
Q1A P 2
! UVLO— :ﬂ-

Vrer +

T GND COMP

I

Figure 5-2. Boost Converter 1 Internal Block Diagram

5.1.1 Switching Frequency (Boost Converter 1)

The nominal switching frequency of boost converter 1 can be programmed to 750 kHz or 1200 kHz using
the FREQ bit in the MISC register. The factory default value is 1200 kHz.

5.1.2 Compensation (Boost Converter 1)

Boost converter 1 uses an external compensation network connected to the COMP pin to stabilize its
feedback loop. A simple series R-C network connected between the COMP pin and ground is sufficient to
achieve good performance, in effect, stable and with good transient response. Good starting values, which
will work for most applications, are 100 kQ and 1 nF for 1200 MHz AVpp switching frequency and 56 kQ
and 1.5 nF for 750 kHz AVpp switching frequency.

In some applications (for example, those using electrolytic output capacitors), it may be necessary to
include a second compensation capacitor between the COMP pin and ground. This has the effect of
adding an additional pole in the frequency response of the feedback loop, which cancels the zero
introduced by the ESR of the output capacitor.
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The COMP pin is directly connected to the input current comparator of the converter, which means that
any noise present on this pin can directly affect converter operation. In practical applications the most
likely source of noise is the switch pin on the converter, and for proper operation it is essential that the
stray capacitance between the SW1 and the COMP pins is minimized. This can be ensured using good
PCB layout practices, namely:

» Locating the compensation components close to the COMP pin

* Removing the GND plane from underneath the SW1 PCB tracks (to prevent this high dV/dt signal from
inducing currents locally in the GND plane)

» Connecting the ground side of the compensation components to a noise-free GND location, in effect,
away from noisy power ground signals

NOTE
For the most robust operation Tl recommends to ensure that the parasitic capacitance
between the SW1 and COMP is below 0.1 pF.

5.1.3 Power Up (Boost Converter 1)

Boost converter 1 starts tp, y; milliseconds after EN or RST goes high, whichever occurs later. Delay time
tpLy1 can be programmed from 0 ms to 70 ms using the DLY1 register. Once asserted, the EN signal must
remain high to ensure normal device operation. Once disabled (EN = 0), boost converter 1 remains
disabled until the device is powered down (even if EN is re-asserted).

To minimize inrush current during start-up, boost converter 1 ramps its output voltage in tgg, milliseconds.
Start-up time tggo can be programmed from 4 ms to 7.5 ms using the SS2 register. Longer soft-start times
generate lower inrush currents.

The same ramp rate is also used for boost converter 2 — changing the SS2 register affects both boost
converters.

The soft-start function is not implemented if the output voltage of boost converter 1 is re-programmed
during operation. During normal operation (when AVpp remains constant) the non-implementation of soft-
start is not a problem, however, it may cause problems during production if AVpp is changed while the
converter is enabled. Problems can occur under such conditions because, without a soft-start, the
converter draws a high inrush current when the output voltage of the converter is changed. If the converter
is supplied from a high-impedance source, this inrush current can, under certain circumstances, pull Vg
below the UVLO threshold, disabling the IC and interrupting the writing of the configuration parameters.
Use one or more of the following recommendations to ensure trouble-free configuration during production:

« Program the configuration parameters before the IC is soldered to the PCB

+ Supply the PCB with a voltage high enough to ensure that the voltage on the VIN pin remains above
the UVLO threshold when the value of AVpp is changed

+ Ensure that the supply impedance is low enough to ensure that the voltage on the VIN pin remains
above the UVLO threshold when the value of AVpp is changed

» Disable boost converter 1 while the value of AVpp is changed

5.1.4 Power Down (Boost Converter 1)

Boost converter 1 is disabled when EN = 0 or V|\<Vyvo. When disabled, boost converter 1 actively
discharges AVpp by turning on Q2. The active discharge feature is disabled by setting SMODE = 1 in the
CONFIG register. Once disabled (EN = 0), boost converter 1 remains disabled until the device powers
down (even if EN is re-asserted).

5.1.5 |Isolation (Boost Converter 1)

The synchronous topology of boost converter 1 ensures that AVpp is fully isolated from V\y when the
converter is disabled.
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5.1.6 Output Voltage (Boost Converter 1)

The output voltage of boost converter 1 can be programmed from 7 V to 10.1 V in 100 mV steps using the
AVDD register. The factory default setting is 8.4 V.

5.1.7 Input Supply Characteristics

5.2

Boost converter 1 exhibits a fast response with excellent line transient performance. Its fast reaction to
changes in input voltage means that excessive input impedance can cause the converter to become
unstable. This can happen, for example, if V|y is supplied via an excessively long cable, in which case the
parasitic inductance of the cable forms a resonant circuit with the input capacitance of the IC. The
following guidelines help avoid such problems and ensure proper operation:
* Minimize supply cable inductance
+ Minimize supply cable resistance
+ Maximize input capacitance
» Avoid using ceramic types for the bulk input capacitance

— Capacitors with higher ESR help to damp any tendency to ring on the part of the input cable

BUCK CONVERTER 1 (V¢oge)

Buck converter 1 is synchronous and uses a constant off-time topology that offers high efficiency, fast
transient response, and constant ripple-current amplitude under all operating conditions. The output
voltage Vcore can be programmed by the user. The off-time of the converter is inversely proportional to
the output voltage, and therefore is constant when the converter is in regulation. Thus, for a given V|, the
converter operates at a constant frequency that changes temporarily when the converter reacts to load
changes.

VIN

VCORE VIN
T

1
L

PWM 4|'_f A

Control SW2

Vrer ]—Nm—‘h“ Veore

TGND

Figure 5-3. Buck Converter 1 Block Diagram

5.2.1 Outiput Voltage (Buck Converter 1)

The output voltage of buck converter 1 can be programmed from 1 V to 1.3 V in 100 mV steps. The
factory default setting is 1.1 V.
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5.2.2 Power Up (Buck Converter 1)

Buck converter 1 starts as soon as V|y > Vyy o (the same time buck converter 2 and LDO regulator
starts).

To minimize inrush current during start-up, buck converter 1 ramps Vgore from zero to the final value in
tsg1 milliseconds. Soft-start time tggq can be programmed from 0.5 ms to 4 ms using the SS1 register.

The same ramp rate is used for buck converter 2 and the linear regulator. Changing SS1 affects all three
regulators.

5.2.3 Power Down (Buck Converter 1)
Buck converter 1 is disabled when V\y< VyyLo- The output of buck converter 1 is not actively discharged.

5.3 BUCK CONVERTER 2 (V,o4)

Buck converter 2 is a low-power synchronous-buck converter that in typical applications generates the I/O
supply voltage for the timing controller and source drivers. Buck converter 2 is essentially the same as
buck converter 1: the output voltage Vo1 can be programmed by the user, but the output is actively
discharged during power-down.

V\N

VIO1 VIN
1

1
L

PWM 4' Q1A

Control SW3

Vrer ]—Nm—‘ho Viot

TGND

Figure 5-4. Buck Converter 2 Internal Block Diagram

5.3.1 Output Voltage (Buck Converter 2)

The output voltage of buck converter 2 can be programmed to 1.7 V, 1.8 V, or 2.5 V using the VIO
register. The factory default setting is 1.7 V. When Vo1 = 1.7 V or 1.8 V, the LDO regulator is disabled.

5.3.2 Power-Up (Buck Converter 2)

Buck converter 2 starts as soon as V|y > Vyyo (the same time buck converter 1 and LDO regulator
starts), and implements the same voltage ramping as buck converter 1.

5.3.3 Power-Down (Buck Converter 2)

Buck converter 2 is disabled and actively discharges its output when V|y < Vyyio-
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5.4 LDO REGULATOR (Vo)

In applications in which the timing controller and source drivers use different 1/O voltages, the low-dropout
(LDO) regulator can be used to generate the lower I/O supply voltage V|g,. The LDO regulator is supplied
from the VIO1 pin, which is the output of buck converter 2.

e

Vioro—L{ o7 [_’—"—[]TO Vioz

L

Figure 5-5. Linear Regulator Block Diagram

5.4.1 Output Voltage (LDO Regulator)

When Vo = 2.5V, the output voltage of the LDO regulator can be programmed to 1.7 V or 1.8 V using
the VIO register. When V|g1= 1.7 V or 1.8 V, the LDO regulator is disabled (factory default setting). Once
the device is powered up, the EN signal must remain high, to ensure reliable LDO programming.

5.4.2 Power-Up (LDO Regulator)

At power up, the LDO regulator starts as soon as Vy > Vyyio (the same time buck converter 1 and buck
converter 2 starts). The LDO regulator ramps the output linearly from zero to V| in tggy milliseconds.
Soft-start time tgg¢ can be programmed from 0.5 ms to 4 ms using the SS1 register.

The same ramp rate is used for both buck converters and the LDO regulator. Changing the SS1 register
affects all three regulators.

When the LDO is turned on or turned off during normal device operation (that is: programming Vo1 from
1.7 V 1o 2.5 V or vice versa), the ramp or discharge characteristic is defined by the load connected to the
LDO.

5.4.3 Power-Down (LDO Regulator)

The LDO regulator is supplied from the VIO1 pin, which is actively discharged during power-down. The
output of the LDO regulator therefore discharges through the body diode of transistor Q1 as long as VIO2
is high enough to forward bias the body diode. Thereafter, Vo, continues to discharge through the load
connected to it.
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5.5 BOOST CONVERTER 2 (Vgy)

Boost converter 2 is non-synchronous, and uses a constant off-time topology. The switching frequency of
the converter is not constant, but automatically adjusts for best performance according to V|y and Vgy.
Boost converter 2 uses peak current control and is designed to operate permanently in discontinuous-
conduction mode (DCM), thereby allowing the internal compensation circuit to achieve stable operation
over a wide range of output voltages and currents, such as when temperature compensation is used.

Figure 5-6 shows a simplified block diagram of boost converter 2.

AVpp p——oVgy

|
I

PWM =
Control t Qf

Temperature
Compensation

iﬁﬁ

VGHCOLD VGHHOT

a
TCOMP GND

R'H

Ryre Ry,

Figure 5-6. Boost Converter 2 Block Diagram

Boost converter 2 can be temperature compensated, allowing the output voltage to transition from a
higher voltage at low temperatures Vgycowp) to a lower voltage at high temperatures Vgyror (see
Figure 5-7 and Figure 5-8). The values of Vgyor) and VgncoLp) are programmed using the VGHHOT and
VGHCOLD registers. The values of Tyot and T p are programmed by selecting the appropriate resistor
values for the thermistor network connected to the TCOMP pin.

Van
A

Var(coLp)

VGH(HOT)

»

>
Tcop Thor Temperature

Figure 5-7. Boost Converter 2 Temperature Compensation Characteristic
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5.5.1

Figure 5-8. Boost Converter 2 Temperature Compensation Block Diagram

With proper selection of the external components Ry, R and Ryrc, temperatures Tpot and Teop can be
configured to suit the characteristics of each display. A Microsoft Excel® spreadsheet allowing easy
calculation of component values is available from Texas Instruments free of charge.

Power-Up (Boost Converter 2)

When AVpyp is finished ramping up, boost converter 2 enables. To minimize inrush current during start-up,
boost converter 2 ramps Vgy linearly to the programmed value in tggo seconds. Soft-start time tggo can be
programmed from 4 ms to 7.5 ms using the SS2 register. The same ramp rate is also used for boost
converter 1. Changing SS2 affects both boost converters.

5.5.2 Power-Down (Boost Converter 2)

5.5.3

Boost converter 2 is disabled when EN = 0 or V|y< Vyyo- The output of the converter is not actively
discharged when the converter is disabled. Once disabled (EN = 0), boost converter 2 remains disabled
until the device is powered down (even if EN is re-asserted).

Setting the Output Voltage (Boost Converter 2)

The output voltage of boost converter 2 at cold temperatures can be programmed from 25 V to 40 V O
using the VGHCOLD register. The output voltage of boost converter 2 at hot temperatures can be
programmed from 16 V to 31 V using the VGHHOT register.

In applications that do not require temperature compensation, the TCOMP pin must be tied to ground and
the VGHHOT register must set the voltage of Vgp.

See Figure 5-8 and note that between Vguhot and Vghcolp, the output voltage of boost converter 2 is
given by Equation 1.

Equation 1 calculates the voltage required on the TCOMP pin at temperatures Tyor and Teop.

(1)

V. _ VeHHoT

TCOMPHOT o8 @
V. _ 2xVgphot *+VaHcold

TCOMPCOLD =

84 ()

(1) Output voltages greater than 36 V require an external cascode transistor.
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5.5.4

5.6

Equation 4 calculates the appropriate value for Ryo

 _b++b? —4ac

Rrz = 2a
where
a-R R _ Vicompcolp — VrcovpHoT
— 'XNTCCOLD NTCHOT |
. SET
VrcompcaLb — VrcompHoT
b = (Rnrecowp + RNTCHOT)X( i
. SET
VrcompcoLp — VrcompHoT
¢ = (RrecoLp * RNTCHOT)X£ |
. SET
*  Rynrecowp is the resistance of the thermistor at temperature Teo p
*  RurcHort is the resistance of the thermistor at temperature Tyor (4)

Once the value of Ry, has been calculated, use Equation 5 to calculate the appropriate value of Ry.

Rer = X( VicampooLb J _( Rnrocolp * Rz j

lset Rnrecowp +R12 (5)

Protection (AVpp, Veors Viors Vioss Var)

Each voltage regulator is protected against short-circuits and undervoltage conditions. An undervoltage
condition is detected if a regulator output falls below 70% of the programmed voltage for longer than 50
ms, in which case the IC is disabled. To recover normal operation following an undervoltage condition, the
cause of the error condition must be removed and the supply voltage, V|y, must be cycled. A short-circuit
condition is detected if a regulator output falls below 30% of its programmed voltage, in which case the IC
is disabled immediately. To recover normal operation following a short-circuit condition, the cause of the
error must be removed and the supply voltage,Vy, must be cycled.

RESET GENERATOR

The RST pin generates an active-low reset signal for the timing controller. During power up, the reset
timer starts when V¢oge has finished ramping. The reset pulse duration tgeser can be programmed from 2
ms to 16 ms using the RESET register. The RST signal is latched when it goes high and is not taken low
again until the device is powered down (even if Vcore temporarily falls out of regulation). The active
power-down threshold (Vyy o or Vper) can be selected using the RMODE bit in the CONFIG register.

The RST output is an open-drain type that requires an external pullup resistor. Pullup-resistor values in
the range 10 kQ to 100 kQ are recommended for most applications.
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5.7 GATE VOLTAGE SHAPING

The gate-voltage shaping function reduces image sticking in LCD panels by modulating the gate ON
voltage (Vgn) of the LCD panel. Figure 5-9 shows a block diagram of the gate voltage shaping function
and Figure 5-10 shows the typical waveforms during operation.

FLK Control VGHM
FLko—L 1 (ogic $—L 1o Vauy

Figure 5-9. Gate-Voltage Shaping Block Diagram

A

V|02
FLK Don't Care

L ' ' Ven
' DLY6
Vet . \

Figure 5-10. Gate-Voltage Shaping Waveforms

Gate-voltage shaping is controlled by the FLK input. When FLK is high, Q1 is on, Q2 is off, and Vguy is
equal to Vgy. When FLK is low, Q1 is turned off, Q2 is turned on, and the LCD-panel load connected to
the VGHM pin discharges through the external resistor connected to the RE pin. This resistor is typically
connected to GND or AVpp.

During power-up Q2 is held permanently on and Q1 permanently off, regardless of the state of the FLK
signal, until tp yg milliseconds after boost converter 2 (V) has finished ramping. The value of tp vg can
be programmed from 0 ms to 35 ms using the DLY®6 register.

During power-down Q1 is held permanently on and Q2 permanently off, regardless of the state of the FLK
signal.

Non-GIP or Non-ASG panels that do not use the gate-voltage shaping function must leave the RE pin
floating and connect the FLK pin to GND.
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5.8

5.9

PANEL RESET / LCD BIAS READY (XAO)

The TPS65642A device provides an output signal through the XAO pin that is used to reset a level-shifter
or gate-driver IC during power up and power down. The GIP bit in the CONFIG register defines whether
the XAO pin works in GIP mode or non-GIP mode.

The primary purpose of the XAO signal in non-GIP applications is to drive the outputs of the display-panel
gate-driver IC high during power down by generating an active-low signal. When the GIP = 0, the XAQO pin
is pulled low whenever V|y < Vpet. The Vper threshold voltage can be configured using the VDET register.

When the GIP = 1, the XAO output is used to delay the start of level-shifter activity during power up. The
delay time tp, yg starts when Vg is done ramping up, and can be configured using the DLY®6 register.

The XAO output is an open-drain type and requires an external pull up, typically in the range 10 kQ to 100
kQ.

PROGRAMMABLE Vo, CALIBRATOR

The programmable Vo calibrator uses a digital-to-analog converter (DAC) to generate an offset current
Ipac for an external resistor divider connected to AVpp (see Figure 5-11 and Figure 5-12). Higher values of
the 7-bit digital word N written to the DAC generate higher Ipac sink currents, and therefore lower Vo
voltages.

Figure 5-11 shows the recommended circuit for the most commonly used application, when the LCD panel
requires only one Vgom supply voltage. The second op-amp is shown wired as a unity-gain buffer with an
input tied to GND (the recommended configuration if a second op-amp is not used), however, using a
second op-amp for other purposes, such as generating a half-AVpp supply rail, is acceptable.

AVpp

R3

DAC
L POS1 POS1

VCOM I::> DAC OUT1
NEG1 ——0 Veous

R5
l lset

1
L

SMODE o— & ————— "N\N—
V\N < VU\/LO o0— :ﬂ_ 4’\/\/\/—| |—O VF81

Vrer
POS2

ITT

ouT2
NEG2 ——0 Veome

RSET

RSET

Figure 5-11. Single-Programmable V¢oy Supply
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The external resistor Rget generates a reference current Iger for the DAC. Since this reference current is
also used by the temperature compensation function of boost converter 2, care must be taken to ensure
that a suitable value is chosen. For most applications, a value of 24.9 kQ is recommended, which
generates a reference current given by Equation 6.

IseT = Veer

Rser

1.25V
lseT = ——— =50.2pA
SET = 24 9ka H (6)

The output current Ipac sunk by the DAC is given by Equation 7.
DAC =" o5
where
+ Nis the 7-bit word written to the DAC, and ranges from 0 to 127 (7)

Equation 8 and Equation 9 can calculate appropriate values for R3 and R5.

R3 =

ISET X (1 27 x Vcom(max) + AVCOM) (8)
5_ 128 x AV gy x R3
(127 xIggr xR3)~ (128 x AVgop ) ©)

Figure 5-12 shows the recommended connection for the case when two Vo supplies Veomt and Veome
are to be generated.

AVpp

R3

IDAC
«— POS1 POS1
1 [

VCOM I::> DAC OUT1
NEG1 ———0 Veoms

l ISEET

1
L

SMODE 0o— & e AAA
Viy < Vo 0— :ﬂ- R4 4’\/\/\/—| |—O VF81

Vrer — POS?
fm
= [ OouT2
NEG2 —o——o0 Veome
3 R5
1
RSET
- ————\———

RSET
W0 Ve

Figure 5-12. Dual-Programmable Vo Supplies

In Figure 5-12, the voltage Vcoome generated by the second op-amp is slightly lower than Vgoumy. If two
identical Vgom supplies are required, these can be generated by setting R4 = 0.

Copyright © 2013, Texas Instruments Incorporated Detailed Description 37
Submit Documentation Feedback
Product Folder Links: TPS65642A


http://www.ti.com/product/tps65642a?qgpn=tps65642a
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSC21&partnum=TPS65642A
http://www.ti.com/product/tps65642a?qgpn=tps65642a

TPS65642A i3 TExAs

INSTRUMENTS

SLVSC21 —OCTOBER 2013 www.ti.com

5.9.1

Equation 10 through Equation 12 calculate the correct values for R3 through R5 for the case when two
(slightly different) Voom voltages are required.

R3 _ 128XAVCOV| XAVDD

IseT X (1 27 x VCOM1(MAX) +AVcoum ) 1o

R4 | Veomemax) | 128 x AV gy x R3
Veomimaxy | | (127 xlggr xR3) = (128 x AV )

(11)

R5 = [VCONH(MAX) —VCOMZ(MAX)]X[ 128 x AVgopm xR3 ]

VCOM1(MAX) (127 X ISET X RS) - (1 28 X AVCOM) (1 2)

A Microsoft Excel spreadsheet is available free of charge that calculates the values of R3, R4 and R5 —
contact a local Tl sales representative for a copy.

Operational Amplifier Performance

Like most operation amplifiers (op amps), the Voom 0p amps are not designed to drive purely capacitive
loads, so Tl does not recommend to connect a capacitor directly to the outputs of the op amps in an
attempt to increase performance; however, the amplifiers are capable of delivering high peak currents that
make such capacitors unnecessary.

High-speed op amps such as those in the TPS65642A device require care when using them. The most
common problem is when parasitic capacitance at the inverting input creates a pole with the feedback
resistor, reducing amplifier stability. Two things can minimize the likelihood of this happening which work
by shifting the pole (which can never be completely eliminated) to a frequency outside the bandwidth of
the op amp, where it has no effect.

1. Reduce the value of the feedback resistor. In applications where no feedback from the panel is used,
the feedback resistor can be made zero. In applications where a non-zero feedback resistor has to be
used, a small capacitor (10 pF — 100 pF) across the feedback resistor will minimize ringing.

2. Minimize the parasitic capacitance at the op amp's inverting input. This is achieved by using short PCB
traces between the feedback resistor and the inverting input, and by removing ground planes and other
copper areas above and below this PCB trace.

5.9.2 Power Up (Programmable VCOM)

The programmable Vcoy is enabled when AVpp > =3 V.

5.9.3 Power Down (Programmable VCOM)

5.10

The programmable Vgonm supports two kinds of power-down behavior, and the SMODE bit in the CONFIG
register determines which behavior is active (see Figure 5-41 and Figure 5-42).

If SMODE = 0, the active discharge transistor Q1 is permanently disabled; during power-down, Vcom
tracks AVpp until Vgom is too low to support operation. If SMODE = 1, Q1 turns on when Viy < Vyyios
actively pulling Vcom low.

PROGRAMMABLE GAMMA-VOLTAGE GENERATOR

The gamma-voltage correction supplies 14 reference voltages that can be used by the system source
driver IC to match the LCD-panel luminance characteristics more closely to the response of the human
eye.

The gamma-correction voltages can be programmed individually using the I°C interface. During power up,
the default gamma voltage for each channel is loaded from EEPROM into the corresponding DAC.
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5.1

During operation, the output voltages of the DAC can be changed by programming new values via the 1°C
interface. Values programmed to the DACs but not transferred to EEPROM are lost when power is
removed from the device. The next time the device is powered up, the DACs are programmed with
whatever values are stored in the EEPROM. The current DAC settings can be transferred to EEPROM
(thereby becoming the new default values used during power-up) at any time by sending the appropriate
command to the Control Register through the 1°C interface.

AVpp

l AVDD

OUTA
GAMA » DAC > F—o

OUTN
S E =l

Figure 5-13. Gamma Correction Block Diagram

The output stages of the gamma correction block are capable of extending close to the supply rails (AVpp
and ground); however, they can only achieve this rail-to-rail performance with the specified accuracy if the
outputs are lightly loaded. The gamma reference outputs are only intended to drive high impedance loads
such as those presented by a gamma buffer or a high impedance source driver input.

The output voltage Vgam of each channel is given by:

N
Voau = @'AVDD
where
* Nis the 10-bit digital word programmed to the gamma register and ranges from 0 to 1023 (13)

Any non-used output can be left open and, to save power, must be programmed to the maximum voltage
(approximately 180-pA saving per output).

CONFIGURATION

The TPS65642A device divides the configuration parameters into two categories:

2. all other configuration parameters

In typical applications, all configuration parameters except Vcom are programmed by the subcontractor
during PCB assembly, and Vo is programmed by the display manufacturer during display calibration.

5.11.1 RAM, EEPROM, and Write Protect

Configuration parameters are changed by writing the desired values to the appropriate RAM register(s).
The RAM registers are volatile and their contents are lost when power is removed from the device. By
writing to the Control Register, storing the active configuration in non-volatile EEPROM is possible; during
power up, the contents of the EEPROM are copied into the RAM registers and used to configure the
device.
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An active-high Write Protect (WP) pin prevents the configuration parameters from being changed by
accident. This pin is internally pulled high and must be actively pulled low to access to the EEPROM or
RAM registers. Note that the WP pin disables all I°C traffic to and from the TPS65642A device, and must
also be pulled low during read operations. This is to ensure that noise present on the I°C lines does not
erroneously overwrite the active configuration stored in RAM (which would not be protected by a simple
EEPROM write-protect scheme).

5.11.2 Configuration Parameters (Excluding VCOM)

Table 5-1 shows the memory map of the configuration parameters.

Table 5-1. Configuration Memory Map

REGISTER FACTORY
ADDRESS REGISTER NAME DEFAULT DESCRIPTION
00h CONFIG 00h Sets miscellaneous configuration bits
01h AVDD OEh Sets the output voltage of boost converter 1
02h VGHHOT 00h Sets the output voltage of boost converter 2 at high temperatures
03h VGHCOLD 00h Sets the output voltage of boost converter 2 at low temperatures
04h VIO 00h Sets the output voltage of buck converter 2 and the LDO regulator
05h MISC 05h Sets the output voltage of buck converter 1 (Vcore) and the switching
frequency of boost converter 1 (AVpp)
06h SS1 03h Sets the soft-start time for buck converters 1 and 2 and the linear
regulator
07h SS2 00h Sets the soft-start time for boost converters 1 and 2
08h RESET 01h Sets the reset pulse duration
09h DLY1 02h Sets the boost converter 1 start-up delay
0Ah DLY6 04h Sets the gate voltage shaping and LCD ready start-up delay
0Bh VDET 00h Sets the threshold of the /RST and /XAO signals
0Ch 02h Contains the 2 MSBs of the 10-bit gamma voltage A
GAMMA-A - :
0Dh 00h Contains the 8 LSBs of the 10-bit gamma voltage A
OEh 02h Contains the 2 MSBs of the 10-bit gamma voltage B
GAMMA-B - -
OFh 00h Contains the 8 LSBs of the 10-bit gamma voltage B
10h 02h Contains the 2 MSBs of the 10-bit gamma voltage C
GAMMA-C - :
11h 00h Contains the 8 LSBs of the 10-bit gamma voltage C
12h 02h Contains the 2 MSBs of the 10-bit gamma voltage D
GAMMA-D - :
13h 00h Contains the 8 LSBs of the 10-bit gamma voltage D
14h 02h Contains the 2 MSBs of the 10-bit gamma voltage E
GAMMA-E - :
15h 00h Contains the 8 LSBs of the 10-bit gamma voltage E
16h 02h Contains the 2 MSBs of the 10-bit gamma voltage F
GAMMA-F - :
17h 00h Contains the 8 LSBs of the 10-bit gamma voltage F
18h 02h Contains the 2 MSBs of the 10-bit gamma voltage G
GAMMA-G - -
19h 00h Contains the 8 LSBs of the 10-bit gamma voltage G
1Ah 02h Contains the 2 MSBs of the 10-bit gamma voltage H
GAMMA-H - :
1Bh 00h Contains the 8 LSBs of the 10-bit gamma voltage H
1Ch GAMMA.I 02h Contains the 2 MSBs of the 10-bit gamma voltage |
1Dh 00h Contains the 8 LSBs of the 10-bit gamma voltage |
1Eh GAMMA 02h Contains the 2 MSBs of the 10-bit gamma voltage J
1Fh 00h Contains the 8 LSBs of the 10-bit gamma voltage J
20h 02h Contains the 2 MSBs of the 10-bit gamma voltage K
GAMMA-K - -
21h 00h Contains the 8 LSBs of the 10-bit gamma voltage K
22h GAMMA-L 02h Contains the 2 MSBs of the 10-bit gamma voltage L
23h 00h Contains the 8 LSBs of the 10-bit gamma voltage L
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Table 5-1. Configuration Memory Map (continued)
REGISTER FACTORY
ADDRESS REGISTER NAME DEFAULT DESCRIPTION
24h 02h Contains the 2 MSBs of the 10-bit gamma voltage M
GAMMA-M - -
25h 00h Contains the 8 LSBs of the 10-bit gamma voltage M
26h 02h Contains the 2 MSBs of the 10-bit gamma voltage N
GAMMA-N - -
27h 00h Contains the 8 LSBs of the 10-bit gamma voltage N
FFh Control 00h Controls whether read and write operations access RAM or EEPROM
registers
5.11.3 CONFIG (00h)
Figure 5-14. CONFIG Register Bit Allocation
7 6 5 4 3 2 1 0
Not Implemented | RMODE | SMODE GIP
R/W-0 R/W-0 R/W-0
LEGEND: R/W = Read/Write; R = Read only; -n = factory default
Table 5-2. CONFIG Register Field Descriptions
Bit Field Value Description
7-3 Not implemented. N/A | These bits are not implemented in hardware. During write operations data for these bits is ignored,
and during read operations 0 is returned.
2 RMODE Configures the RST power-down threshold voltage.
0 Vyvro threshold used.
1 Vpet Threshold used.
1 SMODE Configures the power-down behavior of AVpp and Vgom.
0 AVpp is actively discharged (but not Vcom)-
1 Vcowm is actively discharged (but not AVpp).
0 GIP This bit configures the device for use with either GIP or non-GIP LCD panels.
0 The device operates in non-GIP mode, and XAO functions as a panel reset during power-
down.
1 The device operates in GIP mode, and the XAO functions as an enable for the panel level shifter
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5.11.4 AVDD (01h)

Figure 5-15. AVDD Register Bit Allocation

7 6 5 4 3 2 1 0
Not Implemented | AVDD
RIW-0 R/W- 7 R/W-1 R/W- 7 RIW-0

LEGEND: R/W = Read/Write; R = Read only; -n = factory default

Table 5-3. AVDD Register Field Descriptions

Bit Field Value Description
7-4 Not Implemented N/A | These bits are not implemented in hardware. During write operations data for these bits is ignored,
and during read operations 0 is returned.
4-0 AVDD These bits configure boost converter 1's output voltage (AVpp).
00h |70V
0th |71V
02h |72V
03h |73V
04h |74V
05h |75V
06h |76V
07h |77V
08h |78V
0%h |79V
0OAh |8.0V
0Bh |81V
0Ch |[82V
0ODh [83V
OEh (8.4V
OFh |85V
10h |8.6V
11h |8.7V
12h |88V
13h |89V
14h  |9.0V
15h |91V
16h |9.2V
17h  |9.3V
18h |94V
19h |95V
1Ah |96V
1Bh [9.7V
1Ch |9.8V
1Dh |99V
1Eh |[10.0V
1Fh  [10.1V
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5.11.5 VGHHOT (02h)

Figure 5-16. VGHHOT Register Bit Allocation

7 6 5 4 3 2 1 0
Not Implemented \ VGHHOT
RIW-0 RIW-0 R/IW-0 RIW-0

LEGEND: R/W = Read/Write; R = Read only; -n = factory default

Table 5-4. VGHHOT Register Field Descriptions

Bit Field Value | Description
7-4 Not Implemented N/A | These bits are not implemented in hardware. During write operations data for these bits is ignored,
and during read operations 0 is returned.

3-0 VGHHOT These bits configure boost converter 2's output voltage (Vgn) of at high temperatures.
Oh 16V
1h 17V
2h 18V
3h 19V
4h 20V
5h 21V
6h 22V
7h 23V
8h 24V
9h 25V
Ah 26V
Bh 27V
Ch 28V
Dh 29V
Eh 30V
Fh 31V
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5.11.6 VGHCOLD (03h)

7 6

Figure 5-17. VGHCOLD Register Bit Allocation

5 4 3 2 1 0

Not Implemented \ VGHCOLD

R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = factory default

Table 5-5. VGHCOLD Register Field Descriptions

Bit Field Value Description
7-4 Not Implemented N/A | These bits are not implemented in hardware. During write operations data for these bits is ignored,
and during read operations 0 is returned.
3-0 VGHCOLD These bits configure boost converter 2's output voltage (Vgn) at low temperatures.
Oh 25V
1h 26V
2h 27V
3h 28V
4h 29V
5h 30V
6h 31V
7h 32V
8h 33V
9h 34V
Ah 35V
Bh 36V
Ch 37V
Dh 38V
Eh 39V
Fh 40V
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5.11.7 VIO (04h)

Figure 5-18. VIO Register Bit Allocation

5 4 3 2 1 0

Not Implemented \ VIO

R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = factory default

Table 5-6. VIO Register Field Descriptions

Bit Field Value Description

7-2 Not Implemented N/A | These bits are not implemented in hardware. During write operations data for these bits is ignored,
and during read operations 0 is returned.

1-0 VIO These bits configure the output voltage of buck converter 2 (V|o1) and the LDO regulator (V,go).
Once the device is powered up, the EN signal must remain high, to ensure reliable LDO
programming.

Oh Vio1 = 1.7 V, LDO regulator disabled.
1h Vio1 = 1.8 V, LDO regulator disabled.
2h Vio1 =25V, Voo =1.7 V.
3h Vio1 =25V, Ve =18 V.
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5.11.8 MISC (05h)
Figure 5-19. MISC Register Bit Allocation
7 6 5 4 3 2 1 0
Not Implemented | FREQ | VCORE
R/W-1 R/W-0 R/W-1

LEGEND: R/W = Read/Write; R = Read only; -n = factory default

Table 5-7. MISC Register Field Descriptions

Bit Field Value Description
7-3 Not Implemented N/A | These bits are not implemented in hardware. During write operations data for these bits is ignored,
and during read operations 0 is returned.
2 FREQ This bit configures boost converter 1's (AVpp) switching frequency.

Oh 750 kHz
1h 1200 kHz

1-0 VCORE These bits configure buck converter 1's (Vcorg) output voltage.
Oh 1V
1h 11V
2h 1.2V
3h 1.3V
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5.11.9 SS1 (06h)

Figure 5-20. SS1 Register Bit Allocation

6 5 4 3 2 1 0
Not Implemented | SS1
R/W-0 R/W-1 R/W-1

LEGEND: R/W = Read/Write; R = Read only; -n = factory default

Table 5-8. SS1 Register Field Descriptions

Bit Field Value Description
7-3 Not Implemented N/A | These bits are not implemented in hardware. During write operations data for these bits is ignored,
and during read operations 0 is returned.
2-0 SSH These bits configure the soft-start time for buck converter 1 (Vcoge), buck converter 2 (V,oq) and
the LDO linear regulator (V|g2).
Oh 0.5 ms
1h 1ms
2h 1.5ms
3h 2ms
4h 25 ms
5h 3 ms
6h 3.5ms
7h 4 ms
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5.11.10 SS2 (07h)

Figure 5-21. SS2 Register Bit Allocation

7 6 5 4 3 2 1 0
Not Implemented | SS2
R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = factory default

Table 5-9. SS2 Register Field Descriptions

Bit Field Value Description
7-3 Not Implemented | N/A 0 1 | These bits are not implemented in hardware. During write operations data for these bits is ignored,
and during read operations 0 is returned.
2-0 SS2 These bits configure the soft-start time for boost converter 1 (AVpp) and boost converter 2 (Vgp)-
Oh 4 ms
1h 4.5 ms
2h 5ms
3h 5.5 ms
4h 6 ms
5h 6.5 ms
6h 7 ms
7h 7.5ms
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5.11.11 RESET (08h)

Figure 5-22. RESET Register Bit Allocation

5 4 3 2

Not Implemented ‘

RESET

LEGEND: R/W = Read/Write; R = Read only; -n = factory default

Table 5-10. RESET Register Field Descriptions

R/W-0

R/W-1

Bit Field Value Description
7-2 Not Implemented N/A | These bits are not implemented in hardware. During write operations data for these bits is ignored,
and during read operations 0 is returned.
1-0 RESET These bits configure the duration of the reset pulse during start-up.
Oh 2ms
1h 4 ms
2h 8 ms
3h 16 ms
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5.11.12 DLY1 (09h)

Figure 5-23. DLY1 Register Bit Allocation

LEGEND: R/W = Read/Write; R = Read only; -n = factory default

7 6 5 4 3 2 1 0
Not Implemented | DLY1
RIW-0 R/W- 7 RIW-0

Table 5-11. DLY1 Register Field Descriptions

Bit Field Value Description
7-3 Not Implemented N/A | These bits are not implemented in hardware. During write operations data for these bits is ignored,
and during read operations 0 is returned.
2-0 DLYA These bits configure the start-up delay for boost converter 1 (AVpp).
Oh 0ms
1h 10 ms
2h 20 ms
3h 30 ms
4h 40 ms
5h 50 ms
6h 60 ms
7h 70 ms
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5.11.13 DLY6 (0Ah)

Figure 5-24. DLY6 Register Bit Allocation

7 6 5 4 3 2 1 0
Not Implemented | DLY6
R/W-1 R/IW-0 RIW-0

LEGEND: R/W = Read/Write; R = Read only; -n = factory default

Table 5-12. DLY6 Register Field Descriptions

Bit Field Value Description
7-3 Not Implemented N/A | These bits are not implemented in hardware. During write operations data for these bits is ignored,
and during read operations 0 is returned.
2-0 DLY6 These bits configure the delay between Vgy reaching its final value and gate voltage shaping or
XAO being enabled.
Oh 0ms
1h 5ms
2h 10 ms
3h 15 ms
4h 20 ms
5h 25 ms
6h 30 ms
7h 35 ms
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5.11.14 VDET (0Bh)

Figure 5-25. VDET Register Bit Allocation

7 6 5 4 3 2 1 0
Not Implemented | VDET
RIW-0 R/IW-0 RIW-0

LEGEND: R/W = Read/Write; R = Read only; -n = factory default

Table 5-13. VDET Register Field Descriptions

Bit Field Value Description
7-3 Not Implemented N/A | These bits are not implemented in hardware. During write operations data for these bits is ignored,
and during read operations 0 is returned.
2-0 VDET These bits configure the threshold for XAO and RST (if RMODE is "1" in the CONFIG register).
Oh 22V
1h 23V
2h 24V
3h 25V
4h 36V
5h 3.7V
6h 3.8V
7h 39V
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5.11.15 GAMXxHI (0Ch, OEh...26h)

Figure 5-26. GAMxHI Register Bit Allocation

5 4 3 2

Not Implemented ‘

GAMxHI

LEGEND: R/W = Read/Write; R = Read only; -n = factory default

Table 5-14. GAMxHI Register Field Descriptions

R/W-1 R/W-0

Bit Field Value Description

7-2 Not Implemented N/A | These bits are not implemented in hardware. During write operations data for these bits is ignored,
and during read operations 0 is returned.

1-0 GAMxHI 0h-3h | These bits form the two most significant bits of the 10-bit GAMx value used to program the gamma
correction voltage for channel x.

Copyright © 2013, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: TPS65642A

Detailed Description

53


http://www.ti.com/product/tps65642a?qgpn=tps65642a
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSC21&partnum=TPS65642A
http://www.ti.com/product/tps65642a?qgpn=tps65642a

TPS65642A

SLVSC21 —OCTOBER 2013

13 TEXAS
INSTRUMENTS

www.ti.com

5.11.16 GAMNxLO (0Dh, OFh...27h)

Figure 5-27. GAMxLO Register Bit Allocation

5 4

2 1 0

GAMxLO

R/W-0

R/W-0

R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = factory default

R/W-0 R/W-0 R/W-0

Table 5-15. GAMxLO Register Field Descriptions

Bit Field Value Description
7-0 GAMxLO 00h—FF | These bits form the least significant eight bits of the 10-bit value used to program the gamma
h correction voltage for channel x.
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5.11.17 Control (FFh)

Figure 5-28. CONTROL Register Bit Allocation

7 6 5 4 3 2 1 0
WED Not Implemented RED
R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = factory default

Table 5-16. CONTROL Register Field Descriptions

Bit Field Value Description
7 WED Setting this bit forces the contents of all DAC registers to be copied to the EEPROM, thereby
making them the default values during power-up.
0 Not used. This bit is automatically reset to 0 when the contents of the DAC registers have

been copied to EEPROM.

The contents of all DAC registers are copied to the EEPROM, making them the new default values
following power-up.

6-1 Not Implemented N/A

These bits are not implemented in hardware. During write operations data for these bits is ignored,
and during read operations 0 is returned.

0 RED This bit configures the data returned by read operations.
0 Read operations return the contents of the DAC registers.
1 Read operations return the content of the EEPROM registers.
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5.11.18

©® Nk~ WD~

Example — Writing to a Single RAM Register

Bus master sends START condition

Bus master sends 7-bit slave address plus low R/W bit (E8h)
TPS65642A acknowledges

Bus master sends address of RAM register (00h)
TPS65642A acknowledges

Bus master sends data to be written

TPS65642A acknowledges

Bus master sends STOP condition

74h 00h DATA

| s | 7-Bit Slave Address | 0 | A | RAM Register Address | A | RAM Register Data

[+] 7]

Figure 5-29. Writing to a Single RAM Register
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5.11.19 Example — Writing to Multiple RAM Registers

1. Bus master sends START condition

2. Bus master sends 7-bit slave address plus low R/W bit (E8h).

3. TPS65642A acknowledges

4. Bus master sends address of first RAM register to be written to (00h)

5. TPS65642A acknowledges

6. Bus master sends data to be written to first RAM register

7. TPS65642A acknowledges

8. Bus master sends data to be written to RAM register at next higher address (auto-increment)

9. TPS65642A acknowledges

10. Steps (8) and (9) repeated until data for final RAM register has been sent
11. TPS65642A acknowledges

12. Bus master sends STOP condition

74h 00h DATA DATA
| s | 7-Bit Slave Address | 0 I A I RAM Register Address (n) I A I RAM Register Data (n) I A ‘ RAM Register Data (n+1) I A "77\
I

I

! DATA

|

L—+| RAM Register Data (Last) I AlP

Figure 5-30. Writing to Multiple RAM Registers
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5.11.20 Example — Saving Contents of all RAM Registers to EEPROM

1. Bus master sends START condition

2. Bus master sends 7-bit slave address plus low R/W bit (E8h)

3. TPS65642A acknowledges

4. Bus master sends address of Control Register (FFh)

5. TPS65642A acknowledges

6. Bus master sends data to be written to the Control Register (80h)

7. TPS65642A acknowledges

8. Bus master sends STOP condition

74h FFh 80h
| S | 7-Bit Slave Address | 0 | A | Control Register Address | A | Control Register Data | A m
Figure 5-31. Saving Contents of all RAM Registers to EZPROM
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5.11.21 Example — Reading from a Single RAM Register
Bus master sends START condition

Bus master sends 7-bit slave address plus low R/W bit (E8h)
TPS65642A acknowledges

Bus master sends address of Control Register (FFh)
TPS65642A acknowledges

Bus master sends data for Control Register (00h)
TPS65642A acknowledges

Bus master sends STOP condition

Bus master sends START condition

. Bus master sends 7-bit slave address plus low R/W bit (E8h)
. TPS65642A acknowledges

. Bus master sends address of RAM register (00h)

. TPS65642A acknowledges

. Bus master sends REPEATED START condition

. Bus master sends 7-bit slave address plus high R/W bit (E9h)
. TPS65642A acknowledges

. TPS65642A sends RAM register data

. Bus master does not acknowledge

. Bus master sends STOP condition

©® Nk~ WD~

—_ a4 a4 a4 a4 4 a4 a4 a4 o
© 00 NO O A WN = O -

74h FFh 00h

’ S ‘ 7-Bit Slave Address ‘ 0 ‘ A ‘ Control Register Address ‘ A ‘ Control Register Data ‘ A ‘ P Fﬁi

74h i 00h 74h DATA
**b{ S ‘ 7-Bit Slave Address ‘ 0 ‘ A ‘ RAM Register Address ‘ A ‘Sr‘ 7-Bit Slave Address ‘ 1 ‘ A ‘ RAM Register Data ‘ A ‘ P ‘

Figure 5-32. Reading from a Single RAM Register
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Example — Reading from a Single EEPROM Register
Bus master sends START condition

Bus master sends 7-bit slave address plus low R/W bit (E8h)
TPS65642A acknowledges

Bus master sends address of Control Register (FFh)
TPS65642A acknowledges

Bus master sends data for Control Register (01h)
TPS65642A acknowledges

Bus master sends STOP condition

Bus master sends START condition

Bus master sends 7-bit slave address plus low R/W bit (E8h)
TPS65642A acknowledges

Bus master sends address of EEPROM register (00h)
TPS65642A acknowledges

Bus master sends REPEATED START condition

Bus master sends 7-bit slave address plus high R/W bit (E9h)
TPS65642A acknowledges

TPS65642A sends EEPROM register data

Bus master does not acknowledge

Bus master sends STOP condition

74h FFh 01h

7-Bit Slave Address ‘ 0 ‘ A ‘ Control Register Address ‘ A ‘ Control Register Data ‘ A ‘ P Fﬁi

74h 00h 74h

DATA

7-Bit Slave Address ‘ 0 ‘ A ‘ EEPROM Register Address ‘ A ‘Sr‘ 7-Bit Slave Address ‘ 1 ‘ A ‘

EEPROM Register Data ‘ A ‘ P ‘

Figure 5-33. Reading from a Single EEPROM Register
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Example — Reading from Multiple RAM Registers
Bus master sends START condition

Bus master sends 7-bit slave address plus low R/W bit (E8h)
TPS65642A acknowledges

Bus master sends address of Control Register (FFh)
TPS65642A acknowledges

Bus master sends data for Control Register (00h)
TPS65642A acknowledges

Bus master sends STOP condition

Bus master sends START condition

. Bus master sends 7-bit slave address plus low R/W bit (E8h)

. TPS65642A acknowledges

. Bus master sends address of first register to be read (00h)

. TPS65642A acknowledges

. Bus master sends REPEATED START condition

. Bus master sends 7-bit slave address plus high R/W bit (E9h)

. TPS65642A acknowledges

. TPS65642A sends contents of first RAM register to be read

. Bus master acknowledges

. TPS65642A sends contents of second RAM register to be read
. Bus master acknowledges

. TPS65642A sends contents of third (last) RAM register to be read
. Bus master does not acknowledge

. Bus master sends STOP condition

74h FFh 00h

’ S ‘ 7-Bit Slave Address

Control Register Address ‘ A ‘ Control Register Data

74h 00h 74h

DATA

7-Bit Slave Address

‘ A ‘ Sr ‘ 7-Bit Slave Address

RAM Register Data (n)

DATA

DATA

RAM Register Data (n+1)

[]

RAM Register Data (Last) ‘

Figure 5-34. Reading from Multiple RAM Registers
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5.11.24 Example — Reading from Multiple EEPROM Registers

Bus master sends START condition

Bus master sends 7-bit slave address plus low R/W bit (E8h)
TPS65642A acknowledges

Bus master sends address of Control Register (FFh)

TPS65642A acknowledges

Bus master sends data for Control Register (01h)

TPS65642A acknowledges

Bus master sends STOP condition

Bus master sends START condition

. Bus master sends 7-bit slave address plus low R/W bit (E8h)

. TPS65642A acknowledges

. Bus master sends address of first EEPROM register to be read (00h)
. TPS65642A acknowledges

. Bus master sends REPEATED START condition

. Bus master sends 7-bit slave address plus high R/W bit (E9h)

. TPS65642A acknowledges

. TPS65642A sends contents of first EEPROM register to be read

. Bus master acknowledges

. TPS65642A sends contents of second EEPROM register to be read
. Bus master acknowledges

. TPS65642A sends contents of third (last) EEPROM register to be read
. Bus master does not acknowledge

. Bus master sends STOP condition

©® Nk~ WD~

[ T N T 1 T ) T N S S I e T T Y S N de ]
W N =2 OO 0o ~NOO O W N = O -

74h FFh 01h

’ S ‘ 7-Bit Slave Address ‘ 0 ‘ A ‘ Control Register Address ‘ A ‘ Control Register Data ‘ A ‘ P F——

|

|

|

! 74h i 00h 74h DATA

‘”4 s \ 7-Bit Slave Address \ 0 \ A \ EEPROM Register Addr (n) \ A \Sr\ 7-Bit Slave Address \ 1 \ A \ EEPROM Register Data (n) \ A }W

DATA DATA

Figure 5-35. Reading from Multiple EEPROM Registers

62 Detailed Description Copyright © 2013, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Links: TPS65642A


http://www.ti.com/product/tps65642a?qgpn=tps65642a
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSC21&partnum=TPS65642A
http://www.ti.com/product/tps65642a?qgpn=tps65642a

I,

www.ti.com

TEXAS
INSTRUMENTS

TPS65642A

SLVSC21 —OCTOBER 2013

5.11.25 Configuration Parameter VCOM

Figure 5-36. VCOM Register Bit Allocation

5 4 3 2 1 0
VCOM P
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = factory default

Table 5-17. VCOM Register Field Descriptions

Bit Field Value Description
7-1 VCOM During write operations these bits contain the data to be written. During read operations these bits
contain the contents of the EEPROM register.
00h-7F Vrer _ VCOM +1
h oyt = x
RgeT 128
0 P During write operations this bit configures the destination for data.
0 Data is written to the DAC register and EEPROM.
1 Data is written to the DAC register only.
During read operations this bit indicates whether the contains of the RAM register and EEPROM
are the same or not.
0 DAC register and EEPROM contents are the same.
1 DAC register and EEPROM contents are different.
Copyright © 2013, Texas Instruments Incorporated Detailed Description 63
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5.11.26 Example — Writing a VCOM Value of 77h to RAM Register Only

1. Bus master sends a START condition.

2. Bus master sends 9E hexadecimal (7-bit slave address plus low R/W bit).

3. TPS65642A slave acknowledges.

4. Bus master sends EF hexadecimal (data to be written plus LSB = 1).

5. TPS65642A slave acknowledges.

6. Bus master sends a STOP condition.

4Fh 77h
| S | 7-Bit Slave Address | 0 | A | Data to be Written | 1 | A m
Figure 5-37. Writing a VCOM Value of 77h to RAM Only

5.11.27 Example — Writing a VCOM Value of 77h to EEPROM and RAM

1. Bus master sends a START condition.

2. Bus master sends 9E hexadecimal (7-bit slave address plus low R/W bit).

3. TPS65642A slave acknowledges.

4. Bus master sends EE hexadecimal (data to be written plus LSB = 0).

5. TPS65642A slave acknowledges.

6. Bus master sends a STOP condition.

4Fh 77h
| S | 7-Bit Slave Address | 0 | A | Data to be Written | 0 | A IE‘
Figure 5-38. Writing a VCOM Value of 77h to EEPROM and RAM
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5.11.28 Example — Reading a VCOM Value of 77h from EEPROM When RAM Contents are
Identical

1. Bus master sends a START condition.
2. Bus master sends 9F hexadecimal (7-bit slave address plus high R/W bit).
3. TPS65642A slave acknowledges.
4. TPS65642A sends EE hexadecimal from EEPROM (data to be read plus LSB ='0').
5. Bus master does not acknowledge.
6. Bus master sends a STOP condition.
4Fh 77h
[s| 7BitSlaveAddress [1[A| DatatobeRead [o0[A]|P]|

Figure 5-39. Reading 77h from EEPROM when RAM Contents are Identical

5.11.29 Example —Reading a VCOM Value of 77h from EEPROM When RAM Contents are
Different

1. Bus master sends a START condition.
2. Bus master sends 9F hexadecimal (7-bit slave address plus high R/W bit).
3. TPS65642A slave acknowledges.
4. TPS65642A sends EF hexadecimal from RAM (data to be read plus LSB ='0").
5. Bus master does not acknowledge.
6. Bus master sends a STOP condition.
4Fh 77h
| S | 7-Bit Slave Address | 1 | A | Data to be Read | 1 | A | B |

Figure 5-40. Reading 77h from EEPROM when RAM Contents are Different
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5.11.30 FC Interface

Configuration parameters and the Vou voltage setting are programmed through an industry standard 1°C
serial interface. The TPS65642A device always works as a slave device and supports standard (100 kbps)
and fast (400 kbps) modes of operation. During write operations, all further attempts to access the slave
addresses are ignored until the current write operation is complete.

5.12

NOTE
The I°C interface contains a known bug. If a new start condition appears on the bus
before transfer of the slave address byte from a previously initiated read/write
operation is complete, the 1°C interface may hang. Normal operation is recovered after
cycling V.

POWER SEQUENCING

1.

6.

Buck converter 1 (Vcogre), Buck converter 2 (V|o¢), and the linear regulator (V,o,) start as soon as V| >
Vuvio-
The reset generator holds RST low until tgeset Seconds after Vore has reached power good status.

. Boost converter 1 starts tp, y1 milliseconds after EN goes high (or RST has gone high, whichever

occurs later). Once asserted, the EN signal must remain high to ensure normal device operation. Once
disabled (EN = 0), boost converter 1 remains disabled until the device is powered down (even if EN is
re-asserted).

Boost converter 2 starts as soon as AVpp has reached power-good status.

In non-GIP mode, Vgpy is held at high impedance until tp yvg milliseconds after Vg reaches power-
good status; XAO goes high when V| > Vper and low when Vg < Vper.

In GIP mode, XAO is held low until tp, yg milliseconds after Vg reaches power-good status.

Figure 5-41 and Figure 5-42 show the typical power-up or down characteristics of the TPS65642A device

66
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Figure 5-41. Power-Up or Power-Down Sequencing With EN Connected to Vy
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Figure 5-42. Power-Up or Power-Down Sequencing With EN Connected to T-CON Ready
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5.13 UNDERVOLTAGE LOCKOUT

An undervoltage lockout function disables the TPS65642A device when the supply voltage is too low for
proper operation.

6 Application Information

6.1 External Component Selection
Care must be applied to the choice of external components because these components greatly affect
overall performance. The TPS65642A device was developed with the two goals of high performance and
small or low-profile solution size. Because these two goals are often in direct opposition to one another
(for example, larger inductors tend to achieve higher efficiencies), some trade-off is always necessary.
Inductors must have adequate current capability so that the inductors do not saturate under worst-case
conditions. For high efficiency, inductors must also have low DC resistance (DCR).
Capacitors must have adequate effective capacitance under the applicable DC bias conditions they
experience in the application. MLCC capacitors typically exhibit only a fraction of the nominal capacitance
under real-world conditions and this must be taken into consideration when selecting capacitors. This
problem is especially acute in low profile capacitors, in which the dielectric field strength is higher than in
taller components. In general, the capacitance values shown in the circuit diagrams in this data sheet refer
to the effective capacitance after DC bias effects have been taken into consideration. Reputable capacitor
manufacturers provide capacitance-versus-DC-bias curves that greatly simplify component selection.
Table 6-1, Table 6-2,Table 6-3, Table 6-4, and Table 6-5 list some components suitable for use with the
TPS65642A device. The list is not exhaustive — other components may exist that are equally suitable (or
better), however, these components have been proven to work well and were used extensively during the
development of the TPS65642A device.
Table 6-1. Boost Converter 1 External Components
REF. DESCRIPTION PART NUMBER MANUFACTURER THICKNESS
L Chip Inductor, 4.7 pH, +20% 1269AS-H-4R7N Toko <1mm
C . .
N Ceramic Capacitor, X5R, 10 uF, 16 V, | GRr\i319R61H47EMAT2 Murata <0,85 mm
Cout +20%
Table 6-2. Buck Converter 1 External Component Recommendations
REF. DESCRIPTION PART NUMBER MANUFACTURER THICKNESS
L Chip Inductor 1269AS-H-2R2N Toko <1mm
Cout Ceramic Capacitor, X5R, 10 = pF, 6.3 V, GRM319R61H475MA12 Murata < 0,85 mm
+20%
Table 6-3. Buck Converter 2 External Component Recommendations
REF. DESCRIPTION PART NUMBER MANUFACTURER THICKNESS
L Chip Inductor 1269AS-H-2R2 Toko <1mm
Cout Ceramic Capacitor, X5R, 10 puF, 6.3 V, GRM319R61H475MA12 Murata < 0,85 mm
+20%
Table 6-4. LDO Regulator External Component Recommendations
REF. DESCRIPTION PART NUMBER MANUFACTURER THICKNESS
Cout Ceramic Capacitor, X5R, 10 pF,6.3 V, GRM319R61H475MA12 Murata < 0,85 mm
+20%
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Table 6-5. Boost Converter 2 External Components

REF. DESCRIPTION PART NUMBER MANUFACTURER THICKNESS
L Wirewound Inductor, 15 uH, +20% 1156AS-150M Toko <1mm
L Wirewound Inductor, 15 uH, +20% LQH3NPN150NGO Murata <1mm
Cout Ceramic Capacitor, X5R, 4.7 uF, 50 V, GRM319R61H475MA12 Murata < 0,85 mm
+20%
D Switching Diode, 150 mA, 75 V, 350 BAS16W Infineon <1 mm
mwW

6.2 Typical Application Circuit

Figure 6-1 and Figure 6-2 show the recommended application circuits for non-GIP and GIP displays

respectively. Minor changes may be required to optimize the circuit for a specific application, however, the
basic circuit is unlikely to change significantly.

Application Information
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Figure 6-1. Typical Application Circuit for Non-GIP Displays
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Figure 6-2. Typical Application Circuit for GIP Displays
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ©) (4/5)
(6)
TPS65642AYFFR ACTIVE DSBGA YFF 56 3000 RoHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 TPS65642A

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® | ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 25-Feb-2022
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
L |<— KO '<7P14>‘
oo olo o oo T
go W
Reel | | i
Diameter
Cavity *‘ A0 |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
K0 | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
_+_ P1 | Pitch between successive cavity centers
| [ |
_{ Reel Width (\W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
OO0 0O0O0O0O0OO0 07, Sprocket Holes
| 1
T T
Q1 : Q2 Q1 : Q2
A== f--7--1- -
Q3 1 Q4 Q31 Q4 User Direction of Feed
| w A |
T T
~
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS65642AYFFR DSBGA YFF 56 3000 330.0 12.4 3.0 3,55 | 0.81 8.0 12.0 Q1
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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL BOX DIMENSIONS
At
4
-
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T
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS65642AYFFR DSBGA YFF 56 3000 335.0 335.0 25.0
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% PACKAGE OUTLINE
YFF0056 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

BUMP Al—— |-

CORNER

0. 625 MAX
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E O O O @ O O O D: Max = 3.478 mm, Min =3.418 mm

E: Max = 3.146 mm, Min =3.086 mm
EIC)C)C) ) C)C) )l symm !
|GG g B

v OO0 00O0

[ sex 502
[ [0.0156) [c[AG [BO |

A
[0.4]TYP 2l 3 4

4219481/A 10/2014

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
YFF0056 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

56X (& 0.23) =T O4TYP
&5 2 4
0000

i OO OO
000000
0000
OO0 0O

SYMM
¢

LAND PATTERN EXAMPLE
SCALE:25X

0.05 MAX
(ﬁgﬁ?ﬁ 0.05 MIN . (@0.23)
P SOLDER MASK

: s OPENING
\\ I‘
SOLDER MASK SN METAL UNDER
OPENING SOLDER MASK
NON-SOLDER MASK
DEFINED SOLDEH MASK
(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4219481/A 10/2014

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SBVA017 (www.ti.com/lit/sbva017).
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EXAMPLE STENCIL DESIGN
YFF0056 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

(0.4) TYP —f=—=]

56X ((10.25) «W
|
]

(R0.05) TYP

i |
D \ /

[0)

s
\

T

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:30X

4219481/A 10/2014

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com
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