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

Check for Samples: TPS65642

1 Introduction

1.1

e 2.6 Vto 6V Input Voltage Range
* Synchronous Boost Converter (AVpp)

* Non-Synchronous Boost Converter with
Temperature Compensation (Vgn)

» Synchronous Buck Converter (Vcoge)
e Synchronous Buck Converter (V1)
» Low Dropout Linear Regulator (V|o,)

» Programmable Voy Calibrator with Two
Integrated Buffer Amplifiers

» Gate Voltage Shaping

Features

1.2 Applications
* Notebook PCs

 Tablet PCs
* Monitors
1.3 Description

e Panel Discharge Signal (XAQO)
» System Reset Signal (RST)

* 14-Channel, 10-Bit Programmable Gamma
Voltage Correction

* On-Chip EEPROM with Write Protect
« 12C™ Interface

e Thermal Shutdown

» Supports GIP and Non-GIP Displays

» 56-Ball, 3.16 mm x 3.45 mm 0.4 mm Pitch
DSBGA

The TPS65642 is a compact LCD bias solution primarily intended for use in Notebook and Tablet PCs.
The device comprises two boost converters to supply the LCD panel's source driver and gate driver/level
shifter; two buck converters and an LDO linear regulator to supply the system's logic voltages; a
programmable Vcoy generator with two high-speed amplifiers; 14-channel gamma voltage correction; and

a gate voltage shaping function.
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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.

PRODUCTION DATA information is current as of publication date. Products conform to
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
2.1 ORDERING INFORMATION®
Ta ORDERING PACKAGE PACKAGE MARKING
—40°C to 85°C TPS65642YFF 3.16 mm x 3.45 mm DSBGA, 0.4 mm pitch TPS65642
(1) The device is supplied taped and reeled, with 3000 devices per reel.
2.2 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 v
EN, FLK, WP, TCOMP, XAO, RST
AVDD, SW1, OUT1, OUT2, OUTA-OUTN -0.3 12 \%
Pin voltage | SW4 03 36® v
POS1, NEG1, POS2, NEG2 -0.3 12¥ Y
|POS1-NEG1|®, |POS2-NEG2|¥ 2 Y,
VGH, VGHM, RE -0.3 400 Y
Human Body Model 2000 \%
ESD Rating Machine Model 200 \%
Charged Device Model 700 \%
Ambient temperature, Tp -40 85 °C
Junction temperature, T, -40 150 °C
Storage temperature, Tstg —65 150 °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.

(2) Vgn supplies up to 40 V can be generated, but require an external cascode transistor or charge pump.

(3) For supply voltages less than 12 V, the absolute maximum input voltage is equal to the supply voltage.

(4) Differential input voltage.

(5) 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.

2.3 THERMAL INFORMATION®

TPS65642
THERMAL METRIC YFF UNITS
56 PINS

03a Junction-to-ambient thermal resistance 45
8ictop Junction-to-case (top) thermal resistance 0.2
038 Junction-to-board thermal resistance 6.4 oW
Wit Junction-to-top characterization parameter 0.8
Wig Junction-to-board characterization parameter 6.1
B3chot 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.
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2.4 RECOMMENDED OPERATING CONDITIONS

MIN TYP MAX UNIT

ViN | Input voltage range 2.6 6 \%
BOOST CONVERTER 1
AVpp Boost converter 1 output voltage range 6 9.1 \%
IAVpp Boost converter 1 output current when 6 V 2 Vi 2 4V 700 mA

Boost converter 1 output current when 3.63 V 2 Vjy 2 2.64 V 400® mA
L Boost converter 1 inductor range 2.2 4.7 10 puH
Cout Boost converter 1 output capacitance 10 uF
BOOST CONVERTER 2
AVpp Input voltage range 6 8.1 9.1@ \Y
" Output voltage range 16 24 400 \Y%
IGH Output current 15 40 mA
L Inductor 10 15 puH
Cout Output capacitance 1 4.7 uF
RnTe Thermistor resistance at 25°C 10 kQ
BUCK CONVERTER 1 (VcoRrg)
Vcore Output voltage 1 1.1 1.3 \%
lcore Output current 600 mA
L Inductor 1 2.2 4.7 puH
Cout Output capacitance 4.7 10 22 uF
BUCK CONVERTER 2 (V|o1)
Vio1 Output voltage 1.7 25 \%
lo1 Output current 200@) mA
L Inductor 1 2.2 4.7 puH
Cout Output capacitance 4.7 10 22 uF
LDO Regulator (V|o2)
Vio2 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
lcam Output current per channel -100 100 HA
Coam Output capacitance 50 pF

(1) This value includes the current that must be supplied to the input of boost converter 2.
(2) Vgn—AVpp must be greater than 9 V.

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

(4) This value includes the current supplied to the input of the linear regulator.
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2.5 ELECTRICAL CHARACTERISTICS

Vin=33V,Veore = 1.1V, Vi01 = 1.7V, Vig, = 1.8 VD, AV, = 8.1V, Vg = 24 V, T,

25°C (unless otherwise noted).

-40°C to 85°C. Typical values are at

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
Iin Supply current into AVDD pins Pin B7. No load on gamma reference outputs 43 mA
Pin F4. No load on op-amp outputs 4.0 7.5
Supply current into VGH No load on VGHM 0.1 1 mA
UNDERVOLTAGE LOCKOUT
V) rising 2.3 2.42 25
Voo Undervoltage lockout threshold Vi, falling 21 219 24 v
Hysteresis 0.23
CONTROL PINS (EN, FLK, WP)
Vin = 2.64V 1.0 1.8
Viy EN high-level input voltage threshold | EN rising V=33V 11 1.8 \%
V=6V 1.7 1.8
VN =2.64V 0.7 0.9
Vi EN low-level input voltage threshold | EN falling Vin=3.3V 0.7 1.0 \%
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
Vi = 2.64 V 0.9 1.8
Vi ;Lrgszgr&"e"e' input voltage FLK rising V=33V 1 18 v
Vin=6V 1.4 1.8
VN =2.64V 0.6 0.8
Vi FLK low-level input voltage threshold | FLK falling Vin=3.3V 0.6 0.9 \
Vn=6V 0.6 1.3
M 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
Viy WP high-level input voltage threshold | WP rising Vin=33V 11 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 ViN=33V 0.7 1 \
Vin=6V 0.7 1.6
RpuLL-up WP internal pull-up resistance 30 52 75 kQ
BOOST CONVERTER 1 (AVpp)
Output voltage range 6 9.1
AVoo ToI:rance ; : -1% 1% v
Vyvp Undervoltage protection threshold AVpp falling 65 70 75 % of AVpp
Vscp Short-circuit threshold AVpp falling 25 30 35 % of AVpp
Ik Switch leakage current Vsw=Vn=33V,EN=0V, T; =-40°C to 85°C 10 pA
TDS(ON) Switch ON resistance Isw=1A 114 250 mQ
ILim Switch current limit 2.5 3.0 3.5 A
Ips(ON) Rectifier ON resistance lsw=1A 242 400 mQ
fow f\slvitching frequency (see Figure 4- FREQ =0 750 KHz
) FREQ=1 1200
IDS(ON) Discharge ON resistance lavop = 10 mA 76 100 Q

(1) When V|g;= 1.7 V or 1.8 V, the LDO regulator is disabled. When V,o; = 2.5 V, the LDO regulator is enabled.
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ELECTRICAL CHARACTERISTICS (continued)

Vin=33V,Veore = 1.1V, Vio; =1.7V, Vi5, = 1.8 VI, AVpp = 8.1V, Vg = 24 V, T = —40°C to 85°C. Typical values are at
25°C (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
BUCK CONVERTER 1 (Vcore)
v Output voltage 1 11 1.3 v
CORE Tolerance -3% 3%
Vyvp Undervoltage protection threshold Vcore falling 65 70 75 % of Vcore
Vscp Short-circuit threshold Vcore falling 25 30 35 % of Vcore
ILima Switch current limit Isw ramps from 0 Ato 2 A 0.8 1.0 1.2 A
High-side, Isy = | 183 310
IDS(ON) Switch ON resistance - S mQ
Low-side, Isyy =1 A 95 150
. Viy=33V 260 370 480
tore Off time ns
V=5V 380 560 750
BUCK CONVERTER 2 (Vio1)
Output voltage 1.7 1.8 25
VIOl \
Tolerance —-3% 3%
Vuve Undervoltage protection threshold Vo, falling 65 70 75 % of Vo1
Vscp Short-circuit threshold Vio; falling 25 30 35 % of Vo1
ILim High-side switch current limit High-side, Isy ramps from 0 Ato 2 A 0.8 1 1.2 A
High-side switch ON resistance Isw = ILm 183 350
TDS(ON) - - - mQ
Low-side switch ON resistance Ilsw=1A 255 400
. Vin=33 170 250 330
tore Off time us
Vin=5V 250 370 500
TDS(ON) Discharge ON resistance Measured with 10 mA 14.6 50 Q
LINEAR REGULATOR (V,0)®
Output voltage 1.7 1.8 1.8
Vioz lio2 =1 mA \Y
Tolerance —-3% 3%
Vyvp Undervoltage protection threshold V|0 falling 65 70 75 % of V|0,
Vscp Short circuit threshold Vo, falling 25 30 35 % of Vo,
BOOST CONVERTER 2 (Vgp)
v Output voltage range 16 40® v
eH Tolerance —-3% 3%
Vyvp Undervoltage protection threshold Vg falling 65 70 75 % of Vg
Vscp Short-circuit threshold Vg falling 25 30 35 % of Vgy
Ik Switch leakage current Ven=0 V; Vgyw4=36 V 10 pA
TDS(ON) Switch ON resistance Isw=1 A 0.41 1 Q
tonmax) Maximum toy time 1 1.67 25 us
= torr time 15 2.11 3 us
. 85°C 48 54
lrcomp Thermistor reference current Isetr = 50 PA, Vicomp =1V 25 °C 0 HA

RESET (RST)

‘ Reset pulse duration range Measured from end of Vcore's ramp to 50% of RST's 2 16 ms
RESET Tolerance rising edge with a 10k pull-up resistor. _20% 30%
VoL Low output voltage l.: = 1 MA (sinking) 0.27 0.5 \%
lon High output current V=25V -1 1 HA
PROGRAMMABLE GAMMA CORRECTION
. . Code = 1023; load = 10 pA, sourcing 5.6 100
VpRroPH High-side output voltage drop - mV
Code = 1023; load = 100 pA, sourcing 44.2 200
. Code = 0; load = 10 pA, sinking 49.1 100
VpropL Low-side output voltage drop — mV
Code = 0; load = 100 pA, sinking 65.5 200
(2) LDO is enabled, when V|g; = 2.5 V.
(3) Output voltages greater than 36V 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=33V,Veore = 1.1V, Vio; =1.7V, Vi5, = 1.8 VI, AVpp = 8.1V, Vg = 24 V, T = —40°C to 85°C. Typical values are at
25°C (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Offset Code = 512 -25 25 mv
INL Integral nonlinearity No load, Vgamn = 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 Vcoym CALIBRATOR
SETzse Set zero-scale error -1 1 LSB
SETEse Set full-scale error -7 7 LSB
VRseT Voltage on RSET pin lrseT=50 A —2% 1.25 2% \
DNL Differential nonlinearity -1 15 LSB
AvoL Open loop gain XCM = AVop/2, Vours = 2V, Vourz = AVpp = 2V, Ry= 70 91 dB
Vio Input offset voltage Vem = AVpp/2, Vout = AVpp/2 -15 15 mvV
Ig Input bias current Vem = AVpp/2, Vout = AVpp/2 -150 150 nA
VDROPH High-side voltage drop ?;Z?S:l%vn?f\/zsbméﬁ; AVpp/2-1V, 0.05 0.1 Vv
VoropL Low-side voltage drop I\/ochzzlgvrgzzs’ir:{(hiﬁg = AVop/2+1 V, 0.03 0.1 v
o High-side peak output current VCle AVDD_/2v VsianaL = 2 Vpp, open-loop, 200 294 A
Low-side peak output current Ry =, CL=1uF -349 —200
CMRR Common-mode rejection ratio Vemt =2V, Veme = AVpp—2 V, Vout = AVpp/2 40 78 dB
PSRR Power supply rejection ratio AVppy =6V, AVpp, =9.1V,Vey =3V, Vour=3V 40 110 dB
SR Slew rate Spen—_lo:\g, 941V Ta=40°C 18 %0 Vius
Pos = AVpp/2t Ta = 25°C to 85°C 25 38
GATE VOLTAGE SHAPING
VGH to VGHM ON resistance Veu =24V, Igyw = 10 mA, FLK = 2.5V 12 25
foson VGHM to RE ON resistance Vorm =24V, loyu = 10 mA, FLK=0V 12 25 Q
Voum = 6V, lgum = 10 mA, FLK =0 V 12 25
o \:/%Hﬁrising, 2.5V, 50% thresholds, Coyr = 150 pF, Re 72 175
Propagation delay ns
- VGH—M falling, 2.5 V, 50% thresholds, Cqyr = 150 pF, 81 200
Re=0Q
PANEL RESET / LCD BIAS READY (XAOQ)
VoL Low output voltage lo = 1 MA (sinking) 0.23 0.5 \%
lon High output current V=25V 1 HA
XAO threshold voltage __ 2.2 3.9
XAO falling
VpeT Tolerance -2.5% 2.5% \%
Hysteresis XAO rising 3% 6.3% 11%
TIMING
Boost converter 1 delay range 0 70
fouve Tolerance —20% 30% me
Gate voltage shaping / LCD bias 0 35
toLys ready delay range ms
Tolerance —20% 30%
tey Soft-start ramp time Veore. Vios. Vios 0.5 4 ms
Tolerance —20% 30%
tees Soft-start ramp time AVop, Ve 4.0 7.5 ms
Tolerance —20% 30%
tuve Undervoltage protection timeout 40 50 65 ms
I>’C INTERFACE
Configuration parameters slave
ADDR address 74n
Programmable VCOM slave address 4Fh
Vi Low level input voltage Rising Edge, standard and fast mode 0.75 \
6 Electrical Specifications Copyright © 2013, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS (continued)

Vin=33V,Veore = 1.1V, Vio; =1.7V, Vi5, = 1.8 VI, AVpp = 8.1V, Vg = 24 V, T = —40°C to 85°C. Typical values are at
25°C (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vi{ High level input voltage Rising edge, standard and fast modes 1.75 \
Vhys Hysteresis Applicable to fast mode only 125 mvV
VoL Low level output voltage Sinking 3 mA 500 mvV
C Input capacitance 10 pF
; Clock f Standard mode 100 KH
ock frequenc z
s a Y Fast mode 400
; Clock | iod Standard mode 4.7
ock low perio s
tow P Fast mode 1.3 "
; Clock hiah period Standard mode 4.0
ock hi erio s
HicH ane Fast mode 0.6 H
¢ Bus free time between a STOP and a | Standard mode 4.7 s
BUF START condition East mode 13
- Hold time for a repeated START Standard mode 4 s
haSTA condition Fast mode 0.6
¢ Set-up time for a repeated START Standard mode 4 S
SuSTA condition Fast mode 0.6 "
b . Standard mode 250
tsu: ata set-up time ns
SUDAT P Fast mode 100
‘ Data hold i Standard mode 0.05 3.45
; ata hold time s
neDAT Fast mode 0.05 0.9 "
Rise time of SCL after a repeated Standard mode 20+0.1Cg 1000
treLl START condition and after an ACK ns
bit Fast mode 20+0.1C 1000
o Standard mode 20+0.1Cg 1000
treL Rise time of SCL ns
Fast mode 20+0.1Cg 300
) Standard mode 20+0.1Cg 300
teeL Fall time of SCL ns
Fast mode 20+0.1Cg 300
o Standard mode 20+0.1Cg 1000
trRpA Rise time of SDA ns
Fast mode 20+0.1Cg 300
. Standard mode 20+0.1Cg 300
troa Fall time of SDA ns
Fast mode 20+0.1Cg 300
) - Standard mode 4.0
tsu:sTO Set-up time for STOP condition us
Fast mode 0.6
. Standard mode 400
Cp 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
Tsp® | Thermal shutdown threshold 120 150 180 °C

(4) Once triggered, thermal shutdown will remain in the shutdown state until the device is powered down.
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3 Pin Description

3.1 Pin Assignment
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3.2 Pin Assighment

Table 3-1. PIN DESCRIPTIONS

NAME PIN NO. I/0 DESCRIPTION
GND Al P Ground.
SW2 A2 (0] Buck converter 1 (VcoRrg) switch pin.
VIN A3 P Supply voltage.
SW3 A4 (0] Buck converter 2 (V,01) switch pin.
GND A5 P Ground.
VIO2 A6 (0] Linear regulator (V,o,) output and output sense.
GND A7 P Ground.
VCORE B1 | Buck converter 1 (Vcorg) Output sense.
TCOMP B2 | Boost converter 2 (Vgy) thermistor network connection.
VIN B3 P Supply voltage.
XAO B4 o] Panel discharge.
RST B5 o] System reset.
VIO1 B6 | Buck converter 2 (V|o71) 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 (0] Gamma correction.
8 Pin Description Copyright © 2013, Texas Instruments Incorporated
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Table 3-1. PIN DESCRIPTIONS (continued)

NAME PIN NO. 110 DESCRIPTION
OUTI C4 (0] Gamma correction.

OUTE C5 (0] Gamma correction.

OUTA C6 (0] Gamma correction.

RSET C7 (0] Reference current-setting resistor connection.

RE D1 (0] Gate voltage shaping discharge resistor connection.
SDA D2 10 12C serial data.
OUTM D3 (0] Gamma correction.

OouUTJ D4 (0] Gamma correction.

OUTF D5 (0] Gamma correction.

ouTB D6 (0] Gamma correction.

POS1 D7 | Vcowm 1 non-inverting input.
VGHM El (0] Gate voltage shaping output.

scL E2 10 12C serial clock.
OUTN E3 (0] Gamma correction.

OUTK E4 (0] Gamma correction.
OUTG E5 (0] Gamma correction.
OouTC E6 (0] Gamma correction.

POS2 E7 | Vcomz hon-inverting input.

VGH F1 | Boost converter 2 (Vgn) output sense. (Internally connected as supply voltage for the gate

voltage shaping.)

COMP F2 (0] Boost converter 1 (AVpp) compensation network connection.

WP F3 | EEPROM write protect.
AVDD F4 | Vcomr and Veomz supply voltage.
OUTH F5 (0] Gamma correction.
OUTD F6 (0] Gamma correction.

NEG1 F7 | Vcomz inverting input.

GND Gl P Ground.

EN G2 | Boost converter 1 (AVpp) enable.

GND G3 P Ground.

SW1 G4 (0] Boost converter 1 (AVpp) switch pin.
AVDD G5 (0] Boost converter 1 (AVpp) rectifier output.
OuUT1 G6 (0] Vcom1 output.

GND G7 P Ground.

SW4 H1 (0] Boost converter 2 (Vgy) switch pin.

GND H2 P Ground

GND H3 P Ground.

SW1 H4 (0] Boost converter 1 (AVpp) switch pin.
AVDD H5 (0] Boost converter 1 (AVpp) rectifier output.
ouT2 H6 (0] Vcomz output.

NEG2 H7 | Vcomz inverting input.
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4 Typical Characteristics

4.1 Table of Graphs
PARAMETER TEST CONDITIONS FIGURE
Boost Converter 1 (AVpp) | Efficiency AVpp=6V,8V,9.1V V=33V Figure 4-1
FREQ=0,FREQ=1 Vin=5V Figure 4-2
Line Regulation Vin=2.6V1t06.0V,AVpp =8V, IAVpp = 100 mA Figure 4-3
Load Regulation ViN=3.4V,50V, AVpp =8V, IAVpp = 1 mA to 500 mA Figure 4-4
Line Transient Response Viy=3Vto4.8V (dV/dt=7.5V/ms), AVpp =8.1V R =82Q Figure 4-5
R =330Q Figure 4-6
Load Transient Response | AVpp = 8.1V, IAVpp = 20 mA — 200 mA V=33V Figure 4-7
ViN=5.0V Figure 4-8
Output Voltage Ripple AVpp =8.1V,R =82Q Vin=3.3V Figure 4-9
ViN=5.0V Figure 4-10
Switching Waveforms Vin=33V,AVpp=8.1V R =820 Q Figure 4-11
FREQ=0 R =820 Figure 4-12
Vin= 3.3V, AVpp= 8.1V R, =8200Q Figure 4-13
FREQ=1 R =820Q Figure 4-14
Switching Frequency Vn=26Vto6V,AVpp=6V,8V,9.1V R . =82Q Figure 4-15
Buck Converter 1 (Vcore) | Efficiency Veore =1V, 1.1V,1.2V, 1.3V, lcore = 1 mA to 500 mA Vin=34V Figure 4-16
ViN=50V Figure 4-17
Line Regulation ViN=2.6 V106.V, Vcore = 1.1V, Icore = 300 mA Figure 4-18
Load Regulation ViN=3.4V,5V, Vcore = 1.1V, Icore = 1 mA to 700 mA Figure 4-19
Line Transient Response Viyn=3Vto4.8V (dV/dt=7.5V/ms), Vcore = 1.1V, Load =3.9 Q Figure 4-20
Load Transient Response | Vcore = 1.1V, Icore = 50 mA to 200 mA Vin=3.3V Figure 4-20
VN=5V Figure 4-22
Output Voltage Ripple Veore = 1.1V, R.=3.9Q Viy=33V Figure 4-23
Vn=5V Figure 4-24
Switching Waveforms ViN=33V,Veore = 1.1V R =120 Q Figure 4-25
R =39Q Figure 4-26
Switching Frequency Vn=26V1t06V,Veore =11V R . =12Q Figure 4-27
Buck Converter 2 (Vo1) Efficiency Vior =1.7V,18V, 25V, lo; =1 mA to 500 mA V=33V Figure 4-28
ViN=5V Figure 4-29
Line Regulation ViN=26V1to6V, Vi =17V, Il =100 mA Figure 4-30
Load Regulation ViN=34V,5V, V|0 =17V, liop1 =1 mA to 400 mA Figure 4-31
Line Transient Response ViyN=3Vto4.8V(dV/dt=7.5V/ms),Vio; =1.7V,R =27 Q Figure 4-32
Load Transient Response | Vio; = 1.7 V, ljo; = 50 mA to 100 mA Vin=3.3V Figure 4-33
V=5V Figure 4-34
Output Voltage Ripple Vior =1.7V,R =27 Q ViN=33V Figure 4-35
Vn=5V Figure 4-36
Switching Waveforms ViN=3.3V,V, 01 =17V R =270 Q Figure 4-37
R, =27Q Figure 4-38
Switching Frequency VN=26Vto6V,V =17V R =27Q Figure 4-39
LDO Regulator (Voz) Load Regulation Vio1 =25V, V|g; =18V, lp, =1 mA to 100 mA Figure 4-40
Line Transient Response Viy=3Vto4.8V (dV/dt=7.5V/ms), Vo1 =25V, V|0, =18V, R =27Q Figure 4-41
Load Transient Response | Viy=3.3V, V|01 =25V, V|5 =18V, |, =50 mA to 150 mA Figure 4-42
Output Voltage Ripple Vin=33V,V0:=25V,V|0p=18V,R =27 Q Figure 4-43
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PARAMETER TEST CONDITIONS FIGURE
Boost Converter 2 (Vgy) | Efficiency AVpp =8.1V,Vgy=20V,24V,28V,31V Figure 4-44
Line Regulation AVpp =6V 109.1V, Igy = 10 mA Figure 4-45
Load Regulation AVpp =8.1V, Vgy =24V, Igy =1 mAto 50 mA Figure 4-46
Line Transient Response Viy =3V to 4.8V (dv/dt=7.5V/ms), Vgy =24V R =4.8kQ Figure 4-47
R =1.2kQ Figure 4-48
Load Transient Response | Viy=5V,AVpp=8.1V, Vgy =24V lch =5 mA to 10 mA Figure 4-49
Iy = 10 mA to 30 Figure 4-50
mA
Output Voltage Ripple ViN=3.3V,AVpp=8.1V,R =82Q, Vgy=24V R, = 4.8 kQ Figure 4-51
R =1.2kQ Figure 4-52
Switching Waveforms Vin=3.3V,AVpp=8.1V, Load =82 Q, Vgy =24V R =4.8kQ Figure 4-53
R =1.2kQ Figure 4-54
Switching Frequency Vin=33V,AVpp=7V,8V,9V,Vgy=16V1to31V Figure 4-55
Power-Up Behavior Vins Viows Vioz, Veore ViN=3.3V,tg51=0.5ms, Vig; =25V, R . =27 Q, V| = R =39Q Figure 4-56
1.8V, R =®, Veore = 1.1V
EN, AVpp, Van Vin=3.3V, tgs =4.0ms, AVpp =81V, R =33 Q, Vgy =24 | toy; =0ms Figure 4-57
V. 12kQ toLyr =10 ms Figure 4-58
XAO, AVpp, Van, Voum Vin=33V,AVpp=81V,R =330, Vgy=24V,R, = toLys = 0 ms Figure 4-59
1.2kQ, GIP =0 toLys = 10 ms Figure 4-60
XAO, AVpp, Vers Vonm Vin=383V,AVpp=8.1V,R =33Q,Vgy=24V,R_ = toLys = 0 ms Figure 4-61
1.2kQ, GIP =1 toLye = 10 ms Figure 4-62
AVpp, Var: Veoms Voama | Vin = 3.3V, AVpp = 8.1V, Vg = 24V, Veou = 4.05 V, Vaaua = 4.05 V Figure 4-63
Power-Down Behavior RST, Vio1, Vioz: Vcore Vper =25V Ryope =0 Figure 4-64
Ryope =1 Figure 4-65
Vi, XAO, AVpp, Vaum GIP=0 Figure 4-66
AVpp, Ve, Veom: Veama SMODE =0 Figure 4-67
SMODE =1 Figure 4-68
Gate Voltage Shaping FLK, Varm \k/flgl =33V,Re=1kQ,C_=10nF, AVpp =81V, R =330Q,Vgy=24V,R =12 Figure 4-69
Op-Amp Large-Signal Response Vpos =3.8V 05V Figure 4-70
Small-Signal Bandwidth AVpp = 8.1V, Vpos, = 63 mVpp, Ay =+1, Re =0 Q Figure 4-71
Gain Bandwidth AVpp = 8.1V, Vpogr =63 mVpp, Ay =+1, Re =0 Q Figure 4-72
Peak Output Current AVpp =8.1V, R . =2kQ to AVpp/2, C, =1 pF Figure 4-73
Line Transient Response Vin=3.0Vto4.8V (dV/dt=7.5V/ms), AVpp =8.1V,Vcoy =4V, R == Figure 4-74
Output Voltage Ripple and | Viy=3.3V,81V,R . =82Q,Vcou=4V, R =« Figure 4-75
Noise
Programmable Gamma Dynamic Response AVpp =8.1V, R, =909 kQ, C, =55 pF GAMA = 0xOff/Ox2ff Figure 4-76
GAMA = 0x2ff/0x0ff Figure 4-77
Line Transient Response Viy=3.0Vto4.8V (dv/dt=7.5V/ms), AVpp = 8.1V GAMA = 0xOff Figure 4-78
GAMA = Ox1ff Figure 4-79
GAMA = Ox2ff Figure 4-80
Output Voltage Ripple and | Vy=3.3V,81V,R =82Q GAMA = Ox1ff Figure 4-81
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AVpp - Output Voltage - V

Boost Converter 1 — Efficiency
ViN=3.3V,AVpp=6V,8V, 9.1V
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10 AVDD = 8.0 V (FREQ=1)
L=Toko 1269AS-H-4R7M AVDD = 9.1V (FREQ=1)
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Figure 4-1.

Boost Converter 1 — Line Regulation
VIN =26Vto6V, AVDD =8V, IAVDD =100 mA
8.15

8.10
8.05
8.00
7.95
7.90
L=Toko 1269AS-H-4R7M
7.85
2.5 3 3.5 4 4.5 5 5.5
V,\ - Input Voltage - V
Figure 4-3.

Boost Converter 1 — Line Transient Response
ViN=3/4.8V,AVpp=81V,R =820Q

Tek Run Trig'd

I VIN

mlimg{-mam‘. i{min

o 200V 2 [I‘Dnms 10.0M5/5 Aux S

100k points  2.00V

Figure 4-5.

Boost Converter 1 — Efficiency
VIN=5V,AVpp=6V,8V, 9.1V
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AVDD =8.0 V (FREQ=1)
L=Toko 1269AS-H-4R7M AVDD = 9.1V (FREQ=1)

10

0 50 100 150 200 250 300 350 400 450 500
lout - Output Current - mA

Figure 4-2.

Boost Converter 1 — Load Regulation
VIN =33V,5YV, AVDD =8V, IAVDD =1 mA to 500 mA
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>
% 8.05
S
>
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o
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o
>
<
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VIN=3.3V
L=Toko 1269AS-H-2R2M VIN=50V
7.85
0 50 100 150 200 250 300 350 400 450 500
lavop - Output Current - mA
Figure 4-4.
Boost Converter 1 — Line Transient Response
ViN=3/48V,AVpp=8.1V,R =33Q
Tek Run — - i Trig'd

[ VIN

o 200V 2 [I‘Dnms 10.0M5/5 Aux S

100k points  2.00V

Figure 4-6.
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Boost Converter 1 — Load Transient Response Boost Converter 1 — Load Transient Response
VIN =33V, AVDD =8.1V, IAVDD =20 mA - 200 mA VIN =5V, AVDD =8.1V, IAVDD =20 mA - 200 mA
Tek Run - e ——— i Tr[g'a Tek Run - | —— Tr[g'a

2 200ps 50.0M5/5 Aug S 2 200ps 50.0M5/5 Aug S
[! 100mA & J[ 0g 100k points  2.00 ¥ [! 100mA & J[ 0g 100k points  2.00 ¥
Figure 4-7. Figure 4-8.
Boost Converter 1 — Output Voltage Ripple Boost Converter 1 — Output Voltage Ripple

TekStop

TekStop

@ 0.0mviy [I‘Dﬂus 250055 @ T @ 0.0mviy [I‘Dﬂus 250055 @ T

0.000005 100k points  0.00V 0.000005 100k points  0.00V
Figure 4-9. Figure 4-10.
Boost Converter 1 — Switching Waveforms Boost Converter 1 — Switching Waveforms
VIN =33V, AVDD =81V, RL =820 Q, FREQ =0 VIN =33V, AVDD =8.1V, R|_= 82 Q, FREQ =0
TekStop i = : : TekStop i = : :
Fvsw | 1 ‘ ’
shame |
Bf I B
2 : . 400ns : 2.3065/5 2 r 2 : : 400n‘s. : 2.3065/5 2 r
[g 200mA J[ 10.00 100k points _ 0.00 ¥ [g 200mA J[ 10.00 100k points _ 0.00 ¥
Figure 4-11. Figure 4-12.
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Boost Converter 1 — Switching Waveforms

Vin=3.3V,AVpp=8.1V,R =8200Q, FREQ =1
Tek stop —

2 400ns 2.5065/5 2 5
[! 200m#a 100k points  0.00V

Figure 4-13.

Boost Converter 1 — Switching Frequency
VN=26Vto6V,AVpp=6V,8V,9.1V,R =82Q
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Figure 4-15.

Buck Converter 1 — Efficiency

ViN=5V,Veore =1V, 1.1V, 1.2V, 1.3V, 1.3V, lcore = 1 MA to

Boost Converter 1 — Switching Waveforms

Vin=33V,AVpp=8.1V,R =82Q,FREQ =1
Tek stop —

o e Wl

3

2 400ns 2.5065/5 2 5
[! 200m#a 100k points  0.00V

Figure 4-14.

Buck Converter 1 — Efficiency

Vin=34YV, Vecore =1V, 1.1V, 1.2V,13V, lcore = 1 mA to 500

mA
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VCORE =10V
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10 VCORE =12V
0 L=Toko 1269AS-H-2R2M VCORE = 1.3V
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lcore - Output Current - mA

Figure 4-16.

Buck Converter 1 — Line Regulation

500 mA VIN =26Vto6V, VCORE =11V, ICORE =300 mA
100 1.15
90 1.14
[—
80 5 113
70 // @ 112
° [
S 60 / 111
5 / z
2 50 / 5 110
% 40 I 3 1.09
30 g1.08
20 I VCORE =1.0V > 1.07
I VCORE = 1.1V
10 VCORE =12V 1.06
L=Toko 1269AS-H-2R2M VCORE = 13V L=Toko 1269AS-H-4R7M
0 - 1.05
0 50 100 150 200 250 300 350 400 450 500 25 3 35 4 4.5 5 55 6
lcore - Output Current - mA V,y - Input Voltage - V
Figure 4-17. Figure 4-18.
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Buck Converter 1 — Load Regulation
VIN =34V,5V, VCORE =11V, ICORE =0 mA to 500 mA
1.15

1.14

> 113

I
[
N

111

1.10

utput Voltage -

O 1.09

E

z1.08

Ve

1.07

1.06 VIN=3.4V

L=Toko 1269AS-H-2R2M

VIN=5.0V

1.05

0 50 100 150 200 250 300 350 400 450 500
lcore - Output Current - mA

Figure 4-19.

Buck Converter 1 — Load Transient Response
VIN =33V, VCORE =11V, ICORE =50 mA - 200 mA
Tek Run | —— i Tr[g'a

2 100ps 100MS75 Aux S
@ 100mA & 100k points  2.00V

Figure 4-21.

Buck Converter 1 — Output Voltage Ripple

TekStop

@ 0.0mviy [I‘Dﬂus 250055 @ T

100k points ~ 0.00V

Figure 4-23.

Buck Converter 1 — Line Transient Response
VIN =3V/4.8 V, VCORE =1.1 V, RL =39Q

Tek Run Trig'd

o 200V 2 [I‘Dﬂms 10.0M5/5 Aux S

100k points  2.00V

Figure 4-20.

Buck Converter 1 — Load Transient Response
VIN =5V, VCORE =11V, ICORE =50 mA - 200 mA
Tek Run o — i Tr[g'a

2 100ps 100MS75 Aux S
@ 100mA & 100k points  2.00V

Figure 4-22.

Buck Converter 1 — Output Voltage Ripple

TekStop

@ 0.0mviy [I‘Dﬂus 250055 @ T

100k points ~ 0.00V

Figure 4-24.
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Buck Converter 1 — Switching Waveforms
VlN =3.3 V, VCORE =11 V, RL =120 Q

Tek Run Trig'd

200ns 2.5065/5 2 5
100k points  0.00V

L! 200mA

Figure 4-25.

Buck Converter 1 — Switching Frequency
VCORE =1.1 V, RL =12Q

1,500
1’ \
1,300 T~

1,100
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L=Toko 1269AS-H-2R2M

25 3.0 35 4.0 45 5.0 55 6.0
V- Input Voltage - V

Figure 4-27.

Buck Converter 2 — Efficiency
Vin=5V,V,01=1.7V,18V, 25V, lo; =1 mA to 500 mA
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60 /
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VIO1=17V
10 VIO1=1.8V
0 L=Toko 1269AS-H-2R2M VIO1=25V
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lio1 - Output Current - mA

Figure 4-29.

Buck Converter 1 — Switching Waveforms
VIN =3.3 V, VCORE =1.1 V, RL =39Q

Tek Run Trig'd

3

200ns 2.5065/5 2 5
100k points  0.00V

L! 200mA

Figure 4-26.

Buck Converter 2 — Efficiency
ViN=33V, V|01 =1.7V,18V, 25V, lo; =1 mA to 500 mA
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l,o1 - Output Current - mA

Figure 4-28.

Buck Converter 2 — Line Regulation

Vin=26V1to6V, Vo =17V, lp; =100 mA
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1.78

1.76

1.74

1.72

1.70
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V|0: - Output Voltage - V
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(&2}

1.64

1.62
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25 3 35 4 45 5 55 6
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Figure 4-30.
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Buck Converter 2 — Load Regulation Buck Converter 2 — Line Transient Response
VIN =34V,5V, V|01 =17V, IIOl =1 mA to 500 mA VIN =3/4.8 V, V|01 =17V, RL =27Q
1.80 Tek Run e e — Trig'd

1.78
1.76

1.74

172 P A
1.70

vioL

Output Voltage - V

1.68

5 1.66
1.64

1.62 VIN=3.4V

L=Toko 1269AS-H-2R2M

VIN=5.0V

0 50 100 150 200 250 300 350 400 450 500 o 200V 2 ["f'”'“ jhosrs A
points .00V
lio1 - Output Current - mA

Figure 4-31. Figure 4-32.

1.60

Buck Converter 2 — Load Transient Response Buck Converter 2 — Load Transient Response

VIN =33V, V|01 =17V, ||01 =50 mA to 100 mA VIN: 5V, V|01 =17V, ||01 =50 mA to 100 mA
Tek Run - | ——— Tr[g'd Tek Run y | Tr[g'd

no1

—

2 100ps 100M5/s Aug S 2 100ps 100M5/s Aug S
[! 50.0mA & J[ 100k points  2.00 ¥ [! 50.0mA & J[ 100k points  2.00 ¥
Figure 4-33. Figure 4-34.
Buck Converter 2 — Output Voltage Ripple Buck Converter 2 — Output Voltage Ripple
V|N =33V V|01 =17 V, RL =27Q V|N =5V VlOl =17 V, RL =27Q
TekStop i i TekStop i

@ 0.0mviy [I‘Dﬂus 250055 @ T @ 0.0mviy [I‘Dﬂus 250055 @ T

100k points ~ 0.00V 100k points ~ 0.00V
Figure 4-35. Figure 4-36.
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Tek Run

Buck Converter 2 — Switching Waveforms

Trig'd Tek Run

Buck Converter 2 — Switching Waveforms

Trig'd

®

2 200ns
200mA
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2 s
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1,000

Tek Run

- VIN

Figure 4-37.

Buck Converter 2 — Switching Frequency
ViN=26Vto6V,Vp=17V,R.=27Q

Figure 4-38.

LDO Regulator — Load Regulation
Vio1 =25V, V0o =18V, ljgp =1 mA to 100 mA
1.85

1.83
T >
5
©
% 1.81
/ S
7 g
8 1.79
9]
>
1.77
L=Toko 1269AS-H-2R2M
1.75
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V- Input Voltage - V

Figure 4-39.

LDO Regulator — Line Transient Response

Trig'd Tel

20 30 40 50 60 70 80 90 100
l,02 - Output Current - mA

Figure 4-40.

LDO Regulator — Load Transient Response
ViN = 3/4.8V, Vio2 =18V, R =27 Q Vin=3.3V,Vi0:1=25V, V|02 =18V, l,gp =50 mA - 100 mA
e e K Run e e

Trig'd

ﬁa\m—'-_.._.....—"__..——'.....q %W—-

@ 200V 2 ) [mnms . 10.0M5/s Aux J[mnus . 100M5/5 Aux S
100k points ~ 2.00V [! 50.0mA & 100k points ~ 2.00V
Figure 4-41. Figure 4-42.
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LDO Regulator — Output Voltage Ripple
VlN =3.3 V, V|01 =25 V, V|02 =1.8 V, R|_ =27Q
Tekstop

2.5065/5
100k points

[
0.00V

@ 10.0mvi [Lunps

Figure 4-43.

Boost Converter 2 — Line Regulation
AVpp=6V1t09.1V, VgH = 24V, lgn = 10 mA
24.20

24.15

24.10

24.05

24.00

23.95

lo — Output Voltage — V

23.90

23.85

L=Murata LQH3NPN150NGO

23.80
6.0 6.5 7.0 7.5 8.0 8.5 9.0

I~ — Input Voltace — V Goaz

Figure 4-45.

Boost Converter 2 — Line Transient Response
VIN =3/4.8 V, AVDD =8.1V, RL =82 Q, VGH =24V, R|_ =4.8kQ
Tek Run N i Trig'd

LN

___________ gw

@ 200V 2 [mnms

10.0M5/5
100k points

Aux S
2,00V

Figure 4-47.

Boost Converter 2 — Efficiency
AVpp=8.1V,Vgy=20V, 24V, 28V, 31V
100 ‘ ‘ ‘

90

80 h
70
60
50
40
30

20
10

Efficiency — %

V=20V
V=24V
V=28V
V=31V

L=Murata LQH3NPN150NGO

NI

0 10 20 30 0 50
ln — Output Current — mA G041

Figure 4-44.

Boost Converter 2 — Load Regulation
AVpp =8.1V, Vgy =24V, IGH =1 mA to 50 mA
24.20

24.15

\%
)
»
N
o

NN
>
o o
S a

N
w
©
a

Vgy - Output Voltage -

23.90

23.85
L=Murata LQH3NPN150NGO

23.80

0 5 10 15 20 25 30 35 40 45 50
lgy - Output Current - mA

Figure 4-46.

Boost Converter 2 — Line Transient Response
VIN =3/4.8 V, AVDD =81V, RL =82 Q, VGH =24V, RL =1.2kQ
Tek Run N i Tr[g'd

[ VN

10.0M5/5
100k points

Aux S
2,00V

@ 200V 2 [mnms

Figure 4-48.
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Boost Converter 2 — Load Transient Response
VIN =3.3 V, AVDD =8.1 V, RL =82 Q, VGH =24 V, IGH =5-10 mA
Tek Run | — i Trig'd

i

50,0V 200ps 50.0M5/5 Aug S
m
5.00mA & 010.00% 100k points  2.00V

Figure 4-49.

Boost Converter 2 — Output Voltage Ripple
VIN =33V, AVDD =8.1V, R|_ =82 Q, VGH =24V, RL =4.8kQ
Prevu it

Tel

w‘ijd:
PVGH

[ @ 0.0mviy J100ps 2.5005/5 @ s
Le0.000005 100k points  0.00V

Figure 4-51.

Boost Converter 2 — Switching Waveforms
VIN =33 V, AVDD =8.1 V, R|_ =82 Q, VGH =24 V, RL =4.8kQ
Tek stop e | ——— i i

U

® nov 1.00ps 2.50C5/5 @ s
200ma W10.00% 100k points _ 20.0 ¥

Boost Converter 2 — Load Transient Response
VIN =3.3 V, AVDD =8.1 V, RL: 82 Q, VGH =24 V, IGH =10-30 mA
Tek Run ]

O ————————— Trig'd

I}

50,0V 200ps 50.0M5/5 Aug S
m
10.0ma & 010.00% 100k points  2.00V

Figure 4-50.

Boost Converter 2 — Output Voltage Ripple
VIN =33V, AVDD =8.1V, RL =82 Q, VGH =24V, R|_ =1.2kQ
Tekstop - - i - i i

Pr

#w:

[ @ 0.0mviy J100ps 2.5005/5 @ s
Le0.000005 100k points  0.00V

Figure 4-52.

Boost Converter 2 — Switching Waveforms
VIN =33 V, AVDD =8.1 V, RL =82 Q, VGH =24 V, R|_ =1.2kQ
Tek stop e | ——— i i

[

@ r=.r.~' ][mn;;s : 2.5005/5 @ 5
200ma W10.00% 100k points _ 20.0 ¥
Figure 4-53. Figure 4-54.
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Boost Converter 2 — Switching Frequency Power-up Sequencing
AVDD =7 V, 8 V, 9 V, VGH =16 Vto 24 V, RL =4.8kQ VIN! VIOl' V|02, VCORE
550 Tek PreVu_ I ——————— . _Trig?

=

H
a1
o
o

//

N
a1
o

B
o
o

Vs

fsw - Switching Frequency - kHz

350

/ AVDD=7V
300 AVDD=8V
250 L=Murata LQH3NPN150NGO AVDD=9V

16 18 20 22 24 26 28 30

Ve - Output Voltage - V @ 330V 2 ][400;15 50MS/s @ 7
@ 130V @ 1.0V M points 152V
Figure 4-55. Figure 4-56.
Power-up Sequencing Power-up Sequencing
EN, AVpp, VgH (toLyr = 0 ms) . EN, AVpp, VgH (tpLy1 = 10 ms) .
TekRun_ B e | E— Trig? Tek Run . | — __Trig?

@ 330V 2 ][i.OOms 50.0M575 [ 7 ] [ ; ][4..0(ims 25.0M575 [ T
@ 2.0V M points  1.52V @ 4.0V M points  1.52V
Figure 4-57. Figure 4-58.
Power-up Sequencing — GIP =0 Power-up Sequencing — GIP =0

XAO, AVpp, VGH, VeHwm tbLys = 0 ms XAO, AVpp, VGH, Vehwm, toLys = 10 ms

Tek Run

Trig? Tek Run Trig?

=

Bivt
@ 250V 2 4.00ms BoMsis @ ® 250V 2 4.00ms B.0Ms/s @ T
@ 2.0V @ 2.0V M points  1.50 ¥ @ 2.0V @ 2.0y 1M points  1.50 ¥
Figure 4-59. Figure 4-60.
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Power-up Sequencing - GIP =1
XAO, AVDD! VGHf VGHM! tDLYG =0ms

Tek Run.

Trig?

@ 250V 2 4,00ms 25.0M5/5 @ S
@ 1.0v 1M points  1.50 ¥

Figure 4-61.

Power-up Sequencing
AVpbp, Veh, Vcom, Yeama

Trig?

Tek Run

@ sV 2 4.00ms 25.0M5/s @ S
@ 400V @ 4.00v M points .59V

Figure 4-63.

Power-down Sequencing — RMODE =1, Vpg7 =25V

RST, Vio1, Vio2: Vcore ,
Tek Run Trig?

Power-up Sequencing - GIP =1
XAO, AVDDf VGH! VGHMi tDLYG =10 ms
! — = _Trig?

TelcRun_

5

o

@ 250V 2 4.00ms 25.0M5/s @ 1
240V 1M points  1.50 ¥
p

Figure 4-62.

Power-down Sequencing — RMODE =0
RST, Vio1, Vioz: Vcore

Tek Run . . Trig?

® 250V 2 1.00ms 100M57s @
@ 180V @ 1.20v M points_ 1.00V

Figure 4-64.

Power-down Sequencing — GIP =0
Vin, XAO, AVpp, VeHm
Tek Run Trig?

@ 250V 2 1.00ms 100Ms/s @ \ ® :30v 2 4.00ms BOMS/s @ L
@ 150 @ 1.20v M paints  1.00V @ s.10v @ 2.0y 1M points  1.00 ¥
Figure 4-65. Figure 4-66.
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Power-down Sequencing — SMODE =0
AVpp, VGH, Veom: Veama

TekStop

25.0M5/s
1M points

@
2.00V

@ 810V 4,00ms
@ .00V

2
@ 4.00v

Figure 4-67.

Gate Voltage Shaping — FLK, Vgum
AVDD =8.1 V, RL =33 Q, VGH =24 V, RL =1.2 kQ, RE =1 kQ, C|_ =

10 nF
Tekstop

il
i

\"

W H

NN

[LoFLK- -

\

AVGHM
@ 165V 2 20.0] 2.506G5/ [ W
C J[ ' ™ poinsts 1.52V
Figure 4-69.
VCOM Buffer — Small-Signal Bandwidth
AVDD =81V, Vpos =4V + 65 mVpp
AR LOG HAG HMKR 1: 56.234 132 5SMHz
REF -3.8688 dB 3.888 db/ -2.959 db
i //—
START 18kHz [-28.8 dbm] STOP 1@8MHz
Figure 4-71.

Power-down Sequencing — SMODE =1
AVpp, VeH, Ycom Veama

Tolk Stop _

AVDD

53

® oV
@ 400V

2
@ 4.00v

i

25.0M5/s
1M points

1

2.00V

Figure 4-68

VCOM Buffer — Large Signal Response

TekStep

AVpp =7.6V, R =82Q, Vpos = 3.8V + 0.5 Vpp

100ns 2.5088/5 ®
[ JE i 100k points 0.00 ¥
@ Fise Time 33.49n3
@l Time 29.97ns
Figure 4-70.

VCOM Buffer — Gain-Bandwidth Product

AVDD =8.1V, Vpos =4V +65 mVpp

AR LOG MAG MKR 1: 33.352 594MHz

REF 8.888 dBb 18.880 dB/ 8.808 dBb

Cor Sy
T
i
\-@
\\\\\
N
START 1MHz [-28.8 dBm] STOP 1B8MHZ
Figure 4-72.
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VCOM Buffer — Peak Output Current
VIN =3.3 V, AVDD =8.1 V, RL =2kQto AVDD/Z, CL =1 [JF
Tek Run . | ————— . Trig'd

1005 0oV @
@ 200md 10k points 264mA

Yalue Wean Min Max Std Dev

@ 1ex 3ddmb 350m 336m 30m 4.38m

@n -376mé, -376m -3%2m -363m 5.23m
Figure 4-73.

VCOM Buffer — Output Voltage Ripple & Noise
Vin=3.3V,AVpp=8.1V, R =82 Q, Vecom=4V,R =
Tektop - — .

( 2 J1.004s 250655 @ S
1M points  7.40mv

Figure 4-75.

GAMMA Voltage — Dynamic Response

GAMA = Ox2ff to 0xOff, R_ =909 kQ, C_ =55 pF
Tek Run Trig?

VCOM Buffer — Line Transient Response
VIN =3/4.8 V, AVDD =8.1 V, RL =82 Q, VCOM: 4 V, RL =
Telstop — . —

Y/ A A VR

[TvIN
FHvCOM M’WWNWMWMW\,WWW”
(@ 2.00v 2 ][I.OOms 1o0Ms/s @ 7 }
1M points ~ 4.00V
Figure 4-74.
Programmable GAMMA — Dynamic Response
GAMA = 0x0ff to 0x2ff, R_ = 909 kQ, C, =55 pF
Tek Run_ ; 8 m— . . Trig?

Djvcama

(@ 100y J[2.00us 2.5065s @ S
1M points  3.00V

Figure 4-76.

Programmable GAMMA — Line Transient Response

Vin=3.3/4.8V, AVpp = 8.1V, R =82 Q, GAMA = 0xO0ff
Tek Run o ——— Trig'd

VGAMMA

\ - B~ v e e I — W
Diveama ; ; | .

® 200y 2 [I‘Dnms 0.0/ Aux S

s 100k points _ 2.00 ¥
(@ 1.00v )(2.005 2.5065/s @
1M points ~ 3.00V

Figure 4-77. Figure 4-78.
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Programmable GAMMA — Line Transient Response

Vi = 3.3/4.8 V, AVpp = 8.1V, R_ = 82 Q, GAMA = 0x1ff Vi = 3.3/4.8V, AVpp = 8.1V
Tek Run s —— Trig'd Tek Run —j

Programmable GAMMA — Line Transient Response
,RL=820Q, GA

Trig'd

VGAMMA VGAMMA

10.0MS/5 Aug S
100k points  2.00V

® 200V 2 [mnms @ 200V 2 [mnms

10.0MS/5 Aug S
100k points  2.00V

Figure 4-79.
Programmable GAMMA — Output Voltage Ripple & Noise

Vin=33V,AVpp=8.1V,R =82 Q, GAMA = Ox1ff
Tek Stop e/ E—————

)1.000s 250655 @ J

(@ 10.0mi o5
1M points .02V

Figure 4-81.

Figure 4-80.

MA = Ox2ff
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5 Detailed Description

An internal block diagram of the TPS65642 is shown in Figure 5-1.

EN [ —» Internal
Vivio [] XAO
Sequencing
o
{1 RST
VDET
] sw2
VIN [ & Buck 1
VCORE
SW3
— Buck 2
° [] vio1
Lbo |—1] wvio2
] swi
COMP [} Boost 1
[] AVDD
A
Temperature Sw4
TCOMP [ }— : Boost 2
Compensation ° VGH
Gate Voltage VGHM
FLK [] Shaping RE
[] ouTA
Programmable !
AVDD [} gamma |
] OUTN
Programmable
RSET [ }— %/COM
{] AvDD
Pos1 [} ﬂ\
L OuUT1
NEG1 [} {
POS2 [} +:
{] ouTt2
NEG2 [} {
ScL [}
’c
SDA Interface > Internal
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, simplifying
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
r
L

Q1B | AVDD
Tl L p ° AVDD

I

O— «—— FREQ

PWM
Control

L SMODE—d & N
Q1A o —| Q2
4' UVLO — :ﬂ-

Vrer +

T GND COMP

I

Figure 5-2. Boost Converter 1 Internal Block Diagram

5.1.1 Switching Frequency (Boost Converter 1)
Boost converter 1's nominal switching frequency can be programmed to 750 kHz or 1200 kHz using the
FREQ bit in the MISC register.

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, that is, 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 (e.g. those using electrolytic output capacitors), it may be necessary to include a
second compensation capacitor between the COMP pin and ground (typically 22 pF). This has the effect
of adding an additional pole in the feedback loop's frequency response, which cancels the zero introduced
by the output capacitor's ESR.
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5.1.3

514

5.1.5

The COMP pin is directly connected to the input of the converter's current comparator, 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 converter's switch pin, 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, such as:

» 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, that is,
away from noisy power ground signals

For the most robust operation, it is recommended to ensure that the parasitic capacitance between the
SW1 and COMP is below 0.1 pF.

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 tgg, 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 boost converter 1's output voltage is re-programmed during
operation. This is not a problem during normal operation (when AVpp remains constant), 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 its
output voltage 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. One or more of the following recommendations can be used 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

Power-Down (Boost Converter 1)

Boost converter 1 is disabled when EN=0 or V\<Vyvio- When disabled, boost converter 2 actively
discharges AVpp by turning on Q2. The active discharge feature can be disabled by setting SMODE=1 in
the CONFIG register. Once disabled (EN = 0), boost converter 1 remains disabled until the device is
powered down (even if EN is re-asserted).

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.

28

Detailed Description Copyright © 2013, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Links: TPS65642


http://www.ti.com/product/tps65642?qgpn=tps65642
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBX6 &partnum=TPS65642
http://www.ti.com/product/tps65642?qgpn=tps65642

I3 TEXAS TPS65642

www.ti

INSTRUMENTS

.com SLVSBX6 —JULY 2013

5.1.6

5.1.7

5.2

Output Voltage (Boost Converter 1)

Boost converter 1's output voltage can be programmed from 6.0 V to 9.1 V in 100 mV steps using the
AVDD register.

Input Supply Characteristics

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| is supplied via an excessively long cable, in which case the
cable's parasitic inductance forms a resonant circuit with the IC's input capacitance. The following
guidelines help avoid such problems and ensure proper operation;

e minimize supply cable inductance
e minimize supply cable resistance
e 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 (Vcogre)

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 converter's off-time is inversely proportional to its
output voltage, and therefore 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 IVIN
1
LJ
—éom
PWM
Control SW2
VREF ]—KWY\—‘FO VCORE
VCOREI::> <« _
o ats T

TGND

Figure 5-3. Buck Converter 1 Block Diagram

5.2.1 Output Voltage (Buck Converter 1)

Buck converter 1's output voltage can be programmed from 1 V to 1.3 V in 100 mV steps.

5.2.2 Power-Up (Buck Converter 1)

Buck converter 1 starts as soon as buck converter 2 and the LDO regulator have finished ramping up.

To minimize inrush current during start-up, buck converter 1 ramps Vcore from zero to its final value in
tss; milliseconds. Soft-start time tgg; can be programmed from 0.5 ms to 4 ms using the SS1 register.
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The same ramp rate is used for both buck converters and the linear regulator. Changing SS1 affects all
three regulators.

Power-Down (Buck Converter 1)

Buck converter 1 is disabled when V |y < Vyy 0. Its output is not actively discharged.

5.3 BUCK CONVERTER 2 (V|q;)
Buck converter 2 is a low-power synchronous buck converter that in typical applications generates the 1/0
supply voltage for the timing controller and source drivers. It is essentially the same as buck converter 1,
also the output voltage V,o; can be programmed by the user but the output is actively discharged during
power-down.
VIN
VIO VIN
{1
p
UVLO—'H-QZ
S
PWM
Control SW3
Vrer }—[]—Nm—cho Viot
VIO1 |::> <« 5
—| Q1B I
TGND
Figure 5-4. Buck Converter 2 Internal Block Diagram
5.3.1 Output Voltage (Buck Converter 2)
Buck converter 2's output voltage can be programmed to 1.7 V, 1.8 V, or 2.5 V using the VIO register.
When V|o; = 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 > Vyyio (the same time the 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 Vy < Vyyio-
5.4 LDO REGULATOR (Vo)
In applications in which the timing controller and source drivers use different 1/0O voltages, the LDO
regulator can be used to generate the lower I/O supply voltage V,q,. The LDO regulator is supplied from
the VIOL1 pin, which is the output of buck converter 2.
30 Detailed Description Copyright © 2013, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: TPS65642


http://www.ti.com/product/tps65642?qgpn=tps65642
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBX6 &partnum=TPS65642
http://www.ti.com/product/tps65642?qgpn=tps65642

I3 TEXAS TPS65642

INSTRUMENTS

www.ti.com SLVSBX6 —JULY 2013

Vior o0—L{ o7 [_'—"—[]TO Vioz

Figure 5-5. Linear Regulator Block Diagram

5.4.1 Output Voltage (LDO Regulator)

When V|5, = 2.5 V, the LDO regulator's output voltage can be programmed to 1.7 V or 1.8 V using the
VIO register. To ensure reliable LDO programming, EN has to be "high" and the power-up sequence must
be over (tp ys). When Vo, = 1.7 V or 1.8 V, the LDO regulator is disabled.

5.4.2 Power-Up (LDO Regulator)

At power up, the LDO regulator starts as soon as V|y > Vyyio (the same time buck converter 1 and buck
converter 2 starts). It ramps its output linearly from zero to V,q, in tgg; 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/off during normal device operation (that is, programming V,o; from 1.7V to
2.5V or vice versa), the ramp or discharge characteristic is defined by the load connected.

5.4.3 Power-Down (LDO Regulator)

The LDO regulator is supplied from the VIO1 pin, which is actively discharged during power-down. The
LDO regulator's output therefore discharges through transistor Q1's body diode as long as VIOZ2 is high
enough to forward bias it. Thereafter, V,q, continues to discharge through the load connected to it.

5.5 BOOST CONVERTER 2 (Vgy)

Boost converter 2 is non-synchronous, and uses a constant off-time topology. The converter's switching
frequency is not constant, but adapts itself 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, that is, when temperature compensation is used.

A simplified block diagram of boost converter 2 is shown in Figure 5-6.
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AVpp ——oVay

VGH AVDD SW4 I

PWM |-
Control 1=

271

Temperature
Compensation

iﬁﬁ

VGHCOLD VGHHOT

u
TCOMP GND

Figure 5-6. Boost Converter 2 Block Diagram

Boost converter 2 can be temperature compensated, allowing its output voltage to transition from a higher
voltage at low temperatures VgycoLp) t0 @ lower voltage at high temperatures Vgygior) (See Figure 5-7
and Figure 5-8). The values of Vgynor) and Vgpcowpy 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.

Ven
A

VeH(coLp)

VaH(HoT)

»

>
Teop Thor Temperature

Figure 5-7. Boost Converter 2 Temperature Compensation Characteristic
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TCOMP DAC1
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Ryre Rz
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Controller
0.571V G
VGH
[}——o
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R2=2-R1
R4=27-R3

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

Referring to Figure 5-8, temperature compensation works as follows:

The thermistor network formed by Ryq, R, and Ryrc ® generates a voltage at the TCOMP pin whose

value decreases with increasing temperature.

With proper selection of the external components Ryq, Ry, and Ryre, temperatures Thot and Teop Can
be configured to suit each display's characteristics. A Microsoft Excel® spreadsheet allowing easy
calculation of component values is available from Texas Instruments free of charge.

5.5.1 Power-Up (Boost Converter 2)

Boost converter 2 is enabled when AVpp has finished ramping up. To minimize inrush current during start-
up, boost converter 2 ramps Vgy linearly to its programmed value in tgg, seconds. Soft-start time tgg, 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)

Boost converter 2 is disabled when EN = 0 or V|y < Vyywo. The converter's output is not actively
discharged when the converter is disabled. Once disabled (EN = 0), boost converter 1 remains disabled

until the device is powered down (even if EN is re-asserted).

5.5.3 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 @
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.

Note that if the VGHCOLD register is programmed with a lower voltage than the VGHHOT register, the
output voltage Vgy will be regulated at Vo), regardless of the temperature.

In applications that do not require temperature compensation, the TCOMP pin should be tied to ground

and the VGHHOT register used to set the voltage of Vg.

From Figure 5-8, it can be seen that, between Vgunor and Veucolp, b0oost converter 2's output voltage is

given by
Ven =28 % (Vpacz +3* (Vicomp ~ Vbacz)) )
(1) Ry should be a negative temperature coefficient (NTC) type whose resistance at 25°C is 10 kQ.
(2) Output voltages greater than 36 V require an external cascode transistor.
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5.6

5.7

Equation 1 can be used to calculate the voltage required on the TCOMP pin at temperatures Tyt and
Tcovp-
V. _ VeHHot
TCOMPHOT 08 @

v _ 2xVgpHot *+VaHcold
TCOMPCOLD = 82 @

Equation 4 can be used to calculate the appropriate value for Ry,

2a (4)
Where

Vrcompcolb — VicompHOT
lseT (5)

a=RnrcooLp —RntcHoT —

VrcompcaLp — VTcompHoT ]

b = (RnTccolp + RNTCHOT)X[ |
SET

6

Vrcompcolp — VTcomPHOT J

¢ = (RnrecoLp * RNTCHOT)X[ i
SET

O

and Rytccop and Rytecolp are the resistances of the thermistor at temperatures Teop and Tpot
respectively.

Once the value of Ry, has been calculated, Equation 8 can be used to calculate the appropriate value of
RTl.

Ry = X( VTcompcoLp J _( Rnrecowp xRz j

lseT Rnrecowp +R12 ®)

Protection (AVpp, Veore: Vior, Vioas Von)

Each voltage regulator is protected against short-circuits and undervoltage conditions. An undervoltage
condition is detected if a regulator output falls below 70% of its 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 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 V,y cycled.

RESET GENERATOR

The RST pin generates an active-low reset signal for the timing controller. During power-up, the reset
timer starts when Vcogre 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 will not be taken
low again until the device is powered down (even if Vqore temporarily falls out of regulation). The active
power-down threshold (Vyy o or Vpet) can be selected using the RMODE bit in the CONFIG register.

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

The gate voltage shaping function can be used to reduce image sticking in LCD panels by modulating the
LCD panel's gate ON voltage (Vgu). Figure 5-9 shows a block diagram of the gate voltage shaping
function and Figure 5-10 shows the typical waveforms during operation.
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Figure 5-9. Gate Voltage Shaping Block Diagram
\ A
VIOZ
FLK Don’t Care

5.7.1

5.8

- | | v,
' DLY6
Vo > \

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 Vgpy is
equal to Vgy. On the falling edge of FLK, 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.

During power-up Q2 is held permanently on and Q1 permanently off, regardless of the state of the FLK
signal, until tp v milliseconds after boost converter 2 (Vgy) has finished ramping. The value of tp vg can
be programmed from Oms to 35ms 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.

Recommended Connection when Gate Voltage Shaping not Used

Non-GIP/Non-ASG panels that do not use the gate voltage shaping function should leave the RE pin
floating and connect the FLK pin to either V,y or GND.

PANEL RESET / LCD BIAS READY (XAO)

The TPS65642 provides an output signal via its XAO pin that can be 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's gate driver IC high during power-down by generating an active-low signal. When the GIP = 0, the
XAO pin is pulled low whenever V,y < Vper. The Vpet threshold voltage can be configured using the VDET
register.

Copyrig
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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 has finished ramping up, and can be configured using the DLY6 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 VCOM CALIBRATOR (Vo)

The programmable VCOM 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 Veop
voltages.

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

AVpp

IDAC
POS1 POS1
] i

VCOM I::> DAC OoUT1
NEG1 |—"—° Veom

l ISET

1
L

SMODE o— & ——— N\N—
V\N < VuvLo O0— :ﬂ- 4’\/\/\/—| l—O VFB’\

VRer
POS2

IFL

OouT2
NEG2 ———0 Veome

RSET

RSET

Figure 5-11. Single Programmable Vcom Supply

The external resistor Rget generates a reference current Iger for the DAC. Since this reference current is
also used by boost converter 2's temperature compensation function, care should 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

24.9kQ ' )

The output current Ipac sunk by the DAC is given by:

DAC™""128 (10)

where N is the 7-bit word written to the DAC, and ranges from 0 to 127.
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Equation 11 and Equation 12 can be used to select appropriate values for R3 and R5.
ISET X (1 27 x Vcom(max) + AVCOM) (11)
B 128 x AVpom x R3

(127 xIggr xR3)~ (128 x AVgoy )

R3 =

(12)

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

AVpp

R3

| DAC

<« POS1 POS1
vcov\/ll::> DAC o} i OUT1

NEG1 ———0 Veoms
l ISEET

-
L

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

Vrer —
l; POS2
q OouT2
NEG2 —o——o0 Veome
3 R5
1
RSET
4 ————\———
Rser
4«/w—| |—o Vego

Figure 5-12. Dual Programmable Vcop Supplies

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

Equation 13 through Equation 15 can be used to calculate the correct values for R3 through R5 for the
case when two (slightly different) Vcoy voltages are required:

IseT (1 27 x Vcomimax) + AVcom ) 13)
ma [ Veovemax X( 128 x AVgoy ¥ R3 ]
R5 - Veomimax) ~Veomemax) | [ 128 x AV xR3 ]
VCOM1(MAX) (127 X ISET X R3) - (1 28 X AVCOM) (15)

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

5.9.1 Operational Amplifier Performance

Like most op amps, the Voo Op amps are not designed to drive purely capacitive loads, so it is not
recommended to connect a capacitor directly to their outputs in an attempt to increase performance;
however, the amplifiers are capable of delivering high peak currents that make such capacitors
unnecessary.
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59.2

5.9.3

5.10

High-speed op amps such as those in the TPS65642 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 be done to minimize the likelihood of this happening. Both of
these work by shifting the pole (which can never be completely eliminated) to a frequency outside the op
amp's bandwidth, where it has no effect.

» 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 (10pF—100pF) across the feedback resistor will minimize ringing.

» 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.

Power-Up (Programmable VCOM)

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

Power-Down (Programmable VCOM)

The programmable Vo supports two kinds of power-down behavior, and the SMODE bit in the CONFIG
register determines which one 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 it is too low to support operation. If SMODE = 1, Q1 turns on when Vy<Vyy.o, actively
pulling Vcoum low.

PROGRAMMABLE GAMMA VOLTAGE GENERATOR

The gamma voltage correction supplies fourteen reference voltages that can be used by the system's
source driver IC to match the LCD panel's 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.

During operation, the DACs' output voltages can be changed by programming new values via the 1°C
interface. Values programmed to the DACs but not transferred to EEPROM will be lost when power is
removed from the device — the next time the device is powered up, the DACs will be 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 via the I1°C interface.

AVpp

AVDD

OUTA
o 0> -0

OUTN
s {0 > 2T

Figure 5-13. Gamma Correction Block Diagram
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5.11

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 Vg Of each channel is given by:

N
Vo = ——AV,

Where N is the 10-bit digital word programmed to the gamma register and ranges from 0 to 1023.

(16)

Any non-used output can be left open and should, to save power, be programmed to their maximum
voltage (~ 180 pA saving per output).
Configuration

The TPS65642 divides the configuration parameters into two categories:

* Vcom
» all other configuration parameters

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

5.11.1 RAM, EEPROM, and Write Protect

Configuration parameters can be 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, it is possible to store the active configuration in non-volatile
EEPROM,; during power-up, the contents of the EEPROM are copied into the RAM registers and used to
configure the device.

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 I2C traffic to/from the TPS65642, and must also be pulled
low during read operations. This is to ensure that noise present on the I1°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 shows the memory map of the configuration parameters.

Table 5-1. Configuration Memory Map

i%%lsggg REGISTER NAME II:DAI‘EI(E;(L)JE'\I{ DESCRIPTION

00h CONFIG 00h Sets miscellaneous configuration bits

01lh AVDD 10h 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 01lh Sets the reset pulse duration

09h DLY1 02h Sets the boost converter 1 start-up delay
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Table 5-1. Configuration Memory Map (continued)

REGISTER FACTORY
ADDRESS REGISTER NAME DEFAULT DESCRIPTION
0Ah DLY6 04h Sets the gate voltage shaping / 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 B :
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 B :
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 B :
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 B :
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 02h Contains the 2 MSBs of the 10-bit gamma voltage J
GAMMA-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 B :

21h 00h Contains the 8 LSBs of the 10-bit gamma voltage K

22h 02h Contains the 2 MSBs of the 10-bit gamma voltage L
GAMMA-L B :

23h 00h Contains the 8 LSBs of the 10-bit gamma voltage L

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
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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
RIW-0 RIW-0 RIW-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.
VyvLo threshold used.
1 Vpet Threshold used.
1 SMODE Configures the power-down behavior of AVpp and Veowm.
AVpp is actively discharged (but not Vcowm).
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's 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
R/W-1 R/W-0 R/W-0 R/W-0 R/W-0

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

Table 5-3. AVDD Register Field Descriptions

Bit Field Value Description
-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 6.0V
01h 6.1V
02h 6.2V
03h 6.3V
04h 6.4V
05h 6.5V
06h 6.6 V
07h 6.7V
08h 6.8V
09h 6.9V
OAh 7.0V
0Bh 7.1V
0Ch 7.2V
0Dh 7.3V
OEh 74V
OFh 75V
10h 76V
11h 7.7V
12h 7.8V
13h 79V
14h 8.0V
15h 8.1V
16h 8.2V
17h 8.3V
18h 8.4V
19h 85V
1Ah 8.6V
1Bh 8.7V
1Ch 8.8V
1Dh 89V
1Eh 9.0V
1Fh 9.1V
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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
R/W-0 R/W-0 R/W-0 R/W-0

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

Table 5-4. VGHHOT Register Field Descriptions

Bit Field Value | Description
-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) 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)
Figure 5-17. VGHCOLD Register Bit Allocation
7 6 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
-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 (Vgy) at low temperatures.
Oh 25V
1h 26V
2h 27V
3h 28V
4h 29V
5h 30V
6h 31V
7h 32V
8h 33V
9h 34V
Ah 3BV
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|o;1) and the LDO regulator (V|op). TO
ensure reliable LDO programming, EN has to be "high" and the power-up sequence must be over
(toLye)-
Oh V,01=1.7 V, LDO regulator disabled.
1h V,0:=1.8 V, LDO regulator disabled.
2h  [Vi01=2.5V, Vi5p=1.7 V.
3h  [Vi01=2.5V, Vi5p=1.8 V.
5.11.8 MISC (05h)
Figure 5-19. MISC Register Bit Allocation
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 the switching frequency of boost converter 1 (AVpp).

Oh 750 kHz
1h 1200 kHz

1-0 VCORE These bits configure the output voltage of buck converter 1 (Vcorg)-
Oh 10V
1h 11V
2h 12V
3h 13V
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5.11.9 SS1 (06h)
Figure 5-20. SS1 Register Bit Allocation
7 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 SS1 These bits configure the soft-start time for buck converter 1 (Vcorg), buck converter 2 (V|o1) and
the LDO linear regulator (V|g5).
Oh 0.5ms
1h 1.0ms
2h 1.5ms
3h 2.0ms
4h 25ms
5h 3.0ms
6h 3.5ms
7h 4.0ms

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 4.0 ms
1h 4.5 ms
2h 5.0 ms
3h 5.5ms
4h 6.0 ms
5h 6.5 ms
6h 7.0 ms
7h 7.5ms
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5.11.11 RESET (08h)

Figure 5-22. RESET Register Bit Allocation

7 6 5 4 3 2 1

Not Implemented

R/W-0
LEGEND: R/W = Read/Write; R = Read only; -n = factory default

Table 5-10. RESET Register Field Descriptions

R/W-1

Bit Field Value Description

and during read operations 0 is returned.

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

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

5.11.12 DLY1 (09h)

Figure 5-23. DLY1 Register Bit Allocation

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

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

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 DLY1 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 (OAh)
Figure 5-24. DLY6 Register Bit Allocation
7 6 5 4 3 2 1 0
Not Implemented | DLY6
R/W-1 R/W-0 R/W-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

5.11.14 VDET (0Bh)

Figure 5-25. VDET Register Bit Allocation

7 6 5 4 3 2 1 0
Not Implemented | VDET
R/W-0 R/W-0 R/W-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 2.4V
3h 25V
4h 3.6V
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

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

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

Table 5-14. GAMxHI 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 GAMxHI 0h-3h | These bits form the two most significant bits of the 10-bit GAMXx value used to program the gamma
correction voltage for channel x.

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

Figure 5-27. GAMxLO Register Bit Allocation

7 6 5 4 3 2 1 0
GAMXLO
R/W-0 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 5-15. 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 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.

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 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.

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.
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5.11.18
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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)
TPS65642 acknowledges

Bus master sends address of RAM register (00h)

TPS65642 acknowledges

Bus master sends data to be written

TPS65642 acknowledges

Bus master sends STOP condition

74h 00h DATA
| s | 7-Bit Slave Address | 0 | A | RAM Register Address | A | RAM Register Data | Alp

Figure 5-29. Writing to a Single RAM Register

Example — Writing to Multiple RAM Registers

Bus master sends START condition

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

TPS65642 acknowledges

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

TPS65642 acknowledges

Bus master sends data to be written to first RAM register

TPS65642 acknowledges

Bus master sends data to be written to RAM register at next higher address (auto-increment)
TPS65642 acknowledges

10. Steps (8) and (9) repeated until data for final RAM register has been sent
11. TPS65642 acknowledges
12. Bus master sends STOP condition

74h 00h DATA DATA

| s | 7-Bit Slave Address | 0 | A | RAM Register Address (n) | A | RAM Register Data (n) | A ‘ RAM Register Data (n+1)

[}

I
I
} DATA
|

L—+| RAM Register Data (Last) | A IE

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. TPS65642 acknowledges
4. Bus master sends address of Control Register (FFh)
5. TPS65642 acknowledges
6. Bus master sends data to be written to the Control Register (80h)
7. TPS65642 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 E2PROM
52 Detailed Description Copyright © 2013, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: TPS65642


http://www.ti.com/product/tps65642?qgpn=tps65642
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBX6 &partnum=TPS65642
http://www.ti.com/product/tps65642?qgpn=tps65642

13 TEXAS
INSTRUMENTS

www.ti.com

TPS65642

SLVSBX6 —JULY 2013

5.11.21
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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)
TPS65642 acknowledges

Bus master sends address of Control Register (FFh)
TPS65642 acknowledges

Bus master sends data for Control Register (00h)

TPS65642 acknowledges

Bus master sends STOP condition

Bus master sends START condition

. Bus master sends 7-bit slave address plus low R/W bit (E8h)
. TPS65642 acknowledges

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

. TPS65642 acknowledges

. Bus master sends REPEATED START condition

. Bus master sends 7-bit slave address plus high R/W bit (E9h)
. TPS65642 acknowledges

. TPS65642 sends RAM register data

. Bus master does not acknowledge

. Bus master sends STOP condition

74h FFh 00h

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

74h i 00h 74h DATA

7-Bit Slave Address ‘ 0 ‘ A ‘ RAM Register Address ‘ A ‘Sr‘ 7-Bit Slave Address ‘ 1 ‘ A ‘ RAM Register Data

Figure 5-32. Reading from a Single RAM Register
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5.11.22
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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)
TPS65642 acknowledges

Bus master sends address of Control Register (FFh)
TPS65642 acknowledges

Bus master sends data for Control Register (01h)

TPS65642 acknowledges

Bus master sends STOP condition

Bus master sends START condition

. Bus master sends 7-bit slave address plus low R/W bit (E8h)
. TPS65642 acknowledges

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

. TPS65642 acknowledges

. Bus master sends REPEATED START condition

. Bus master sends 7-bit slave address plus high R/W bit (E9h)
. TPS65642 acknowledges

. TPS65642 sends EEPROM register data

. Bus master does not acknowledge

. Bus master sends STOP condition

74h FFh 01h

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

74h 00h 74h DATA

>{ s ‘ 7-Bit Slave Address ‘ 0 ‘ A ‘ EEPROM Register Address ‘ A ‘Sr‘ 7-Bit Slave Address ‘ 1 ‘ A ‘ EEPROM Register Data

Figure 5-33. Reading from a Single EEPROM Register
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5.11.23
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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)
TPS65642 acknowledges

Bus master sends address of Control Register (FFh)
TPS65642 acknowledges

Bus master sends data for Control Register (00h)

TPS65642 acknowledges

Bus master sends STOP condition

Bus master sends START condition

. Bus master sends 7-bit slave address plus low R/W bit (E8h)
. TPS65642 acknowledges

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

. TPS65642 acknowledges

. Bus master sends REPEATED START condition

. Bus master sends 7-bit slave address plus high R/W bit (E9h)
. TPS65642 acknowledges

. TPS65642 sends contents of first RAM register to be read

. Bus master acknowledges

. TPS65642 sends contents of second RAM register to be read
. Bus master acknowledges

. TPS65642 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 i

00h 74h

DATA

7-Bit Slave Address

‘ A ‘ Sr ‘ 7-Bit Slave Address

[1]A]

RAM Register Data (n)

DATA

DATA

RAM Register Data (n+1)

[]

RAM Register Data (Last) ‘ A

Figure 5-34. Reading from Multiple RAM Registers
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Example — Reading from Multiple EEPROM Registers
Bus master sends START condition

Bus master sends 7-bit slave address plus low R/W bit (E8h)
TPS65642 acknowledges

Bus master sends address of Control Register (FFh)
TPS65642 acknowledges

Bus master sends data for Control Register (01h)

TPS65642 acknowledges

Bus master sends STOP condition

Bus master sends START condition
. Bus master sends 7-bit slave address plus low R/W bit (E8h)
. TPS65642 acknowledges
. Bus master sends address of first EEPROM register to be read (00h)
. TPS65642 acknowledges
. Bus master sends REPEATED START condition
. Bus master sends 7-bit slave address plus high R/W bit (E9h)

. TPS65642 acknowledges

. TPS65642 sends contents of first EEPROM register to be read

. Bus master acknowledges

. TPS65642 sends contents of second EEPROM register to be read

. Bus master acknowledges

. TPS65642 sends contents of third (last) EEPROM register to be read
. 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 F——

74h i 00h 74h DATA

7-Bit Slave Address \ 0 \ A\ EEPROM Register Addr (n) \ A \Sr\ 7-Bit Slave Address \ 1 \ A \ EEPROM Register Data (n)

DATA DATA

Figure 5-35. Reading from Multiple EEPROM Registers
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5.11.25 Configuration Parameter VCOM

Figure 5-36. VCOM Register Bit Allocation

7 6 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 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
o JoUTTR 128
SET
0 P During write operations this bit configures the destination for data.

Data is written to the DAC register and EEPROM.
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.

DAC register and EEPROM contents are the same.
DAC register and EEPROM contents are different.

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. TPS65642 slave acknowledges.
4. Bus master sends EF hexadecimal (data to be written plus LSB = '1").
5. TPS65642 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
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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. TPS65642 slave acknowledges.
4. Bus master sends EE hexadecimal (data to be written plus LSB ="'0").
5. TPS65642 slave acknowledges.
6. Bus master sends a STOP condition.
4Fh 77h
| S | 7-Bit Slave Address | 0 | A | Data to be Written | 0 | A m

Figure 5-38. Writing a VCOM Value of 77h to EEPROM and RAM

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. TPS65642 slave acknowledges.
4. TPS65642 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
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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. TPS65642 slave acknowledges.
4. TPS65642 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| 7BitSlaveaddress [1[A]| DatatobeRead [1]|A[P]|

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

5.11.30 I°C Interface

Configuration parameters and the Vqoy Voltage setting are programmed via an industry standard 1°C
serial interface. TheTPS65642 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 its slave addresses
are ignored until the current write operation has completed.

The I2C 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.

5.12 Power Sequencing
Buck converter 2 (V|o1) and the linear regulator (V,q,) start as soon as V5 > Vyyo-
Buck converter 1 (Vcogre) Starts as soon as V,q; and Vg, have finished ramping up.
The reset generator holds RST low until treset Seconds after Voore has reached power good status.

Boost converter 1 starts tp y; 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, Vgym is held high impedance until tp v milliseconds after Vg, reaches power good
status; XAO goes high when Vy > Vpet and low when V |y < Vper.

In GIP mode, XAO is held low until ty v milliseconds after Vg reaches power good status.

Figure 5-41 and Figure 5-42 show the typical power-up/down characteristic of the TPS65642.
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Figure 5-41. Power Up/Down Sequencing with EN Connected to V|
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Figure 5-42. Power Up/Down Sequencing with EN Connected to T-CON Ready
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5.13 Undervoltage Lockout

An undervoltage lockout function disables the TPS65642 when the supply voltage is too low for proper
operation.

6 Application Information

6.1 External Component Selection
Care should be applied to the choice of external components since they greatly affect overall
performance. The TPS65642 was developed with the twin goals of high performance and small/low-profile
solution size. Since these two goals are often in direct opposition to one another (e.g. larger inductors tend
to achieve higher efficiencies), some trade-off is always necessary.
Inductors must have adequate current capability so that they do not saturate under worst-case conditions.
For high efficiency, they should 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 their nominal
capacitance under real-world conditions and this must be taken into consideration when selecting them.
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 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.
The following tables list some components suitable for use with the TPS65642. 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 TPS65642.
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 <1.0mm
C . .
N Ceramic Capacitor, XSR, 10 uF, 16V, | GR\v319R61H475MAL2 Murata <0.85mm
Cout +20%
Table 6-2. Buck Converter 1 External Component Recommendations
REF. DESCRIPTION PART NUMBER MANUFACTURER THICKNESS
L Chip Inductor 1269AS-H-2R2N Toko <1.0mm
Cout Ceramic Capacitor, X5R, 10 pF, 6.3V, GRM319R61H475MA12 Murata <0.85mm
+20%
Table 6-3. Buck Converter 2 External Component Recommendations
REF. DESCRIPTION PART NUMBER MANUFACTURER THICKNESS
L Chip Inductor 1269AS-H-2R2 Toko <1.0mm
Cout Ceramic Capacitor, X5R, 10 pF, 6.3 V, GRM319R61H475MA12 Murata <0.85mm
+20%
Table 6-4. LDO Regulator External Component Recommendations
REF. DESCRIPTION PART NUMBER MANUFACTURER THICKNESS
Cout Ceramic Capacitor, X5R, 10 pF, 6.3V, GRM319R61H475MA12 Murata <0.85mm
+20%
62 Application Information Copyright © 2013, Texas Instruments Incorporated
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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 <1.0mm
L Wirewound Inductor, 15 uH, +20% LQH3NPN150NGO Murata <1.0mm
Cout Ceramic Capacitor, X5R, 4.7 pF, 50 V, GRM319R61H475MA12 Murata <0.85mm
+20%
D Switching Diode, 150 mA, 75V, BAS16W Infineon <1.0mm
350 mW

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 needed to optimize the circuit for a specific application, however, the
basic circuit is unlikely to change significantly.
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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 part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TPS65642YFFR Active Production DSBGA (YFF) | 56 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40to 85 TPS65642
TPS65642YFFR.A Active Production DSBGA (YFF) | 56 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40to 85 TPS65642

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer: The information provided on this page represents TI'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. TI 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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
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T T
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Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS65642YFFR DSBGA | YFF 56 3000 330.0 12.4 30 | 355 | 0.81 | 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS65642YFFR DSBGA YFF 56 3000 335.0 335.0 25.0
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% PACKAGE OUTLINE
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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
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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
DSBGA - 0.625 mm max height
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SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:30X
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NOTES: (continued)

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