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LCD Bias Solution with Level Shifters for GOA Panels

Check for Samples: TPS65155

FEATURES

« 3Vto 6V Input Voltage Range

* Boost Converter With 4 A Switch Current Limit
* Boost Converter Output Voltages up to 18 V

+ Boost Converter Overvoltage Protection

+ Selectable Switching Frequency (640 kHz or
1.2 MHz)

* Programmable Boost Converter Soft-Start

* Temperature-Compensated Positive Charge
Pump Controller

* Negative Charge Pump Controller
* 4+ 2 Channels of Level Shifters

+ XAO Reset Signal

* Thermal Shutdown

* 40-Pin 5x5 mm QFN Package

APPLICATIONS

* LCD Monitors or Notebook Panels using GOA
Technology

DESCRIPTION

The TPS65155 provides an integrated bias and level
shifter solution for GOA panels.

The device integrates a boost converter to generate
the source driver supply voltage (Vavpp), positive and
negative charge pump controllers to generate gate
driver ON (Vgy) and OFF (Vg) voltages, and an
6-channel level shifter in a single IC. The positive
charge pump controller supports temperature
compensation to reduce Vg at high temperatures.

In addition to the above functions, the TPS65155
generates an additional active-low XAO reset output.

Supply sequencing during power-up can be controlled
by an externally generated enable signal.

Vin > AVDD
33V AVDD Boost Converter " 9 v/300 mA
Positive Charge Pump Controller Veum
With Temperature Compensation 24 V20 mA

Negative Charge Pump Controller | . VoL

-6 V/20 mA
Reset Function — XAO
4
yA - 4-phase level
4 shifter
——> 4+ 2 Channel
2 Level Shifter
+> 2/, STVOUT
RESETOUT

Q 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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A

‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

ORDERING INFORMATION®

Ta ORDERING PACKAGE

PACKAGE MARKING

—40°C to 85°C TPS65155RKPR 40-Pin 5x5 QFN

TPS65155

(1) The device is supplied taped and reeled, with 3000 devices per reel.

ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range (unless otherwise noted)

These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam

VALUE UNIT

FBN, VREF, SCL, SDA, FBP, RESETIN, CLKIN1, CLKIN2, CLKIN3, CLKIN4, FBPH, 7

FREQ, COMP, FB, SS, VIN, DRVN, VDET, STVIN, RNTC, EN, XAO

AVDD, SW 20
Pin Voltage ® DRVP, VGH 20 Y,

VGL -20

STVOUT, RESETOUT, CLKOUT1, CLKOUT2, CLKOUT3, CLKOUT4 —20 to 40

Human Body Model 2 kv
ESD Rating | Machine Model 200 \%

Charged Device Model 500 \%
Pp Continuous Power Dissipation See Thermal Table W
Ta Ambient temperature —40 to 85 °C
T; Junction temperature —40 to 150 °C
Tste Storage temperature —65 to 150 °C

Lead temperature (soldering, 10 seconds) 300 °C

(1) Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other conditions beyond those indicated under “recommended operating

conditions” is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) With respect to the AGND and LGND pins.

THERMAL INFORMATION

TPS65155
THERMAL METRIC® QFN UNITS
40 PINS

63a Junction-to-ambient thermal resistance 36.1
8¢ (top) Junction-to-case(top) thermal resistance 30.0
038 Junction-to-board thermal resistance 10.5 oW
Wit Junction-to-top characterization parameter 0.7
Wig Junction-to-board characterization parameter 10.5
8¢ (bottom) Junction-to-case(bottom) thermal resistance 4.6

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

MIN  TYP MAX| UNIT
ViN Input voltage range 3 5 6 \%
VAvDD Boost converter output voltage range 7M 18| Vv
VGH Level shifter positive supply voltage range 15 38 \%
VgL Level shifter negative supply voltage range -3 -15 \%
VpeT Panel discharge threshold voltage 2 \%
CRrer Vgrer decoupling capacitance 10 100 220 nF
Ta Operating ambient temperature -40 25 85 °C
T; Operating junction temperature -40 85 125 °C

(1) OrV,y+ 1V, whichever is lower.

ELECTRICAL CHARACTERISTICS

Vin =5V; Vavop = 13.6 V, Vg =28V, Vg1 = Vg, =-10V, Tp = —-40°C to 85°C; FREQ = high. Typical values are at 25°C
(unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS | MIN TYP MAX UNIT
POWER SUPPLY
Iin V) supply current Device not switching, Veg = V| + 5% 0.75 mA
Isup Positive supply current 0.04 mA
leh Positive supply current STVIN =0V, RESETIN =0 V, CLKIN1-CLKIN4 =0 V 0.26 mA
loL Negative supply current STVIN =0V, RESETIN = 0 V, CLKIN1-CLKIN4 =0 V 0.035 mA
Vuvio UVLO threshold V) rising 25 \%
Vhys UVLO hysteresis V) falling 0.25 \%
VRer External reference voltage I =100 pA 1.215 1.24 1.265 \%
IRer Reference voltage maximum output current | V. = 1.24 V + 2% 250 HA
CONTROL SIGNALS (EN, FREQ)
Viy High input voltage threshold EN, FREQ rising 2.0 \%
Vi Low input voltage threshold EN, FREQ falling 0.5 \%
RpuLL-up Pull-up resistor EN, FREQ 50 kQ
RESET (XAO)
Voo Low level output voltage Ixao = 1 mA, sinking 0.5 \%
lon High level leakage current Vxao =5V 2 uA
Copyright © 2012, Texas Instruments Incorporated Submit Documentation Feedback 3
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ELECTRICAL CHARACTERISTICS (continued)

Vin =5V; Vavop = 13.6 V, Vgy =28V, Vg1 = Vg, =-10V, T, = —-40°C to 85°C; FREQ = high. Typical values are at 25°C
(unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS | MIN TYP MAX UNIT
BOOST CONVERTER (AVDD)
VAvbD Output voltage Iavop = 0.5 A 7 180 \%
Vove Overvoltage threshold Vavop fising 18.0 19.0 20.0 \%
VovpHys) Overvoltage hysteresis Vavop falling 0.3 \%
Vscpavob) Short-circuit threshold voltage Vavoo rllsmg, d%mng power-up - 26 \%
Vgg falling, during normal operation 0.36
Veg(pg) Power good threshold Vee rlsmg o :7 of
Vgg falling 91.7 REF
o OFF time 55
tscp(avop) Short circuit timer ON time s ms
Vg Feedback regulation voltage 1.228 1.240 1.252 \%
=5 Feedback input bias current Veg =1.24V -100 100 nA
Om Error amplifier transconductance 80 140 HAIV
IDS(ON) Switch ON resistance ViN=5V, lsw = lum 0.13 0.18 Q
ILm Switch current limit 4.0 4.8 5.6 A
Ik Switch leakage current EN=0V, Vgy =185V 30 uA
Iss Soft-start capacitor charge current Vss =1.24V 4.4 HA
fow Oscillator frequency FREQ connected to Vg 900 1200 1500 KHz
FREQ connected to OV 470 640 790
Line regulation ViN=4Vto6V,Ilapp=05A 0.01 %IV
Load regulation Iavop = 0.1 Ato 0.5 A 0.2 %IA
POSITIVE CHARGE PUMP CONTROLLER (VGH)
Vbrvp Base drive voltage range With external pull-up resistor 40 \%
Normal operation, sinking, Vigp = 1.575 V, Vpryp = 28 V 25 mA
IbrvP Base drive sink current
Short-circuit operation, sinking, Vegp = 0 V, Vpryp = 28 V 40 72 HA
Lower limit; Ve = 2 V, Vegpy = 1.75 V 1.663 1.75 1.838
Vepp Feedback regulation voltage Lower limit; Vente = 1.5V, Vegpy = 175V 1.425 1.50 1.575 \%
Lower limit; Vente = 1.0 V, Vegpy = 1.75 V 1.178 1.24 1.302
Vesp(scr) Short circuit threshold voltage Veer r|5|hg, du“hg poWer-up - 124 mV
Vegp falling, during normal operation 340
Vegp(pG) Power good threshold Veer r|5|-ng 73 :7 of
Vepp falling 92.5 REF
tscpveH) Short circuit timer Starts from boost converter power good 15 ms
Irgp FBP input bias current Vente =1V, Vegpy = 1.75V, Vegp = 1.24 V -100 100 nA
IrnTC RNTC output current Vente = 1.5 V, matched to Iggpy; at To = 25 °C 190 200 210 MA
legpH FBPH output current Vegpy = 1.75 V, trimnmed; at Tp = 25 °C 195 200 205 HA
Load regulation Iy =1 mA to 50 mA 0.05 %/mA

(1) Limited by overvoltage protection function.
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ELECTRICAL CHARACTERISTICS (continued)
Vin =5V; Vavop = 13.6 V, Vgy =28V, Vg1 = Vg, =-10V, T, = —-40°C to 85°C; FREQ = high. Typical values are at 25°C

(unless otherwise noted).

PARAMETER TEST CONDITIONS | MIN TYP MAX UNIT
NEGATIVE CHARGE PUMP CONTROLLER (VGL)
IbrRVN Base drive current Normal operation, sourcing, Vegy = 25 mV, Vpryy = 0.7V 25 mA
\S/Es\:th;c:ir((:)ei?t Speration, sourcing, Vegy = 1.116 V, 200 300 480 WA
Vepn Feedback regulation voltage Ibrvn = 1 MA, sourcing -15 15 mV
lesn FBN input bias current Vegy =0V -100 100 nA
VEesn(scr) Short circuit threshold voltage Veon falling, during start-up 794 mV
Vggn rising, during normal operation 817
Vesnpe) Power good threshold Veen fé”mg 28 :7 of
Vepy rising 7.5 REF
tscpveL) Short circuit timer Starts from boost converter power good 15 ms
Load regulation lgL1 = 1 mA to 50 mA 0.05 %/mA
LEVEL SHIFTERS (CLK1 to CLK4)
Vuvio UVLO threshold Vg rising. 5.0 75 10.0 \%
ViH Level shifter high level input threshold Vewking fising 15 \%
Vi Level shifter low level input threshold Ve falling 0.5 \%
High side ON resistance lcLkouTtx = 10 mA, sourcing 14
oson Low side ON resistance lcLkouTtx = 10 mA, sinking 8 a
LEVEL SHIFTERS (STV, RESET)
Viy Level shifter high level input threshold Vstvine VReseTIN MiSiNg 15 \
Vi Level shifter low level input threshold Vstvine Vreserin falling 0.5 \%
High side ON resistance IstvouT: IReseTout = 10 MA, sourcing 35
oson Low side ON resistance Istvout: IReseTout = 10 MA, sinking 15 a
I2C INTERFACE
Bus address 4Fh
Vi Low level input voltage Vn=4Vito6V 0.7 \%
Viy High level input voltage Vin=4Vto6V 15 \
VoL Low level output voltage Sinking 3 mA 0.4 \%
THERMAL SHUTDOWN
Tsp Thermal shutdown threshold 138 °C
Thys Thermal shutdown hysteresis 8 °C
Copyright © 2012, Texas Instruments Incorporated Submit Documentation Feedback 5
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DEVICE INFORMATION

PIN ASSIGNMENT

[ 35 | VREF
[ 34 | FBN
[ 33 | veL
[ 32 | vGH
[ 31 | CLKIN1

pd
>
14
o
H
™

[ 40 | FBPH
[ 39 | RNTC
[ 38 | DRVP
[ 37 | FBP

COMP 1 30 CLKIN2
AGND 2 29 CIKIN3
SS 3 28 CLKIN4
NC 4 27 STVIN
FB 5 26 RESETIN
PGND |_6 ePAD 25 | NC
SW 7 24 RESETOUT
FREQ 8 23 STVOUT
VIN 9 22 CLKOUT4
XAO 10 21 CLKOUT3
—| [~ =] |=] =] |=] || |[=] |=] |&
b2 8203¢82c¢&k
Q0 >09 a0 3 3
< — C o
a 4
o O
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PIN FUNCTIONS

NAME PIN NO. 110 DESCRIPTION
COMP 1 | Boost converter compensation

AGND 2 P Analog ground

SS 3 | Boost converter soft-start capacitor connection
NC 4 (0] No connection. Leave the pin floating

FB 5 | Boost converter feedback

PGND 6 P Power ground

SW 7 P Boost converter switch node

FREQ 8 | Boost converter frequency select

VIN 9 P Supply voltage

IXAO 10 e} Reset

EN 11 | Device enable

VDET 12 | Panel discharge input

GND 13 | Ground

AVDD 14 P High voltage analog supply

GND 15 | Ground

SCL 16 I/O | I?C interface clock

SDA 17 I/O | I?C interface data

LGND 18 P Level shifter ground connection

CLKOUT1 19 (0] Level shifter input

CLKOUT2 20 (0] Level shifter input

CLKOUT3 21 (0] Level shifter input

CLKOUT4 22 (0] Level shifter input

STVOUT 23 (0] Level shifter input

RESETOUT 24 (0] Level shifter input

NC 25 No connection. Leave this pin floating.

RESETIN 26 | Level shifter input

STVIN 27 | Level shifter input

CLKIN4 28 | Level shifter input

CLKIN3 29 | Level shifter input

CLKIN2 30 | Level shifter input

CLKIN1 31 | Level shifter input

VGH 32 P Level shifter positive supply

VGL 33 P Level shifter negative supply

FBN 34 | Negative charge pump regulator feedback

VREF 35 (0] Internal voltage reference

DRVN 36 (0] Negative charge pump regulator drive signal (connects to base of external NPN transistor)
FBP 37 | Positive charge pump regulator feedback

DRVP 38 (0] Positive charge pump regulator drive signal (connects to base of external PNP transistor)
RNTC 39 | Positive charge pump LDO thermistor connection
FBPH 40 | Positive charge pump LDO temperature-setting resistor connection
ePAD P Exposed pad. Connect to the system GND
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TYPICAL CHARACTERISTICS

TABLE OF GRAPHS

FIGURE
BOOST CONVERTER
. Vin=5V,Vawop =136 V, lavpp=0Ato 1 A Figure 1
Efficiency -
Vin=5V,Vawop =18 V, lavpp=0At01 A Figure 2
vs Load current VIN=5V,Vavop =136 V, Iavpp =0At0 0.8 A Figure 3
Frequency -
vs Supply voltage ViN=3.5V106.0V, Vaypp =13.6V, laypp =0.5A Figure 4
Undervoltage . )
Protection 9 fsw=1.2MHz, L=4.7uH ViN =5V, Vavpp = 13.6 V (10 V transient) Figure 5
Load Transient fSW:640kHZ, L:10|JH VIN =5V, VAVDD =136V, IAVDD = 250 mA/750 mA Step Figure 6
Response fsw=1.2MHz, L=4.7uH Figure 7
Soft-start CSSZZZHF VIN =5V, VAVDD =136V, IAVDD =05A Figure 8
Overvo_ltage Duration = 75 ms Figure 9
Protection
Short-Circuit Duration = 75 ms ViIN=5V, Vavpp =13.6 V, laypp = 0.5 A Figure 10
Protection Duration = 25 ms ViN=5V, Vavop = 13.6 V, laypp = 0.5 A Figure 11
Switch Node CCM operation ViIN=5V, Vavpp =13.6 V, laypp = 0.5 A Figure 12
Waveform DCM operation Vin =5V, Vavpp = 13.6V, lavpp = 0.1A Figure 13
POSITIVE CHARGE PUMP
Load Transient fsw = 640kHz, L = 10pH Vin = 5V, Vavop = 13.6V, laypp = 0.5A Vg = 28V, Figure 14
Response fsw = 1.2MHz, L = 4.7pH Ign = 10 MA/50 mA step Figure 15
ViN=4V 106V, Vaypp = 13.6 V, laypp = 0.5A,
Temperature o )
Com‘;ensation VGH(COLD) =28V, VGH(HOT) =24V, TCOLD =-10°C, Flgure 16
ThoT = 10°C, Igh = 25 mA
NEGATIVE CHARGE PUMP
Load Transient fsw = 640kHz, L = 10uH Vin =5V, Vayop = 13.6 V, laypp = 0.5 A, Vg =—10V, Figure 17
Response fsw = 1.2MHz, L = 4.7pH IcL =10 mA/50 mA step Figure 18
START-UP SEQUENCING
Power-Up Sequence |V, Vavop: Veh: Vel ViN =5V, Vavpp = 13.6 V, Vgy =28V, Vg =-10V Figure 19
Vin, CLKOUTX, STVOUT, _ _ _ _ ;
Power-Up Sequence R'ESETOUT Vin =5V, Vavop = 13.6 V, Vgy =28 V, Vg = =10 V Figure 20
Power-Down Vin» CLKOUTX, STVOUT, _ _ _ —_ ;
Sequence RESETOUT Vin =5V, Vavpp = 13.6 V, VGH = 28V, VgL = 10V Figure 21
LEVEL SHIFTERS
CLKOUTXx Figure 22
Peak Output Current VgH = 28V, Vg =-10V, 10 nF load -
STVOUT, RESETOUT Figure 23
. ) CLKOUTXx Figure 24
Rise Time Vgu =28V, Vg =-10V, 47Q + 10 nF load -
STVOUT, RESETOUT Figure 25
) CLKOUTXx Figure 26
Fall Time Vgu =28V, Vg =-10V, 47Q + 10 nF load -
STVOUT, RESETOUT Figure 27
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BOOST CONVERTER EFFICIENCY (Vavpp = 13.6 V) BOOST CONVERTER EFFICIENCY (Vavpp = 18 V)
100 T 100 T
FREQ = Low FREQ = Low
90 90
/7
80 80 = — |
/ FREQ = High /
70 70 -
B / ° / FREQ = High
| 60 1 60
s % § 50
o o
£ 40 £ 40
w w
30 30
20 20
10 10
0 0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
lvop — Output Voltage Current — A lvop — Output Voltage Current — A
Figure 1. Figure 2.
BOOST CONVERTER FREQUENCY vs. LOAD CURRENT BOOST CONVERTER FREQUENCY vs. SUPPLY VOLTAGE
1400 1400 ‘
-~ FREQ = High FREQ = High
1200 F— 1200 :
N \\ N
1 1000 11000 [~
> >
o o
< c
S 800 S 800
g FREQ = Low g FREQ = Low
('S w
g 600 @ 600
t =
> ]
5 400 ‘s 400
o 7
2 ?
8 200 8 200
7] [
0 0
0 100 200 300 400 500 600 700 800 35 4.0 45 5.0 55 6.0
Output Current —mA Vn — Input Voltage - V
Figure 3. Figure 4.

BOOST CONVERTER UNDERVOLTAGE PROTECTION BOOST CONVERTER LOAD TRANSIENT RESPONSE

- Converter Load {AVoo

\. Co:nvert:er O_I_P

1 IAVDD

30
: : : L * f,,=640kHz, L=10uH
A P . .M.f(]._(]m.s: .Ch]. _\- .5=0.[]|1;|\.,' s 200m\,”\,3w P i i L M. -2.00.“:5- i -_\- : .2.00ITIIA
chz 5.00V
Figure 5. Figure 6.
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BOOST CONVERTER LOAD TRANSIENT RESPONSE

o\

- 4] lavop

f,,=1.2MHz, L=4.7yH -

GE  200mviR ~M 200ns ChZ % 200mA

Figure 7.

BOOST CONVERTER OVERVOLTAGE PROTECTION

: ..................
VSW
500V M 50.0MS F 100V
Figure 9.

BOOST CONVERTER SHORT-CIRCUIT PROTECTION

1 AVpp

thi—Toev T WSO Oms AUX 7 240V

Figure 11.

BOOST CONVERTER SOFT-START

AVpp

[Ch 1 EERRY 21004 M2.00ms Auxs  1.00V

Figure 8.

BOOST CONVERTER SHORT-CIRCUIT PROTECTION

. [
[ Short
Circuit ]
Duration AV,

0.0V § M50.0ms AuxJ  2.49V
0V

Figure 10.

BOOST CONVERTER SWITCH NODE WAVEFORM (CCM)

Chi~sGov™ WM 200Rs CHT #1600V

Figure 12.
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BOOST CONVERTER SWITCH NODE WAVEFORM (DCM)

Thi 500V M 200ns Chi 7 10.0V

Figure 13.

POSITIVE CHARGE PUMP LOAD TRANSIENT RESPONSE

f,,=1.2MHz, L=4.7yH °

Chi Toomvae WM Z00us Chi F25.2mA

Figure 15.

NEGATIVE CHARGE PUMP LOAD TRANSIENT RESPONSE

IS NN

POSITIVE CHARGE PUMP LOAD TRANSIENT RESPONSE

IGH
SR f,,=640kHz, L=10pH |
1Ch | BRI — W Z00ds ChE 7 235.2mA
Figure 14.
POSITIVE CHARGE PUMP TEMPERATURE
COMPENSATION
285 I I
VeuHory =28V |
>| 280 \ Veh(coLp) = 24V
® Teop=-10°C |
D 275 \\ T:Z:D= 10°C
©
X 270
[
g 26.5 \
£ 2. N\
S N\
= 26.0 \
£
f’ 25.5 \
3 AN
$ 250 \
-
1 245
X
o
> 240
23.5
-20 -15 -10 -5 0 5 10 15 20

Temperature — °C

Figure 16.

NEGATIVE CHARGE PUMP LOAD TRANSIENT RESPONSE

HINEE N

f,,=640kHz, L=10pH " f,,=1.2MHz, L=4.7uH
Chi— Toomvie — W 200Hs FIs ImA TSN B T T oy W Z00ys S LT
Figure 17. Figure 18.
Copyright © 2012, Texas Instruments Incorporated Submit Documentation Feedback 11

Product Folder Link(s): TPS65155


http://www.ti.com/product/tps65155 ?qgpn=tps65155 
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSB29&partnum=TPS65155 
http://www.ti.com/product/tps65155 ?qgpn=tps65155 

TPS65155

SLVSB29 -JANUARY 2012

13 TEXAS
INSTRUMENTS

www.ti.com

POWER-UP SEQUENCE #1

VGL
L6 N T VA e v 211111 1) B s
Chz 200V
Figure 19.
POWER-DOWN SEQUENCE #1
% 4 VIN
- VCLKOUTX

=

NS SR Vsrvour

VRESETOUT

Chi 500V |
Chz 30.0V

“MZ.00ms Chi 1

Figure 21.

ENRY

PEAK OUTPUT CURRENT (STVOUT, RESETOUT)

POWER-UP SEQUENCE #2

:VIN
4
IVCLKOUTx
VELLLELL LDy i Vervour
IVRESETOUT
Chi 5.00V “M2.00ms ChiF 1.0V
Ch3 30,0V
Figure 20.
PEAK OUTPUT CURRENT (CLKXx)
SRIUVIANAIRIEEIEIEREE (LSRRI
: «
. N "”" 7 - I(2LK0UT1

564mA

WM Z.00ps Chi 7 T56mA

Z00mA

Figure 22.

RISE TIME (CLKOUTX)

gt A A A ]
4
: o /| lstvour et Ve koutt
-302mA V- -
. : : Load=47Q+10nF
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DETAILED DESCRIPTION

An internal block diagram of the TPS65155 is shown in Figure 28.
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Figure 28. Internal Block Diagram
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Boost Converter

An internal block diagram of the boost converter is contained in Figure 29.

L, D1
Vin L 4 4 L 4 »— Vavop
EN VIN
)
VOVP
Y
Bias y,
UvLO
Thermal SD D
A
FREQ | 1 ot Ry
Generator FB
L L | [] P
Ss Current Limit * R
& Soft Start i PWM __D_I; 2
T Generator -
T
COMPL /_VREF
g \
R4 ™

‘I PGND

Figure 29. Boost Converter Internal Block Diagram

The boost converter is designed for output voltages up to 18V with a switch current limit of 4 A (guaranteed
minimum). The converter uses a current mode, quasi-constant frequency topology, and is externally
compensated for maximum flexibility. A soft-start feature limits the current drawn from V,y during start-up, and

the converter's switching frequency can be selected between 640 kHz and 1.2 MHz.

The converter's adaptive off-time topology achieves superior transient response and operates over a wider range

of applications than conventional converters.

Design Procedure (Boost Converter)

The first step in the design procedure is to calculate the peak switch current. The simplest way to do this is to
use the curves in the typical characteristics section to estimate converter efficiency in the intended application.

Alternatively, a conservative worst-case value such as 85% can be used.

Once a value for the converter's efficiency n is available, Equation 1 can be used to calculate its duty cycle.

D=1- Yn >N
VAVDD

@
The next step is to use Equation 2 to calculate the change in inductor current per cycle.
Viy x D
A =N — —
f X L (2)
Finally, the peak switch current can be calculated using Equation 3.
| = lavop , Al
SWEK T T 2 (3)
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The value for peak switch current calculated using Equation 3 must be lower than the minimum specified for the
device, and should be calculated under worst-case conditions (minimum V,y and maximum laypp)-
Inductor Selection (Boost Converter)

The boost converter in the TPS65155 has been optimized for inductors in the range 3.3 pyH to 6.8 yH when using
the higher switching frequency and in the range 7 pH to 13 yH when using the lower switching frequency.

The saturation current of the inductor must be greater than the peak switch current plus an additional margin to
allow for heavy load transients. A saturation current of 130% of the value calculated using Equation 3 is
adequate for most applications.

Table 1 shows a selection of inductors suitable for use with the TPS65155.

Table 1. Boost Converter Inductor Selection

INDUCTANCE ‘ MANUFACTURER ‘ PART NUMBER ‘ SIZE DCR ISAT
1.2 MHz OPERATION

4.7 uH Coiltronics UP2B-4R7-R 14.0x10.4 x 6.0 17 mQ 55A

4.7 uH Sumida CDRH12NP-4R7-M 12.3x123 %45 18 mQ 57A

4.7 uH Sumida CDRH127 12.3x12.3 % 8.0 12 mQ 6.8 A
640 kHz OPERATION

10 uH Coilcraft DS3316P 13.0x9.4x51 70 mQ 35A

10 uH Sumida CDRH8D43 8.3x8.3x45 29 mQ 40A

10 uH Sumida CDRH127 12.3x12.3x8.0 16 mQ 54A

10 uH Sumida CDRH127LD 12.3x12.3%x8.0 15 mQ 6.7 A

Rectifier Selection (Boost Converter)

A Schottky type is recommended for the boost converter rectifier diode because its low forward voltage improves
efficiency. The diode's reverse voltage rating must be greater than 20 V, which is the maximum it will experience
(the TPS65155's overvoltage protection function prevents this voltage being any higher). The diode's average
rectified current rating must be at least as high as the maximum Iapp. A 2 A rating is sufficient for most
applications.

Equation 4 can be used to calculate the power dissipated in the diode. The diode must be capable of handling
this power without overheating. A power rating of 500 mW is sufficient for most applications.

P=V|: X IAVDD (4)

Where:
Ve is the diode's forward voltage
lavop iS the average (mean) boost converter output current

Table 2 shows a selection of rectifier diodes suitable for use with the TPS65155.

Table 2. Boost Converter Rectifier Selection

CURRENT MANUFACTURER | PART NUMBER SIZE VR VF
2A Vishay SL22 SMA 20V 0.44Vat2A
2A Vishay SS22 SMA 20V 05Vat2A

Input Capacitor Selection (Boost Converter)

For good supply voltage filtering, low ESR capacitors are recommended. The TPS65155 has an analog supply
voltage pin (VIN) that should be decoupled with a ceramic capacitor in the range 100 nF to 1 pF, connected
close to the VIN pin.

The main boost converter (i.e. where Vy is connected to the inductor of the boost converter) should also be
decoupled. Two 10 pyF or one 22 uF ceramic capacitor are adequate for most applications, however, these
values can be increased if improved filtering is required.
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Setting the Output Voltage (Boost Converter)

The output voltage of the boost converter is set by a resistor divider connected to the FB pin. The boost
converter's main error amplifier compares the feedback voltage with the internal reference voltage Vgge so that
the output is regulated at a voltage given by Equation 5.

Vavop = 124 x (2—1 + 1}
2

®)

Soft-Start (Boost Converter)

To reduce the inrush current drawn from V,y during start-up the boost converter includes a soft-start feature.
Soft-start is controlled by a capacitor connected to the soft-start (SS) pin. During soft-start, this capacitor is
charged up by a current source and the voltage across the capacitor determines the switch current limit: the
larger the capacitor, the slower the ramp of the switch current limit and therefore the longer the soft-start time.
The maximum switch current limit is achieved when the voltage connected to the boost converter's feedback pin
(FB) reaches its power good threshold (approximately 97 percent of its nominal value).

A 22 nF soft-start capacitor is suitable for most applications.
When the EN pin is pulled low, the soft-start capacitor is discharged.

Frequency Select (FREQ)

The frequency select (FREQ) pin can be used to set the nominal boost converter switching frequency to either
640 kHz (FREQ=low) or 1.2 MHz (FREQ=high). A higher switching frequency improves the load transient
response and output voltage ripple; a lower switching frequency usually improves efficiency.

A switching frequency of 1.2 MHz is recommended for most applications unless efficiency is the primary concern.

The FREQ pin features an internal pull-up resistor that ensures the higher switching frequency is used if the pin
is left floating.

Compensation (COMP)

The boost converter uses an external compensation network connected to its COMP pin to stabilize its feedback
loop. The COMP pin is connected to the output of the boost converter's transconductance error amplifier, and a
series resistor and capacitor connected between this pin and AGND is sufficient to achieve good performance in
most applications. The capacitor primarily influences low frequency gain and the resistor primarily influences high
frequency gain. Lower output voltages require higher loop gain and therefore a larger compensation capacitor.

Good starting values, which will work for most applications running from a 5 V supply voltage, are 47 kQ and 3.3
nF.

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 AGND. This has the effect of adding an additional pole in
the feedback loop's frequency response, which can be used to cancel the zero introduced by the electrolytic
output capacitor's ESR. It is recommended to include a footprint on the PCB for this optional capacitor, even if it
is not used initially.

Overvoltage Protection (Boost Converter)

The boost converter contains an overvoltage protection (OVP) feature that limits its output voltage to a safe
maximum if the FB pin is floating or shorted to ground. Overvoltage conditions are detected when the voltage
applied to the AVDD pin (Vaypp) €xceeds the overvoltage threshold (Voyp). As soon as this happens, the boost
converter switch is turned off. It remains off until Vpp falls below Voyp (Minus hysteresis), at which point the
boost converter automatically starts switching again.

NOTE
The AVDD pin must be connected to the boost converter output for the overvoltage
protection feature to operate correctly.
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Short-Circuit and Undervoltage Protection (Boost Converter)

During normal operation (i.e., once the boost converter has reached its power good threshold) a short circuit is
detected if the feedback voltage Vg falls below 30% of Vgee. If this happens, the boost converter is disabled.
Either V5 or EN must be cycled to recover normal operation.

Undervoltage Lockout Protection (Boost Converter)

During operation, if the output of the boost converter falls below its power good threshold for longer than 55ms,
the TPS65155 will detect an undervoltage condition and turn itself off. V\y or EN must be cycled to recover
normal operation.

Positive Charge Pump

Figure 30 shows the internal block diagram of the positive charge pump.

The positive charge pump is driven directly from the boost converter's switch node and then post-regulated by an
external PNP transistor. The controller is optimized for transistors having a DC gain (hgg) in the range 100 to
300. The positive charge pump is temperature compensated so that its output voltage decreases at high
temperatures (see Figure 16).

swW

Vavbp

UVP (Normal)

1.15V*

55 ms
Timer >

Short
Circuit

SCP (Normal) Control
Logic

SCP (Start-Up)
Normal

it

7 Error
Amplifier

Figure 30. Positive Charge Pump Internal Block Diagram

Setting the Output Voltage (Positive Charge Pump)

The positive charge pump in the TPS65155 is temperature compensated such that its output voltage decreases
at high temperatures (see Figure 31). For a detailed description about how to set the output voltage see
Temperature Compensation section below.
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A current of the order of 1 mA through the feedback resistor network ensures good accuracy and increases the
circuit's immunity to noise. It also ensures a minimum load on the charge pump, which reduces output voltage
ripple under no-load conditions. A good approach is to assume a value of about 1.2 k for the lower resistor (Ryg)
and then select the upper resistor (R;5) to set the desired output voltage.

Note that the maximum voltage in an application is determined by the boost converter's output voltage and the
voltage drop across the diodes and PNP transistor. For a typical application in which the positive charge pump is
configured as a voltage doubler, the maximum output voltage is given by Equation 6.

Venmax) = (2 X VAVDD) - (2 x VF) - Vce 6)

Where Vaypp is the output voltage of the boost converter, Vi is the forward voltage of each diode and Vg is the
collector-emitter voltage of the PNP transistor (recommended to be at least 1 V, to avoid transistor saturation).

Selecting the PNP Transistor (Positive Charge Pump)

The PNP transistor used to regulate Vg should have a DC gain (hgg) of at least 100 when its collector current is
equal to the charge pump's output current. The transistor should also be able to withstand voltages up to Vgy
across its collector-emitter junction (Vcg).

The power dissipated in the transistor is given by Equation 7. The transistor must be able to dissipate this power
without its junction becoming too hot. Note that the ability to dissipate power depends heavily on adequate PCB
thermal design.

Py = [(2 x Vavop ) = (2 x Vg) - VGH] % lop o
Where Igy is the mean (not RMS) output current drawn from the charge pump.

A pull-up resistor is also required between the transistor's base and emitter. The value of this resistor is not
critical, but it should be large enough not to divert significant current away from the base of the transistor. A
value of 100 kQ is suitable for most applications.

Selecting the Diodes (Positive Charge Pump)

Small-signal diodes can be used for most low current applications (<50 mA) and higher rated diodes for higher
power applications. The average current through the diode is equal to the output current, so that the power
dissipated in the diode is given by Equation 8.

Po =lon x Vk (8)

The peak current through the diode occurs during start-up and for a few cycles may be as high as a few amps.
However, this condition typically lasts for <1 ms and can be tolerated by many diodes whose repetitive current
rating is much lower. The diodes' reverse voltage rating should be equal to two times Vaypp.

Table 3. Positive Charge Pump Diode Selection

PART NUMBER lave Ipk VR Vg COMPONENT SUPPLIER
BAV99W 150 mA 1Aforlms 75V 1V at50 mA NXP
BAT54S 200 mA 600 mA for 1s 30V 0.8 V at 100 mA Fairchild Semiconductor
MBR0540 500 mA 5.5 A for 8 ms 40V 0.51 at 500 mA Fairchild Semiconductor

Selecting the Capacitors (Positive Charge Pump)

For lowest output voltage ripple, low-ESR ceramic capacitors are recommended. The actual value is not critical
and values in the range 1 pyF to 10 uF are suitable for most applications. Larger capacitors provide better
performance in applications where large load transient currents are present.

A flying capacitor in the range 100 nF to 1 pF is suitable for most applications. Larger values experience a
smaller voltage drop by the end of each switching cycle, and allow higher output voltages and/or currents to be
achieved. Smaller values tend to be physically smaller and a bit cheaper. For best performance, it is
recommended to include a resistor of a few ohms (2 Q is a good value to start with) in series with the flying
capacitor to limit peak currents occurring at the instant of switching.
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Temperature Compensation (Positive Charge Pump)

The output voltage (Vgy) of the positive charge pump controller is defined by two voltages and two temperatures,
as illustrated in Figure 31. The temperature compensation scheme is optimized for use with 10 kQ NTC
thermistors.

Positive Charge Pump
Output Voltage

A

VGH(COLD)

VGH(HOT) *****************************

[
»

T, T, Temperature

Figure 31. Positive Charge Pump Temperature Compensation

The error amplifier's non-inverting input, which is the reference voltage for Vgy, is derived from the FBPH and
RNTC pins. A higher reference voltage generates a higher Vgy.

VeH(coLp) is determined by the resistor connected to the FBPH and FBP pins:

R
Ver(cop) = lrepn % Ryg x [1 + R_15]
16

©
Vo) is set by an internal clamping circuit and the resistor divider connected to the FBP pin:
Ris

Vehnor) = Vrer ¥ (1 + —1j

6 (10)

The NTC network connected to the RNTC pin defines the temperatures T, and T».

Temperature compensation can be disabled by connecting a 10 kQ resistor between the FBPH pin and AGND
and by tying the RNTC pin directly to AGND, in which case Equation 10 should be used to calculate Vgy.

Suppose a circuit with the following characteristics is required:
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Example

A Microsoft Excel spreadsheet is available that allows easy calculation of temperature compensation

components and eliminates the need for the following expressions to be calculated manually. Contact the
factory to receive a free copy.

Suppose a circuit with the following characteristics is required:
T, =40°C
T, =60°C
VeH(coLp) = 28 V
Vehor =20 V

1. The first step is to calculate the resistance of the NTC at temperatures T, and T,
At temperature Ty, Ryrery) = 5302 Q
At temperature T, Ryrcrz) = 2486 Q

2. The next step is to calculate the feedback resistors R;5 and Rq¢ as follows:
Ris _ VeHHoT) 1

R16 VREF
Rj = 20V 1=1513V
R 1.24V '

(11)

Suitable standard values from the E96 series would be R;5 = 19.6 kQ and R, = 1.3 kQ. With these values,

the current through the feedback divider is of the order of 1mA and the nominal output voltage at high
temperatures is:

R
VerHor) = VRer X (R_us + 1]
16

19.6 kQ
1.3 kQ

(12)

3. Now calculate Vggpy as follows:

R
Vegpn = VaH(HoT) * [ﬁj
15 T Ryg

1.3 kQ
19.6 kQ + 1.3 kQ

Vegpy = 28 V x ( j =1.742V

(13)

The value of Ry required to generate Vggpy can now be calculated, as follows:
Ry = VegpH
lrapH

_ 1742V
200 pA

0 =8.71kQ

(14)

Copyright © 2012, Texas Instruments Incorporated Submit Documentation Feedback 21

Product Folder Link(s): TPS65155


http://www.ti.com/product/tps65155 ?qgpn=tps65155 
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSB29&partnum=TPS65155 
http://www.ti.com/product/tps65155 ?qgpn=tps65155 

TPS65155 A UMENTS

SLVSB29 -JANUARY 2012 www.ti.com

Two 17.4 kQ resistors in parallel would be suitable for Rqq, giving an output voltage at low temperatures
given by:
R15

VehcoLp) = ke % Ryg [R_ + 1]
16

2 1.3 kQ (15)
The value of Ry, can be calculated by solving a standard quadratic equation:
_ —b+\b’ -4 xa xc
R12 - 2
X a (16)
Where:
— ISET
a= Voo —Vier (RNTC(T1) - RNTC(TZ)}1
- 200BA (530 kQ-2.49 kQ)-1=0.124
1.74V-1.24V
b=Rri+Ry,
b=5.30 kQ+2.49 kQ=7.79 kQ
¢ =Ry xR,
c=5.30 kQx2.49 kQ =13.2x10° Q?
Using the coefficients a, b, and ¢ we can solve for R;5:
R. = [-79kQ+ \7.79KQ? + 4 x 0.124 x 13.2 x 10°Q?
12 2 x0.124
Ry =64.5kQ
A standard value of 64.9 kQ can be used for Ry5.
4. The final step is to calculate the value of R;; using Equation 10.
R., = VRer Ry2 x Ry
11~ -
IrnTC Rr2 + Ry2
Ry = 124V B 2.49 kQ x 64.9kQ -38KQ
200 pA 2.49 kQ + 64.9kQ (17)
A standard value of 3.83 kQ can be used for Ry5,.
Figure 32 shows the temperature dependence of Vgy resulting from the above calculated values.
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Figure 32. Temperature Compensated Vg

Short-Circuit Protection (Positive Charge Pump)

During start-up, the positive charge pump limits the current available from Vgy until Vegp > 124 mV. If Vigp is still
less than 124 mV after 15 ms, the boost converter, and positive and negative charge pumps are disabled. Either
V|y or EN must be cycled to recover normal operation.

During normal operation (i.e. once the positive charge pump has reached its power good threshold) short circuits
are detected if Vgp falls below 0.34 V (approx. 30% of Vgep). If this happens the boost converter and positive
and negative charge pumps are disabled. Either V| or EN must be cycled to recover normal operation.

Undervoltage Protection (Positive Charge Pump)

During operation, if the output of the positive charge pump falls below its power good threshold for longer than
55ms, the TPS65155 will detect an undervoltage condition and turn itself off. V| or EN must be cycled to recover
normal operation.
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Negative Charge Pump Controller

The negative charge pump controller uses an external NPN transistor to regulate an external charge pump
circuit. The controller is optimized for transistors having a DC gain (hgg) in the range 100 to 300. Regulation of
the charge pump's output voltage is achieved by using the external transistor as a controlled current source
whose output current depends on the voltage applied to the FBN pin. The higher the transistor's output current,
the higher (i.e., more negative) the charge pump's output voltage.

UVP (Normal)

VAVDD
93 mvV—4- 55 ms
i Timer

Short-Circuit
Mode

850 mV SCP (Normal) Control
Logic

794 mV SCP (Start-Up)

2.5mA

i

/” Error
Amplifier

Virer DRVN

Figure 33. Negative Charge Pump Internal Block Diagram

Setting the Output Voltage (Negative Charge Pump)

The negative charge pump's output voltage is programmed by a resistor divider according to Equation 18.
R‘l

Ve = — Vrer X R_3
14 (18)
Rearranging Equation 18, the values of R;3 and R4 can be easily calculated.
VoL
Riz = Ryy x |V |
REF (19)

Because of its limited output current capability, it is recommended to keep the current drawn from the VREF pin
below 250 pA to achieve best accuracy. A good approach is to use a value of at least 5.1 kQ for the lower
resistor (R14) and then select the upper resistor (R;3) to set the desired output voltage. If a minimum charge
pump load is desired (e.g. to improve regulation at very low load currents), it is best to add an additional resistor
between Vg and GND, rather than reduce the values of R;3 and Ry,.

Note that the maximum voltage in an application is determined by the boost converter's output voltage and the
voltage drop across the diodes and NPN transistor. For a typical application in which the negative charge pump
is configured as a voltage inverter, the maximum (i.e., most negative) output voltage is given by Equation 20.

Verax) = = Vavop + (2 x V&) + Ve (20)

Where V¢ is the forward voltage of each diode and Vg is the collector-emitter voltage of the NPN transistor
(recommended to be at least 1 V, to avoid transistor saturation).
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Selecting the NPN Transistor (Negative Charge Pump)

The NPN transistor used to regulate Vg, should have a DC gain (hgg) of at least 100 when its collector current is
equal to the charge pump's output current. The transistor should also be able to withstand voltages up to Vaypp
across its collector-emitter (Vcg).

The power dissipated in the transistor is given by Equation 21. The transistor must be able to dissipate this
power without its junction becoming too hot. Note that the ability to dissipate power depends heavily on adequate
PCB thermal design.

Pa = [VAVDD - (2 X VF) - |VGL|] x lgL 1)

Where I, is the mean (not RMS) output current drawn from the charge pump.

Selecting the Diodes (Negative Charge Pump)

Small-signal diodes can be used for most low current applications (<50 mA) and higher rated diodes for higher
power applications. The average current through the diode is equal to the output current, so that the power
dissipated in the diode is given by Equation 22.

PD = IGL X VF (22)

The peak current through the diode occurs during start-up and for a few cycles may be as high as a few amps.
However, this condition typically lasts for <1 ms and can be tolerated by many diodes whose repetitive current
rating is much lower. The diodes' reverse voltage rating should be equal to at least 2xVypp.

Table 4. Negative Charge Pump Diode Selection

PART NUMBER Iave Ipk Vg A COMPONENT SUPPLIER
BAVI99W 150 mA 1Aforlms 75V 1V at50 mA NXP
BAT54S 200 mA 600 mAforls 30V 0.8 V at 100 mA Fairchild Semiconductor
MBR0540 500 mA 5.5 Afor 8 ms 40V 0.51 at 500 mA Fairchild Semiconductor

Selecting the Capacitors (Negative Charge Pump)

For lowest output voltage ripple, low-ESR ceramic capacitors are recommended. The actual value is not critical
and 1 yF to 10 pF is suitable for most applications. Larger capacitors provide better performance in applications
where large load transient currents are present.

A flying capacitor in the range 100 nF to 1 pF is suitable for most applications. Larger values experience a
smaller voltage drop by the end of each switching cycle, and allow higher output voltages and/or currents to be
achieved. Smaller values tend to be physically smaller and a bit cheaper.

A collector capacitor in the range 100 nF to 1 pF is suitable for most applications. Larger values are more
suitable for high current applications but can affect stability if they are too big.
Short-Circuit Protection (Negative Charge Pump)

During start-up the negative charge pump limits the current available from Vg until Vggy is less than 794 mV. If
Vegy is still higher than 794 mV after = 20 ms®, the boost converter, and positive and negative charge pumps
are disabled. Either V,y or EN must be cycled to recover normal operation.

During normal operation (i.e., once the negative charge pump has reached its power good threshold), short
circuits are detected if Vg rises above 850 mV. If this happens, the boost converter, and positive and negative
charge pumps are disabled. Either V,y or EN must be cycled to recover normal operation.

Undervoltage Protection (Negative Charge Pump)

During operation, if the output of the negative charge pump falls below its power good threshold for longer than
55ms, the TPS65155 will detect an undervoltage condition and turn itself off. V| or EN must be cycled to recover
normal operation.

(1) Actually 10ms after the boost converter's power good.
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Reset Generator (XAO)

The TPS65155 generates an open-drain reset signal that can be used to disable the T-CON during power-down.
The XAOsignal is pulled low when Vper < Vgee and is high impedance when Vper > Vgee (+ hysteresis). The
reset generator is not disabled when V falls below the UVLO threshold, and continues to function down to very
low values of V.

I°C Interface

The TPS65155 has an 1°C serial interface for internal test purpose. Both the SCL and SDA need be pulled to
VIN.

Level Shifters

The TPS65155 contains six level shifter channels (see Figure 34). Each channel features a logic-level input
stage and a high-level output stage powered from Vg and Vg . The output stages are capable of generating
high peak currents to drive the capacitive loads typically present in an LCD panel. Because the capacitive load
typically connected to the STV and RESET channels is relatively small, the peak current available from these two
channels is slightly lower than that available from the CLK channels.

During power-up, the level shifter outputs track Vg . During power-down, the level shifter outputs track Vgpu.
Power-up and power-down conditions are determined by the Vpgr threshold of the panel discharge function,
which also controls the level shifter channels during power-up and power-down.

VGH
S —

CLKIN1 to CLKINA [J}—» sl-tﬁ‘flfelr

VGL
STRONG

NORMAL

S —

STVIN, RESETIN [J}—» s,Llfl‘flteelr

VGL

‘]

] CLKOUT1 to CLKOUT4

'

] STVOUT, RESETOUT

Figure 34. Level Shifter Block Diagram

Power Supply Sequencing (Boost and Charge Pumps)
¢ When V|y < VyyLo, all functions are disabled.®
*  When Vy > VyyLo, all functions are disabled if EN is low.

*  When V)y > Vyyvio and EN goes high, the boost converter and negative charge pump are enabled first. When
the output of the boost converter reaches its power good threshold, the positive charge pump is enabled.

« If EN goes low, all functions are disabled.

Power Supply Sequencing (Level Shifters)

» During power-up, when Vpgr is below its input threshold, the level shifter outputs track Vgy.®

» During normal operation, when Vpgy is above its input threshold, the level shifter outputs follow their inputs.
» During power-down, when Vper falls below its input threshold, the level shifter outputs track Vgp.

(2) The level shifter discharge function continues to function for as long as there is sufficient operating voltage on Vg and Vg
(3) The level shifter discharge function continues to function for as long as there is sufficient operating voltage on Vg and Vg
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Power Supply Sequencing (XAO)
«  During power-up, when Vpgr is still below its input threshold, XAOis pulled low.

« During normal operation, when Vper is above its input threshold, XAO is high impedance.
«  During power-down, when Vpgr falls below its input threshold, XAO is pulled low.

|
v i Vin > Vo
N A V> Vipgr

uvLo
DET

EN

|
b
<
z
<A
<
A
<

//

|
V4 VAVDD > VPG
Vavbp /_/

4

Minimum operating Vg, (=-2V)

-7 Veu > Vyyo (78V)

Ven < Vyvio (F3V)

>

Level Shifter

/

Tracks Vg,

o

Outputs

v
Tracks VG,_/

N—
N

Figure 35. Power Supply Sequencing Using EN Pin, Vper < Vuvio
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Figure 36. Power Supply Sequencing Using EN Pin, Vper > Vyvio
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Figure 37. Power Supply Sequencing with EN Pin Tied to V|y, Vpoer < Vuvio
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Figure 38. Power Supply Sequencing with EN Pin Tied to V|y, Vpoer > Vuvio

Undervoltage Lockout

The TPS65155 features an undervoltage lockout (UVLO) function that disables the LCD bias functions if the

supply voltage (V) is below the minimum needed for correct operation (Vyy o)-

Thermal Shutdown

A thermal shutdown function automatically disables all LCD bias functions if the device’s junction temperature

exceeds the safe maximum. The device automatically starts operating again once it has cooled down.
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APPLICATION INFORMATION
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Figure 39. Typical Application Circuit Using Positive Charge Pump in x2 Configuration
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Figure 40. Typical Application Circuit Using Positive Charge Pump in x2.5 Configuration
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ Only one of markings shown within the brackets will appear on the physical device.

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

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

Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
@ Drawing @ @) @
TPS65155RKPR ACTIVE VQFN RKP 40 3000 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR -40t0 85 TPS m
& no Sbh/Br) 65155
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS65155RKPR VQFN RKP 40 3000 330.0 12.4 5.3 5.3 1.5 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
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~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS65155RKPR VQFN RKP 40 3000 367.0 367.0 35.0
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MECHANICAL DATA

RKP (S*PVQFN*NZKD PLASTIC QUAD FLATPACK NO—LEAD
5,15
¢ 4,85
B]
5,15
\ B 4,85
PIN 1 INDEX AREA ﬁ\

TOP AND BOTTOM 1
2)’?3% 0,20 NOMINAL
Y —i l LEAD FRAME
LD—D—D—D—D—D—D—D—D—FI:IA SEATING BLANE
~Jo08[c] 4 3
0,05
0,00
0,50
f 40X 530
1 10
uuuuuuuuuu_]
40 P {ﬂjﬁ
= ’7THERW\L PAD ani T
P d
P d
SIZE AND SHAPE SHOWN
Sl R i a= 4X 13,60
P e
P d
e S0
ANANAINNNAN
* 2 0,40
0,25
40X 015
[¢]0.10 @c[Al8]

4211175/8 01/12

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994.

B. This drawing is subject to change without notice.

C. QFN (Quad Flatpack No—Lead) Package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.
E

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
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THERMAL PAD MECHANICAL DATA

RKP (S—PVQFN—N40) PLASTIC QUAD FLATPACK NO—-LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

«— 3,15+0,10 —»|
PIN 1 INDICATOR
C 0,30 N\ 1 10
Uuuuujuuuul
40D an
) ([@m
) ([@m
+ = | _ - ——= d Thermal Pad
3,15£0,10 = = xpose ermal Pa
)
l ) x/g
) | ([am
= d 20
NNNNNNNNANN
30 21

Bottom View

Exposed Thermal Pad Dimensions

421176-3/H  06/12

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

RKP (S—PVQFN—N40)

PLASTIC QUAD FLATPACK NO—-LEAD

Example Stencil Design
Example Board Layout 0.125 Thick Stencil or Thinner
(Note E)
36x0,4— |— 40x0,8 36x0,4— =~
TN00000000 JUU0DOOD
— [ G— 'LI:) [ @—
— [ @— j_l: | G—
D | O O O | = 40x0,2— — | 03— |— —
— —r — r°v3 —
— [ e— ] — | G—
— |0 0 o |=""4160 = S 415 595
— [ @— — 4.3 t4x [ e—
— O O O | G— — ! =137 3
— — — ! EI
,([@]HDHHDDI 1000000001
[ 7 210 415
! 50 5,95
/.i ' (64% Printed Solder Coverage by Area)
| Non Solder Mask Defined Pad ‘Example Via Layout Design
Via layout may vary depending
T on layout constraints
(Note D, F)
Example
S Solder Mask Opening
(Note F)
/ o o o+t
,l 6x1,0
i Example O f
\ 0.2 Pad Geometry 9x#0,3
\ g / (Note C) 0O O
0,05
Al Around 6x1,0
T 4211681-3/D 07/12
NOTES: Al linear dimensions are in millimeters.

A
B. This drawing is subject to change without notice.

C. Publication IPC—7351 is recommended for alternate designs.
D

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout.

www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations.

These documents are available at

Customers should
Refer to IPC 7525 for stencil design considerations.

F.  Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting

recommendations for vias placed in the thermal pad.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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