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Compact TFT LCD Bias IC for Monitor with VCOM Buffer, Voltage Regulator for Gamma
Buffer and Reset Function

Check for Samples: TPS65148

FEATURES e VCOM Buffer
« 2.5V to 6V Input Voltage Range « Reset Function (XAO Signal)
e Up to 18V Boost Converter With 4A Switch e LCD Discharge Function
Current ¢ Overvoltage Protection
e 630kHz/1.2MHz Selectable Switching « Overcurrent Protection
Frequency « Thermal Shutdown
* Adjustable Soft-Start for the Boost Converter «  32-Pin 5*5mm QFN Package
e Gate Driver for External Input-to-Output
Isolation Switch APPLICATIONS
e 0.5% Accuracy Voltage Regulator for Gamma e Monitor
Buffer e TV (5V Input Voltage)

» Gate Voltage Shaping

DESCRIPTION

The TPS65148 offers a compact power supply solution designed to supply the LCD bias voltages required by
TFT (Thin Film Transistor) LCD panels running from a typical 5 V supply rail. The device integrates a high power
step-up converter for Vg (Source Driver voltage), an accurate voltage rail using an integrated LDO to supply the
Gamma Buffer (Vgreg o) and a Vcom buffer driving the LCD backplane. In addition to that, a gate voltage shaping
block is integrated. The Vg, signal (Gate Driver High voltage) supplied by an external positive charge pump, is
modulated into Vguw Wwith high flexibility by using a logic input VFLK and an external discharge resistor
connected to the RE pin. Also, an external negative charge pump can be set using the boost converter of the
TPS65148 to generate Vg (Gate Driver Low voltage). The integrated reset function together with the LCD
discharge function available in the TPS65148 provide the signals enabling the discharge of the LCD TFT pixels
when powering-off. The device includes safety features like overcurrent protection (OCP) and short-circuit
protection (SCP) achieved by an external input-to-output isolation switch, as well as overvoltage protection (OVP)
and thermal shutdown.

Vin Boost Converter
5V -
O— (Over Voltage Protection) ~ [——©O Vs

- 13.6 V/500 mA
(High Voltage Stress)

Gate Driver for Input-to-output
Isolation Switch ——o0 GD

(Short Circuit Protection)
Gate Voltage Shaping

& Y Vehm
LCD Discharge 24 V/20mA
Function
Voltage Regulator I VREG_O
for Gamma 12.5 V/30 mA
VCOM Buffer )
(unity gain) O OPO
+130mA
Reset Function —O XAO

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

‘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 TPS65148RHB 32-pin QFN

TPS65148

(1) The RHB package is available taped an reeled. For the most current package and ordering information, see the Package Option

Addendum at the end of this document, or see the Tl website at www.ti.com.

ABSOLUTE MAXIMUM RATINGS

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

VALUE UNIT
Input voltage range VIN® -0.3t06.5 v
\)é%ltg%e) range on pins COMP, EN, FB, FREQ, GD, HVS, REG_FB, RHVS, SS, VDET, VDPM, VFLK, -0.3t0 6.5 \%
Voltage on pins OPI, OPO, REG_|, REG_O, SUP, SW®@ -0.310 20 Y
Voltage on pins RE, VGH, VGHM©@ —-0.3t0 36 \Y;
ESD rating HBM 2 kv
ESD rating MM 200 \%
ESD rating CDM 500 \%
Continuous power dissipation See Thermal Information Table
Storage temperature range —65 to 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) All voltage values are with respect to network ground terminal.

THERMAL INFORMATION

TPS65148
THERMAL METRIC® RHB UNITS
32 PINS

0;4@ Junction-to-ambient thermal resistance 37.1
03ctop Junction-to-case (top) thermal resistance 38.7
038 Junction-to-board thermal resistance 9.4 CIW
Wit Junction-to-top characterization parameter 0.5
v Junction-to-board characterization parameter 10.4
03chot Junction-to-case (bottom) thermal resistance 2.6

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

(2) 03 given for High-K PCB board.

RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)

MIN TYP MAX UNIT

AN Input voltage range 25 6 \%

Vs, Vsup, Boost converter output voltage range. SUP pin and REG_| pin input supply voltage 7 18 v
VREG | range

VGH Gate voltage shaping input voltage range 15 35 \%

Ta Operating ambient temperature —-40 85 °C

T, Operating junction temperature —-40 125 °C
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ELECTRICAL CHARACTERISTICS

ViN=5V, Vreg 1 = Vs = Vgup = 13.6 V, Vgeg 0= 12.5V, Vpop =5V, Vg = 23 V, T, = —40°C to 85°C, typical values are at
Ta = 25°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX ‘ UNIT
SUPPLY
Vin Input voltage range 25 6 \%
lovin Operating quiescent current into VIN Device not switching, Veg = 1.240 V + 5% 0.23 0.5 mA
losup Operating quiescent current into SUP Device not switching, Vgg = 1.240 V + 5% 3 6 mA
loveH Operating quiescent current into VGH Vgh = 24 V, VFLK = 'high' 30 60 pA
lorea | Operating quiescent current into REG_| REG_O ='open’, Vgeg rg = 1.240 V + 5% 0.05 3 pA
Ispvin Shutdown current into VIN ViN=6V, EN=GND 35 70 HA
Ispsup Shutdown current into SUP ViN=6V,EN=GND, Vgup =6 V 1 25 pA
IspveH Shutdown current into VGH ViN=6V, EN=GND, Vgy=6V 20 40 A
ISpREG_| Shutdown current into REG_| \\?N =6 \—/’4E£'9\‘V= GND, Vggg 1=6V, 4 10 WA
REG_O = 4-
Vuvio Under-voltage lockout threshold Vi r|S|‘n‘g 21 23 \%
Hysterisis 0.1
Tsp Thermal shutdown Temperature rising 150 °C
TspHys Thermal shutdown hysteresis 14 °C
LOGIC SIGNALS EN, FREQ, VFLK, HVS
I EAK Input leakage current EN = FREQ = VFLK = HVS =6 V 0.1 pA
Vi{ Logic high input voltage Vn=25Vto6V 2 \%
Vi Logic low input voltage Vn=25Vto6V 0.4 \%
BOOST CONVERTER (Vs)
Vg Output voltage boost converter 18 \
Vovp Overvoltage protection Vg rising 18.2 19 19.8 \%
Vep Feedback regulation voltage 1.228 1.240 1.252 \%
leg Feedback input bias current Vgp = 1.240V 0.1 A
gm Transconductiance error amplifier gain 107 nAN
. Vin = Vgs =5V, Isw = ‘current limit' 0.12 0.18
IDs(on) N-channel MOSFET on-resistance — Q
Vin = Vs = 3.3V, Igy = 'current limit' 0.14 0.22
ILEAK sw SW leakage current EN = GND, Vg = 18.5V 30 HA
ILm N-Channel MOSFET current limit 4.0 4.8 5.6 A
Iss Softstart current Vss =1.240V 10 uA
f Switching frequency FREQ = high' 09 12 L5 MHz
FREQ = 'low' 470 630 790 kHZ
Line regulation Vin=25V 106V, loyr=1mA 0.015 %IV
Load regulation lour=0Ato 1.3A 0.22 %IA
LDO - VOLTAGE REGULATOR FOR GAMMA BUFFER (Vgeg o)
VRec o LDO output voltage range 7 17.6 \%
?LF;EGGB' z iom\goTiiV_‘ 4%5(?EJOSEOEEG—FB' 1228 1240 1252
VReG FB Feedback regulation voltage = \
- Vges_ = 10 V to 18V, REG_O = REG_FB, 1.234 1240  1.246
lrec_o = 1 MA, T = 25°C
Irec_r Feedback input bias current VRree_re = 1.240 V 0.1 pA
Isc_rec Short circuit current limit Vgeg | = 18 V, REG_O = REG_FB = GND 90 mA
Vbo Dropout voltage Vrec | = 18 V, Ireg_o = 30 mA 400 mvV
Line regulation Vrec | = 13.6 V10 18 V, Iggg 0 = 1 MA 0.003 %IV
Load regulation Irec_o = 1 MA to 50 mA 0.28 %IA
GATE VOLTAGE SHAPING (Vguu)
lopm Capacitor charge current VDPM pin 20 pA
IDS(onM1 VGH t0 VGHM rpgon) (M1 PMOS) VFLK = 'high’, lygm = 20 MA, Vgy = 20 V 13 25 Q
I'DS(on)M2 VGHM to RE rps(on) (M2 PMOS) VFLK ='low', lygum = 20 MA, Vgum = 7.5 V 13 25 Q
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ELECTRICAL CHARACTERISTICS (continued)

ViN=5V, Vreg 1 = Vs = Vgup = 13.6 V, Vgeg 0= 12.5V, Vpop =5V, Vg = 23 V, T, = —40°C to 85°C, typical values are at
Ta = 25°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX ‘ UNIT

RESET FUNCTION (XAO)

Vin_DET Operating voltage for Vg 1.6 6.0 \%

VpeT Threshold voltage Falling, Viy = 2.3V 1.216 1.240 1.264 \%

VDET Hys Threshold hysterisis 65 mvV

| XA0 (ON) Sink current capability™® V xao(n) = 0.5 V 1 mA

V xaoon) Low voltage level I xa0 (on)= 1 MA 0.5 \%

ILEAK XAO Leakage current V xa0 = VN =3.3V 2 pA

VCOM BUFFER (Vcowm)

Vsup Vsup supply range® Vsup = Vs 7 18 \%

VorFSET Input offset voltage Vewm = Vop = Vsup/2 = 6.8 V -15 15 mvV

I Input bias current Vewm = Vopr = Vsup/2 = 6.8 V -1 1 pA

Vewm Common mode input voltage range VorrseT = 10 mV, lgpo = 10 mA 1 Vs-1.5 \

CMRR Common mode rejection ratio Vem = Vop = Vsup/2 = 6.8V, 1 MHz 66 dB

Voo Output voltage swing low lopo =10 mA 0.10 0.25 \%

Von Output voltage swing high lopo =10 mA Vg-1 Vg-0.65 \%
Source (Vop = Vsyp/2 = 6.8 V, OPO = GND) 90 130

lsc Short circuit current Sink (Vopi = Vsup/2 = 6.8 V, 110 160 mA
Vopo = Vsyp = 13.6 V)

| Output current Source (Vop = Vsyp/2 = 6.8, VoprseT = 15 mV) 130 A
Sink (Vop = Vsup/2 = 6.8, Vorrser = 15 mV) 130

PSRR Power supply rejection ratio 40 dB

SR Slew rate Ay =1, Vop =2 Vpp 60 Vius

BW —3db bandwidth Ay = 1, Vop; = 60 mVpp 60 MHz

GATE DRIVER (GD)

lep Gate driver sink current EN = 'high' 10 pA

Rep Gate driver internal pull up resistance 5 kQ

HIGH VOLTAGE STRESS TEST (HVS)

Ruvs RHVS pull down resistance HVS = 'high', V|y = 2.5V t0 6 V, Iys = 100 pA 400 500 600 Q

I EAK_RHVS RHVS leakage current HVS ="low', Vgpys =5V 0.1 pA

(1) External pull-up resistor to be chosen so that the current flowing into XAO Pin (V a0 = 0 V) when active is below | xag min = 1mA.
(2) Maximum output voltage limited by the Overvoltage Protection and not the maximum power switch rating of the boost converter.
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PIN ASSIGNMENT
= s [a) o
I T o z =
w o <) o) o 193 [0} o
4 > > > z » < &}
32 31 30 29 28 27 26 25
REG_FB L - FB
REG_O 2 | | 23 RHVS
| I
REG_I 3 | | 22 NC
SUP 4 | PowerPAD® | 21 PGND
I - I
Exposed Thermal Die
OPO 5 | P | 20 PGND
OPI 6 | ! 19 SW
| I
OPGND | |7 | | 18 |sw
Lo - ]
VFLK 8 17[ |oD
9 10 1 12 13 14 15 19
o] = » a z a) z z
g & 2 ¢ 8 2 % %
> w <
TERMINAL FUNCTIONS
PIN
lfe} DESCRIPTION
NAME NO.
REG_FB 1 | Voltage regulator feedback pin.
REG_O 2 O Voltage regulator output pin.
REG_| 3 | Voltage regulator input pin.
SUP 4 | Input supply pin for the gate voltage shaping and operational amplifier blocks. Also overvoltage
protection sense pin. SUP pin must be supplied by Vg voltage.
OPO 5 O VCOM Buffer output pin.
OPI 6 | VCOM Buffer input pin.
OPGND 7 VCOM Buffer analog ground.
VFLK 8 | Input pin for charge/discharge signal of Vgyy. VFLK ='low' discharges Vgyym through RE pin.
XAO 9 O Reset function output pin (open-drain). XAO signal is active low.
VDET 10 | Reset function threshold pin. Connect a voltage divider to this pin to set the threshold voltage.
HVS 11 | High Voltage Stress function logic input pin. Apply a high logic voltage to enable this function
FREQ 12 | Boost converter frequency select pin. Oscillator is 630 kHz when FREQ is connected to GND and
1.2 MHz when FREQ is connected to VIN.
EN 13 | Shutdown control input. Apply a logic high voltage to enable the device.
AGND 14, 26, Analog ground.
exposed pad
VIN 15, 16 | Input supply pin.
GD 17 O Gate driver pin. Connect the gate of the boost converter's external input-to-output isolation switch to
this pin.
SW 18, 19 Switch pin of the boost converter.
PGND 20,21 Power ground.
NC 22,28 Not connected.
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TERMINAL FUNCTIONS (continued)

PIN
/10 DESCRIPTION
NAME NO.
RHVS 23 Voltage level set pin. Connect a resistor to this pin to set Vg voltage when HVS = 'high'.
FB 24 | Boost converter feedback pin.
COMP 25 1/0 | Boost converter compensation pin.
SS 27 /0 | Boost soft-start control pin. Connect a capacitor to this pin if a soft-start is needed. Open = no
soft-start.
VDPM 29 1/0 | Sets the delay to enable VGHM output. Pin for external capacitor. Floating if no delay needed.
VGH 30 | Input pin for the positive charge pump voltage.
VGHM 31 O Gate voltage shaping output pin.
RE 32 Slope adjustment pin for gate voltage shaping. Connect a resistor to this pin to set the discharging
slope of Vgym when VFLK = ‘low'.
FUNCTIONAL BLOCK DIAGRAM
VIN VS
B I _T_ Tal l 2222 N l >
] [
1 L T I |1
- - = I
[a] = = o
¢—1 EN o o o 7
L FREQ Boost Converter FB
(Vs)
© VIN ol RHVS
T Js High Voltage 1
T VIN - Stress HVS q -
= Vs
Gate
Driver REG | Y
vIN — L4
T
vm I
XAO = Vies o
< ) ) REG_O ~ ~
Reset Function (Vace ) >
VDET (XAO)
% REG_FB I
- i VGH
v, VGH T
VGHM Vorm
Gate Voltage
Shaping RE
OPI I (Vo)
v vVCOM VFLK
C°M<} OPO 7(VCOM) < =
= = VDPM
o
3 [ - o 9 9 ¢ 1
a o n O O 0O O
o 1) » < < & a T
— :I_: I - - = =
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TABLE OF GRAPHS

TYPICAL CHARACTERISTICS

FIGURE

Efficiency vs. Load Current ViN=5V,Vg=136V Figure 1
f =630 kHz/1.2 MHz

Efficiency vs. Load Current ViNn=5V,Vg=18V Figure 2
f = 630 kHz/1.2 MHz

PWM Switching Discontinuous Conduction Mode |Viy =5V, V5 =13.6 V/ 2 mA Figure 3
f =630 kHz

PWM Switching Continuous Conduction Mode ViN =5V, Vg =13.6 V/ 500 mA Figure 4
f =630 kHz

Boost Frequency vs. Load Current ViN=5V,Vg=136V Figure 5
f= 630 kHz/1.2 MHz

Boost Frequency vs. Supply Voltage Vg =13.6 V/100 mA Figure 6
f = 630 kHz/1.2 MHz

Load Transient Response Boost Converter ViN=5V,Vg=136V Figure 7

High Frequency (1.2 MHz) lout = 50 MA ~ 400 mA, f = 1.2 MHz

Load Transient Response Boost Converter Vin=5V,Vg=136V Figure 8

Low Frequency (630 KHz) lout = 50 mA ~ 400 mA, f = 630 kHz

Boost Converter Output Current Capability ViN=5V,Vg=9V,136V,15V, 18V Figure 9
f=12MHz,L=4.7 pH

Soft-start Boost Converter ViIN=5V, Vs =13.6V, lgyt = 600 mA Figure 10

Overvoltage Protection Boost Converter (OVP) ViN=5V,Vg=13.6V Figure 11

Load Transient Response LDO Vivin=5V,Vg=136V Figure 12
VREGfO =125V, ILvour =5 MA - 30 mA

Gate Voltage Shaping Ve =23V Figure 13

XAO Signal and LCD Discharge Function Figure 14

Power On Sequencing Figure 15

Power Off Sequencing Figure 16

Short Circuit Protection ( < 114 ms) Figure 17

Short Circuit Protection ( > 114 ms) Figure 18

For all the following graphics, the inductors used for the

f=1.2 MHz, and CDRH127LD (L = 10 pF) for f = 630 kHz.

measurements are CDRH127 (L = 4.7 pF) for

EFFICIENCY EFFICIENCY
Vs Vs
LOAD CURRENT (Vs = 13.6 V) Load Current (Vs = 18 V)
100 f = 630 kHz 100 f= 630 kHz
90 | | | | L=10 pH ] % [ F—+—F 1 [L=10pHA
= T = | I —
80 f=1.2MHz 80 f=12MHz
/ L=4.7 pH L=4.7 pH
70 { 70 /
& 60 £ 60 /
250 >
e |
g 40 ‘© 40 !
i b=
ifi 30 w30
20 20
VIN=5V VIN=5V
0r Vg=136V 10 [Vg=18V
o Ll 1 | o !
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 0.0 0.2 0.4 0.6 0.8 1.0
loyr - Load current - [A] lour - Load current - [A]
Figure 1. Figure 2.
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BOOST CONVERTER PWM SWITCHING
DISCONTINUOUS CONDUCTION MODE

-

-
Vsw
10 V/div

L

BOOST CONVERTER PWM SWITCHING
CONTINUOUS CONDUCTION MODE

L LT

10 Vidiv

Vs Ac ‘ Vs ac
50 mV/div 50 mV/div
ViN=5V
Vg = 13.6 V/2 mA
f =630 kHz
| ViN=5V
500 mAVdE +WM,W L Vg = 13.6 V/500 mA
mAel . 1 Adiv f =630 kHz
1 ps/div 1 ps/div
Figure 3. Figure 4.
BOOST CONVERTER FREQUENCY BOOST CONVERTER FREQUENCY
Vs Vs
LOAD CURRENT SUPPLY VOLTAGE
1600 1400 :
B FREQ =V,
1400 FREQ =V, 1200 | L=4.7pH i
L=4.7pH | it
. 1200 - =~ _..-r"'""w
N w7 1000 | -
- T
= 1000 x
< FREQ = GND
? 300 FREQ = GND 2 800 L=10uH
§_ L=10pH § 500 J—
£ 600 g e
- 400 <400
V=5V
200f—y _q36v 200
s V, =13.6 V/100 mA
0 0 \ \
0 0.2 0.4 0.6 0.8 1
2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
lour - Load current - [A] V,, - Supply voltage - [V]
Figure 5. Figure 6.
LOAD TRANSIENT RESPONSE LOAD TRANSIENT RESPONSE
BOOST CONVERTER - HIGH FREQUENCY (1.2 MHz) BOOST CONVERTER - LOW FREQUENCY (630 kHz)
VW=5V - V=5V v
Ve=13.6V Ve=13.6V
Vs,Ac VS_AC .
200 mV/div 200 mV/div
Cour =40 uF Cour =40 pF
L=4.7 uH L=10pH
Reomp = 47 kQ Rcowp = 47 kQ
Ccowe = 3.3 nF Ccomp = 3.3 nF
lour lour
200 mA/div 200 mA/div 28 J
lour = 50 mA — 400 mA loyr = 50 mA — 400 mA
200 ps/div 200 ps/div
Figure 7. Figure 8.
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BOOST CONVERTER
OUTPUT CURRENT CAPABILITY

3.0

25 //
< 20 / V =18V
£ Vg=9V / Vo=15V L
£ 15 | ,
3 l / V=136V V7
k]
g VA L
a 1.0 / ,

5 / " =

£ / Vy=5V

05 f=1.2 MHz ]

/
L=4.7 pH
0.0 .
25 3.0 3.5 4.0 4.5 5.0 55 6.0

V. - Supply voltage - [V]

Figure 9.

OVERVOLTAGE PROTECTION
BOOST CONVERTER (OVP)

BOOST CONVERTER

SOFT-START
Vin s R I
5 Vidiv
EN | V=5V =

5Vidiv [ Vg = 13.6 V / 600 mA (resistive)

GD = ss = 100 "'_: ) B
10 Vidiv

choo T
2 ms/div
Figure 10.

LOAD TRANSIENT RESPONSE
VOLTAGE REGULATOR FOR GAMMA BUFFER

[N LD L W (L S L B B B [ R D L B L I I L B
S FB shorted __F: FVn=SsV s
L i to GND L " Ve o =125V
GD E . for > 55ms : . . . N Ecour=1|‘F
n L - \Y L . L
5 Vidiv - - REG_O_AC
v : i r : : : : somvidiv
3 * -
Vg e ::::}::::I::H:::::I: —H : } i
10 Vidiv -~
Veu T P = e o
10 Vrdiv 10 mA/div
o 7
. . . .  lreg o =SmA-30mA . . .
[ vl T bl o | P T T T A R A A A A
20 ms/div 200 ps/div
Figure 11. Figure 12.
XAO SIGNAL AND
GATE VOLTAGE SHAPING LCD DISCHARGE FUNCTION
LT rrrrrryrTTTrTTTTprTrTpT T T T T T T T T T T T T T T T T T L I L DL L N L B L L
b V gHM= 23 V down to GND - v L : : + VDBET_threshold -
__ ..................... __ IN - - | _j’ r h : 7_
r i ' RE =80 kQ - Svidiv | ' M eached ' .
Ve + - Vg - e——————— -\‘_;_ .............. =
5Vidiv " : : - ’ : ' 10 vidiv : 1 s :
an F e TS e B i OO "~
} } f } + | } } } XAO E ’ : ’ ':::::E}H:i::::iHHi::::iHHE
T 5 Vidiv T : i : e
Voum - V,
10 Vidiv - 1ovide LT N e -
Vorm=Ven E
VGHM F - - . -
T : 10 Vidiv |-
[ M AR AR R | 1 | T
400 ps/div 2 ms/div
Figure 13. Figure 14.
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POWER ON SEQUENCING

Ty

Vin wW
5 V/div

POWER OFF SEQUENCING

vIN
5 Vidiv R

GD N s > | frem =
5 Vidiv M ——
Vs ™~ Boost PG Vs
10 VIV | e i o 10 Vidiv i N
V. a0 S PR v, ! T N S RS AR
com b ) com
10 vidiv *wﬂ/ o ‘ 10 Vidiv *%ammm
VREG_O / VREG_O F \
10 V/div - s m———— 10 V/div 7
VGHM VGHM
! | S 20 V/di
20 Vidiv Delay set by Cppy, v
4 ms/div 4 ms/div
Figure 15. Figure 16.
SHORT CIRCUIT PROTECTION SHORT CIRCUIT PROTECTION
(<114 ms) (> 114 ms)
I
Vs Vs
10 V/div 10 V/div
2 ms
| =
GD - GD s
5 Vidiv > 5 V/div —>
55 ms 55 ms
XAQ [N . XAO
5 Vidiv 5 Vidiv
E E
40 ms/div 40 ms/div
Figure 17. Figure 18.
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APPLICATION INFORMATION

BOOST CONVERTER

ViN Vs
]:: Sw ]::
--{t--{+r-q41---{tr--------------
|
|
| Gate Driver
FREQ (Short Circuit
| Protection)
N
|
| SUP FB
|
|
|
Ss Current limit
and
| Soft Start L ‘ ‘
I |
= | Toff Generator
|
| Bias Vref =1.24V
| UVvLO
| Thermal Shutdown Ton
|
Gate Driver of —
! J: —» PWM Power 4| 4 !
I = | Generator X I
COMP Transistor |
L ' FB
% | GM Amplifier
|
|
I
- I
|
I =

Figure 19. Boost converter block diagram

The boost converter is designed for output voltages up to 18 V with a switch peak current limit of 4 A minimum.
The device, which operates in a current mode scheme with quasi-constant frequency, is externally compensated
for maximum flexibility and stability. The switching frequency is selectable between 630 kHz and 1.2 MHz and
the minimum input voltage is 2.5 V. To limit the inrush current at start-up a soft-start pin is available.

TPS65148 boost converter's novel topology using adaptive off-time provides superior load and line transient
responses and operates also over a wider range of applications than conventional converters.
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BOOST CONVERTER DESIGN PROCEDURE

The first step in the design procedure is to verify whether the maximum possible output current of the boost
converter supports the specific application requirements. A simple approach is to estimate the converter
efficiency, by taking the efficiency numbers from the provided efficiency curves or to use a worst case
assumption for the expected efficiency, e.g. 85%.

1. Duty Cycle: D=V”\“/A

S (2
ViN min XD
2. Inductor ripple current: Al = IN_min XY
. Al
3. Maximum output current: oyt max = | lim_min — - x (1 -D)
3
. Al I
4. Peak switch current: | = —L 4 OUT
swpeak 2 1-D @

lswpeak = Converter switch current (must be < Ij;y_min = 4 A)

f = Converter switching frequency (typically 1.2 MHz or 630 kHz)

L = Selected inductor value (from the Inductor Selection section)

n = Estimated converter efficiency (use the number from the efficiency plots or 85% as an estimation)
Al = Inductor peak-to-peak ripple current

The peak switch current is the steady state current that the integrated switch, inductor and external Schottky
diode have to be able to handle. The calculation must be done for the minimum input voltage where the peak
switch current is highest.

Inductor Selection

The main parameter for the inductor selection is the saturation current of the inductor which should be higher
than the peak switch current as calculated above with additional margin to cover for heavy load transients. An
alternative, more conservative, is to choose the inductor with a saturation current at least as high as the
maximum switch current limit of 5.6 A. Another important parameter is the inductor DC resistance. Usually the
lower the DC resistance the higher the efficiency. It is important to note that the inductor DC resistance is not the
only parameter determining the efficiency. Especially for a boost converter where the inductor is the energy
storage element, the type and core material of the inductor influences the efficiency as well. At high switching
frequencies of 1.2 MHz inductor core losses, proximity effects and skin effects become more important. Usually
an inductor with a larger form factor gives higher efficiency. The efficiency difference between different inductors
can vary between 2% to 10%. For the TPS65148, inductor values between 3.3 uH and 6.8 uH are a good choice
with a switching frequency of 1.2 MHz. At 630 kHz, inductors between 7 uH and 13 pH are recommended.
Isat > lsypeak imperatively. Possible inductors are shown in Table 1.

Table 1. Inductor Selection

L COMPONENT SUPPLIER COMPONENT CODE SIZE DCR TYP Isat
(uH) (LxWxH mm) (mQ) (A)
1.2 MHz
6.8 Epcos B82464G4682M 10.4x 10.4x4.9 20 4.3
4.7 Coiltronics UP2B-4R7-R 14x10.4x6 16.5 4.2
4.7 Sumida CDRH124NP-4R7M 12.3x12.3x4.5 18 5.7
4.7 Sumida CDRH127NP-4R7N 12.3x12.3%x 8 11.7 6.8
630 kHz
10 Coilcraft DS3316P-103ML 12.95 x 9.4 x 5.08 80 3.5
10 Sumida CDRH8D43NP-100N 8.3x8.3x%x45 29 4.0
10 Sumida CDRH127NP-100N 12.3x12.3 %8 16 5.4
10 Sumida CDRH127/LDNP-100M 12.3x12.3%x 8 15 6.7
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Rectifier Diode Selection

To achieve high efficiency a Schottky type should be used for the rectifier diode. The reverse voltage rating
should be higher than the maximum output voltage of the converter. The averaged rectified forward current I,
the Schottky diode needs to be rated for, is equal to the output current lgyy:

e =lout )

Usually a Schottky diode with 2 A maximum average rectified forward current rating is sufficient for most of the
applications. Also, the Schottky rectifier has to be able to dissipate the power. The dissipated power is the
average rectified forward current times the diode forward voltage V.

Po=lg x Vg

Typically the diode should be able to dissipate around 500mW depending on the load current and forward
voltage.

Table 2. Rectifier Diode Selection

CURRENT VR Vel g COMPONENT SUPPLIER COMPONENT CODE PACKAGE TYPE
RATING I¢

2A 20V 0.44 Vi2 A Vishay sL22 SMA

2A 20V 0.5V/2 A Vishay SS22 SMA

Setting the Output Voltage

The output voltage is set by an external resistor divider. Typically, a minimum current of 50 pA flowing through
the feedback divider is enough to cover the noise fluctuation. The resistors are then calculated with 70 pA as:

Vs
R1
R2=Viz18k(2 R1=R2x Vs _
70 UA FB Vea
R2
with Veg = 1.240 V (6)

Soft-Start (Boost Converter)

To minimize the inrush current during start-up an external capacitor connected to the soft-start pin SS is used to
slowly ramp up the internal current limit of the boost converter by charging it with a constant current of typically
10 pA. The inductor peak current limit is directly dependent on the SS voltage and the maximum load current is
available after the soft-start is completed (Vsg = 0.8 V) or Vg has reached its Power Good value, 90% of its
nominal value. The larger the capacitor, the slower the ramp of the current limit and the longer the soft-start time.
A 100-nF capacitor is usually sufficient for most of the applications. When the EN pin is pulled low, the soft-start
capacitor is discharged to ground.

Frequency Select Pin (FREQ)

The digital frequency select pin FREQ allows to set the switching frequency of the device to 630 kHz (FREQ =
low") or 1.2 MHz (FREQ = 'high’). A higher switching frequency improves the load transient response but
reduces slightly the efficiency. The other benefit of a higher switching frequency is a lower output voltage ripple.
Usually, it is recommended to use 1.2 MHz switching frequency unless light load efficiency is of major concern.

Compensation (COMP)

The regulation loop can be compensated by adjusting the external components connected to the COMP pin. The
COMP pin is the output of the internal transconductance error amplifier. The compensation capacitor will adjust
the low frequency gain and the resistor value will adjust the high frequency gain. Lower output voltages require a
higher gain and therefore a lower compensation capacitor value. A good start, that will work for the majority of
the applications is Reopme = 47 kQ and Copmp = 3.3 nF.
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Input Capacitor Selection

For good input voltage filtering low ESR ceramic capacitors are recommended. TPS65148 has an analog input
VIN. A 1-uF bypass is required as close as possible from VIN to GND.

Two 10-uF (or one 22-pF) ceramic input capacitor is sufficient for most of the applications. For better input
voltage filtering this value can be increased. Refer to Table 3 and typical applications for input capacitor
recommendations.

Output Capacitor Selection

For best output voltage filtering a low ESR output capacitor is recommended. Four 10-pF (or two 22-uF) ceramic
output capacitors work for most of the applications. Higher capacitor values can be used to improve the load
transient response. Refer to Table 3 for the selection of the output capacitor.

Table 3. Rectifier Input and Output Capacitor Selection

CAPACITOR VOLTAGE COMPONENT SUPPLIER | COMPONENT CODE COMMENTS
RATING
10 uF/0805 oV Taiyo Yuden LMK212BJ106KD Cin
1 nF/0603 oV Taiyo Yuden EMK107BJ105KA VIN bypass
10 uF/1206 25V Taiyo Yuden TMK316BJ106ML Court

To calculate the output voltage ripple, the following equations can be used:
_ Vs - Vn_lour
AVg = Vi ¢ AVc Esr =lswpeak *Rc_Esr
S Xf C (7)

AV gsr can be neglected in many cases since ceramic capacitors provide very low ESR.

Undervoltage Lockout (UVLO)

To avoid misoperation of the device at low input voltages an undervoltage lockout is included that disables the
device, if the input voltage falls below 2.0 V.

Gate Drive Pin (GD)

The Gate Drive (GD) allows controlling an external isolation P-channel MOSFET switch. Using a 1-nF capacitor
is recommend between the source and the gate of the FET to properly turn it on. GD pin is pulled low when the
input voltage is above the undervoltage lockout threshold (UVLO) and when enable (EN) is 'high'. The gate drive
has an internal pull up resistor to Vy of typically 5 kQ. The external P-channel MOSFET must be chosen with
V1 < ViN_min in order to be properly turned on.

Overvoltage Protection (OVP)

The main boost converter has an integrated overvoltage protection to prevent the Power Switch from exceeding
the absolute maximum switch voltage rating at pin SW in case the feedback (FB) pin is floating or shorted to
GND. In such an event, the output voltage rises and is monitored with the OVP comparator over the SUP pin. As
soon as the comparator trips at typically 19 V, the boost converter turns the N-Channel MOSFET off. The output
voltage falls below the overvoltage threshold and the converter starts switching again. If the voltage on the FB
pin is below 90% of its typical value (1.240 V) for more than 55 ms, the device is latched down. The input voltage
V|y heeds to be cycled to restart the device. In order to detect the overvoltage, the SUP pin needs to be
connected to output voltage of the boost converter Vg. XAO output is independent from OVP.

Short Circuit Protection (SCP)

At start-up, as soon as the UVLO is reached and the EN signal is high, the GD pin is pulled 'low'. The feedback
voltage of the boost converter Vg as well as the SUP pin voltage (Vs) are sensed. After 2ms, if the voltage on
SUP pin has not risen or the FB voltage is below 90% of its typical value (1.240 V), then the GD pin is pulled
high for 55ms. After 3 tries, if the device is still in short circuit, it is latched down. The input voltage V,y needs to
be cycled to restart the device. The SCP is also valid during normal operation.
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Over Current Protection (OCP)

If the FB voltage is below 90% of its typical value (1.240 V) for more than 55 ms, the GD pin is pulled 'high' and
the device latched down. The input voltage V,y needs to be cycled to restart the device.

HIGH VOLTAGE STRESS (HVS) FOR THE BOOST CONVERTER

The TPS65148 incorporates a High Voltage Stress test enabled by pulling the logic pin HVS ‘high'. The output
voltage of the boost converter Vg is then set to a higher output voltage compared to the nominal programmed
output voltage. If unregulated external charge pumps are connected via the boost converter, their outputs will
increase as Vg increases. This stress voltage is flexible and set by the resistor connected to RHVS pin. With
HVS = 'high' the RHVS pin is pulled to GND. The external resistor connected between FB and RHVS (as shown
in Figure 19) is therefore put in parallel to the low-side resistor of the boost converter's feedback divider. The
output voltage for the boost converter during HVS test is calculated as:
Vs

Ve e = Veg x RIZR2IR12 g < RIxR2 N
- R2||R12 (VS_HVS

Vrs

—1JXR2—R1 Ves
R12 R2

with Veg = 1.240 V (8)

If the Vg voltage needs to be set to a higher value by using the HVS test, Vgy must be connected to VGH pin
without a regulation stage. The Vgy voltage will then be equal to Vg pys times 2 or 3 (depending if a doubler or
tripler mode is used for the external positive charge pump). The same circuit changes can be held on the
negative charge pump as well if required.

CAUTION

Special caution must be taken in order to limit the voltage on the VGH pin to 35V
(maximum recommended voltage).

VOLTAGE REGULATOR FOR GAMMA BUFFER

TPS65148 includes a voltage regulator (Low Dropout Linear Regulator, LDO) to supply the Gamma Buffer with a
very stable voltage. The LDO is designed to operate typically with a 4.7 uF ceramic output capacitor (any value
between 1 pF and 15 pF works properly) and a ceramic bypass capacitor of minimum 1 pF on its input REG_|
connected to ground. The output of the boost converter Vg is usually connected to the input REG_I. The LDO
has an internal softstart feature of 2 ms maximum to limit the inrush current. As for the boost converter, a
minimum current of 50 pA flowing through the feedback divider is usually enough to cover the noise fluctuation.
The resistors are then calculated with 70 pA as:

VREG_D

V, V. R10
R11 = —REC.FB 18k R10=R11 x | —RECGO 4
70 UA REG_FB VREGiFB
R11
With Vreg g = 1.240 V 9)

VCOM BUFFER

The VCOM Buffer power supply pin is the SUP pin connected to the boost converter V. To achieve good
performance and minimize the output noise, a 1 uF ceramic bypass capacitor is required directly from the SUP
pin to ground. The input positive pin OPI is either supplied through a resistive divider from Vg or from an external
PMIC. The buffer is not designed to drive high capacitive loads; therefore it is recommended to connect a series
resistor at the output to provide stable operation when driving a high capacitive load. With a 3.3 Q series resistor,
a capacitive load of 10 nF can be driven, which is usually sufficient for typical LCD applications.
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EXTERNAL CHARGE PUMPS

External Positive Charge Pump

The external positive charge pump provides with the below configuration (figure Figure 20) an output voltage Vgy
of maximum 3 times the output voltage of the Boost converter V. The first stage provides roughly 3*Vg in that
configuration, and the second stage is used as regulation whose output voltage is selectable. The operation of
the charge pump driver can be understood best with Figure 20 which shows an extract of the positive charge
pump driver circuit out of the typical application. The voltage on the collector of the bipolar transistor is slightly
equal to 3*Vs—4*V. The next stage regulates the output voltage Vgy. A Zener diode clamps the voltage at the
desired output value and a bipolar transistor is used to provide better load regulation as well as to reduce the
quiescent current. Finally the output voltage on Vgy will be equal to V,—Vye.

T2 Vo
3.V, Bossop 32V /20mA
A
c21
“— 1uFl
50V

Viy
25Vto6V

Figure 20. Positive Charge Pump

Doubler Mode: if the Vg voltage can be reached using doubler mode, then the configuration is the same than
the one shown in Figure 28.

External Negative Charge Pump

The external negative charge pump works also with two stages (charge pump and regulation). The charge pump
provides a negative regulated output voltage. Figure 21 shows the operation details of the negative charge
pump. With the first stage, the voltage on the collector of the bipolar transistor is equal to —Vg+VE .

The next stage regulates the output voltage Vg, . A resistor and a Zener diode are used to clamp the voltage to
the desired output value. The bipolar transistor is used to provide better load regulation as well as to reduce the
quiescent current. The output voltage on Vg, will be equal to -V,—Vpe.
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Voo T1
~TVR20mA  pogstR v,
C18
BAT54S 470 nF
c16——
1 uF/
16V
Vs
13.6V/ 500mA

I LQ1 I

Figure 21. Negative Charge Pump

Components Selection

Capacitors (Charge Pumps)

For best output voltage filtering a low ESR output capacitor is recommended. Ceramic capacitors have a low
ESR value but depending on the application tantalum capacitors can be used as well.

The rated voltage of the capacitor has to be able to withstand the voltage across it. Capacitors rated at 50 V are
enough for most of the applications. Typically a 470-nF capacitance is sufficient for the flying capacitors whereas
bigger values like 1 pF or more can be used for the output capacitors to reduce the output voltage ripple.

CAPACITOR COMPONENT SUPPLIER COMPONENT CODE COMMENTS

100 nF/0603 Taiyo Yuden HMK107BJ104KA Flying Cap

470 nF/0805 Taiyo Yuden UMK212BJ474KG Output Cap 1
1 uF/1210 Taiyo Yuden HMK325BJ105KN Output Cap 2

Diodes (Charge Pumps)

For high efficiency, one has to minimize the forward voltage drop of the diodes. Schottky diodes are
recommended. The reverse voltage rating must withstand the maximum output voltage Vg of the boost converter.
Usually a Schottky diode with 200 mA average forward rectified current is suitable for most of the applications.

CURRENT VR Vel Ig COMPONENT COMPONENT PACKAGE
RATING I SUPPLIER CODE TYPE
200 mA 30V 0.5V /30mA | International Rectifier BAT54S SOT23
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GATE VOLTAGE SHAPING FUNCTION

External Positive
Charge Pump

y

A

Power Transistor
Boost Converter

o
J::_L DH

;
LI

;1 .
I
[ ! VGHM
VFLK Gate Voltage 1 —
Shaping I_rl >
(Gvs) :;I |
M2 ' RE
1 ]
A —
VDPM , Re
I
I =
I

Figure 22. Gate Voltage Shaping Block Diagram

The Gate Voltage Shaping is controlled by the flicker input signal VFLK, except during start-up where it is kept at
low state, whatever the VFLK signal is. The VGHM output is enabled once the VDPM voltage is higher than V¢
= 1.240 V. The capacitor connected to VDPM (C13 on Figure 27) pin sets the delay from the boost converter
Power Good (90% of its nominal value).

lbpm > topm _ 20 LA X tppy

Vit 1.240 V

Cvppm =
(10)

VFLK = Ih|ghI — VGHM = VGH
VFLK ='low' — Vgyum discharges through Re resistor

The slope at which Vg discharges is set by the external resistor connected to RE, the internal MOSFET rpgn)
(typically 13Q for M2 — see Figure 22) and by the external gate line capacitance connected to VGHM pin.

Boost

Power Good

VFLK v VFLK = “high”

1 <—>
Unknown state i

i <>
: VFLK = “low”
| Delay set by
| VDPM
: VGH
P
|

VGHM : Slopzzet by
! ov

Figure 23. Gate Voltage Shaping Timing
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If RE is connected with a resistor to ground (see Figure 23), when VFLK = 'low' Vguy Will discharge from Vg
down to QV. Since 5 x 1 (t = R x C) are needed to fully discharge C through R, we can define the time-constant
of the gate voltage shaping block as follow:

T = (Re + I'psnm2) X Cyehm
Therefore, if the discharge of Cygnw should finish during Vg g = 'low":

=5 — RE = tVFLK:'|0W'
tgischarge =9 X T = tVF,_K:'Iow' = = —Ibs(on)m2

5 x CygHm 11)

NOTE
Cvchm and Rygym form the parasitic RC network of a pixel gate line of the panel. If they
are not known, they can be ignored at the beginning and estimated from the discharge
slope of Vg signal.

I vs
| VGHM v
;J—D—D Re 3
I 1 o,
M2 | Option 2 ® z Re
RE ption Option 3 1
'—| | —
LJ 5
77777777 .l H
Option 1 |
‘ Re

Figure 24. Discharge Path Options for VGHM

Options 2 and 3 from Figure 24 work like option 1 explained above. When M2 is turned on, Vguy discharges with
a slope set by Re from Vg level down to Vg in option 2 configuration and down to the voltage set by the resistor
divider in option 3 configuration. The discharging slope is set by Re resistor(s).

NOTE
When options 2 or 3 are used, Vg is not held to OV at startup but to the voltage set on
RE pin by the resistors Re and Re’.
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RESET FUNCTION

The device has an integrated reset function with an open-drain output capable of sinking 1 mA. The reset
function monitors the voltage applied to its sense input VDET. As soon as the voltage on VDET falls below the
threshold voltage Vpet hreshoid OF typically 1.240 V, the reset function asserts its reset signal by pulling XAO low.
Typically, a minimum current of 50uA flowing through the feedback divider when VDET voltage trips the
reference voltage of 1.240 V is required to cover the noise fluctuation. Therefore, to select R4, one has to set the
input voltage limit (V,y m) at which the reset function will pull XAO to low state. V|y ;v must be higher than the
UVLO threshold. The resistors are then calculated with 70 PA as: -

le
V V, R4
R5= —DET .18 kO R4=R5 x | —-tM 4

70 yA OET Voer

R5

with Vpgr = 1.240 V (12)
The reset function is operational for V,y = 1.6V:
VDET
VDETJhreshold"‘ hys

Min. Operating
voltage

Unknown
state

GND

Figure 25. Voltage Detection and XAO Pin

The reset function is configured as a standard open-drain output and requires a pull-up resistor. The resistor R
xa0 » Which must be connected between the XAO pin and a positive voltage Vy greater than 2V - 'high' logic level
- e.g. Vin, can be chosen as follows:

R Vx & R

N Vy - 2V
XAO_min 1 mA

— <
XAO_max 2 HA (13)

THERMAL SHUTDOWN

A thermal shutdown is implemented to prevent damages because of excessive heat and power dissipation.
Typically the thermal shutdown threshold for the junction temperature is 150 °C. When the thermal shutdown is
triggered the device stops operating until the junction temperature falls below typically 136 °C. Then the device
starts switching again. The XAO signal is independent of the thermal shutdown.
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POWER SEQUENCING

When EN is high and the input voltage V,y reaches the Under Voltage Lockout (UVLO), the device is enabled
and the GD pin is pulled low. The boost converter starts switching and the VCOM buffer is enabled. As soon as
Vs of the boost converter reaches its Power Good, the voltage regulator for the gamma buffer is enabled and the
delay enabling the gate voltage shaping block starts. Once this delay has passed, the VGHM pin output is
enabled.

1. GD

2. Boost converter & VCOM Buffer

3. Voltage regulator for Gamma Buffer

4

. VGHM (after proper delay)

Device Device
ENABLED DISABLED
uvLO ! > —>
- T VDETJHRESHOLD - K’
VIN T N_ UvLO
EN
GD /
BOOST
VCOM
VGH (external)
VGL (external)
REG_O
VDPM — ==~ Vref=1.240V
VFLK Unknowh state | Unknown state
Delay set
by VDPM — S,
»i P/)@O/@
Slope set 0.5 S,
VGHM by Re ‘\0/&0 6@,00

2,
I
%

Figure 26. Sequencing TPS65148

Power off sequencing and LCD discharge function

When the input voltage V falls below a predefined threshold (set by Vpet thresHolp - S€€ Figure 26 ), XAO is
driven low and Vgyy is driven to Vgy. (Note that when Vy falls below the UVLO threshold, all IC functions are
disabled except XAO and Vghm). Since VGHM is connected to VGH, it tracks the output of the positive charge
pump as it decays. This feature, together with XAO can be used to discharge the panel by turning on all the pixel
TFTs and discharging them into the gradually decaying Vgum Voltage. Vgpy is held low during power-up.
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Figure 27. TPS65148 Typical Application
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Figure 28. TPS65148 Typical Application with Positive Charge Pump in Doubler Mode Configuration
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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 ©)
@ ©)
TPS65148RHBR Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
65148
TPS65148RHBR.B Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
65148

@ 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 TI RoHS Statement for additional information and value definition.

@ | ead 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. 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 TI 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
[ & A |
T T
N
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)
TPS65148RHBR VQFN RHB 32 3000 330.0 12.4 53 53 1.5 8.0 12.0 Q2
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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)
TPS65148RHBR VQFN RHB 32 3000 353.0 353.0 32.0
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GENERIC PACKAGE VIEW
RHB 32 VQFN - 1 mm max height

5x 5, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
RHBO0O32E VQFN - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
214 Fe ]
____ A
PIN 1 INDEX AREA—]
7 e

= e e el ey e P =
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2X|3.5
| [13.45+0.1 ——,
9 4 | 4 16
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2X :) 33 C
2] D) | ]
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D) ‘ -
_ 1:7\ i C
alalalalialalalin
32 ‘ 25
PIN 1 ID SYMM
(OPTIONAL) 39X 8.2

SIDE WALL DETAIL
OPTIONAL METAL THICKNESS

17

EXPOSED
THERMAL PAD

SEE SIDE WALL
DETAIL
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ot

L 32X

24
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0.1® |C|A|B
0.050 |C

&

ﬁ (0.2) TYP

I
.

—

\.‘ .‘/

[

4223442/B 08/2019

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.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RHBO0O32E VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

[3.45)
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NON SD%II_ZIIDI\IIESDMASK SOLDER MASK
DEFINED

(PREFERRED)
SOLDER MASK DETAILS
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RHBO0O32E VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

le— 4X (J1.49) —~

(R0.05) TYP (0 845)
o [ J G [ G D

- % | N CD24
32X(0.25)T@ ¢ ! C:j
| |
28X—4(OT ! ! ‘ (0.845)
EE}@, 331{}A*[IJSYMM
5N A
|
| |
L 0 —,
| | B
O B R0 iy e s a
i SYI‘\AM °
! ¢
B (4.9

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 33:

75% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

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

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

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

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

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