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BIAS POWER SUPPLY FOR TV AND MONITOR TFT LCD PANELS

Check for Samples: TPS65161, TPS65161A, TPS65161B

FEATURES « Internal and Adjustable Soft Start
« 8-V to 14.7-V Input Voltage Range + Short-Circuit Protection

+ Vg Output Voltage Range up to 19 V + Overvoltage Protection

+ TPS65161 has a 2.8-A Switch Current Limit * Thermal Shutdown

+ TPS65161A has a 3.7-A Switch Current Limit * Available in HTSSOP-28 Package

TPS65161B has a 3.7-A Switch Current Limit
and 100-mA Charge Pump Output Current APPLICATIONS

1.5% Accurate 2.3-A Step-Down Converter « TFT LCD Displays for Monitor and LCD TV
500-kHz/750-kHz Fixed Switching Frequency

¢ Negative Charge Pump Driver for Vg

* Positive Charge Pump Driver for Vgy

« Adjustable Sequencing for Vg, Vgn

e Gate Drive Signal to Drive External MOSFET

DESCRIPTION

The TPS65161 family offers a compact power supply solution to provide all four voltages required by thin-film
transistor (TFT) LCD panels. With their high current capabilities, the devices are ideal for large screen monitor
panels and LCD TV applications.

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

PRODUCTION DATA information is current as of publication date. Copyright © 2006-2013, Texas Instruments Incorporated
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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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

DESCRIPTION (CONTINUED)

Compared to the TPS65160 and TPS65160A the TPS65161/A/B family of devices offer increased step-down
converter output current. The TPS65161B also offers increased charge pump output current, and a higher
undervoltage lockout threshold. The devices can be powered from a 12-V input supply and generate the four
main supply voltages required by TFT LCD display panels.

Each device comprises a boost converter to generate the source voltage Vg, a step-down converter to generate
the logic supply V(ocic), and regulated positive and negative charge pumps to generate the TFT bias voltages
Vgn and Vg . Both switching converters and both charge pumps operate from a central clock that can be set to
either 750-kHz or 500-kHz by tying the FREQ pin high or low.

The TPS65161/A/B devices feature adjustable power supply sequencing, plus a number of safety features such
as boost converter overvoltage protection, buck converter short-circuit protection, and thermal shutdown. The
devices also incorporate a gate drive signal to control an external MOSFET isolation switch connected in series
with Vg or Vgy (see the application section at the end of this data sheet for more information).

ORDERING INFORMATION @

Ta gggggl\ﬂ,vl.lrl\%? RS P | UVLO THRESHOLD | ORDERING PACKAGE® D CKACE
ILim(min)
2.8A 100mA 6V TPS65161PWP | HTSSOP28 (PWP) | TPS65161
S 3.7A 100mA 6V TPS65161APWP | HTSSOP28 (PWP) | TPS65161A
3.7A 200mA 8v TPS65161BPWP | HTSSOP28 (PWP) | TPS651618

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
Web site at www.ti.com.

(2) Because of the charge pumps' 50% duty cycle, the maximum current available from Vg and Vg in typical applications is equal to
approximately half the charge pump current limit.

(3) The PWP package is available taped and reeled. Add R-suffix to the device type (TPS65161PWPR) to order the device taped and
reeled. The TPS65161PWPR package has quantities of 2000 devices per reel. Without suffix, the TPS65161PWP is shipped in tubes
with 50 devices per tube.

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

UNIT
Voltages on pin VIN® -0.3Vto016.5V
Voltages on pin EN1, EN2, FREQ® -0.3V1to 165V
Voltage on pin SW @ 25V
Voltage on pin SWB®@ 20V
Voltages on pin OS, SUP, GD® 25V
Continuous power dissipation See Dissipation Rating Table
Ta Operating junction temperature —40°C to 150°C
Tstg Storage temperature range —65°C 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.
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DISSIPATION RATINGS

PACKAGE RTHA POWLR RATING POWRR RATING POWRR RATING
28-Pin HTSSOP 28°C/W (PowerPAD® soldered) 357W 1.96 W 142 W
(1) See Texas Instruments application report SLMA0O02 regarding thermal characteristics of the PowerPAD package.
RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT

Vg Output voltage range of the main boost converter® 19 Y,
Cn Input capacitor at VINB 2x22 uF

Input capacitor AVIN 1 uF

Inductor boost converter @ 10

L uH

Inductor buck converter® 15
ViLocicy  Output voltage range of the step-down converter V ocic) 1.8 5.0 \Y,
c Output capacitor boost converter 3x22 F
° Output capacitor buck converter 2x22 H
Ta Operating ambient temperature -40 85 °C
T, Operating junction temperature -40 125 °C

(1) The maximum output voltage is limited by the overvoltage protection threshold and not be the maximum switch voltage rating.
(2) See application section for further information.

ELECTRICAL CHARACTERISTICS

VIN =12 V, SUP = VIN! EN1 =EN2 = VIN! VS =15 V, V(LOGlC) =3.3 V, TA =-40°C to 85°C, typ|ca| values are at TA =25°C
(unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP  MAX| UNIT
SUPPLY CURRENT
VN Input voltage range 8 14.7 \%
Quiescent current into AVIN \égg; czo:v\ésrier not switching 0.2 2
‘o . . Von=2x V. mA
Quiescent current into VINB Bﬁgk conver?ér not switching 0.2 0.5
Shutdown current into AVIN EN1 = EN2 = GND 0.1 2
'sp Shutdown current into VINB EN1 = EN2 = GND 0.1 2| WA
Shutdown current into SUP EN1 = EN2 = GND 0.1 4| pA
sue) Quiescent current into SUP VgH =2 % Vg 0.2 2| mA
TPS65161, TPS65161A; V) falling. 6 6.4
Vuvio | Undervoltage lockout threshold - \
TPS65161B; V| falling. 8 8.8
Vet Reference voltage 1.203 1213 1.223 \%
Thermal shutdown Temperature rising 155 °C
Thermal shutdown hysteresis 5 °C
LOGIC SIGNALS EN1, EN2, FREQ
Viy High-level input voltage EN1, EN2 2.0 \%
VL Low-level input voltage EN1, EN2 0.8 \%
Viy High-level input voltage FREQ 1.7 \%
Vi Low-level input voltage FREQ 0.4 \%
likg Input leakage current EN1 = EN2 = FREQ = GND or V|y 0.01 01| pA
Copyright © 2006-2013, Texas Instruments Incorporated Submit Documentation Feedback 3
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ELECTRICAL CHARACTERISTICS (continued)

Vin =12V, SUP =V, EN1 = EN2 = V), Vs = 15V, V ogic) = 3.3 V, Tp = —40°C to 85°C, typical values are at T, = 25°C
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
CONTROL AND SOFT START DLY1, DLY2, SS
lioLy1) Delayl charge current 3.3 4.8 6.2| pA
lipLy2) Delay2 charge current V(THRESHOLD) = 1.213 V 3.3 4.8 6.2 pA
Iss SS charge current 6 9 12| pA
INTERNAL OSCILLATOR
. FREQ = high 600 750 900
fosc Oscillator frequency kHz
FREQ = low 400 500 600

BOOST CONVERTER (Vs)
Vg Output voltage range® 19 V
V(re) Feedback regulation voltage 1.136 1.146 1.156 \%
I(FB) Feedback input bias current 10 100| nA

N-MOSFET on-resistance (Q1) Iiswy = 500 mA 100 185 mQ
DS 5 MOSFET on-resistance (Q2) Iisw) = 200 MA 10 16| Q
IMAx Maximum P-MOSFET peak switch current 1 A
ILim N-MOSFET switch current limit (Q1) TPS65161 2.8 3.5 4.2 A
ILim N-MOSFET switch current limit (Q1) TPS65161A 3.7 4.6 5.5 A
likg Switch leakage current Visw) =15V 1 10| pA
OVP Overvoltage protection Vour rising 195 20 21 \%

Line regulation ;?frx: Vin=116V 0.0008 %IV

Load regulation 0.03 %/A
GATE DRIVE (GD)
Vo) | Gate drive threshold® V(rg) rising Vg-12% Vg-8% Vg-4%| V
VoL GD output low voltage I(sinky = 500 WA 0.3 \%

GD output leakage current Viep) =20V 0.05 1| pA
STEP-DOWN CONVERTER (V(_oaic))
V(Loaic) | Output voltage range 1.8 5 \%
V(reB) Feedback regulation voltage 1.195 1.213 1.231 \%
I(FBB) Feedback input bias current 10 100| nA
"'Ds(on) N-MOSFET on-resistance (Q5) Iiswy = 500 mA 175 300 mQ
ILim N-MOSFET switch current limit (Q5) 25 3.2 3.9 A
likg Switch leakage current Visw) =0V 1 10| pA

Line regulation 106V <Vin=116V 0.0018 %IV

Load regulation 0.037 %/A

(1) The maximum output voltage is limited by the overvoltage protection threshold and not be the maximum switch voltage rating.

(2) The GD signal is latched low when the main boost converter output Vs is within regulation. The GD signal is reset when the input

voltage or enable of the boost converter is cycled low.
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ELECTRICAL CHARACTERISTICS (continued)

Vin =12V, SUP =V, EN1 = EN2 = V), Vs = 15V, V ogic) = 3.3 V, Tp = —40°C to 85°C, typical values are at T, = 25°C
(unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP  MAX| UNIT
NEGATIVE CHARGE-PUMP VGL
Vo Output voltage range -2 \%
V(FBN) Feedback regulation voltage -36 0 36| mVv
I(FeN) Feedback input bias current 10 100 nA
) TPS65161, TPS65161A; Ioyt = 20 mA 4.4
'bs(on) Q4 P-Channel switch 'DS(on) Q
TPS65161B; loyt = 20 mA 3.7
| =50 mA
(DRN) - 013 019
TPS65161, V(FBN) = V(,:BN)nomlnaI -5%
TPS65161A =
I(DRN) _100 mA, ) . 0.27 0.42
i 3) V(FBN) = V(FBN)nomlnal 5%
Vioropny | Current sink voltage drop ¢ \%
lorry = 100 MA, 024 042
V(FBN) = V(FBN)nominal 5% ’ ’
TPS65161B I 200 mA
(DRN) = mA,
V(FBN) = V(FBN)nominal 5% 0.52 0.90
POSITIVE CHARGE-PUMP OUTPUT VGH
V(reP) Feedback regulation voltage 1.187 1.213 1.238 \%
l(FBP) Feedback input bias current 10 100 nA
osen) | @3 N-Channel switch rpgon) lout =20 mA 1.1 Q
| =50 mA
(DRP) S 040 0.68
TPS65161, V(rep) = V(rapynominal -5%
TPS65161A =
lore) = 100mA, 085 1.60
v Current source voltage drop V(esp) = V(esrynominal -5%
(DropP) —Viore) @ . v
(V(sup) — V(orP) lprpy = 100 MA,
V(FBP) = V(FBp)nominal -5% 063 1.60
TPS65161B | 200 mA
(DRP) = mA,
V(FBP) = V(FBp)nominal -5% 140 320

(3) The maximum charge-pump output current is typically half the drive current of the internal current source or current sink.
(4) The maximum charge-pump output current is typically half the drive current of the internal current source or current sink.

Copyright © 2006-2013, Texas Instruments Incorporated Submit Documentation Feedback 5
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[ T ]GD
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| ] REF
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[T ] AVIN
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| [ ] NC
| [ ] sws
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| [ ] EN1
| | | FBB

NOTE: The thermally enhanced PowerPAD™ is connected to PGND.
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PIN FUNCTIONS

PIN
NAME NO.

110 DESCRIPTION

This is the supply pin of the positive charge pump driver and can be connected to the input supply V |y or the
SUP 8 I | output of the main boost converter Vs. This depends mainly on the desired output voltage Vg and numbers of
charge pump stages.

Frequency adjust pin. This pin allows setting the switching frequency with a logic level to 500 kHz = low and

FREQ 12 I 1950 kHz = high.

AVIN 29 I Analog input voltage of the device. This is the input for the analog circuits of the device and should be bypassed
with a 1-uF ceramic capacitor for good filtering.

VINB 20,21 | | Power input voltage pin for the buck converter.

This is the enable pin of the buck converter and negative charge pump. When this pin is pulled high, the buck
EN1 16 | | converter starts up, and after a delay time set by DLY1, the negative charge pump comes up. This pin must be
terminated and not be left floating. A logic high enables the device and a logic low shuts down the device.

The boost converter starts only with EN1 = high, after the step-down converter is enabled. EN2 is the enable pin
of the boost converter and positive charge pump. When this pin is pulled high, the boost converter and positive

EN2 9 I | charge pump starts up after the buck converter is within regulation and a delay time set by DLY2 has passed by.
This pin must be terminated and not be left floating. A logic high enables the device and a logic low shuts down
the device.

DRN 11 O | Drive pin of the negative charge pump.

FBN 13 I | Feedback pin of negative charge pump.

REF 24 O | Internal reference output typically 1.213 V. A 220-nF capacitor needs to be connected to this pin.

PGND 6,7 Power ground

ss o8 o This pin allows setting the soft-start time for the main boost converter Vs. Typically a 22-nF capacitor needs to be

connected to this pin to set the soft-start time.

Connecting a capacitor from this pin to GND allows the setting of the delay time between V( ogic) (step-down

DLyl 25 o converter output high) to Vg during start-up.
Connecting a capacitor from this pin to GND allows the setting of the delay time between V( ogic) (step-down

DLY2 26 (0] h " f
converter output high) to Vg boost converter and positive charge-pump Vg during start-up.
This is the compensation pin for the main boost converter. A small capacitor and, if required, a resistor is

COMP 2 B
connected to this pin.

FBB 15 | | Feedback pin of the buck converter

SWB 18 O | Switch pin of the buck converter

NC 19 Not connected

BOOT 17 I N-channel MOSFET gate drive voltage for the buck converter. Connect a capacitor from the switch node SWB to
this pin.

FBP 14 | | Feedback pin of positive charge pump.

DRP 10 O | Drive pin of the positive charge pump.
This is the gate drive pin which can be used to control an external MOSFET switch to provide input to output

GD 27 isolation of Vg or Vgu. See the circuit diagrams at the end of this data sheet. GD is an open-drain output and is
latched low as soon as the boost converter is within 8% of its nominal regulated output voltage. GD goes high
impedance when the EN2 input voltage is cycled low.

GND 23 Analog ground
Output sense pin. The OS pin is connected to the internal rectifier switch and overvoltage protection comparator.

os 3 | This pin needs to be connected to the output of the boost converter and cannot be connected to any other voltage
rail. Connect a 470-nF capacitor from OS pin to GND to avoid noise coupling into this pin. The PCB trace of the
OS pin needs to be wide because it conducts high current.

FB 1 | | Feedback of the main boost converter generating Vsource (Vs).

SW 4,5 I | Switch pin of the boost converter generating Vsource (Vs).

PowerPAD™ The PowerPAD needs to be connected and soldered to power ground (PGND).

Copyright © 2006-2013, Texas Instruments Incorporated Submit Documentation Feedback 7
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TABLE OF GRAPHS

FIGURE
MAIN BOOST CONVERTER (Vs)
n Efficiency main boost converter Vg vs Load current Vg =15V, V|y =12V 1
IDS(ON) N-channel main switch Q1 vs Input voltage and temperature 2
Soft-start boost converter Css =22 nF 3
PWM operation at full-load current 4
PWM operation at light-load current 5
Load transient response 6
STEP-DOWN CONVERTER (V( ogic))
n Efficiency main boost converter Vg vs Load current Vi ogic) = 3.3 V, Viy =12V 7
TDS(ON) N-channel main switch Q5
PWM operation - continuous mode
PWM operation - discontinuous mode 10
Soft start 11
Load transient response 12
SYSTEM PERFORMANCE
fosc Oscillation frequency vs Input voltage and temperature 13
Power-up sequencing EN2 connected to Vg 14
Power-up sequencing EN2 enabled separately 15
TYPICAL CHARACTERISTICS
BOOST CONVERTER
BOOST CONVERTER EFFICIENCY Ips(on) - N-CHANNEL SWITCH
VS VS
OUTPUT CURRENT TEMPERATURE
100 0.16 T T
V,=8Y,
90~ 014l Vi=12V, -
/ ' V=14V L~
80 o T
0.12 ~
L~ o
70 . L~ / -
S o A ]
N 60 (% / = 7/
| =
o 50 = 0.08 p~ L
c o] /
Q < L~
© 40 (@) //
= 7
i} % 0.06
30 =
Vi=12V, = 0.04
20 Vo=15V, — 0
L=10uH
10 0.02
0 0
0 05 1 15 2 -40 -20 O 20 40 60 80 100 120 140
lo — Output Current — A Ta — Temperature — °C
Figure 1. Figure 2.
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TYPICAL CHARACTERISTICS (continued)

SOFT-START PWM OPERATION BOOST CONVERTER
BOOST CONVERTER CONTINUOUS MODE
V=12V, - f - V=12V,
Vo=15V/1.2 A, % ! . Vo=15V/15A

C(ss)=22nF

N R~ i Z [t '™

Vsw [ L
10 vidiv
Vo :'.
[ 50 mV/div e
Vs om
5 V/div ;

| S

| (Inductor) o

2 ms/div 1 us/div
Figure 3. Figure 4.
PWM OPERATION BOOST CONVERTER
CONTINUOUS MODE: LIGHT LOAD LOAD TRANSIENT RESPONSE BOOST CONVERTER
] L . L Vi=12V,Vg=15V, © - :
Vi=12vV, S : : .l [ Co=3"22 uF,
L Vo=10VAOMA ...l - Cloomp) = 22 NF,
: :  LEB8uH,
- FREQ=High
Vsw 3
M Y VS
10 V/div 200 mV/div
Vo o
50 mV/div

I(Inductor)

I
4 1AMdiv M

500 mA/div

1 ps/div 100 us/div
Figure 5. Figure 6.
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TYPICAL CHARACTERISTICS (continued)

EFFICIENCY STEP-DOWN CONVERTER
VS
LOAD CURRENT

90
80 —
70 //
60
-y
| 50
>
[&]
Dol
5 40 I
=
L
30
20
V) =12V,
10 Vo=33V, _|
L=15uH
0 \
0 0.5 1 1.5 2
lo — Output Current — A
Figure 7.
STEP-DOWN CONVERTER
PWM OPERATION
CONTINUOUS MODE
Vsw
5 Vidiv
Vo
20 mV/div
linductor) gafer -« oot oo =12y,
1Adiv [ : : S Vo=33V/L5A

500 ns/div
Figure 9.

STEP-DOWN CONVERTER
Ips(on) - N-CHANNEL SWITCH
\%

S
TEMPERATURE
0.25 T T
V=8V,
V=12V,
V=14V Z
o 0.2
I
= /
g 1
(% 0.15
© /
c
@ /
<
Q
> 01
I
=
o
%)
0 0.05
0
-40 -20 O 20 40 60 80 100 120 140
Ta — Temperature — °C
Figure 8.
STEP-DOWN CONVERTER
PWM OPERATION
DISCONTINUOUS MODE
:"V'|':12'\'/,:'
- Vo =3.3V/45mA
5Vidiv 1w
Vo
20 mV/div
|(|nductor) E
. 100 mA/div

500 ns/div

Figure 10.
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TYPICAL CHARACTERISTICS (continued)
SOFT-START LOAD TRANSIENT RESPONSE

STEP-DOWN CONVERTER

v =12V, SO oo
'.VO:3_3V/1_2A.. .

STEP-DOWN CONVERTER

Vo1 2—:
100 mV/div

! V212, .V(>|_.o.(.;|c‘)£.3-3‘ v
y Co =2*22 uF, FREQ = High

Vo
1 Vv/div

I(Inductor)
1 A/div

lo
270 mAto 1.3 A

50 ps/div
200 us/div
Figure 11. Figure 12.

SWITCHING FREQUENCY

VS POWER-UP SEQUENCING
TEMPERATURE EN2 CONNECTED TO Vi

740
Vi =8V,
735 V| =12V,
V=14V /
V
730 (LOGIC)
N / \ 2 Vidiv
T
Y725 Vo,
> 5 V/div
(8]
§ 720
>
o
(]
(L 715
] /
£
S 710
% / Vs
3 p
705 5 V/div
/ VeH
700 (—f 10 V/div
695
-50 0 50 100 150 2 ms/div
Ta — Temperature — °C
Figure 13. Figure 14.
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TYPICAL CHARACTERISTICS (continued)

POWER-UP SEQUENCING
EN2 ENABLED SEPARATELY

Viosioy [f
2 Vidiv

Vs [
5Vidiv 4

VGH
5 Vidiv

1 ms/div
Figure 15.
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TYPICAL CHARACTERISTICS (continued)
FUNCTIONAL BLOCK DIAGRAM

AVIN FREQ SwW SwW
I — T — L
GND Bias 500 kHz/ A " os
z
Vref=1.213 V CIOCL 750 kHz Current Limit TA
I — Thermal DLY1 Oscillator and P I
| AVIN = Shutdown 4DL7Y2 { Soft Start os |
| Sequencing Overvoltage I
I lg— Comparatg |
Vref Ss
I L I
Ss = Control Logic AVIN 5 Vref I PGND
o
COMP ~I?—‘ s I
I GM Amplifier = PGND
FB I:h—* N Sawtooth Comparator
G =
I + enerator Positive SUP SUP
VFB 0os — A Charge Pump I
| 1.154 V o |
I GM Amplifier ¢ 2 I
I Low Gain Current
Control DRP
| VFB Vref Soft Start
I 1.154 1213V |> Q3 I
VINB é ® I
| AVIN Negative - t‘
Charge Pump FBP
VINB c " Step-Down |
Q4 urren Converter |
Control Regulator
DRN Soft Start | 8V —N——ir—cl:] BOOT
- !
s 6 < swB
I = 1yl
| g 0
Control Logic NC
FBN I
| I
| = 4 I
I _ ﬁ FBB
& v |
I < ref N I
DLY1
DLY1 E:l—:b; ______V_ref___ Compensation F*‘ |
p Clock/2 ] and |
I 5 loov || Soft start Sawtooth I
| l’; : X | Generator
Vref | Logic I
oLy2 DLY2 Clock/4 | Clock [\ |
|06V | I
| | | Reference I
_ | Output
GD D | Clock | Vref REF
I s | Clock Select During Short Circuit | 1.213V
I L and Soft Start | |
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DETAILED DESCRIPTION

Boost Converter

The main boost converter operates in pulse-width modulation (PWM) and at a fixed switching frequency of
500 kHz or 750 kHz set by the FREQ pin. The converter uses an unique fast response, voltage-mode controller
scheme with input voltage feedforward. This achieves excellent line and load regulation (0.03%-A load regulation
typical) and allows the use of small external components. To add higher flexibility to the selection of external
component values, the device uses external loop compensation. Although the boost converter looks like a
nonsynchronous boost converter topology operating in discontinuous conduction mode at light load, the
TPS65161 maintains continuous conduction even at light-load currents. This is achieved with a novel architecture
using an external Schottky diode with an integrated MOSFET in parallel connected between SW and OS. See
the Functional Block Diagram. The intention of this MOSFET is to allow the current to go negative that occurs at
light-load conditions. For this purpose, a small integrated P-Channel MOSFET with typically 10-Q rpg(n) IS
sufficient. When the inductor current is positive, the external Schottky diode with the lower forward voltage
conducts the current. This causes the converter to operate with a fixed frequency in continuous conduction mode
over the entire load current range. This avoids the ringing on the switch pin as seen with standard
nonsynchronous boost converter and allows a simpler compensation for the boost converter.

Soft Start (Boost Converter)

The main boost converter has an adjustable soft start to prevent high inrush current during start-up. The soft-start
time is set by the external capacitor connected to the SS pin. The capacitor connected to the SS pin is charged
with a constant current that increases the voltage on the SS pin. The internal current limit is proportional to the
voltage on the soft-start pin. When the threshold voltage of the internal soft-start comparator is reached, the full
current limit is released. The larger the soft-start capacitor value, the longer the soft-start time.

Overvoltage Protection of the Boost Converter

The main boost converter has an overvoltage protection to protect the main switch Q2 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 overvoltage protection comparator over the OS pin. See the functional block diagram. As soon as the
comparator trips at typically 20 V, TPS65161, the boost converter turns the N-Channel MOSFET switch off. The
output voltage falls below the overvoltage threshold and the converter continues to operate.

Frequency Select Pin (FREQ)

The frequency select pin (FREQ) allows setting the switching frequency of the entire device to 500 kHz (FREQ =
low) or 750 kHz (FREQ = high). A lower switching frequency gives a higher efficiency with a slightly reduced load
transient regulation.

Thermal Shutdown

A thermal shutdown is implemented to prevent damage caused by excessive heat and power dissipation.
Typically, the thermal shutdown threshold is 155°C.

Step-Down Converter

The nonsynchronous step-down converter operates at a fixed switching frequency using a fast response voltage
mode topology with input voltage feedforward. This topology allows simple internal compensation, and it is
designed to operate with ceramic output capacitors. The converter drives an internal 3.2-A N-channel MOSFET
switch. The MOSFET driver is referenced to the switch pin SWB. The N-channel MOSFET requires a gate drive
voltage higher than the switch pin to turn the N-Channel MOSFET on. This is accomplished by a bootstrap gate
drive circuit running of the step-down converter switch pin. When the switch pin SWB is at ground, the bootstrap
capacitor is charged to 8 V. This way, the N-channel gate drive voltage is typically around 8 V.
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Soft Start (Step-Down Converter)

To avoid high inrush current during start-up, an internal soft start is implemented in the TPS65161. When the
step-down converter is enabled over EN1, its reference voltage slowly rises from zero to its power-good
threshold of typically 90% of V., . When the reference voltage reaches this power-good threshold, the error
amplifier is released to its normal operation at its normal duty cycle. To further limit the inrush current during soft
start, the converter frequency is set to 1/4" of the switching frequency f, and then % of f, determined by the
comparator that monitors the feedback voltage. See the internal block diagram. Soft start is typically completed
within 1 ms.

Short-Circuit Protection (Step-Down Converter)

To limit the short-circuit current, the device has a cycle-by-cycle current limit. To avoid the short-circuit current
rising above the internal current limit when the output is shorted to GND, the switching frequency is reduced as
well. This is implemented by two comparators monitoring the feedback voltage. The step-down converter
switching frequency is reduced to % of f; when the feedback is below 0.9 V and to 1/4™ of the switching
frequency when the feedback voltage is below 0.6 V.

Positive Charge Pump

The positive charge pump provides a regulated output voltage set by the external resistor divider. Figure 16
shows an extract of the positive charge-pump driver circuit. The operation of the charge-pump driver can be
understood best with Figure 16. During the first cycle, Q3 is turned on and the flying capacitor Cy, charges to the
source voltage, Vs. During the next clock cycle, Q3 is turned off and the current source charges the drive pin,
DRP, up to the supply voltage, V(syp). Because the flying capacitor voltage sits on top of the drive pin voltage,
the maximum output voltage is V(sypy +Vs. The SUP pin can be connected either to the input voltage Vy of the
TPS65161 or the output voltage of the main boost converter V.

—

DRP

SUP =V, or Vg

]

(e}

Current Cfly

VGH
Control 4‘:'—’—( I— 23 V/50 mA
Soft Start

T—DO—J Q3 c13

R5

10.47 uF
FBP ik

Figure 16. Extract of the Positive Charge-Pump Driver

If higher output voltages are required, another charge-pump stage can be added to the output.
Setting the output voltage:

0 R6

V V
_ out _ out _
R5 = R6 X (—VFB l) R6 X (1.213 1)

— R5
Vout = 1213 X (1 + —)
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Negative Charge Pump

The negative charge pump provides a regulated output voltage set by the external resistor divider. The negative
charge pump operates similar to the positive charge pump with the difference that it runs from the input voltage
V\n- The negative charge pump driver inverts the input voltage. The maximum negative output voltage is Vg =
(=ViN) + Varop- Varop IS the voltage drop across the external diodes and internal charge-pump MOSFETS. In case
VgL heeds to be lower than -V, an additional charge-pump stage needs to be added.

Setting the output voltage:

- _ R3_ _ R3
Vo = —V X 22 1.213V X oo

out REF

Voutl Voutl
R3 = R4 x U — R4 x 1;’;’;
REF :

The lower feedback resistor value, R4, should be in a range between 40 kQ to 120 kQ or the overall feedback
resistance should be within 500 kQ to 1 MQ. Smaller values load the reference too heavily, and larger values
may cause stability problems. The negative charge pump requires two external Schottky diodes. The peak
current rating of the Schottky diode has to be twice the load current of the output. For a 20-mA output current,
the dual-Schottky diode BAV99 is a good choice.

Power-On Sequencing (EN1, EN2, DLY1, DLY2)

The TPS65161 has an adjustable power-on sequencing set by the capacitors connected to DLY1 and DLY2 and
controlled by EN1 and EN2. Pulling EN1 high enables the step-down converter and then the negative charge-
pump driver. DLY1 sets the delay time between the step-down converter and negative charge-pump driver. EN2
enables the boost converter and positive charge-pump driver at the same time. DLY2 sets the delay time
between the step-down converter V( ocicy) and the boost converter Vs. This is especially useful to adjust the delay
when EN2 is always connected to V)y. If EN2 goes high after the step-down converter is already enabled, then
the delay DLY2 starts when EN2 goes high. See Figure 17 and Figure 18.

EN2
EN1
DLY2 | ‘—
\ } } Veu ‘
L *
Vin |
Vs: Ven IN | : ‘ Vv
\ | Vicooic) || ‘ IN
| ‘ 1 Fall Time Depends on Load
/\ | | \ \ Current and Feedback Resistor
. L | |
o ‘\ | V
‘ } VoL |
IDLY1 | ‘ \
T ;
|
GD | ]
Figure 17. Power-On Sequencing With EN2 Always High (EN2 = V)y)
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EN2 “ |
| .
ENA \ {
‘ ‘ DLY2 ‘
} | VeH | \
v ‘ | /! Vs \ }
IN \
Ve Vs % | l \ Vin
L |
\ I ; | Fall Time Depends on Load
\ \ V(L?GIC) | L Current and Feedback Resistor
f I { | f
] | | | V
\ f
| DLY1| veL | } \
- |
| \
GD [

Figure 18. Power-On Sequencing Using EN1 and EN2

Setting the Delay Times DLY1, DLY2

Connecting an external capacitor to the DLY1 and DLY2 pins sets the delay time. If no delay time is required,
these pins can be left open. To set the delay time, the external capacitor connected to DLY1 and DLY2 is
charged with a constant current source of typically 4.8 pA. The delay time is terminated when the capacitor
voltage has reached the internal reference voltage of V¢ = 1.213 V. The external delay capacitor is calculated:

_48puA XxXtd 48pAXxtd _ . :
COIIy = Vref =113V with td = Desired delay time

Example for setting a delay time of 2.3 ms:
C. - 4.8 uA x 2.3 ms
dy — 1.213V

= 9.4 nF = Cdly = 10 nF

Gate Drive Pin (GD)

This is an open-drain output that goes low when the boost converter, Vg, is within regulation. The gate drive pin
GD remains low until the input voltage or enable EN2 is cycled to ground.

Undervoltage Lockout

To avoid incorrect operation of the device at low input voltages, an undervoltage lockout is included which shuts
down the device at voltages lower than 6 V.

Input Capacitor Selection

For good input voltage filtering, low ESR ceramic capacitors are recommended. The TPS65161 has an analog
input, AVIN, and two input pins for the buck converter VINB. A 1-uF input capacitor should be connected directly
from the AVIN to GND. Two 22-uF ceramic capacitors are connected in parallel from the buck converter input
VINB to GND. For better input voltage filtering, the input capacitor values can be increased. See Table 1 and the
Application Information section for input capacitor recommendations.
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Table 1. Input Capacitor Selection

CAPACITOR VOLTAGE RATING COMPONENT SUPPLIER COMMENTS
22 pF/1210 16 V Taiyo Yuden EMK325BY226MM Ciy (VINB)
1 pF/1206 16V Taiyo Yuden EMK316BJ106KL Cin (AVIN)

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 use 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., 80%.

1. Duty Cycle: Vin X 7
D=1--—+—-1
Vout
2. Maximum output current: lavg = (1 = D) X Isw = % x 2.8 Awith Isw = minimum switch current of the TPS65161 (2.8 A).
3. Peak switch current: Vin x D Iout

lSWpeak_fost 1-D

With
Isw = converter switch current (minimum switch current limit = 2.8 A)
fs = converter switching frequency (typical 500 kHz/750 kHz)
L = Selected inductor value
n = Estimated converter efficiency (use the number from the efficiency curves or 0.8 as an estimation)

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

Inductor Selection (Boost Converter)

The TPS65161 operates typically with a 10-yH inductor. Other possible inductor values are 6.8-puH or 22-uyH. The
main parameter for the inductor selection is the saturation current of the inductor, which should be higher than
the peak switch current as previously calculated, with additional margin to cover for heavy load transients. The
alternative, more conservative approach, is to choose the inductor with saturation current at least as high as the
typical switch current limit of 3.5 A. The second important parameter is the inductor dc resistance. Usually, the
lower the dc resistance the higher the efficiency. The efficiency difference between different inductors can vary
between 2% to 10%. Possible inductors are shown in Table 2.

Table 2. Inductor Selection (Boost Converter)

INDUCTOR VALUE COMPONENT SUPPLIER DIMENSIONS in mm Isat/DCR
22 yH Coilcraft MSS1038-103NX 10,2 x 10,2 x 3,6 2.9 AI73 mQ
22 yH Coilcraft DO3316-103 12,85 x 9,4 x 521 3.8 A/38 mQ
10 yH Sumida CDRH8D43-100 8,3x8,3x%x4,5 4.0 AI29 mQ
10 yH Sumida CDH74-100 7,3%x8,0x5,.2 2.75 Al43 mQ
10 yH Coilcraft MSS1038-103NX 10,2 x 10,2 x 3,6 4.4 AI35 mQ
6.8 uH Wuerth Elektronik 7447789006 7,3%x7,3x3,.2 2.5 A/44 mQ

Output Capacitor Selection (Boost Converter)

For best output voltage filtering, a low ESR output capacitor is recommended. Ceramic capacitors have a low
ESR value and work best with the TPS65161. Usually, three 22-uF ceramic output capacitors in parallel are
sufficient for most applications. If a lower voltage drop during load transients is required, more output
capacitance can be added. See Table 3 for the selection of the output capacitor.
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Table 3. Output Capacitor Selection (Boost Converter)
CAPACITOR VOLTAGE RATING COMPONENT SUPPLIER
22 yF/1812 16V Taiyo Yuden EMK432BJ226MM

Rectifier Diode Selection (Boost Converter)

To achieve high efficiency, a Schottky diode should be used. The reverse voltage rating should be higher than
the maximum output voltage of the converter. The average rectified forward-current rating needed for the
Schottky diode is calculated as the off-time of the converter times the maximum switch current of the TPS65161:

D=1. Vin
Vout
'avg =(1-D) X Isw = ﬁ X 2.8 Awith Isw = minimum switch current of the TPS65161 (2.8 A).

Usually, a Schottky diode with 2-A maximum average rectified forward-current rating is sufficient for most
applications. Secondly, 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.

Pp = layg X Ve = Isw X (1 - D) x Vg (with Isw = minimum switch current of the TPS65161 (2.8 A).

Table 4. Rectifier Diode Selection (Boost Converter)

CURRE'I\'T RATING vr Viorward Resa SIZE COMPONENT SUPPLIER
avg
3A 20V 0.36at3 A 46°C/W SMC MBRS320, International Rectifier
2A 20V 044V at3A 75°CIW SMB SL22, Vishay Semiconductor
2A 20V 05at2A 75°CIW SMB SS22, Fairchild Semiconductor

Setting the Output Voltage and Selecting the Feedforward Capacitor (Boost Converter)
The output voltage is set by the external resistor divider and is calculated as:

= R1
VOut = 1146V X <1 + R2>
Across the upper resistor, a bypass capacitor is required to achieve a good load transients response and to have
a stable converter loop. Together with R1, the bypass capacitor Cff sets a zero in the control loop. Depending

on the inductor value, the zero frequency needs to be set. For a 6.8-uH or 10-yH inductor, f, = 10 kHz and for a
22-uH inductor, f, = 7 kHz.

Cff = 1 - L
2XaXf; xRl 2Xmax10kHz X R1

A value coming closest to the calculated value should be used.

Compensation (COMP) (Boost Converter)

The regulator 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. A single capacitor connected to this pin
sets the low-frequency gain. Usually, a 22-nF capacitor is sufficient for most of the applications. Adding a series
resistor sets an additional zero and increases the high-frequency gain. The following formula calculates at what
frequency the resistor increases the high-frequency gain.

fz = L
Z7 2xgxxCcxRc

Lower input voltages require a higher gain and therefore a lower compensation capacitor value.
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Step-Down Converter Design Procedure

Setting the Output Voltage

The step-down converter uses an external voltage divider to set the output voltage. The output voltage is
calculated as:

— R1
Vout = 1213V X (1 + @>

with R2 as 1.2 kQ, and internal reference voltage Ventyp = 1.213 V

At load current <1 mA, the device operates in discontinuous conduction mode. When the load current is reduced
to zero, the output voltage rises slightly above the nominal output voltage. At zero load current, the device skips
clock cycles but does not completely stop switching; thus, the output voltage sits slightly higher than the nominal
output voltage. Therefore, the lower feedback resistor is selected to be around 1.2 kQ to always have around 1-
MA minimum load current.

Selecting the Feedforward Capacitor

The feedforward capacitor across the upper feedback resistor divider sets a zero in the converter loop transfer
function. For a 15-pH inductor, f, = 8 kHz and when a 22-pH inductor is used, f, = 17 kHz.
(Example for the 3.3-V output)

_ 1 _ 1 _ _
Cz= g ax8KHZXRI 2xmx8kHzx kg _ 2NF=100F

Usually a capacitor value closest to the calculated value is selected.

Inductor Selection (Step-Down Converter)

The TPS65161 typically operates with a 15-uH inductor value. For high efficiencies, the inductor should have a
low dc resistance to minimize conduction losses. This needs to be considered when selecting the appropriate
inductor. In order to avoid saturation of the inductor, the inductor should be rated at least for the maximum output
current of the converter, plus the inductor ripple current that is calculated as:

_ Vout A
_ Vin | _ Mt
AIL = Vout x Lxf Lmax ~ ‘outmax ' 2

With:
f = Switching frequency (750 kHz, 500 kHz minimal)
L = Inductor value (typically 15 pyH)
Al = Peak-to-peak inductor ripple current
I max = Maximum inductor current

The highest inductor current occurs at maximum V,y. A more conservative approach is to select the inductor
current rating just for the typical switch current of 3.2 A.

Table 5. Inductor Selection (Step-Down Converter)

INDUCTOR VALUE COMPONENT SUPPLIER DIMENSIONS in mm Isat/DCR
15 pH Wuerth 7447789115 7,3%x7,3x3,.2 1.75 A/100 mQ
15 pyH Sumida CDRH8D28-150 8,3x8,3x3,0 1.9 A/53 mQ
15 pH Sumida CDRH8D38-150 8,3x8,3%x4,0 2.3 A/53 mQ
15 pH Coilcraft MSS1038-153NX 10,2 x 10,2 x 3,6 2.7 AI50 mQ
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Rectifier Diode Selection (Step-Down Converter)

To achieve high efficiency, a Schottky diode should be used. The reverse voltage rating should be higher than
the maximum output voltage of the step-down converter. The averaged rectified forward current at which the

Schottky diode needs to be rated is calculated as the off-time of the step-down converter times the maximum
switch current of the TPS65161:

_ Vout
Vin

'avg=(1'D)X'sw=[1'

D

Vout
Vin

j x 2.5 A with Isw = minimum switch current of the TPS65161 (2.5 A)

Usually, a Schottky diode with 1.5-A or 2-A maximum average rectified forward current rating is sufficient for
most applications. Secondly, 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.

Pp = lavg X Ve = Isw x (1 — D) x Vg with Isw = minimum switch current of the TPS65161 (2.5 A). (1)
Table 6. Rectifier Diode Selection (Step-Down Converter)
CURRE'I\‘T RATING vr Viorward Resa SIZE COMPONENT SUPPLIER

avg
3A 20V 0.36 Vat3 A 46°C/W SMC MBRS320, International Rectifier
2A 20V 0.44Vat2A 75°CIW SMB SL22, Vishay Semiconductor
2A 20V 05Vat2A 75°C/IW SMB SS22, Fairchild Semiconductor

15A 20V 0.445Vat1A 88°C/W SMA SL12, Vishay Semiconductor

Output Capacitor Selection (Step-Down Converter)

The device is designed to work with ceramic output capacitors. When using a 15-pH inductor, two 22-uF ceramic
output capacitors are recommended. More capacitance can be added to improve the load transient response.
Table 7. Output Selection (Step-Down Converter)

CAPACITOR VOLTAGE RATING COMPONENT SUPPLIER
22 pF/0805 6.3V Taiyo Yuden JMK212BJ226MG
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Layout Consideration

The PCB layout is an important step in the power supply design. An incorrect layout could cause converter
instability, load regulation problems, noise, and EMI issues. Especially with a switching dc-dc converter at high
load currents, too-thin PCB traces can cause significant voltage spikes. Good grounding becomes important as
well. If possible, a common ground plane to minimize ground shifts between analog (GND) and power ground
(PGND) is recommended. Additionally, the following PCB design layout guidelines are recommended for the
TPS65161:

1. Separate the power supply traces for AVIN and VINB, and use separate bypass capacitors.
Use a short and wide trace to connect the OS pin to the output of the boost converter.

To minimize noise coupling into the OS pin, use a 470-nF bypass capacitor to GND.

Place the rectifier diode of the step down converter as close as possible to the SWB pin.

Use short traces for the charge-pump drive pins (DRN, DRP) of Vg4 and Vg because these traces carry

switching waveforms.

Place a 1-pF bypass capacitor from the SUP pin to GND.

7. Place the flying capacitors as close as possible to the DRP and DRN pin, avoiding a high voltage spike at
these pins.

8. Place the Schottky diodes as close as possible to the IC, respective to the flying capacitors connected to the
DRP and DRN.

9. Route the feedback network of the negative charge pump away from the drive pin traces (DRN) of the
negative charge pump. This avoids parasitic coupling into the feedback network of the negative charge pump
giving good output voltage accuracy and load regulation. To do this, use the FREQ pin and trace to isolate
DRN from FBN.

10. Connect a 220-nF capacitor directly from the REF pin (24) to GND (23) for a stable and noise free reference

voltage.

ok wnN

o
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APPLICATION INFORMATION
L1 Vg
ViN 10 uH 15VM.5A
12v O j o e}
c1
27 22pF I c3 TPS65161
= THF I 12 sup sw
L 0| FREQ sw
- 21| VINB FB
22| VINB os
c16 I 16| AVIN GND
7 1uF I c6 o EN1 GD o Vo
-5 V/50 mA D2 = 0.47pF 11| EN2 DRP 26 V/50 mA
13| RN FBP 7
FBN BOOT c13
24 18 0.47 yF
o| REF SWB [1g I
7] PGND NC [~
28| PGND FBB 2
Ss COMP
5! by pLy2 {26
f 1 17 L2 = V(Loaic)
c10 c11 22 nF 15 uH 3.3VI23A
10 nF 10 nF I
= = R7 c14 c12
2kQ T 10 nF Iz*zzpF
R8
1.2kQ
Figure 19. Standard 12-V to 15-V Conversion
L1 Vg
ViN 10 uH 18VM.3A
12v O j o e}
c1
27 22pF I c3 TPS65161
= THF I 12 sup sw
L 0| FREQ sw
- 21| VINB FB
22| VINB os
c16 I 16| AVIN GND
VoL 1uF I ce6 * ol EN1 GD T Veu
-5 V/50 mA D2 = 0.47pF 11| EN2 DRP 32 V/50 mA

DRN FBP

13 17
FBN BOOT C13
24 18 0.47 uF
REF swB
6 19 I
7 PGND NC 15
28| PGND FBB 2
> Ss COmMP
51 bLy1 pLy2 26
V,
1 ci7 ;2 - 3 3%3??
c10 c1 22 nF : :
10 nF 10 nF I
= = R7 C14 C12
— ZKQTWHFIZ*ZZpF
R8
1.2 kQ
Figure 20. Standard 12-V to 18-V Conversion
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C14

ViN L1 Vs
12V 10 uH SI2343 18VM.3A
g e
c1
222 uF I c3 TPS65161 1(:;112
= 1 uFI SUP swW I
L FREQ SW .
- VINB FB
VINB os
c16 I AVIN GND
1uF o) EN1 GD
V. V
6L GH
~5V/50 mA D2 I 0.47uF E:z 'z:: 32 V/50 mA
FBN BOOT
c7 REF swB
0.47 pF PGND NC
I PGND FBB
1 ss COMP
DLY1 DLY2
- c17, L2 = .
cs C9 c10 cn 22nF 3 3(5?26_,"0&
220 nF I 22 nFI Im nF 10 nFI S Ve

R7 c12
= 2kQ —PO nF Iz*zz uF
RS
1.2kQ

Figure 21. Standard 12-V to 18-V Conversion Using an External Isolation MOSFET
to Isolate Vg as well as Vgy

24 Submit Documentation Feedback Copyright © 2006-2013, Texas Instruments Incorporated

Product Folder Links: TPS65161 TPS65161A TPS65161B



)
|

Distributor of Texas Instruments: Excellent Integrated System Limited
Datasheet of TPS65161BPWPR - IC PS FOR TV/LCD PANEL 28HTSSOP

g

ectrori cooe e Contact us: sales@integrated-circuit.com Website: www.integrated-circuit.com
clectronic compaonents
' TPSAE1R1
i TEXAS ' JUJILUL
INSTRUMENTS TPS65161A, TPS65161B
www.ti.com SLVS617E —APRIL 2006—REVISED MARCH 2013
Vin L1 Vs
12V 10% 13.5VI2A
o ® p——oO
c1 L
2% 22 yF
c3 TPS65161
= 1wF I 12 sup sw
1 <] FREQ sw
- 20} ying FB
, :; VINB 0s
c16 GND
1 pF 16| AVIN b 127 Ven
VoL cé ol EN1 10 23 V/50 mA
-5V/50mA D2 = 0.47pF EN2 DRP - | o
DRN FBP |7
FBN BOOT
18
PGND NC o™ R6 i
FBB -
PGND 2 76 kQ §
ss COMP 26 | cb
DLY1 DLY2 L 100 nF J__
1 c17 L2 B V(Loaic)
c10 o1 22 nF 15 pH 3.3V/I2.3A
22 nF I I 10 nF 10nFI O
= = = = R7 Cc14
c12
| 2kQT10nF IZ*ZZFF
R8
1.2kQ
Figure 22. Standard 12-V to 13.5-V Conversion
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L1

10 pH
Vin A ° Py ® V,
12v° T AN —e—Pf 2 o Vs
c1 - 322 uF 17 VI0.6 A
222 yF = TPS65161B = ok
22
* AVIN sw
€16 _L FREQ swW
1pF 16
ENA1 FB
9
EN2
20
¢—| VINB
[
VINB
os
27
NC—] GD
19
NC—] NC
C1722nF SuP
R10 comP
2207 p2 D3 , M
VoL — prN DRP Van
6.2V/0.1A 27 V0.1 A
cé
1uF
511 kQ 1L TH "
33 pF* - 13 33 pF
P FBN FBP
R4 C1010 nF <]—||2—6 DLY1 . R6
100 ko c1110nF <—1}—{ pLy2 BOOT 22 kQ
24 ReF _—LCb L2 c12
220 ‘n:f: XL 100 nF 15 uH 2*22 uF v
28 SWB L 4 *—¢ © V(Loaic)
g C922nF <]—||; ss D6 1 gy l c1a 3.3V/0.8A
<[ ene 1 stz LT2k03 TF 10nF
I——{ PGND 15
|||—7 PGND Fes
R8
1.2 kQ
D2, D3, D4, and D5 are MBR0540.
* Suggested values only; should be optimized for specific applications.
Figure 23. Standard 12-V to 17-V Conversion with 100-mA Vg and Vg Output Current
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REVISION HISTORY

Changes from Original (April 2006) to Revision A Page
e Added device NUMDEE TPSBS5LELA ...t itee ettt ettt e ettt e s tee e sa bt e et b e e e bbeeaabeeesabeeeambeeeambeeeambeeaabbeeabeeesneeesnneeeanns 1
Changes from Revision A (Seotember 2007) to Revision B Page
¢ Changed the ORDERING INFORMATION table e 2
e Changed equation From: D = 1 - (Vout/Vin) To: D = 1 - (ViN/VOUL). ...cociiiiiiiiiiiiieiiie et 19
¢ Changed equation From: ISW X (1 X D) TO: ISW X (L = D) .uuuettiiiiiiieeeaiiiieie e e ettt e e s ettt e e st e e e s atbs e e e e s asnbee e e e sanbeneeeaabnneeaeas 19
e Changed From: TPS65161 (2.6 A) TO: TPSB5161L (2.8 A) ..eeeeieiiiiiieeeiiiiieeeeieittee e s sitveaae e s staeeeesassareeaesasaraeaeessssneeeaannnreeaes 19
¢ Changed equation From: D = 1-(Vout/Vin) TO: D = (WOUL/VIN) .iuiiiiiiiiiiiiie ettt e e e e e s snaaa e e e e sneneeae s 21
« Changed From: TPSB5161 (2 A) TO: TPSB5L6L (2.5 A) ..ovuevevereeeeeereereeeeeeeiesesestetesesseessesesassesssassesesassessnsssesensssesenssassanenens 21
¢ Changed Title of Table 7From: Output Selection (Boost Converter) To: Output Selection (Step-Down Converter) ......... 21
Changes from Revision B (November 2007) to Revision C Page
e Added device NUMDEEr TPSBS5LELAB .......ooiiiiiiiiii ettt ettt e bt e e aa bt e e ahee e e ahb e e o beeeamteeesmbe e e ambeeesmbeeeanbeeanseeeantes 1
* Changed the ORDERING INFORMATION TADIE .......uiiiiiieiiiieiii ettt sttt et e e s e e nneeenans 2
« Added new figure - Standard 12-V to 17-V Conversion with 100-mA Vg and Vg, Output Current ........cccceeviveeriieeenneen. 26
Changes from Revision C (October 2008) to Revision D Page
e Changed N-MOSFET on-resistance (Q1L) TO: (Q5) -..ueeiiuteiiuieiiiieaiiaaateaeateaaatteeaateeeaateeaaaseeeaseaaasseeaasseeaasseeaasaeeaaseeesnseeaanes 4
¢ Changed N-MOSFET switch current limit (Q1) TO: (Q5) .ocuvriieiiiiiiee e ittt e e e et e e e e sree e e e s st e e e e e snsereeaesanraaeeesssreeeeeansraeeaeaans 4
» Changed rpgon) - Figure 8 description From: N-channel main switch Q1 To: N-channel main switch Q5 .. 8
¢ Changed Functional Block Diagram - component Q3 to Q5, addd callout for component Q4 ..........ccocceeveiniiiieeeeniiieeenn, 13
Changes from Revision D (September 2009) to Revision E Page
e Changed list item 3 From: To minimize noise coupling into the OS pin, use a 470-pF bypass capacitor to GND. To:

To minimize noise coupling into the OS pin, use a 470-nF bypass capacitor to GND. ..........ccccooviiieeiiiiiiee e 22
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
® Drawing Qty @ ® ® (@5)
TPS65161APWPR ACTIVE HTSSOP PWP 28 2000  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS65161A Samples
& no Sh/Br) -
TPS65161BPWPR ACTIVE HTSSOP PWP 28 2000  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS65161B
& no Sh/Br)
TPS65161PWPR ACTIVE HTSSOP PWP 28 2000  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS65161 ——
& no Sh/Br) ple
TPS65161PWPRG4 ACTIVE HTSSOP PWP 28 2000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS65161 Samples
& no Sh/Br) -

@ 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 Sh/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): TI'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 Sh 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.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

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

7 +‘ [+ KO |<—P1—>1

R R R T

Reel k |
Diameter
Cavity —>I A0 I<—
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 | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

t Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

I I
Q3 1 Q4 Q3 1 Q4 User Direction of Feed

| % A | v
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)
TPS65161APWPR HTSSOP| PWP 28 2000 330.0 16.4 6.9 10.2 1.8 12.0 | 16.0 Q1
TPS65161BPWPR HTSSOP| PWP 28 2000 330.0 16.4 6.9 10.2 1.8 12.0 | 16.0 Q1
TPS65161PWPR HTSSOP| PWP 28 2000 330.0 16.4 6.9 10.2 1.8 12.0 | 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS65161APWPR HTSSOP PWP 28 2000 367.0 367.0 38.0
TPS65161BPWPR HTSSOP PWP 28 2000 367.0 367.0 38.0
TPS65161PWPR HTSSOP PWP 28 2000 367.0 367.0 38.0
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MECHANICAL DATA
PWP (R—PDSO—-(G28) PowerPAD ™ PLASTIC SMALL OUTLINE
055 r ﬂr%}
28 15
TAHAAAAAAAARAN
T TheruaL pap | T SN

SIZE AND SHAPE
| SHOWN ON |
SEPARATE SHEET
_

IR

T sy’
9,80 g |

l Gauge Plane
Seating Plane T T

9,60

[ ) e
y  IAAAAAAAAAAAAAD —y  seoting Plore ¥ { S A

N

N /
0,15 .
L 1.20 uax os R

|

4073225-6/1 05/11

NOTES: All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusions. Mold flash and protrusion shall not exceed 0.15 per side.
This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQO2 for information regarding

recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
E. Falls within JEDEC M0O-153

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

PWP (R—PDSO—G28)

PowerPAD™ SMALL PLASTIC OUTLINE

THERMAL INFORMATION

This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the 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 additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature

No. SLMAOO2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMA0O4.
Both documents are available at www.ti.com.

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

IARAAAARARARAS

0,26 MaX. 2 PLACES /B\
T l_lr ——————— - V— Exposed Thermal Pad
1354[? — : — — : — 1,25 MAX.TE PLACES /B\
n r
L __ S — 2
1 14
. 6,17 .
5,27
Top View

Exposed Thermal Pad Dimensions

4206332-33 /A0 01/16

NOTE: A. All linear dimensions are in millimeters

Exposed tie strap features may not be present.

PowerPAD is a trademark of Texas Instruments
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LAND PATTERN DATA

PWP (R—PDS0O-G28) PowerPAD™ PLASTIC SMALL OUTLINE
Example Board Layout Stencil Openings
Via pattern and copper pad size Based on a stencﬂ.thlckness
may vary depending on layout constraints Ref::e'r: <:2e7TqrEIe('gglsol\rf]/df2.r other
Increasing copper area will solder stencil thicknesses
enhance thermal performance
(See Note D)
18x1,30 |—-— 26x0,65
= HJHHHNGHH[ |:| |:||:|:||:|2|8:)|(0|f|sﬂ>i:i‘ﬂ|:||:||:|:|1|f|5
14x1,30 3,40
5,60 ol 6" 0 o o 2,40 5,60 (See Note E) Y| 2,40
[ \ 7 X |
/ A, W Y 5% | 6.17 |
Solder _/ ™ L
'é'\‘/’:'r‘ ? 6,17 Example Solder Mask 26x0,65 ——I I——
| o — Defined Pad
Copper ; 970 (See Note C, D)
| Example
5 .. Non Soldermask Defined Pad
,/!, ii\.
f’/’ \\\\
/
/’ " r_o':’ \s Example Center Power Pad Solder Stencil Opening
! older Mask Opening - -
/ / \ (See Note F) Stencil Thickness X Y
‘-’ \ 0.1mm 6.6 2.6
: LY~ ! 0.127mm 6.17 2.4
R L-Pad Geometry 0.152mm 5.8 2.3
\ 0,07 All Around / 0.178mm 5.6 2.2
\, /
N %
e %
T 4207609-19/W 09/15
NOTES: Al linear dimensions are in millimeters.

Customers should place a note on the circuit board fabrication drawing not to alter the center

solder mask defined pad.

This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMA0O2, SLMAOQ4, and dlso the Product Data Sheets.

E. For specific thermal information, via requirements, and recommended board layout. These documents
are available at www.ti.com <http: //www.ti.com>. Publication IPC-7351 is recommended for dlternate designs.
Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
Customers should contact their board assembly site for stencil design recommendations. Example stencil

design based on a 50% volumetric metal load solder paste. Refer to IPC-7525 for other stencil
F. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

A
B. This drawing is subject to change without notice.
C
D
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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 JESD48, 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.

TI 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 TlI 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.

TI 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 TI 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 TI 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, TI 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 Tl components are authorized for use in FDA Class Ill (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.

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