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5 Pin Configuration and Functions

RHA Package
40 Pin (VQFN)
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Pin Functions
PIN
TYPE DESCRIPTION
NAME NO.
INBK1 1,2 — BL_Jck ‘1 converter (Vo)) supply pin. This pin is internally connected to INBK3. Place a buffer capacitor close to
this pin.
NC 3 — | Not connected.
SDA 4 /0 |I?C data pin
SCL 5 I I2C clock pin.
A0 6 I I2C address select pin.
HVS 7 | Boost and Buck 3 converter High Voltage Stress Mode enable pin.
INVL 8 — | Internal logic supply pin. Place a buffer capacitor close to this pin.
AGND 9 — | Analog Ground pin. Internal circuitry uses this ground.
COMP 10 I/ O | Boost converter (V(aypp)) compensation pin.
VL 11 I/ O |Internal 5 V regulator output pin. Connect a buffer capacitor to this pin.
NTC 12 | Thermal Resistor sense pin.

Copyright © 2012-2016, Texas Instruments Incorporated 3
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Pin Functions (continued)
PIN
e e TYPE DESCRIPTION
PGND1 13,14 — | Boost converter (V(aypp)) Power Ground pin.
SW 15, 16 O Boost converter (V(avpp)) switch pin. Avoid long traces to the diode and inductor because this trace carries
switching waveforms that generate noise.
SWI 17 | Isolation Switch input pin.
SWO 18 (0] Isolation Switch output pin.
NC 19 — | Not connected.
VGL 20 | Negative Charge Pump (V(g)) voltage sense pin.
DRVN 21 (0] Negative Charge Pump (V(g,) base drive pin.
DRVP 22 [ Positive charge pump (V(gH)) base drive pin.
VGH 23 | Positive charge pump (V(gH)) output voltage sense and Gate Pulse Modulation supply pin.
VGHM 24 I/ O | Gate Pulse Modulation output pin.
RE 25 O Slope adjustment of Gate Pulse Modulation.
INBK3 26 — | Buck 3 converter (VHavpp)) supply pin. This pin is internally connected to INBK1. Place a buffer capacitor
close to this pin.
NC 27 — | Not connected.
SWBK3 28 O Buck 3 Converter (Vavpp)) switch pin. Avoid long traces to the inductor because this trace carries switching
waveforms that generate noise.
PGND3 29 — | Buck 3 Converter (VHavop)) Power Ground pin.
VHAVDD 30 [ Buck 3 Converter (V(Havpp)) Voltage sense pin.
EN 31 [ Enable of Isolation Switch, Boost converter and Buck 3 converter.
PGND2 32 — | Buck 2 converter (V(corg)) Power Ground pin.
SWBK2 33 O Buck 2 converter (V(corg)) switch pin. Avoid long traces to the inductor because this trace carries switching
waveforms that generate noise.
VCORE 34 | Buck 2 converter (V(corg)) output voltage sense pin.
CTRL 35 | Gate Pulse Modulation control pin.
INBK2 36 — | Buck 2 converter (V(corg)) Supply pin. Place a buffer capacitor close to this pin.
VIO 37 | Buck 1 converter (V(p)) output voltage sense pin.
SWBK1 38, 39 O Buck 1 converter (V(o)) switch pin. Avoid long traces to the diode and inductor because this trace carries
switching waveforms that generate noise.
NC 40 — | Not connected.
Exdposed thermal — | The Exposed thermal pad is connected to AGND.
pa
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) @

VALUE UNIT
MIN | MAX
VIO, INBK1, HVS, INVL, INBK3, SWBK3, VHAVDD, SW, SWI, SWO -0.3 20 \%
SWBK1 -2 18 \%
. COMP, EN, A0, SDA, SCL, CTRL, SWBK2, VCORE, INBK2, DRVN, NTC -0.3 7 \
Pin Voltage @
VL -0.3 5.5 \Y
DRVP, VGH, VGHM, RE -0.3 40 \%
VGL -15 0.3 \Y
Operating junction temperature range -40 150 °C
Storage temperature range, Ty —65 150 °C

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

(2) With respect to the GND pin.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +2000
VEesp)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- +700 \
c101® =
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
Copyright © 2012-2016, Texas Instruments Incorporated 5
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6.3 Recommended Operating Conditions

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

MIN TYP MAX | UNIT

A Supply input voltage range 8.6 12 14.7 \%
Co Internal 5 V regulator (VL) buffer capacitance (after DC-Bias derating) 0.1 1 4.7 uF
BOOST CONVERTER

V(avbp) Boost output voltage range 135 19.8 \%
L Boost inductor (inductor value that can be used) 4.7 6.8 10 uH
C Input capacitor placed at the inductor (ceramic capacitor value) 4.7 10 uF
C(swy) Isolation Switch input capacitor (ceramic capacitor value) 4.7 10 100 uF
Cswo) Isolation Switch output capacitor (ceramic capacitor value) 20 40 200 uF
BUCK 1 CONVERTER

V(o) Buck 1 output voltage range 2.2 3.7 \%
L Buck 1 inductor (inductor value that can be used) 4.7 6.8 10 uH
C Buck 1 input capacitor (ceramic capacitor value) 4.7 10 uF
Cout Buck 1 output capacitor (ceramic capacitor value) 20 30 100 uF
BUCK 2 CONVERTER

V(core) Buck 2 output voltage range 0.8 3.3 \%
L Buck 2 inductor (inductor value that can be used) 4.7 6.8 10 uH
C Buck 2 input capacitor (ceramic capacitor value) 4.7 10 uF
Cour Buck 2 output capacitor (ceramic capacitor value) 10 20 50 uF
BUCK 3 CONVERTER

V(HAVDD) Buck 3 output voltage range 4.8 111 \%
L Buck 3 inductor (inductor value that can be used) 4.7 6.8 10 uH
Cin Buck 3 input capacitor (ceramic capacitor value) 4.7 10 uF
Cout Buck 3 output capacitor (ceramic capacitor value) 4.7 10 50 uF
NEGATIVE CHARGE PUMP CONTROLLER

Ve Controller output voltage range -5.5 -14.5 \
Cruy) Flying capacitor (ceramic capacitor value) 0.1 0.47 4.7 uF
R (switch) Resistance to the switch pin 0 2.2 20 Q
Cout Output capacitor (ceramic capacitor value) 1 4.7 50 uF
POSITIVE CHARGE PUMP CONTROLLER

VieH) Controller output voltage range 20 40 \%
V(GH offsety  T€Mperature compensation V(gn positive offset 15 \
Cruy) Flying capacitor (ceramic capacitor value) 0.1 0.47 4.7 uF
R (switch) Resistance to the switch pin 0 2.2 20 Q
Cout Output capacitor (ceramic capacitor value) 1 4.7 50 uF
TEMPERATURE

Ta Operating ambient temperature -40 85 °C
T, Operating junction temperature —40 125 °C
6.4 Thermal Information

THERMAL METRIC® R Y UNIT
40 PINS

Rgia Junction-to-ambient thermal resistance 32.8 °CIW
Reic(top) Junction-to-case (top) thermal resistance 20.3 °CIW
Rgis Junction-to-board thermal resistance 7.9 °C/W
WiT Junction-to-top characterization parameter 0.3 °C/W
Wi Junction-to-board characterization parameter 7.8 °C/IW
Reac(ooy Junction-to-case (bottom) thermal resistance 2.6 °C/W

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

report, SPRA953.
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6.5 Electrical Characteristics

V| =12 V, EN=3.3 V, V(AVDD) =18 V, V(HAVDD) =9 V, V(IO) =3.3 V, V(CORE) =1.2 V, V(GH) =28 V, V(GL) =-10.3 V, TA =-40°C
to 85°C, typical values are at T, = 25°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT

SUPPLY CURRENT

\ Operating input voltage 8.6 14.7 \%

ViT+ V, rising 8 8.3 8.6 \%
Undervoltage lockout threshold (UVLO) - -

V- Hysteresis V, falling 0.75 \%
Thermal shutdown Junction temperature rising 150 °C

LOGIC SIGNALS

Vi High-level input EN, HVS, SDA, SCL, 5 v
voltage A0, CTRL

Vi Low-level input EN, HVS, A0, CTRL v
voltage SDA, SCL 09| V

INTERNAL REGULATOR

Vv Internal supply | 4.9 5 5.1 \%

ISOLATION SWITCH

IDS(ON) MOSFET on-resistance | Iswy=1A 100 mQ

BOOST CONVERTER (V(avbp))
Switching frequency 600 750 900| kHz

V(avDD) Output voltage range 135 18 19 \%
Output voltage range for max. 500h 19.8 \%
High Voltage Stress Mode V(aypp) positive
offset 0 3 v
Switch overvoltage protection At SW pin, V(avppj rising 20.5 22.5 \%
Output voltage tolerance AtT;=0°Cto85°C 1%
Feedback input bias current 350 600 MA

I'bs(on) MOSFET on-resistance Iisw) = current limit 100 200 mQ
MOSFET current limit AtT;=0°Cto85°C 4.25 5 5.75 A
MOSFET current limit negative offset 0 2.8 A
Line Regulation 8.6 V<V <147V, lgyt = 500 mA 0.001 %IV
Load Regulation ImASIgytr<2A 0.08 %IA

BUCK1 CONERTER (Vo))
Switching frequency 600 750 900| kHz

V(o) Output voltage range 2.2 3.3 3.7 \%
Output voltage tolerance At T;=0°C to 85°C 2%

| Feedback input bias current 10 200 MA

I'bs(on) MOSFET on-resistance Iiswek1) = current limit 200 300 mQ
MOSFET current limit AtT;=0°Cto85°C 2.8 3.5 4.2 A
Line Regulation 8.6 V<V <147V, lgyt = 500 mA 0.002 %IV
Load Regulation ImASIgytr<2A 0.07 %IA

BUCK2 CONVERTER (V(core))
Switching frequency 0.5 2| MHz

V(CORE) Output voltage range 0.8 1.2 3.3 \%
Output voltage tolerance AtT;=0°Cto85°C 2%
Feedback input bias current 20 200 MA

I'bs(on) MOSFET on-resistance Iiswekz) = current limit 175 300 mQ
MOSFET current limit AtT;=0°Cto85°C 2.5 3 35 A
Line Regulation 22V <V, 3.7V, loytr =500 mA 0.001 %IV
Load Regulation ImA<Igyr<15A 0.2 %IA

Copyright © 2012-2016, Texas Instruments Incorporated
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Electrical Characteristics (continued)

V| =12 V, EN=3.3 V, V(AVDD) =18 V, V(HAVDD) =9 V, V(|O) =3.3 V, V(CORE) =1.2 V, V(GH) =28 V, V(GL) =-10.3 V, TA = -40°C
to 85°C, typical values are at T, = 25°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
BUCK3 CONVERTER (V(4avpp))
Switching frequency 0.5 1 2| MHz
V(HAVDD) Output voltage range 4.8 9 111 \%
g),lrjstgtn Voltage Stress Mode V(avpp) positive 0 15 v
Output voltage tolerance AtT;=0°Cto85°C 1.5%
Feedback input bias current 90 200 HA
I'bs(on) MOSFET on-resistance Iisweka) = current limit 300 500 mQ
MOSFET current limit AtT;=0°C to 85°C 1.2 15 1.8 A
Line Regulation 8.6 V<V, £14.7V, loyr = 500 mA 0.002 %IV
Load Regulation ImA<Igyts1A 0.05 %IA
NEGATIVE CHARGE PUMP CONTROLLER (V(g))
Viey) Output voltage range -55 -10.3 -14.5 \%
Output voltage tolerance AtT;=0°Cto85°C 2.5%
Feedback input bias current 50 200 HA
l(brRVN) Max. DRVN drive current Viorvny = 0.6 V 5 10 mA
Resistor DRVN to GND 50 100 200 kQ
Line Regulation 8.6V<V 147V, loyr =50 mA 0.015 %IV
Load Regulation 1 mA < lgyt < 100 mA 0.002 %/mA
POSITIVE CHARGE PUMP CONTROLLER (V(gH))
V(GH) Output voltage range 20 28 35 \%
V(GH_offsety T€MP. cOmpensation V(g positive offset V(GH_offset) = 8 V 0 8 15 \%
Max. output voltage including V(gH_offset) 40 \%
Output voltage tolerance AtT;=0°Cto85°C 2.5%
Feedback input bias current 120 200 HA
l(prRVP) Max. DRVP drive current Viorve) = 17V 5 10 mA
Line Regulation 86V<=sV =147V, oyt =50 mA 0.001 %IV
Load Regulation 1 mA < Iyt < 100 mA 0.001 %/mA
GATE PULSE MODULATION (V(gHmy)
Gate Pulse Modulation falling limit VieHm) = 15V 0 5 15 \%
bsonvi  VGH to VGHM on-resistance \(3(2::‘:2?;3;/\/' lvarm = 20 mA, 3 5/ 0
bsonmz ~ VGHM to RE on-resistance ?L:;'\:{/L = GND, Ire) = 20 A, V(ahw) = 3 5 Q
CTRL to VGHM propagation delay CTRL rising 150 250 360 ns

8 Copyright © 2012-2016, Texas Instruments Incorporated
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6.6 I°C Interface Timing Characteristics @

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
Standard mode 100 kHz
fscL SCL clock frequency Fast mode 400 kHz
Fast mode plus 1 MHz
. Standard mode 4.7 ps
tLow LOW period of the SCL clock
Fast mode 1.3 ps
. Standard mode 4.0 ps
tHiGH HIGH period of the SCL clock
Fast mode 600 ns
. . Standard mode 4.7 ps
tBUF Bus free time between a STOP and START condition
Fast mode 1.3 ps
. . Standard mode 4.0 ps
thd:sTA Hold time for a repeated START condition
Fast mode 600 ns
) = Standard mode 4.7 ps
tsu:sTA Setup time for a repeated START condition
Fast mode 600 ns
) » Standard mode 4.0 ps
tsu:sTO Setup time for STOP condition
Fast mode 600 ns
. Standard mode 0 3.45 ps
thd:DAT Data hold time
Fast mode 0 0.9 ps
¢ Dat o 1 Standard mode 250 ns
: ata setup time
SUDAT P Fast mode 100 ns
Cg Capacitive load for SDA and SCL 400 pF
¢ Rise time of SCL signal after a repeated START Standard mode 20 +0.1Cg 1000 ns
RCLL condition and after an acknowledge bit Fast mode 20 +0.1Cg 1000 ns
L . Standard mode 20 + 0.1Cg 1000 ns
treL Rise time of SCL signal
Fast mode 20 + 0.1Cg 300 ns
. . Standard mode 20 + 0.1Cg 300 ns
tecL Fall time of SCL signal
Fast mode 20 + 0.1Cg 300 ns
L ) Standard mode 20 + 0.1Cg 1000 ns
trRDA Rise time of SDA signal
Fast mode 20 + 0.1Cg 300 ns
. ) Standard mode 20 + 0.1Cg 300 ns
trpa Fall time of SDA signal
Fast mode 20 + 0.1Cg 300 ns

(1) Industry standard I2C timing characteristics. Not tested in production.

6.7 I1°C Timing Diagram

= N _ = =
o[ ) | L I
1, 1 t — 1 T taue |
P . f BUF
b [ |‘-|L k—hlt"ow let, |k_,|ts“ DAT—.”'_ | ||<]IJ~thd;STA ™ I‘J|_|"| :
Tl | (. | [ | [
scL |l L I oy by
b= = ——l 1 IR
| ||‘_thd,STA o | ; tsu;STA*.""' | tsu;sTO | | |
|sy  fhaoaT ¥ * hiGH |_Sr Py sy
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6.8 Typical Characteristics
V, = 12 V unless otherwise noted.
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Typical Characteristics (continued)

V, = 12 V unless otherwise noted.
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Figure 9. V(g charge-pump DRVN drive current
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7 Detailed Description

7.1 Overview

The TPS65177/A provides all supply rails needed by a GIP (Gate-in-Panel) or non-GIP TFT-LCD panel. All
output voltages are 1°C programmable.

Vo) and V(corgy for the T-CON, V(avppy and Vavop) for the Source Driver and the Gamma Buffer, Vg, and
V(aL for the Gate Driver or the Level Shifter. For use with non-GIP technology Gate Pulse Modulation (GPM) is
implemented, for use with GIP technology the V(g rail can be temperature compensated. Furthermore a High
Voltage Stress Mode (HVS) for V(aypp) and Vyavppy) and an integrated V(ayppy Isolation Switch is implemented.
V(core): V(Havop): VieH) VeL): GPM and the V(g temperature compensation can be enabled and disabled by 1°C
programming.

A single BOM (Bill of Materials) can cover several panel types and sizes whose desired output voltage levels can
be programmed in production and stored in a non-volatile integrated memory.

12 Copyright © 2012-2016, Texas Instruments Incorporated
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7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Power-Up

When V, rises above the UVLO (undervoltage lockout) the device loads the stored values in the non-volatile
Initial Value register into the volatile DAC register. When all data is written the power-up sequencing starts with
enabling the buck 1 converter (V(,p)), which ramps up its output voltage in 3 ms. When the output is in regulation
the buck 2 converter (Vcorg) starts and ramps up its output voltage in 3 ms, when its output voltage is in
regulation the negative charge pump controller starts and Vg is declining in typ. 1.5 ms until the output voltage
is in regulation. In case Vg is driven by the boost switch pin (SW) Vg, starts declining when the boost starts
switching.

When the enable pin (EN) is pulled “high” the isolation switch closes smoothly so that after typ. 10 ms its output
(V(avop)) is at V, level, then the boost converter (V(aypp)) Starts and its output voltage (Vavpp)) ramps linearly in
10 ms or 20 ms (programmable by 12C) until it is in regulation. Then the positive charge pump controller starts
and Vg is rising in typ. 1.5 ms until the output voltage is in regulation. To ensure proper sequencing even if EN
is pulled “high” already at the beginning (e.g. connected to V)) the start of the boost converter V(aypp) is blocked
until V(g is Power Good or 2.5 ms have passed since V() was enabled.

If the EN pin is not connected to V,, the device detects a collapsed V(aypp) voltage about 40 ms after EN is pulled
low. This function prevents the panel to restart without a proper power supply reset. The device partially shuts
down as described in the Short-Circuit and Overload Protection section. The device is in a latched state and only
a power cycle can restart the Vaypp), V(Havop), Ven) and Vg rail.

When V(g is driven by the boost switch pin (SW) the EN-pin should be connected to V|, otherwise V) detects
a short when EN is pulled low as the V(g voltage collapses. V(g collapses because the supporting switch node
(SW) stops switching and the device partially shuts down as described in the Short-Circuit and Overload
Protection section. The device is in a latched state and only a power cycle can restart the Viaypp), V(Havop): V(cH)
and Vg, rail.

The buck 2 and buck 3 converter as the negative and positive charge pump controller can be disabled by I1°C. If
disabled they are skipped in the sequencing (e.g. disabled buck 2 — buck 1 is in regulation — start neg. CP).

The Gate Pulse Modulation block is disabled when V, is below UVLO or EN is “low” and enabled when V(g is in
regulation. When the block is disabled by UVLO the high side switch of the Gate Pulse Modulation is turned on
and the output VGHM is connected to the VGH pin, when the block is disabled by pulling the EN pin “low” the
low side switch is turned on and the output VGHM is connected to the RE pin.

7.3.1.1 TPS65177

If the EN pin is not connected to V,, the device detects a collapsed V(aypp) voltage about 40 ms after EN is pulled
low. This function prevents the panel to restart without a proper power supply reset. The device partially shuts
down as described in the Short-Circuit and Overload Protection section. The device is in a latched state and only
a power cycle can restart the V(aypp), Vnavopy Vehy and Vg rail.

7.3.1.2 TPS65177A

The device can be restarted without a power cycle, however note that when V(g is driven by the boost switch
pin (SW) the EN-pin should be connected to V,. If the EN-pin is not connected to V, the Vg, protection detects a
short when EN is pulled low as the V(g voltage collapses. V(g collapses because the supporting switch node
(SW) stops switching and the device partially shuts down as described in the Short-Circuit and Overload
Protection section. The device is in a latched state and only a power cycle can restart the V(aypp), VHavop)y V(eh)
and Vg, rail.
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Feature Description (continued)

V)

Vo)
V(coreg)

Ve

EN

V(avDD)

V(HAvDD)
V(eH)

CTRL

VGHM

V|

V(o)
V(corg)

Ve

EN

V(avpD)

V(HAvDD)
VieH)

CTRL

VGHM

13ms |
|
Y% ™N
| Using SWBK1 switch node 1
--’/-- ------ 9, Using SW switch node :
1\ Power-Goodl */ W/
~1.5ms lgp — T
| | | |
Timer 2.5ms [—9 |
| I |
v v IlOmsI F

Enable Signal blocked
until V(g Power-Good
or Timer expired

L |\
IlOms,I |
I20msI |

’

Figure 10. TPS65177 Power-up Sequencing

|
_/UVLO UVLO I\
| |
13ms |
_V: :\_
| |
13ms ]
j
1\
| Using SWBK1 switch node ]
__’/__ ______ - xUsing SW switch node e enaaes :.__
1\ Power-Goodl */ o \ /
~1.5ms lgp L z
o ] | |
Timer 2.5ms [—49 | N
t
yvl ! ‘ | P
10ms 10ms, 4
|

Enable Signal blocked
until Vg, Power-Good
or Timer expired

|
! 1 l—»!
! lOmsI | ! 1OmsI Using SW switch nodey
:20msy: ] 120ms! / |
""I' ---------------------- Jecee

Using SW switch node
| I\

Figure 11. TPS65177A Power-up Sequencing

Copyright © 2012-2016, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps65177?qgpn=tps65177
http://www.ti.com.cn/product/cn/tps65177a?qgpn=tps65177a
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TPS65177, TPS65177A

ZHCSEO1C —MARCH 2012—REVISED FEBRUARY 2016 www.ti.com.cn

Feature Description (continued)

7.3.2 Power-Down

When V, falls below the UVLO threshold all blocks are disabled and the discharge rate is given by the output
load and the output capacitors. The Gate Pulse Modulation output V(guy) follows Vg).

7.3.3 Thermal Shutdown

A thermal shutdown is implemented to prevent damage because of excessive heat and power dissipation. Once
a temperature of typically 150 °C is exceeded the device shuts down and stays off. V, must fall below
Undervoltage lockout threshold (UVLO) to reset the thermal shutdown.

7.3.4 Undervoltage Lockout
To avoid mis-operation of the device at low input voltages an undervoltage lockout is included, which shuts down
the device at voltages lower than typically 8.3 V.

7.3.5 Short-Circuit and Overload Protection

7.3.5.1 Boost Converter (V(aypp)):

When V(swo) < 40% of its nominal value —  Shut down Boost, Isolation Switch, Buck3, neg. and pos.
Charge Pump controller (Buck 1 and Buck 2 keep working)
— latched condition, only triggering UVLO enables the
device again.

When Vswo) < 80% of its nominal value for ~ — Shut down Boost, Isolation Switch, Buck3, neg. and pos.

longer than 50 ms (overload) Charge Pump controller (Buck 1 and Buck 2 keep working)
— latched condition, only triggering UVLO enables the
device again.

7.3.5.2 Buck 1 Converter (V(gy):

When V(o) < 40% of its nominal value — Shut down the whole device — latched condition, only
triggering UVLO enables the device again.

When V) < 80% of its nominal value for — Shut down the whole device — latched condition, only

longer than 50 ms (overload) triggering UVLO enables the device again.

7.3.5.3 Buck 2 Converter (Vcorg):

When V corg) < 40% of its nominal value — Shut down the whole device — latched condition, only
triggering UVLO enables the device again.

When V corg) < 80% of its nominal value for — Shut down the whole device — latched condition, only
longer than 50 ms (overload) triggering UVLO enables the device again.

7.3.5.4 Buck 3 Converter (V(yavop)):

When V(yavopy < 40% of its nominal value —  Shut down Buck3, Isolation Switch, Boost, neg. and pos.
Charge Pump controller (Buck 1 and Buck 2 keep working)
— latched condition, only triggering UVLO enables the
device again.
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Feature Description (continued)

When V avopy < 80% of its nominal value —  Shut down Buck3, Isolation Switch, Boost, neg. and pos.

for longer than 50 ms (overload) Charge Pump controller (Buck 1 and Buck 2 keep working)
— latched condition, only triggering UVLO enables the
device again.

7.3.5.5 Positive Charge-Pump Controller (Vgn):

When Vg < 40% of its nominal value —  Shut down pos. Charge Pump, Isolation Switch, Boost,
Buck3, neg. Charge Pump controller (Buckl and Buck2
keep working) — latched condition, only triggering UVLO
enables the device again.

When V(g < 80% of its nominal value for —  Shut down pos. Charge Pump, Isolation Switch, Boost,

longer than 50 ms (overload) Buck3, neg. Charge Pump controller (Buckl and Buck2
keep working) — latched condition, only triggering UVLO
enables the device again.

7.3.5.6 Negative Charge-Pump Controller (V(gp)):

When V(g < 40% of its nominal value —  Shut down neg. Charge Pump, Isolation Switch, Boost,
Buck3, pos. Charge Pump controller (Buckl1 and Buck2 keep
working) — latched condition, only triggering UVLO enables
the device again.

When Vg < 80% of its nominal value for — Shut down neg. Charge Pump, Isolation Switch, Boost,

longer than 50 ms (overload) Buck3, pos. Charge Pump controller (Buckl and Buck2 keep
working) — latched condition, only triggering UVLO enables
the device again.

Programmed voltage

80% of Programmed voltage

[

Overload
detection
40% of Programmed voltage 7y
Short-Circuit
 / detection
GND

Figure 12. Short-Circuit Levels Overview

7.4 Device Functional Modes

7.4.1 Boost Converter (V(aypp))

The quasi-synchronous current mode boost converter operates with Pulse Width Modulation (PWM) with a fixed
frequency of 750 kHz. For maximum design flexibility and stability with different external components, the
converter uses external loop compensation by a simple RC circuit. The converter has an input-to-output switch at
the output rail to disconnect its output.

7.4.1.1 Soft-Start

The boost converter is enabled by the EN-pin, the startup is done in two steps:
1. Input-to-output isolation switch soft-start
The isolation switch is turned on slowly in 10 ms
2. Boost converter soft-start
When the isolation switch is fully turned on (after 10 ms) the boost converter starts switching and ramps up
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Device Functional Modes (continued)

its output voltage V(aypp) from V, to the programmed voltage value in 10 or 20 ms (programmable by 12C).

7.4.1.2 Compensation

The regulator loop can be compensated by adjusting the external RC circuit connected to the COMP pin. The
COMP-pin is the output of the transconductance error amplifier. The compensation capacitor adjusts the low
frequency gain and the resistor the high frequency gain. Lower output voltages require a higher gain and
therefore a smaller compensation capacitor. A good start working for most applications is Ccomp) = 470 pF and
Rcomp) = 75 kQ. In case of a high noise level an additional 22-pF capacitor can be put between the COMP-pin
and GND to filter the high frequency noise. The cut-off frequency can be calculated as follows:

1
2><7T,><RCOMP XCCGVlP (1)

fz

7.4.1.3 Setting the Output Voltage Vavpp)
The output voltage is programmable by 1°C between 13.5 V and 19.8 V in 100 mV steps.

7.4.1.4 High Voltage Stress Mode (HVS)

By pulling the HVS-pin “high” an 1°C programmable offset voltage is added to the set boost and buck 3
converters output voltage V(ayppy and Vyavppy. The offset voltages are programmable independently.

7.4.1.5 Programmable Current Limit

The current limit of typ. 5 A can be reduced by I°C programming in 400 mA steps down to 2.2 A to support
smaller inductors with lower saturation current.

7.4.1.6 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.

Vin X1
1. Converter Duty Cycle: D = 1—V'N—
AVDD
VinxD
2. Inductor ripple current: Al = .

S

Al
= __ L _
3. Maximum output current: 'out max {ILIM_min 5 ]Xﬂ D)

4. Peak switch current: gy peak = 1|07UTD n %IL

n = Estimated boost converter efficiency (use the number from the efficiency plots or 0.9 as an estimation)
fs = Switching frequency (typ. 750 kHz)

L = Selected inductor value (typ. 6.8 pH)

ILiM min: Minimum current limit

lswpeak = Peak switch current for the used output current (must be < lLim_min = 4.25 A)

Al = Inductor peak-to-peak ripple current

The peak switch current Isywpeeak IS the current that the integrated switch, the inductor and the 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 the highest.
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Device Functional Modes (continued)

7.4.1.7 Inductor Selection

The higher the inductor value the lower the inductor current ripple
and the output voltage ripple but the slower the transient
response.

Inductor value: 47pH <L <10 pH

The inductor saturation current must be higher than the switch
peak current for the max. peak output current or as a more
conservative approach higher than the max. switch current limit.

Isat 2 lswpeak
Saturation current: or

Isat 2 ILim_max

DC resistance:

The lower the inductors resistance the lower the losses and the higher the efficiency.

INDUCTANCE SUPPLIER® COMPONENT CODE SIZE (L x W x H mm) DCR Typ. (mQ) IsaT (A)
6.8 pH Sumida CDRH105R 10.5x10.3x5.1 14 5.4
6.8 uH Sumida CDRH10D43R 10.8x10.5x 4.5 20 7
10 pH Sumida CDRH10D43R 10.8x10.5x 4.5 26 5.2
6.8 pH Chilisin SCDS105R 10.5x10.3x5.1 14 5.4
6.8 uH Chilisin SCDS104R 10.5x10.3x 4 21 5
10 pH Chilisin SCDS105R 10.5x10.3x5.1 22 4.45
(1) See Third-Party Products disclaimer
7.4.1.8 Rectifier Diode Selection
7.4.1.8.1 Diode Type
Schottky or Super Barrier Rectifier (SBR) for better efficiency
7.4.1.8.2 Forward Voltage
The lower the forward voltage Vg the higher the efficiency and the lower the diode temperature.
7.4.1.8.3 Reverse Voltage
Vg must be higher than the output voltage and should be higher than the OVP voltage 22.5 V
7.4.1.8.4 Thermal Characteristics
The diode must be able to handle the dissipated power of:
Po = Ve X loyr 2
Table 1. Diodes
Vi / lave VE Typ. at 25°C | COMPONENT CODE RaL SIZE SUPPLIER®
30V/3A 0.39Vat3A SBR3U30P1 5 °C/W PowerDI® 123 Diodes
30V/3A 0.39Vat3A SSM33LSPT 18 °C/W SMA-S Chenmko
40V/3A 0.38Vat3A SSM34LAS 18 °C/W SMA-S Chenmko
40VI/2A 05Vat2A SSM24APT 20 °C/W SMA-S Chenmko

(1) See Third-Party Products disclaimer

7.4.1.9 Output Capacitor Selection

For best output voltage filtering, low ESR ceramic capacitors are recommended. Four 10 puF (or two 22 uF)
ceramic capacitors work for most applications. To improve the load transient response more capacitance can be
added. Between the rectifier diode and the SWI-pin one 10 pF capacitor is required.

To calculate the output voltage ripple the following equations can be used:
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Vavop — Vin lout
AVc_ RPPLE = —y/ < T x C + AVC_ESR AVC_ESR = lswpeak X Rc_ ESR
AVDD s out 3
CAPACITOR VOLTAGE RATING TEMPERATURE CHARACTERISTICS SUPPLIER® COMPONENT CODE
10 pF / 1206 25V X5R Murata GRM31CR61E106KA12
10 pF / 1206 25V X7R Taiyo Yuden TMK316AB7106KL

(1) See Third-Party Products disclaimer.

7.4.2 Buck 1 Converter (Vo))

The non-synchronous current mode buck 1 converter operates with Pulse Width Modulation (PWM) with a fixed
frequency of 750 kHz. The converter features integrated soft-start, bootstrap and compensation to minimize
external component and pin count.

The buck 1 converter operates in Discontinuous Conduction Mode (DCM) or Continuous Conduction Mode
(CCM) depending on the load current. For low load currents the converter operates in DCM. In this mode the
inductor current reaches 0 A when the switch is turned off. With increasing load current the inductor current
finally does not reach 0 A anymore but is always positive and then the converter operates in CCM. The switch
node waveforms for DCM and CCM operation are shown in Figure 23 and Figure 24. The ringing during DCM (at
light load) is normal for this operating mode, it occurs because of parasitic capacitance in the PCB layout.
Because there is very little energy contained in the ringing waveform it does not significantly affect EMI
performance.

Vin = Mo, Vo
2 xL xfg ViN

For low load currents when the minimum on time is not sufficient, the buck 1 converter uses a skip mode to be
able to regulate its output voltage V). During the skip mode the converter switches for a few cycles to raise the
output voltage then it stops switching until the output voltage falls below a given threshold and the converter
starts switching again. Due to this behavior the output voltage ripple can be slightly higher during skip mode.

Minimum output current for DCM:  bbcm =

7.4.2.1 Soft-Start

The buck 1 converter is enabled with the undervoltage lockout (UVLO). It starts switching and ramps up its
output voltage Vo linearly in 3 ms to the programmed voltage value.

7.4.2.2 Setting the Output Voltage Vo)
The output voltage is programmable by I1°C between 2.2 V and 3.7 V in 100 mV steps.

7.4.2.3 Design Procedure

The first step in the design procedure is to verify whether the maximum possible output current of the buck 1
converter supports the specific application requirements. Because the buck 2 converter is supplied by the buck 1
converter and the negative charge pump is driven from the buck 1 converter’'s switch node the effective output
current |, is higher than the buck 1 output current alone.

D= _ Yo
1. Converter Duty Cycle:V = —— —
VN x N
— (Vin—Mo )xD
2. Inductor ripple current: Al = —m—————
fg XL
. . Al
3. Maximum output current: Iy 1 max = M min—
4. Peak switch current: | = + Al
SWPEAK ~'ouT 7 o Ve x|
- IN % 'GL
_ lsuck1 errective = lout Buck1 * IN_Buck2 * Vv
5. Effective output current: 10
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n = Estimated boost converter efficiency (use the number from the efficiency plots or 0.8 as an estimation)
fs = Switching frequency (typ. 750 kHz)

L = Selected inductor value (typ. 6.8 puH)

lLim_min: Minimum current limit (3 A)

Isweeak = Peak switch current for the used output current (must be < Iy min = 3 A)

Al = Inductor peak-to-peak ripple current -

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

7.4.2.4 Inductor Selection

The higher the inductor value the lower the inductor current ripple

Inductor value: and the output voltage ripple but the slower the transient response.

47 pH <L <10 pH

IsaT 2 lswpeak The inductor saturation current must be higher than the switch peak
or current for the max. peak output current or as a more conservative
approach higher than the max. switch current limit.

Saturation

current:
Isat 2 ILiM_max

DC resistance:

The lower the inductors resistance the lower the losses and the higher the efficiency.

INDUCTANCE SUPPLIER® | COMPONENT CODE SIZE (L x W x H mm) DCR Typ. (mQ) IsaT (A)
6.8 uH Sumida CDRH8D43 8.3x8.3x45 20 4.4
10 pH Sumida CDRH8D43 8.3x8.3x45 29 4
6.8 uH Chilisin SCPS0740T 75x7.8x4 28 3.9
(1) See Third-Party Products disclaimer
7.4.2.5 Rectifier Diode Selection
7.4.25.1 Diode Type
Schottky or Super Barrier Rectifier (SBR) for better efficiency
7.4.25.2 Forward Voltage
The lower the forward voltage Vg the higher the efficiency and the lower the diode temperature.
7.4.25.3 Reverse Voltage
Vg must be higher than the output voltage
7.4.25.4 Forward Current
The average rectified forward current 15, must be higher than Iyt X (1 — D)
7.4.2.55 Thermal Characteristics
The diode must be able to handle the dissipated power of:
Pp = Ve X loyr % (1 - D) (4)
Table 2. Diodes
Vi !/ lave VE typ. at 25°C | COMPONENT CODE RaL SIZE SUPPLIER®
30V/3A 0.39Vat3A SBR3U30P1 5 °C/IW PowerDI® 123 Diodes
30V/3A 0.39Vat3A SSM33LSPT 18 °C/IW SMA-S Chenmko
40V/3A 0.38Vat3A SSM34LAS 18 °C/IW SMA-S Chenmko
40V /2A 05Vat2A SSM24APT 20 °C/W SMA-S Chenmko
(1) See Third-Party Products disclaimer
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7.4.2.6 Output Capacitor Selection

For best output voltage filtering low ESR ceramic capacitors are recommended. Three 10 pF (or two 22 pF)
ceramic capacitors work for most applications. To improve the load transient response more capacitance can be
added.

To calculate the output voltage ripple the following equations can be used:

\Y |
_ 10 ouT _
AVC_RIPPLE “Voxf '¢C +AVC_ESR AVC_ESR = lswpeak X RC_ESR
IN % Ts ouT (5)
CAPACITOR VOLTAGE RATING TEMPERATURE CHARACTERISTICS SUPPLIER® COMPONENT CODE
10 pF / 1206 6.3V X5R Murata GRM219R60J106KE19
10 uF / 1206 6.3V X7R Taiyo Yuden IMK212AB7106KG

(1) See Third-Party Products disclaimer

7.4.3 BUCK 2 CONVERTER (V(corg)

The synchronous current mode buck 2 converter operates with Pulse Frequency Modulation (PFM) with a fixed
off-time and a typ. frequency of 1 MHz. The converter features integrated soft-start, bootstrap and compensation
to minimize external component and pin count. It is supplied by the buck 1 converter’s output.

If not needed the buck 2 converter can be disabled by I2C.

7.4.3.1 Soft-Start

The buck 2 converter is enabled when the buck 1 converter is in regulation. It starts switching and ramps up its
output voltage V(core) linearly in 3ms to the programmed voltage value.

7.4.3.2 Setting the Output Voltage Vcore)
The output voltage is programmable by I1°C between 0.8 V and 3.3 V in 100 mV steps.

7.4.3.3 Design Procedure

The first step in the design procedure is to verify whether the maximum possible output current of the buck 2
converter supports the specific application requirements.

1. Switching frequency: fs = Y MHz
o)
_ Voore
2. Converter Duty Cycle: D= Vo
1o XN
3. Inductor ripple current:  A| = Mo _fVCXO'T_E) xD
S
4. Maximum output current: | =) _ AL
_ _mi 2

5. Peak switch current: | = + Al

SWPEAK ~ 'OUT = 2

n = Estimated boost converter efficiency (use the number from the efficiency plots or 0.8 as an estimation)
L = Selected inductor value (typ. 6.8 pH)

ILiM min: Minimum current limit (2.5A)

lswpeak = Peak switch current for the used output current (must be < I,y min = 2.5 A)

Al = Inductor peak-to-peak ripple current -

The peak switch current Isywpeak IS the current that the switch and the inductor have to be able to handle.
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7.4.3.4 Inductor Selection

Inductor value: 4.7uH <L < 10pH The higher the inductor value the lower the inductor current ripple and
the output voltage ripple but the slower the transient response.

Saturation Isat 2 lswpeak The inductor saturation current must be higher than the switch peak
current: or current for the max. peak output current or as a more conservative
lsaT = 1M max approach higher than the max. switch current limit.

DC resistance:  The lower the inductors resistance the lower the losses and the higher the efficiency.

INDUCTANCE SUPPLIER® COMPONENT CODE SIZE (L x W x H mm) DCR typ. (mQ) IsaT (A)
4.7 uH Sumida CDRH5D28R/HP 6.2x6.2x3 35 3.7
6.8 uH Sumida CDRH5D28R/HP 6.2x6.2x3 49 3.1
4.7 pH Chilisin SCPS0725T 7.8x7.7x25 40 4
6.8 pH Chilisin SCPS0725T 78x7.7x25 66 35
4.7 pH Chilisin LVS606028 6.2x6.2x2.2 38 3.7
6.8 pH Chilisin LVS606028 6.2x6.2x2.2 50 3.1
4.7 yH Mag Layers MSCDRI-7025AL 8x8x25 45 3.5
6.8 uH Mag Layers MSCDRI-7025AL 8x8x25 63 3.1

(1) See Third-Party Products disclaimer

7.4.3.5 Output Capacitor Selection

For best output voltage filtering low ESR ceramic capacitors are recommended. Three 10 uF (or one 22 uF)
ceramic capacitors work for most applications. To improve the load transient response more capacitance can be
added.

To calculate the output voltage ripple the following equations can be used:

V, |
- YcoRrE ouT _
AVe rippLE = V.xf - C + AV gsRr AV¢ gsr = lswpeak * Rc Esr
10 *'s ouT (6)
CAPACITOR VOLTAGE RATING TEMPERATURE CHARACTERISTICS SUPPLIER® COMPONENT CODE
10 uF / 1206 6.3V X5R Murata GRM219R60J106KE19
10 uF / 1206 6.3V X7R Taiyo Yuden IMK212AB7106KG

(1) See Third-Party Products disclaimer

7.4.4 Buck 3 Converter (Vpavop))

The synchronous current mode buck 3 converter operates with Pulse Frequency Modulation (PFM) with a fixed
off-time and a typ. frequency of 1 MHz. The converter features integrated soft-start, bootstrap and compensation
to minimize external component and pin count.

If not needed the buck 3 converter can be disabled by I°C.

7.4.4.1 Soft-Start

The buck 3 converter is enabled together with the boost converter. It starts switching and ramps up its output
voltage V(yavop) to the programmed voltage value tracking the boost converters output voltage V(aypp).

7.4.4.2 Setting the Output Voltage V yavpp)
The output voltage is programmable by I°C between 4.8 V and 11.1 V in 100 mV steps.

7.4.4.3 High Voltage Stress Mode (HVS)

By pulling the HVS-pin “high” an 1°C programmable offset voltage is added to the set boost and buck 3
converters output voltage V(aypp) and Vyavop)- The offset voltages are programmable independently.
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7.4.4.4 Design Procedure

The first step in the design procedure is to verify whether the maximum possible output current of the buck 3
converter supports the specific application requirements.

1. Switching frequency:

2. Converter Duty Cycle:

3. Inductor ripple current:

fg =

VIN

D = VHAvDD
Vin x n

_ (Vin —Vhavop) xD
Al

fs><|_

4. Maximum output current:  loyT max = LM min —

5. Peak switch current:

lswpeak =lout + T3

Al

_ 0.76 x Vyaypp * ViN = Vhavop MHz

n = Estimated boost converter efficiency (use the number from the efficiency plots or 0.8 as an estimation)
fs: Switching frequency (typ. 1 MHz)
L = Selected inductor value (typ. 6.8 puH)
lLim_min: Minimum current limit (1.7 A)
Isweeak = Peak switch current for the used output current (must be < Iy min = 1.7 A)
Al = Inductor peak-to-peak ripple current -

The peak switch current Isypeak iS the current that the switch and the inductor have to be able to handle.

7.4.4.5

Inductor value:

Saturation
current:

DC resistance:

Inductor Selection

47 uH <L <10 pH

Isat 2 lswpeak
or

Isat 2 ILimM_max

The higher the inductor value the lower the inductor current ripple
and the output voltage ripple but the slower the transient response.

The inductor saturation current must be higher than the switch peak
current for the max. peak output current or as a more conservative
approach higher than the max. switch current limit.

The lower the inductors resistance the lower the losses and the higher the efficiency.

INDUCTANCE SUPPLIER® COMPONENT CODE SIZE (L x W x H mm) DCR typ. (mQ) IsaT (A)

4.7 uH Chilisin SCDS6D28T 7x7x3 25 25
6.8 uH Chilisin SCDS6D28T 7x7x3 40 2.1
4.7 pH Chilisin SCPS0725T 7.8x7.7x25 40 4

6.8 pH Chilisin SCPS0725T 7.8x7.7x25 66 35
4.7 uH Chilisin LVS404018 42x42x2 90 2

6.8 uH Chilisin LVS404018 42x42x2 110 1.6
4.7 yH Mag Layers MSCDRI-7025AL 8x8x25 45 3.5
6.8 uH Mag Layers MSCDRI-7025AL 8x8x25 63 3.1

(1) See Third-Party Products disclaimer

7.4.4.6 Output Capacitor Selection

For best output voltage filtering low ESR ceramic capacitors are recommended. One 10 uF ceramic capacitor
works for most applications. To improve the load transient response more capacitance can be added.

To calculate the output voltage ripple the following equations can be used:

24
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AV, - VHAVDD IOUT +AV AV, = R
CRIPPLE =y " f. ° C C_ESR C_ESR ~ 'sWPEAK * Rc_ESR
IN *'s ouT (@)
CAPACITOR VOLTAGE RATING TEMPERATURE CHARACTERISTICS SUPPLIER® COMPONENT CODE
10 uF / 1206 16 V X5R Murata GRM31CR61C106KA88
10 uF / 1206 16 V X7R Taiyo Yuden EMK316AB7106KL

(1) See Third-Party Products disclaimer

7.4.5 Positive Charge Pump Controller (Vgn)) with Temperature Compensation

The positive charge pump is driven from the boost converter's switch node and regulated by controlling the
current through an external PNP transistor. The controller is optimized for transistors with a DC gain (hgg)
between 100 and 300, a base drive current up to 5 mA is supported. A temperature compensation for its output
voltage V(g is implemented and the levels of the output voltages are programmed by 12C.

The positive charge pump and the temperature compensation function can be disabled by 1°C separately.

7.4.5.1 Soft-Start

The positive charge pump controller is enabled when the boost converter is in regulation. The output voltage
V(gH) ramps up to the programmed voltage in typ. 1.5 ms.

7.4.5.2 Setting the Output Voltage V)

The low voltage Vh_ow) at high temperature is programmed directly by I2C from 20 V to 35 V in 1 V steps, the
high voltage V(gn_nicry at low temperature is programmed with a positive offset voltage of 1 V steps relative to
V(eH_Low)- An external NTC thermistor with a resistor network (Rp and R,) sets the temperatures when Vgy Low)
(Vnte =1V, hot) and V(gy_nich) (Ve 2 2V, cold) are reached. To achieve a linear curve between Vgy ow) and
V(cH_nich) @ suitable linearalization resistor parallel to the NTC must be used.

NTC
R.
Re NTC

Rto is the resistance at an absolute temperature T, in 1 1
Kelvin (normally 25°C) —Bx[T - }
T is the temperature in Kelvin (°C + 273.15 K/°C) Ryte(T) = RTo xe o T
B is a material constant provided by the NTC supplier

V,: Internal supply voltage V, =5 V Rp = Vi xRte (Thor ) * Rnre(Teorp)
M xRnte(Teown) —2M xRnre(THot) + 2Rnte(THot) —2Rnre(TeoLp)

Rnte(Thot): NTC resistance hot

Rnte(Teowp): NTC resistance cold _ RexRyrc (Thor) x(V 1Y)
Rp + Rnte(Thot)
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7.4.5.3 Design Procedure
1. Supported max. output voltage

The maximum possible output voltage is calculated as follows:

|
Doubler Mode: Vor_max = Vineut + Vavop = 2V — Vg —Rxlgy X( +—j -

Jo 1) Jen
D 1-D) Cxfg

_ 1 1 2
Tripler Mode: Ver _max = Vineur + 2Vawop = 4V = Vo — 2R xlgy X(BJr 1—Dj_ C S?S
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Ve: Diode forward voltage

R: Switch node resistor

Vnput: Transistor emitter voltage

D: Boost duty cycle

C: Flying capacitor value

fs: Boost switching frequency (750kHz)
Vq: Collector-emitter saturation voltage

2. Diode selection
Diode type: No specific type required
Forward voltage: The lower the forward voltage Vg the higher the maximum output voltage
Reverse voltage: Vg must be higher than the switching voltage applied at the flying capacitor
Forward current: The average forward current l,,g must be higher than the output current Iyt
Thermal characteristics: The diode must be able to handle the dissipated power of Pp = Vg X Igyt
Peak currents of up to some amps through the diodes can occur during start-up for a few cycles. This
condition lasts for <1ms and can be tolerated by many diodes whose repetitive peak current rating is much
lower.

Vi ! lave VE typ. at 25°C COMPONENT CODE ReJa SIZE SUPPLIER®
85V /150 mA 1.1V at 150 mA BAVOOTPT SOT-416 Chenmko
75V / 300 mA 1V at 150 mA BAVIOW 625 °C/W SOT-323 Diodes
75V /215 mA 1.1V at 150 mA BAV99BDWPT 625 °C/W SOT-363 Chenmko
75V / 300 mA 1V at 150 mA BAV99BRW 625 °C/W SOT-363 Diodes
75V / 300 mA 1V at 150 mA BAVO9T 833 °C/W SOT-523 Diodes

30V/1A 047VatlA CH511H-30PT 625 °C/W SOT-323 Chenmko
40V /200 mA 0.9 V at 200 mA BAS40W-04 625 °C/W SOT-323 Diodes
40V /200 mA 0.9V at 200 mA BAS40-04T 833 °C/W SOT-523 Diodes
30 V /200 mA 0.65 V at 200 mA BAT54SW 625 °C/W SOT-323 Diodes
30 V /200 mA 0.65 V at 200 mA BAT54ST 833 °C/W SOT-523 Diodes
75V / 300 mA 1V at 200 mA MMBD7000 357 °C/W SOT-23 Diodes

(1) See Third-Party Products disclaimer
3. Transistor selection

DC gain (hgg): At least 35 when the transistors collector current is equal to the output current, for good
performance 75 to 200 is recommended

Collector-Emitter voltage: Vcgo must be at least the input voltage (Emitter voltage) + switching voltage Vayvpp
DC Collector current: Must be higher than the output current Iyt / (1 — boost duty cycle)
Thermal characteristics: The transistor must be able to handle the dissipated power of:

1 1 I
Pois :(VINPUT + Vavop = 2Ve - VGH)X IGH_RXIGHZX[+ J— GH
Doubler Mode: D2 (1-Dy) Cxfg

1 1 2l
Pos = (Vinput + 2Vavop — 4Ve — Vg ) X gy —2R x g2 x| — + —
DIS ( INPUT AVDD F GH) GH GH (Dg (1—D)2j CXfS

Tripler Mode:

VneuT: INpUL Voltage

V: Diode forward voltage
Igy: Mean output current
D: Boost duty cycle

R: Switch node resistor
C: Flying capacitor value
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fs: Boost switching frequency (750kHz)

The total power dissipation of the chosen package is specified with a very good thermal designed PCB. The
specified max. power dissipation can only be dissipated if the cooling area at the PCB is big enough. The
total area should be at least 5 cm? it can be spread over different layers when using many vias.

Veeo / e hee min...max. VcEsat COMPONENT CODE Prot SIZE SUPPLIER®
—60 V /—600 mA | 100...300 at —150 mA —150 mV CHT2907XPT 1.2W SOT-89 Chenmko
—40V /—200 mA | 60...300 at —50 mA —200 mV CH3906XPT 1.2W SOT-89 Chenmko

50V /-2 A 70...240 at =500 mA —150 mV KTA1666 1w SOT-89 KEC
—60V/—1A | 50...200 at —-500 mA —300 mV KTA1668 1w SOT-89 KEC
—60 V /—600 mA | 100...300 at —150 mA —150 mV PZT2907AT1 1.5W SOT-223 ON Semi

(1) See Third-Party Products disclaimer
4. Base-Emitter resistor selection

A 100-kQ base-emitter resistor is required to ensure proper operation. It is needed to ensure that the
transistor can be turned off completely. Too low resistor value reduce the maximum base drive current.

5. Flying capacitor selection

A flying capacitor of 470 nF is appropriate for most applications. Larger capacitances have a smaller voltage
drop AV at the end of each switching cycle and support therefore higher output voltages and currents. The
voltage rating must be at least the switching voltage V(avpp).

C: Flying capacitor value

IGH

fs: Boost switching frequency (750kHz) AV = == s
CAPACITOR | VOLTAGE RATING | TEMPERATURE CHARACTERISTICS |  SUPPLIER® COMPONENT CODE
470 nF / 0603 25V X7R Murata GRM188R71E474KA12
470 nF / 0603 25V X5R Taiyo Yuden TMK107BJ474KA

(1) See Third-Party Products disclaimer
6. Switch node resistor selection

For less boost converter disturbance and therefore lower boost output voltage ripple AVayppy and lower
diode current spikes a resistor should be added in the switching path. The higher the resistance the lower the
disturbances and the peak currents but also the lower the maximum output current and the higher the
resistors power dissipation Pg. A 1 Q to 2.2 Q resistor is appropriate for most applications.

IgH: Vg Mean output current
D: Boost converter duty cycle
R: Switch node resistor

Pz =R x |GH2X(_+

7.4.5.4 Output Capacitor Selection

1 1
D 1-D

For best output voltage filtering low ESR ceramic capacitors are recommended. One 4.7 uF ceramic capacitor
works for most applications. To improve the load transient response more capacitance can be added.

CAPACITOR VOLTAGE RATING TEMPERATURE CHARACTERISTICS SUPPLIER® COMPONENT CODE
4.7 pF / 1206 50V X7R Murata GRM31CR71H475KA12
4.7 uF / 1206 50V X5R Taiyo Yuden UMK316BJ475KL

(1) See Third-Party Products disclaimer

7.4.6 Negative Charge Pump Controller (V)

The negative charge pump usually is driven from the buck 1 converter’s switch node but can also be connected
to the boost converter's switch node and regulated by controlling the current through an external NPN transistor.
The controller is optimized for transistors with a DC gain (hgg) between 100 and 300, a base drive current up to 5
mA is supported.

28
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The negative charge pump can be disabled by IC.
TPS65177A:

When V(g is driven by the boost switch pin (SW) the EN-pin should be connected to V|, otherwise Vg detects
a short when EN is pulled low as the V(g voltage collapses. V(g collapses because the supporting switch node
(SW) stops switching and the device partially shuts down as described in the Short-Circuit and Overload
Protection section. The device is in a latched state and only a power cycle can restart the V(aypp), VHavop)y V(eh)
and Vg, rail.

7.4.6.1 Soft-Start

The negative charge pump controller is enabled when the buck 2 converter is in regulation. The output voltage
V(cL) ramps up to the programmed voltage in typ. 1.5 ms.

7.4.6.2 Setting the Output Voltage V(g

The output voltage is programmable by 1°C between —14.5 V and —5.5 V in 600 mV steps.

7.4.6.3 Design Procedure
1. Supported max. output voltage

The maximum possible negative output voltage is calculated as follows:
Using buck 1 converter’s switch node:

1 1 I
Inverter: VoL _max = Vineur — Vin+ 2VE + Vg + R x Ig x (BJF j+L

V\yput: Transistor emitter node voltage

Ve: Diode forward voltage

R: Switch node resistor

D: Buck duty cycle

C: Flying capacitor value

fs: Boost and Buckl switching frequency (750kHz)
Vq: Collector-emitter saturation voltage

Using boost converter’s switch node:

Rxly 2 |
Inverter: VoL _max = Vineur — Vavopt 2VEt Vo + D><(1G—LD) ’ CiLfs

2. Diode selection

Diode type: No specific type required

Forward voltage: The lower the forward voltage Vg the higher the maximum output voltage

Reverse voltage: Vg must be higher than the switching voltage applied at the flying capacitor Vg or Vavpp
Forward current: The average forward current Ipyg must be higher than the output current Iyt

Thermal characteristics: The diode must be able to handle the dissipated power of Pp = Vi X Igyt

Peak currents of up to some amps through the diodes can occur during start-up for a few cycles. This
condition lasts for < 1 ms and can be tolerated by many diodes whose repetitive peak current rating is much

lower.
VR / lave VE typ. at 25°C COMPONENT CODE Raia SIZE SUPPLIER®
85V /150 mA 1.1V at 150 mA BAVO9TPT SOT-416 Chenmko
75V /300 mA 1V at 150 mA BAV99W 625 °C/W SOT-323 Diodes
75V /215 mA 1.1V at 150 mA BAV99BDWPT 625 °C/W SOT-363 Chenmko
75V /300 mA 1V at 150 mA BAV99BRW 625 °C/W SOT-363 Diodes
75V /300 mA 1V at 150 mA BAVOOT 833 °C/W SOT-523 Diodes
(1) See Third-Party Products disclaimer
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Vr /! lave Vr typ. at 25°C COMPONENT CODE Resa SIZE SUPPLIER®
30V/1A 047VatlA CH511H-30PT 625 °C/W SOT-323 Chenmko
40V /200 mA 0.9V at 200 mA BAS40W-04 625 °C/W SOT-323 Diodes

40V /200 mA 0.9 V at 200 mA BAS40-04T 833 °C/W SOT-523 Diodes

30 V /200 mA 0.65 V at 200 mA BAT54SW 625 °C/W SOT-323 Diodes

30 V /200 mA 0.65 V at 200 mA BAT54ST 833 °C/W SOT-523 Diodes

75V / 300 mA 1V at 200 mA MMBD7000 357 °C/W SOT-23 Diodes

3. Transistor selection

DC gain (hgg): At least 35 when the transistors collector current is equal to the output current, for good

performance 75 to 200 is recommended

Collector-Emitter voltage: Vcgo must be at least the input voltage (Emitter voltage) + switching voltage V, or

V(avoD)

DC Collector current: Must be higher than the output current loyt / (1 — buck duty cycle) or Igyt / boost duty

cycle

Thermal characteristics: The transistor must be able to handle the dissipated power of:

Using buck 1 converter’s switch node:

Inverter: Pois = (VIN =VineuT —2VE _‘VGLDX loL ~Rxlg % x in' 1 2 | e

D“ (1-D) Cx fS

V: Diode forward voltage

VinpuT: INpUt voltage

IgL: Mean output current

R: Switch node resistor

D: Buck duty cycle

C: Flying capacitor value

fs: Boost and Buck 1 switching frequency (750kHz)

Using boost converter's switch node:

Inverter: PDIS:(VAVDD = Vineut —2Ve _‘VGLD * oL _RXIGLZ X 12 - 2 |~ oL

: D¢ (1-D)? ) Cxfs

The total power dissipation of the chosen package is specified with a very good thermal designed PCB. The

specified max. power dissipation can only be dissipated if the cooling area at the PCB is big enough. The

total area should be at least 5 cm? it can be spread over different layers when using many vias.

Veeo ! le hrg min...max. Veesat COMPONENT CODE Ptot SIZE SUPPLIER®
40V /600 mA | 100...300 at 150 mA 150 mv CHT2222XPT 12W SOT-89 Chenmko
40V /200 mA 60...300 at 50 mA 100 mv CH3904XPT 12W SOT-89 Chenmko
80 V / 400 mA 50...240 at 200 mA 100 mv KTC4374 1w SOT-89 KEC

30V/15A 100...320at 500 mA 150 mv KTC4375 1w SOT-89 KEC
30 V /800 mA 50...320 at 500 mA 150 mv KTC4376 1w SOT-89 KEC
40V /600 mA 40...300 at 500 mA 500 mV PZT2222AT1 15W SOT-223 ON Semi
40V /200 mA 60...300 at 50 mA 200 mV PZT3904T1G 15W SOT-223 ON Semi

(1) See Third-Party Products disclaimer

4.

Base-Emitter resistor selection

A 100 kQ base-emitter (DRVN-pin to GND) resistor is integrated to ensure proper operation there is no
external resistor needed. It is needed to ensure that the transistor can be turned off completely.

Flying capacitor selection

A flying capacitor of 470 nF is appropriate for most applications. Larger capacitances have a smaller voltage

drop AV at the end of each switching cycle and support therefore higher output voltages and currents. The
voltage rating must be at least the switching voltage V, (using buck 1 switch) or V(ayppy (using boost switch).

30
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C: Flying capacitor value |
fs: Buck 1 or Boost switching frequency (750 kHz) AV = —Ck

C X fS
CAPACITOR VOLTAGE RATING | TEMPERATURE CHARACTERISTICS SUPPLIER® COMPONENT CODE
470 nF / 0603 25V X7R Murata GRM188R71E474KA12
470 nF / 0603 25V X5R Taiyo Yuden TMK107BJ474KA

(1) See Third-Party Products disclaimer
6. Switch node resistor selection

For less buck 1 or boost converter disturbance and therefore lower buck 1 or boost output voltage ripple
AV 0y Or AV(aypp) and lower diode current spikes a resistor should be added in the switching path. The higher
the resistance the lower the disturbances and the peak currents but also the lower the maximum output
current and the higher the resistors power dissipation. A 1 Q to 2.2 Q resistor is appropriate for most

applications
lgL: VgL mean output current Py =R x IGL2 y l+ 1
D: Boost converter duty cycle D 1-D

R: Switch node resistor

7.4.6.4 Output Capacitor Selection

For best output voltage filtering low ESR ceramic capacitors are recommended. One 4.7uF ceramic capacitor
works for most applications. To improve the load transient response more capacitance can be added.

CAPACITOR VOLTAGE RATING TEMPERATURE CHARACTERISTICS SUPPLIER® COMPONENT CODE
4.7 uF / 1206 16V X5R Murata GRM21BR61C475KA88
4.7 uF / 1206 16V X7R Taiyo Yuden EMK212B7475KG

(1) See Third-Party Products disclaimer

7.5 Gate Pulse Modulation (V)

The Gate Pulse Modulation is controlled by the CTRL-pin, except during start-up and shut-down. During start-up
V(ehwm) is kept at low state (V(gum) = V(rg)) until Power Good of the positive charge pump V(g is reached, at
shut-down V(GHM) follows V(GH) (V(GHM) = V(GH))

If not needed the Gate Pulse Modulation can be disabled by I°C.
CTRL = ‘hlgh’ — V(GHM) = V(GH)
CTRL = ‘low’ — V(guwm) = V(rg) (discharges through RE resistor)

The slope at which Vgny discharges is set by the external resistor connected to the RE-pin, the internal
MOSFET Rps(on) (typ. 3 Q) and the gate line capacitance connected to the VGHM-pin. The RE resistor must be
connected to GND and it must also be able to handle the power dissipation.

A Gate Pulse Modulation limit voltage can be set by 1°C programming. When the limit voltage is reached the
discharging of VGHM through RE is stopped and the VGHM output is high impedance until CTRL goes “high”
again, see Figure 13.
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Gate Pulse Modulation (Vgnw) (continued)

Ve Power Good

Y — high
1
1

CTRL i
t low
E
| k \ k“ -
1
]
'
E / L 15V
' N L

VGHM ' Slope set by GPM limit
E RE resistor voltage set by I’C L gy

Figure 13. Gate Pulse Modulation

32 Copyright © 2012-2016, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps65177?qgpn=tps65177
http://www.ti.com.cn/product/cn/tps65177a?qgpn=tps65177a
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TPS65177, TPS65177A

www.ti.com.cn ZHCSEO1C —MARCH 2012—REVISED FEBRUARY 2016

7.6 Programming

7.6.1 1°C Serial Interface Description

The TPS65177/A communicates through an industry standard 2-wire 1°C interface to receive data in slave mode.
The I2C serial interface was developed by Philips Semiconductor (see 1°C-Bus Specification, Version 2.1,
January 2000). The bus consists of a data line (SDA) and a clock line (SCL) with pull-up structures. When the
bus is idle both SDA and SCL lines are pulled high. All the I>C compatible devices connect to the I1°C bus through
open drain /O pins, SDA and SCL. A master device, usually a microcontroller or a digital signal processor,
controls the bus. The master is among other things responsible for generating the SCL signal and the slave
device address to communicate with a certain device. A slave device receives and/or transmits data on the bus
under control of the master device. A START condition send by the master initiates a new data transfer to the
slave devices. Transitioning SDA from high to low while SCL remains high generates a START condition. A
STOP condition ends a data transfer to the selected slave device. Transitioning SDA from low to high while SCL
remains high generates a STOP condition (see Figure 14).

/ \

/S N/

Figure 14. START and STOP Conditions

CLK -

The TPS65177/A works as a slave and supports the standard mode (100 kbps) and fast mode (400 kbps) data
transfer mode, as defined in the 1°C-Bus specification. The data transfer protocol for standard and fast mode is
exactly the same. The TPS65177/A supports 7-bit addressing. The device 7-bit address is defined as ‘010000X’
(see Figure 15) where the bit X can be selected depending on the address pin configuration of A0 (“high” = 1,
“low” = 0). The LSB enables the write or read function (“high” = read, “low” = write).

(MSB) TPS65177 Address (LSB)
0 1 0 0 0 0 A0 | RIW

Figure 15. TPS65177/A Slave Address Byte

The master generates the SCL pulses, transmits the 7-bit address and the read/write direction bit R/W on the
SDA line. During all transmissions, the master ensures that the data is valid. A valid data condition requires the
SDA line to be stable during the entire high period of the clock pulse (see Figure 16). All devices recognize the
address sent by the master and compare it to their internal fixed addresses. Only the slave device with a
matching address generates an Acknowledge, ACK, (see Figure 17) by pulling the SDA line low during the entire
high period of the SCL cycle. Upon detecting this Acknowledge, the master knows that communication link with a
slave has been established.

DATA / X \

o AN

Data line Change
stable; of data
data valid allowed

Figure 16. Bit Transfer on the Serial Interface
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Programming (continued)

Transmitter inguiated 1

Data output T\
1
1 t

Receiver
Data output

/ X ><: : :><—/ /Not Acknowledge

]

]

]

]

]

: \—/
! Acknowledge/v

]

1

SCL from Clock Pulse for

Master Acknoledgement
! 1 2 3-7 8 9
1START, -

Figure 17. Acknowledge on the 1°C Bus

The master generates further SCL cycles to either transmit data to the slave (R/W bit = 0) or receive data from
the slave (R/W bit = 1). In either case, the receiver needs to acknowledge the data sent by the transmitter. So an
acknowledge signal can either be generated by the master or by the slave, depending on which one is the
receiver. The 9-bit valid data sequences consisting of 8-bit data and 1-bit acknowledge can continue as long as
necessary. To terminate the data transfer, the master generates the STOP condition by pulling the SDA line from
low to high while the SCL line is high (see Figure 18). This releases the bus and stops the communication link
with the addressed slave. All I’C compatible devices must recognize the stop condition. Upon the receipt of a
stop condition, all devices know that the bus is released and they wait for a START condition followed by a
matching slave address.

Recognize START or Generate Recognize STOP or
REPEATED START ACKNOWLEDGE REPEATED START
condition signal from the Slave condition
SDA —— | - l - -
1 [} ) 1
N\ X / XX _X X
1 t - - T +
| | ] |
! H MSB LsB Clock Line hold ! H
: : RW | low” while : :
i | ig————— Address »i it—p nterruptsare  iq _________ pata ——P ) 1
! H serviced ! H
scL — \ .
NTAYAET A A VAR AVANTIA Y
f-mm ! ACK ACK t-eed

Figure 18. 1°C Bus Protocol

Attempting to read data from register addresses not listed in the following section will result in 00h being read
out.

7.6.2 Memory Description

A non-volatile EEPROM containing the initial values of the DACs and a volatile memory containing the DACs
settings is implemented in the TPS65177/A. The non-volatile memory is called the Initial Value Register (IVR)
and the volatile memory is called DAC Register (DR). The non-volatile IVR and the volatile DR are accessed by
the same address. A Control Register (CR) is implemented to select if the IVR or the DR is addressed.

7.6.3 Read / Write Description

To read the volatile memory (DR) data the LSB (EE/DR) of the Control Register (CR) must be set to 0, to read
the non-volatile EEPROM (IVR) data the LSB of the Control Register (CR) must be set to 1, then the data of the
selected memory can be read.

To write data into the non-volatilie EEPROM (IVR) all data registers (00h ~ 0Ch) must be programmed first and
then the MSB (WED) of the Control Register (CR) must be set to 1. A dead time of 50ms is initiated during which
all the register data (0O0Oh ~ OCh) is stored into the non-volatilie EEPROM. It is not possible to write single DAC
register data to the EEPROM. There should be not data flow at the 12C bus during that time because the I1°C
interface of the TPS65177/A is momentarily not responding. When the 50ms have passed the WED bit is
automatically reset to O.
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Programming (continued)
7.6.4 Write Operation

7.6.4.1 Write Single Byte to the DAC Register (DR):

1. Master sends START condition on the bus

2. Master sends the TPS65177/A address 010000A, and R/W bit = Low
TPS65177/A will Acknowledge this byte

3. Send DAC register address (e.g. 01h, address of Vaypp)
TPS65177/A will Acknowledge this byte

4. Send the data byte to be written to the DAC register
TPS65177/A will Acknowledge this byte

5. Master sends STOP condition on the bus

Example: Writing OFh (15 V) to the DAC address 01h (Boost converter V(aypp))

SLAVE
ACK

SLAVE

Ao ACK

0 0‘0‘0‘0‘0‘0‘0‘1

‘START‘O‘l‘O‘O‘O‘O

7.6.4.2 Write Multiple Bytes to the DAC Register (DR):

1. Master sends START condition on the bus

2. Master sends the TPS65177/A address 010000A, and R/W bit = Low
TPS65177/A will Acknowledge this byte

3. Send DAC register address (e.g. 01h, address of Vaypp)
TPS65177/A will Acknowledge this byte

4. Send the data byte to be written to the DAC register
TPS65177/A will Acknowledge this byte

5. Master continues sending data bytes to be written to the DA registers
(DAC register address pointer will automatically increase)

6. Master sends STOP condition on the bus

Example: Writing OFh, 05h, 00h to the DAC addresses 01h, 02h, 03h (V(ayvpp), HVS, Current limit)

SLAVE SLAVE
START | O 1 0 0 0 0 Ay 0 ACK 0 0 0 0 0 0 0 1 ACK 0

0

0

0

1

1

SLAVE
ACK

SLAVE
0 0 0 0 0 1 0 1 ACK 0 0 0 0 0 0 0 0 STOP

7.6.4.3 Write All DAC Register (DR) Data to EEPROM (EE):

1. Master sends START condition on the bus

2. Master sends the TPS65177/A address 010000A, and R/W bit = Low
TPS65177/A will Acknowledge this byte

3. Send Control register (CR) address of FFh
TPS65177/A will Acknowledge this byte

4. Send 1xxxxxxx to enable data copy from DAC registers (DR) to EEPROM (EE)

TPS65177/A will Acknowledge this byte
5. Master sends STOP condition on the bus

Example: Writing all DAC registers data to the EEPROM

SLAVE SLAVE
START | O 1 0 0 0 0| A | O ACK 1 1 1 1 1 1 1 1 ACK 1 X

SLAVE
ACK

STOP
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7.6.5 READ OPERATION

7.6.5.1 Read single data from DAC register (DR):

1. Master sends START condition on the bus

2. Master sends the TPS65177/A address 010000A, and R/W bit = Low
TPS65177/A will Acknowledge this byte

3. Send Control register (CR) address of FFh
TPS65177/A will Acknowledge this byte

4. Send data byte of 00h (EE/ DR bit) to specify that the data is read from the DAC register
TPS65177/A will Acknowledge this byte

5. Master sends STOP condition on the bus

6. Master sends START condition on the bus

7. Master sends the TPS65177/A address 010000A, and R/W bit = Low
TPS65177/A will Acknowledge this byte

8. Send desired DAC register address to be read (00Oh~0Ch or FEh)
TPS65177/A will Acknowledge this byte

9. Master re-sends START condition on the bus

10. Master sends the TPS65177/A address 010000A, and R/W bit = High
TPS65177/A will Acknowledge this byte

11. Read data from DAC register
Master will not-Acknowledge this byte

12. Master sends STOP condition on the bus

Example: Reading data from the DAC register (DR) address 01h (V(avpp))

SLAVE SLAVE SLAVE
START | O 1 0 0 0 0O [A | O ACK 1 1 1 1 1 1 1 1 ACK 0 0 0 0 0 0 0 0 ACK STOP

SLAVE SLAVE
START | O 1 0 0 0 0 [A | O ACK 0 0 0 0 0 0 0 1 ACK

SLAVE MASTER
START | 0 1 0 0 0 0| A |1 ACK D D|D|D|D|D|D|D N-ACK STOP
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7.6.5.2 Read Multiple Data from DAC Register (DR):

1.
2.

9

Master sends START condition on the bus

Master sends the TPS65177/A address 010000A, and R/W bit = Low
TPS65177/A will Acknowledge this byte

Send Control register (CR) address of FFh

TPS65177/A will Acknowledge this byte

Send data byte of 00h (EE/ DR bit) to specify that the data is read from the DAC register
TPS65177/A will Acknowledge this byte

Master sends STOP condition on the bus

Master sends START condition on the bus

Master sends the TPS65177/A address 010000A, and R/W bit = Low
TPS65177/A will Acknowledge this byte

Send desired DAC register address to be read (OOh~0Ch or FEh)
TPS65177/A will Acknowledge this byte

Master re-sends START condition on the bus

10. Master sends the TPS65177/A address 010000A, and R/W bit = High

TPS65177/A will Acknowledge this byte

11. Continue read data from the DAC register, the address pointer will increase automatically

Master will not-Acknowledge this byte

12. Master will not-acknowledge (N-ACK) after received the last reading data
13. Master sends STOP condition on the bus

Writing OFh, 05h, 00h to the DAC addresses 01h, 02h, 03h (V(avpp), HVS, Current limit)

SLAV
START | 0|1 [ 0| 0| 0|0 |A | O SLAVE 1112|1112 SHAE ololo|o|O0]|oO E STOP
ACK ACK
ACK
SLAVE SLAVE
START | 0 | 1| 0| 0| 0|0 |A | O ACK olofjo|o|o0o|O0O|oO]|1 ACK
SLAVE MASTER
START [0 | 1|0 | 0| 0|0 |A |1 ACK P(D|D|D|D|D|D|D T D|D|D|D|D|D MASTER ACK
MASTER
D|D|D|D|D|D|D|D| " STOP
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7.6.5.3 Read Single Datato EEPROM (EE):

1. Master sends START condition on the bus

2. Master sends the TPS65177/A address 010000A, and R/W bit = Low
TPS65177/A will Acknowledge this byte

3. Send Control register (CR) address of FFh
TPS65177/A will Acknowledge this byte

4. Send data byte of 00h (EE/ DR bit) to specify that the data is read from the EEPROM
TPS65177/A will Acknowledge this byte

5. Master sends STOP condition on the bus

6. Master sends START condition on the bus

7. Master sends the TPS65177/A address 010000A, and R/W bit = Low
TPS65177/A will Acknowledge this byte

8. Send desired EEPROM register address to be read (00h~0Ch or FEh)
TPS65177/A will Acknowledge this byte

9. Master re-sends START condition on the bus

10. Master sends the TPS65177/A address 010000A, and R/W bit = High
TPS65177/A will Acknowledge this byte

11. Read data from EEPROM
Master will not-Acknowledge this byte

12. Master sends STOP condition on the bus

Example: Reading data from the EEPROM (EE) addresses 01h, 02h, 03h (V(avop), HVS, Current limit)

SLAVE SLAVE SLAVE

START | O 1|/0|0]0|0|A]|O ACK 1 1 1 1 1 1 1 1 ACK ofo0o|lo0|0|jO0O|O0O]oO 1 ACK STOP
SLAVE SLAVE

START | O 1/0|0|0|]0|A]|O ACK o|o0ofo0O|jO0O|O0O]O]|O 1 ACK
SLAVE MASTER

START | 0 1|00 0|0|A]|O ACK bD|D|D|D| D|D|D|D N-ACK STOP
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7.6.5.4 Read Multiple Data to EEPROM (EE):

1.
2.

9

Master sends START condition on the bus

Master sends the TPS65177/A address 010000A, and R/W bit = Low
TPS65177/A will Acknowledge this byte

Send Control register (CR) address of FFh

TPS65177/A will Acknowledge this byte

Send data byte of 00h (EE/ DR bit) to specify that the data is read from the EEPROM
TPS65177/A will Acknowledge this byte

Master sends STOP condition on the bus

Master sends START condition on the bus

Master sends the TPS65177/A address 010000A, and R/W bit = Low
TPS65177/A will Acknowledge this byte

Send desired EEPROM register address to be read (00h~0Ch or FEh)
TPS65177/A will Acknowledge this byte

Master re-sends START condition on the bus

10. Master sends the TPS65177/A address 010000A, and R/W bit = High

TPS65177/A will Acknowledge this byte

11. Continue read data from the EEPROM, the address pointer will increase automatically

Master will not-Acknowledge this byte

12. Master will not-acknowledge (N-ACK) after received the last reading data
13. Master sends STOP condition on the bus

Example: Reading data from the EEPROM (EE) addresses 01h, 02h, 03h (V(aypp), HVS, Current limit)

START | O 1 0 0 0 0 [A | O S:éﬁE 1 1 1 1 1 1 1 1 Ské\éE 0 0 0 0 0 0 0 1 SkéﬁE STOP

START | O 1 0 0 o] 0|A | O SI;QQE 0 0 0 0 0 0 0 1 S;é\éE

START | O 1 0 0 0 0 [A | 1 S;é\}iE D|D|D|D|D|D|D|D MI\"A_ i-(I;IIE(R D|D|D|D|D|D|D]|D MASTER ACK
D|D|D|D|D|D|D]|D MNA_ SAI:I'E(R STOP
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7.6.6 Write Single Data to DAC:

| 1 e 7 o1 1 e 8 > o1 e 8 1 I I
[s] Slave Address [ RW ] A | RegisterAddress [ A | DataRegister | A | P |
|
| “0" Write
“0" Write DAC data to EEPROM
From Master to Slave A = Acknowledge (SDA LOW)
A = Not Acknowledge (SDA HIGH)
S = START condition
| From Slave to Master Sr = REPEATED START condition
P =STOP condition
7.6.7 Write Multiple Data to DAC (Auto Increment Address):

|t 7 1 | 18— g &8 | B 1
[s] Slave Address [ RW [ A [ Registeraddress(n) [ A | Data n" Register [ A [ Dpaa@+)Regiser [ a
“0” Write
o — g | 1|
/—{ Data (Last) Register ] A | P |
[ From Master to Slave A = Acknowledge (SDA LOW)
. A = Not Acknowledge (SDA HIGH)
S = START condition
From Slave to Master Sr = REPEATED START condition
P = STOP condition
7.6.8 Write all DAC Data to EEPROM:
| 1 e 7 o1 1 e 8 M o1 e 8 L I T I
(s Slave Address [RW T A ] CR Address [ A ] crData(toxxx) [ A [ P |
[
| “10" Write all DAC data to EEPROM
“0" Write “01" Write GMA + VPOS DAC data to EEPR
From Master to Slave A = Acknowledge (SDA LOW)
A = Not Acknowledge (SDA HIGH)
S = START condition
o Siaia thNlier Sr = REPEATED START condition
P = STOP condition
7.6.9 Read Single Data From DAC / EEPROM:
[ 17— 1 | 1 8 1 J&——8— 1 | 1
[s ] Slave Address [RW T A ] CR Address [ A ] CRdata (00xxxxx0) | A [ P
|
| “0" Read from DAC Register
“0" Write “1" Read from EEPROM Register
[ 17— 1 | 1 &8 1 | 1 &7 1 | 1 |« 8 o1
/—l S l Slave Address [R/W] A I Register Address ] A I Sr I Slave Address l R/W] A | Data ] A | B |
“0" Write “1" Read

From Master to Slave
From Slave to Master

A = Acknowledge (SDA LOW)

A = Not Acknowledge (SDA HIGH)
§ = START condition

Sr = REPEATED START condition
P = STOP condition
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7.6.10 Read Multiple Data fFrom DAC / EEPROM (Auto Increment Address):

[ 1 |« 7 LT 8 » o1 e 8 » o1 |
[s ] Slave Address [RW ] a ] CR Address [ A ] CRdata (00xxxxx0) | A [ P
I
| “0" Read from DAC Register
“0" Write “1" Read from EEPROM Register
| 1 |e 7 » o1 |1 e 8 Mol 1 e 7 »o 1 e 8 » 1
/—-{ S | Slave Address I RIW ] A I Register Address I A I Sr l Slave Address | RIW I A I Data n" Register I A
0" Write “4” Read
f« 8 » o1 e 8 o1 |
/—' Data (n+1)" Register I A I Data (Last) Register l A I P |
‘, From Master to Slave A =Acknowledge (SDA LOW)
A = Not Acknowledge (SDA HIGH)
S = START condition
From Slave to Master Sr = REPEATED START condition
P =STOP condition
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7.7 Register Map
7.7.1 Registers and DAC Settings
Table 3. Device address with A0 selection pin (A0 =0 or 1)
MSB TPS65177/A Address LSB
0 1 \ 0 | 0 \ 0 | 0 \ A0 RW
Table 4. Control Register FFh (Factory value 00h)
MSB Address FFh LSB
WED EE/DR
(Write EEPROM Data) Reserved Reserved Reserved Reserved Reserved Reserved (Read EEPROM or DR)
Table 5. Register Map
Register Name Address Factory value Bit count Steps count
Cannel Channel Disable 00h 00h 6 64
Output voltage V(avpp) 01lh OFh 6 64
HVS offset 02h 05h 4 16
Boost —
Current Limit 03h 00h 3
Soft-start time 04h 00h 1
Buck 1 Output voltage Vo) 05h 03h 4 16
Buck 2 Output voltage V(core) 06h 02h 5 32
Buck 3 Output voltage V(Havpp) 07h 1Bh 6 64
Output voltage V 08h 08h 4 16
Pos. CP P 9 Ve u
V(GH_L) to V(GH_H) offset voltage V(GH_OFS) 09h 04h 4 16
GPM GPM limit voltage 0Ah 00h 2 4
Neg. CP Output voltage V(g 0Bh 04h 4 16
Buck 3 HVS offset 0Ch 00h 4 16
Memory Memory write remain time FEh Fh 4 16
Control Control register FFh 00h 8 256
7.7.1.1 Channel Register (with factory value) — 00h (00h)
MSB Address 00h LSB
Reserved Reserved ‘ 0 | 0 ‘ 0 0 0 0
MSB Address 00h LSB
Reserved Reserved V(CORE) V(HAVDD) V(GH) V(GL) GPM NTC
Enable: 0 Enable: 0 Enable: 0 Enable: 0 Enable: 0 Enable: 0
Disable:1 Disable:1 Disable:1 Disable:1 Disable:1 Disable:1
7.7.1.2 Boost Output Voltage V(ayppy Register (with factory value) — 01h (OFh)
MSB Address 01h LSB
Reserved Reserved ‘ 0 | 0 ‘ 1 | 1 ‘ 1 1
DAC Value V(avDD) DAC Value V(avDD) DAC Value V(avDD) DAC Value V(avDD)
00h 135V 10h 151V 20h 16.7 V 30h 18.3V
01lh 13.6 V 11h 152V 21h 16.8 V 31lh 18.4V
02h 13.7V 12h 153V 22h 16.9V 32h 185V
03h 13.8V 13h 154V 23h 17.0V 33h 18.6 V
04h 139V 14h 155V 24h 17.1V 34h 18.7 V
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DAC Value V(AVDD) DAC Value V(AVDD) DAC Value V(AVDD) DAC Value V(AVDD)
05h 140V 15h 156 V 25h 17.2V 35h 188V
06h 141V 16h 15.7V 26h 17.3V 36h 189V
07h 142V 17h 158V 27h 174V 37h 19.0V
08h 143V 18h 159V 28h 175V 38h 191V
09h 144V 19h 16.0V 29h 176V 39h 19.2V
0Ah 145V 1Ah 16.1V 2Ah 17.7V 3Ah 19.3V
0Bh 146V 1Bh 16.2V 2Bh 178V 3Bh 194V
0Ch 147V 1Ch 16.3V 2Ch 179V 3Ch 195V
0Dh 148V 1Dh 164V 2Dh 18.0V 3Dh 19.6 V
OEh 149V 1Eh 165V 2Eh 18.1V 3Eh 19.7V
OFh 15.0V 1Fh 16.6 V 2Fh 18.2V 3Fh 198V

7.7.1.3 Boost HVS Offset Voltage Register (with factory value) — 02h (05h)
MSB Address 01h LSB
Reserved Reserved ‘ Reserved Reserved ‘ 0 1 ‘ 0 1

DAC Value V(OFFSET) DAC Value V(OFFSET) DAC Value V(OFFSET) DAC Value V(OFFSET)
00h 0.0V 04h 0.8V 08h 16V 0Ch 24V
01h 0.2V 05h 10V 09h 18V 0Dh 26V
02h 04V 06h 12V 0Ah 20V OEh 28V
03h 0.6V 07h 14V 0Bh 22V OFh 30V

7.7.1.4 Boost Current Limit Negative Offset Current Register (with factory value) — 03h (00h)
MSB Address 03h LSB
Reserved Reserved ‘ Reserved Reserved ‘ Reserved 0 ‘ 0 0

DAC Value I(OFFSET) DAC Value I(OFFSET) DAC Value I(OFFSET) DAC Value I(OFFSET)
00h 0.0 A 02h 0.8 A 04h 16A 06h 24 A
0lh 0.4 A 03h 12A 05h 20A 07h 2.8A

7.7.1.5 Boost Soft-start Time Register (with factory value) — 04h (00h)
MSB Address 04h LSB
Reserved Reserved ‘ Reserved Reserved ‘ Reserved Reserved Reserved 0
DAC Value Time
00h 10 ms
0lh 20 ms
7.7.1.6 Buck 1 Output Voltage Vo) Register (with factory value) — 05h (03h):
MSB Address 05h LSB
Reserved Reserved ‘ Reserved Reserved 0 0 ‘ 1 1

DAC Value V(|o) DAC Value V(|o) DAC Value V(|o) DAC Value V(|o)
00h 22V 04h 26V 08h 30V 0Ch 34V
01h 23V 05h 27V 09h 3.1V 0Dh 35V
02h 24V 06h 28V 0Ah 3.2V OEh 36V
03h 25V 07h 29V 0Bh 3.3V OFh 3.7V
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7.7.1.7 Buck 2 Output Voltage Vcorg) Register (with factory value) — 06h (02h)

MSB Address 06h LSB
Reserved Reserved ‘ Reserved | 0 ‘ 0 | 0 ‘ 1 0
DAC Value V(corg) DAC Value V(corg) DAC Value V(corg) DAC Value V(corg)
00h 0.8V 07h 15V OEh 22V 15h 29V
01h 0.9V 08h 16V OFh 23V 16h 3.0V
02h 10V 09h 17V 10h 24V 17h 31V
03h 11V 0Ah 18V 11h 25V 18h 32V
04h 1.2V 0Bh 19V 12h 26V 19h 3.3V
05h 1.3V 0Ch 20V 13h 27V
06h 14V 0Dh 21V 14h 28V
7.7.1.8 Buck 3 Output Voltage Vavppy Register (with factory value) — 07h (1Bh)
MSB Address 07h LSB
Reserved Reserved ‘ 0 | 1 ‘ 1 | 0 ‘ 1 1
DAC Value V(HAVDD) DAC Value V(HAVDD) DAC Value V(HAVDD) DAC Value V(HAVDD)
00h 4.8V 10h 6.4V 20h 8.0V 30h 9.6V
01h 49V 11h 6.5V 21h 8.1V 31h 9.7V
02h 50V 12h 6.6 V 22h 8.2V 32h 9.8V
03h 51V 13h 6.7V 23h 8.3V 33h 9.9V
04h 5.2V 14h 6.8V 24h 8.4V 34h 10.0V
05h 53V 15h 6.9V 25h 85V 35h 101V
06h 54V 16h 7.0V 26h 8.6V 36h 10.2V
07h 55V 17h 7.1V 27h 8.7V 37h 10.3V
08h 56V 18h 7.2V 28h 8.8V 38h 104V
09h 57V 19h 7.3V 29h 89V 39h 105V
0Ah 5.8V 1Ah 74V 2Ah 9.0V 3Ah 10.6 V
0Bh 59V 1Bh 7.5V 2Bh 9.1V 3Bh 10.7V
0Ch 6.0V 1Ch 7.6V 2Ch 9.2V 3Ch 108V
0Dh 6.1V 1Dh 7.7V 2Dh 9.3V 3Dh 109V
OEh 6.2V 1Eh 7.8V 2Eh 9.4V 3Eh 110V
OFh 6.3V 1Fh 79V 2Fh 9.5V 3Fh 111V
7.7.1.9 Pos. Charge Pump Low Output Voltage Vg ) Register (with factory value) — 08h (08h):
MSB Address 08h LSB
Reserved Reserved ‘ Reserved | Reserved ‘ 1 | 0 ‘ 0 0
DAC Value ViGH 1) DAC Value ViGH 1) DAC Value ViGH 1) DAC Value ViGH 1)
00h 20V 04h 24V 08h 28V 0Ch 32V
0lh 21V 05h 25V 09h 2V 0Dh 33V
02h 22V 06h 26V 0Ah 30V OEh 34V
03h 23V 07h 27V 0Bh 31V OFh 35V
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7.7.1.10 Positive Charge Pump Low Output Voltage V(gy ) t0 Vgy_ny Positive Offset Voltage Vgh_ors)
Register (with factory value) — 09h (04h): - - -

MSB Address 09h LSB
Reserved Reserved ‘ Reserved | Reserved ‘ 0 1 ‘ 0 0
DAC Value V(GH L) DAC Value V(GH L) DAC Value V(GH L) DAC Value V(GH L)
00h ov 04h 4V 08h 8V 0Ch 12V
01h 1V 05h 5V 09h 9V 0Dh 13V
02h 2V 06h 6V 0Ah 10V OEh 14V
03h 3V 07h Vv 0Bh 11V OFh 15V
7.7.1.11 Gate Pulse Modulation Limit Voltage Register (with factory value) — 0Ah (00h)
MSB Address 0Ah LSB
Reserved Reserved ‘ Reserved | Reserved ‘ Reserved Reserved ‘ 0 0
DAC Value Limit DAC Value Limit
00h oV 10V
01h 5V 15V
7.7.1.12 Negative Charge Pump Output Voltage V(g Register (with factory value) — 0Bh (04h)
MSB Address 05h LSB
Reserved Reserved ‘ Reserved | Reserved ‘ 0 1 ‘ 0 0
DAC Value VL) DAC Value VL) DAC Value VL) DAC Value VL)
00h -55V 04h -79V 08h -10.3V 0Ch -12.7V
01h -6.1V 05h -85V 09h -109V 0Dh -13.3V
02h —-6.7 V 06h 9.1V 0Ah -11.5V OEh -13.9V
03h 7.3V 07h -9.7V 0Bh -12.1V OFh 145V
7.7.1.13 Buck 3 HVS Offset Voltage Register (with factory value) — OCh (00h):
MSB Address 0Ch LSB
Reserved Reserved ‘ Reserved | Reserved ‘ 0 0 0 0
DAC Value V(OFFSET) DAC Value V(OFFSET) DAC Value V(OFFSET) DAC Value V(OFFSET)
00h 0.0V 04h 0.4V 08h 0.8V 0Ch 1.2V
01h 0.1V 05h 0.5V 09h 0.9V 0Dh 1.3V
02h 0.2V 06h 0.6 V 0Ah 1.0V OEh 1.4V
03h 0.3V 07h 0.7V 0Bh 1.1V OFh 15V
7.7.1.14 Memory Write Remain Time Register (with factory value) — FEh (OFh):
MSB Address FEh LSB
Reserved Reserved ‘ Reserved | Reserved ‘ 1 1 1 1
DAC Value Remaining DAC Value Remaining DAC Value Remaining DAC Value Remaining
Writes Writes Writes Writes
00h 0 04h 4 08h 8 0Ch 12
01h 1 05h 5 09h 9 0Dh 13
02h 2 06h 6 0Ah 10 OEh 14
03h 3 07h 7 0Bh 11 OFh EEPROM
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8 Application and Implementation

NOTE

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

Figure 19 shows a typical application circuit suitable for supplying LCD panels with GIP or non-GIP technology.

8.2 Typical Applications
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Typical Applications (continued)

8.2.1 Design Requirements

For this design example, use the values shown in Table 6

Table 6. Design Parameters

PARAMETER

VALUE

Voltage

V=12V, Viavbp) = 18 V, V(avop) = 9V, V(i0) = 3.3 V, V(corE) =
12V, Vien = 28 V, V(o) = -10.3 V

Switching Frequency

Boost, Buck 1 = 750 kHz, Buck2, Buck 3 = 1 MHz

8.2.2 Detailed Design Procedure

See the Device Functional Modes section for the detailed design procedure.

8.2.3 Application Curves

PARAMETER CONDITIONS FIGURE
SEQUENCING
Power-on Vg, driven by Buck 1 switch node a;)li ;/8 \\//(,Ici)/(;)s.f Yl’(;./éCS/RE) =12V Viavo) = 18V: Vieavon) = 9 V. Figure 20
Power-on V(g driven by Boost switch node xl;)li ;/8 \\//(,Ici)/(;_?.:s 1/1,0\./:(303%) =12V, Vavop) = 18 V, Viavop) =9 V, Figure 21
Buck 1 Converter (V=12 V, L = 6.8 pH, Coyt = 30 pF)
Efficiency vs. load current Vo) =33V Figure 22
PWM switching — light load V(o) = 3.3V /10 mA Figure 23
PWM switching — normal load V(o) = 3.3 V /500 mA Figure 24
Load Transient response V(o) = 3.3 V /100 mA — 500 mA Figure 25
Buck 2 Converter (V,=3.3V, L =4.7 uH, Coyr = 20 puF)
Efficiency vs. load current Vicorg) = 1.2V Figure 26
PWM switching — light load Vicorgy = 1.2V /10 mA Figure 27
PWM switching — normal load V(corg) = 1.2 V /500 mA Figure 28
Load Transient response V(corg) = 1.2V /10 mA — 300 mA Figure 29
Buck 3 Converter (V, =12V, L =6.8 uH, Coyr = 10 pF)
Efficiency vs. load current VHavop) = 9 V Figure 30
PWM switching — light load sourcing VHavop) = 9 V /10 mA Figure 31
PWM switching — light load sinking VHavop) = 9 V /-10 mA Figure 32
PWM switching —normal load sourcing V(Havop) = 9 V /500 mA Figure 33
PWM switching — normal load sinking V(Havop) = 9 V /-500 mA Figure 34
Load Transient response V(Havop) = 9 V /0 mA — 300 mA — 0 mA — -350 mA Figure 35
Boost Converter (V, =12V, L = 6.8 pH, Cysosw) = 10 UF, Coyr = 40 pF)
Efficiency vs. load current V(avop) = 18 V Figure 36
PWM switching — light load V(avop) = 18 V/ 10 mA Figure 37
PWM switching — normal load V(avopy = 18 V /500 mA Figure 38
Load Transient response V(avop)y = 18 V /100 mA — 500 mA Figure 39
Positive Charge-Pump (V, = 12 V, Diode = BAV99, R(sw) = 2.2 Q, Transistor = KTA1666, Coyr = 4.7 UF)
Light load operation Ver) =28 V/ 10 mA Figure 40
Normal load operation VeH) =28 V /50 mA Figure 41
Load Transient response VeHy) =28 V/ 10 mA — 50 mA Figure 42
Negative Charge-Pump (V, =12V, Diode = BAV99, Risw) = 2.2 Q, Transistor = KTC4376, Coyr = 4.7 UF)
Light load operation Ve =-7.9V /10 mA Figure 43
Normal load operation Ve =—7.9 V/50 mA Figure 44
Load Transient response Ve =—7.9V/ 10 mA — 50 mA Figure 45
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Figure 20. Startup Sequencing V(g Driven By Buck 1
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Figure 21. Startup Sequencing V(g Driven By Boost
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Figure 22. Buck 1 (V( o)) Efficiency vs Load Current
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Figure 23. Buck 1 (V(0)) PWM Switching — Light Load
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Figure 24. Buck 1 (Vo)) PWM Switching — Normal Load
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Figure 25. Buck 1 (V(0)) Load Transient Response
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Figure 26. Buck 2 (V(corg) Efficiency vs Load Current
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Figure 27. Buck 2 (V(corg)) PWM Switching — Light Load
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Figure 30. Buck 3 (V(navop)) Efficiency vs Load Current
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Figure 31. Buck 3 (Vpavop)) PWM — Light Load Source
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Figure 32. Buck 3 (Vyavpp)) PWM — Light Load Sink
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Figure 33. Buck 3 (V(yavpp)) PWM — Normal Load Source
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Figure 37. Boost (V(avpp)) PWM Switching — Light Load
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Figure 38. Boost (V(avpp)) PWM Switching — Normal Load
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Figure 39. Boost (V(avpp)) Load Transient Response
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Figure 40. Positive Charge-Pump (V(g)) Light Load
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Figure 41. Positive Charge-Pump (V(gH)) Normal Load
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Figure 42. Positive CP (V(gn)) Load Transient Response
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Figure 43. Negative Charge-Pump (V(g)) Light Load
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Figure 44. Negative Charge-Pump (V(g)) Normal Load
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Figure 45. Negative CP (V(g)) Load Transient Response
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8.3 System Exampl
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Figure 46. Vn) Temperature Compensation Disabled (by 1°C)
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System Examples (continued)
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Figure 47. Gate Pulse Modulation Disabled (by 1>C)
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System Examples (continued)

For best input voltage filtering low ESR ceramic capacitors are recommended. For better input voltage filtering

the capacitor values can be increased.

Internal logic: 100 nF close to the INVL-pin
Boost converter: 10 pF near the inductor

Buck 1 converter: 10 pF close to the INBK1-pins
Buck 2 converter: 4.7 pF close to the INBK2-pin (also one of the Buck 2 output capacitors can be used)
Buck 3 converter: 4.7 pF close to the INBK3-pin

Table 7. Input Capacitor Selection

CAPACITOR VOLTAGE RATING TEMPERATURE CHARACTERISTICS SUPPLIER® COMPONENT CODE
100 nF / 0402 16V X5R Murata GRM155R61C104KA88
100 nF / 0402 16V X5R Taiyo Yuden EMK105BJ104KV
4.7 uF / 0402 6.3V X5R Murata GRM155R60J475ME87
4.7 uF / 0402 6.3V X5R Taiyo Yuden JMK105BBJ475MV
4.7 uF / 0805 16V X5R Murata GRM21BR61C475KA88
4.7 uF / 0805 16V X5R Taiyo Yuden EMK212ABJ475KG
10 pF / 1206 16V X5R Murata GRM31CR61C106KA88
10 pF / 1206 16V X7R Taiyo Yuden EMK316AB7106KL

@
9

See Third-Party Products disclaimer.

Power Supply Recommendations

The device is designed to operate with input supplies from 8.6 V to 14.7 V. The input supply should be stable
and free of noise if the device's full performance is to be achieved.
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10 Layout

10.1 Layout Guideline

The PCB layout is a very important step in the power supply design. Following points should be considered.
» Place red marked components first and as close as possible to the device, keep red lines short.

e The bolder the line the wider the trace should be on the PCB because bold lines carry high currents.

« The input capacitors for INBK1, INBK3 and INVL should be placed as close as possible to the IC.

+ For V(avop) the line SW, Diode, SWI as well as the connection PGND to SWI capacitor should be kept short
and low resistive.

+ The compensation network for the Boost converter Vayppy must be placed as close as possible to the IC and
connected by short lines to COMP and AGND to avoid noise coupling.

» For V) the line SWBK1, Diode, GND of INBK1 capacitor should be kept short and low resistive.

» For V(corg) an additional input capacitor should be used when the Vo) output capacitor line is longer than 1
cm or a wide connection line is not possible to stabilize the input voltage.

» Feedback lines starting at the output capacitors should be routed through a non noisy area away from
switching traces. If possible the feedback lines should be kept short to reduce noise coupling.

* Inductors can be placed further away from the IC to avoid IC heating through the inductor.
* AllIC Grounds (AGND, PGNDx) must be connected to the Exposed Thermal PAD.
* Avoid vias in Power lines when possible because of their high inductance and resistance.

» The Exposed Thermal PAD of the QFN package must be soldered to a big GND cooling area. For good
thermal conduction to the cooling area as much as possible vias should be used to keep the device cool.

* The thermal resistor NTC should be placed away from heat sources. For most accurate environment
temperature measurement the NTC must be placed at the coldest point of the PCB.

10.2 Layout Example
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Figure 48. Example Layout
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Layout Example (continued)
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Figure 49. Sample 2-layer Layout
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11.2 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY Tl PRODUCT OR SERVICE.

11.3 #HX&IKF

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.4 FEhx

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.
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11.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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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 ©)
@ ©)

TPS65177ARHAR Active Production VQFN (RHA) | 40 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 150 TPS
65177A

TPS65177ARHAR.A Active Production VQFN (RHA) | 40 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 150 TPS
65177A

TPS65177RHAR NRND Production VQFN (RHA) | 40 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 TPS
65177

TPS65177RHAR.A NRND Production VQFN (RHA) | 40 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 TPS
65177

@ 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 Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

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

I3 TEXAS
INSTRUMENTS
www.ti.com 23-May-2025
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)
TPS65177ARHAR VQFN RHA 40 2500 330.0 16.4 6.3 6.3 11 12.0 | 16.0 Q2
TPS65177RHAR VQFN RHA 40 2500 330.0 16.4 6.3 6.3 11 12.0 | 16.0 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)
TPS65177ARHAR VQFN RHA 40 2500 552.0 367.0 38.0
TPS65177RHAR VQFN RHA 40 2500 552.0 367.0 38.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> V\£ dth
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
TPS65177ARHAR RHA VQFN 40 2500 381.5 7.92 2286 0
TPS65177ARHAR.A RHA VQFN 40 2500 381.5 7.92 2286 0
TPS65177RHAR RHA VQFN 40 2500 381.5 7.92 2286 0
TPS65177RHAR.A RHA VQFN 40 2500 381.5 7.92 2286 0
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GENERIC PACKAGE VIEW
RHA 40 VQFN - 1 mm max height

6 x 6, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4225870/A
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