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6 Pin Configuration and Functions

PWP PowerPAD™ Package
20-Pin HTSSOP With Exposed Thermal Pad

Top View
4 )
O
peno [t ____ ‘ 20| ] 2
|
L1 2 : 19 BST2
|
BST1 3 : 18 GND
|
VINP 4 : 17 vouT
|
VINL 5 T VOUT_SENSE
| Thermal |
IGN 6 | Pad : 15 PG
|
PS 7 : 14 VOS_FB
|
IGN_PWRL 8 : 13 GND
|
SS_EN 9 : 12 VREG
PG_DLY 10 e 7 n VREG_Q
\. J/
Not to scale
Pin Functions
PIN
I1o® | TYPE® DESCRIPTION
NAME NO.
PGND 1 — G Power-ground pin
L1 5 | A Buck power-stage switch node. Connect an inductor with a nominal value of 4.7 pH between the L1
and L2 pins.
BST1 3 | A Bootstrap node for the buck power stage. Connect a 100-nF capacitor between this pin and the L1
pin.
VINP 4 — P Supply-power input voltage. Connect this pin to the input supply line.
VINL 5 — P Supply-input voltage for internal biasing. Connect this pin to the input supply line.
Ignition-enable input signal. The ignition is enabled when this pin is high (1) and is disabled when
IGN 6 | D L
this pin is low (0).
PS 7 | D Logic-level input signal to enable and disable low-power mode. The power mode is low-power
mode when this pin is high (1) and is normal mode when this pin is low (1).

(1) 1= Input Pin, O = Output Pin
(2) A = Analog Pin, D = Digital Pin, G = Ground Pin, P = Power Pin

Copyright © 2017, Texas Instruments Incorporated 3
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Pin Functions (continued)

PIN a1 2
/0@ | TYPE®@ DESCRIPTION
NAME NO.
Logic-level IGN power-latch signal. The IGN pin is latched when this pin is high (1) and is not
IGN_PWRL 8 ! b latched when this pin is low (0).
Configuration pin to enable and disable the spread-Spectrum. The spread-spectrum feature is
SS_EN 9 | D L ; S
- enabled when this pin is open and disabled when this pin is low.
Configuration pin for power-good delay time. Connect this pin to a resistor with a value from 10kQ
PG_DLY 10 | A to 100kQ to configure the PG delay time from 0.5 ms to 40 ms. Connect this pin to ground for the
default PG delay time which is 2 ms (typical).
VREG_Q® 1 | A Quiet feedback pin for the gate-drive supply of the buck-boost power stages. This pin must be
- connected close to the top side of the 4.7-uF (typical) decoupling capacitor at the VREG output pin.
VREG 12 o A Gate-drive supply for the buck-boost power stages. Apply a 4.7-pF (typical) decoupling capacitor at
this pin to the power ground. The VREG pin cannot drive external loads in the application.
GND 13 — G Analog ground
For the TPS55160-Q1 and TPS55162-Q1 devices, this pin is used to adjust the VOUT
configuration. Connect this pin to a resistive feedback network with less than 1-MQ total resistance
VOS EB 14 | A between the VOUT pin, FB pin, and GND pin (analog ground).

- For the TPS55165-Q1 device, this pin is used to select the output voltage. The output voltage is set
to 5 V when this pin is connected to the GND pin. The output voltage is 12 V when this pin is
connected to the VREG pin.

PG 15 o D Output power good pin. This pin is an open-drain pin. The status of the power-good output is good
when this pin is high (1) and has a failure when this pin is low (0)
VOUT_SEN 16 | A Sense pin for the buck-boost converter output voltage. This pin must be connected to the VOUT
SE pin.
VOUT 17 (0] A Buck-boost converter output voltage
GND 18 — G Analog ground
Bootstrap node for the boost power-stage. Connect a typical 100-nF capacitor between this pin and
BST2 19 | A !
the L2 pin.
Boost power-stage switch node. Connect an inductor with a nominal value of 4.7 uH between the
L2 20 | A )
L1 and L2 pins.
PowerPAD . . The thermal pad must be soldered to the power ground to achieve the appropriate power

dissipation through the analog ground plane.

(3) The VREG_Q pin must be connected to the VREG pin at all times while the device is in operation to prevent possible electrostatic
overstress (EOS) damage to the device.

Copyright © 2017, Texas Instruments Incorporated
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7 Specifications

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

POS MIN MAX UNIT
M1.1 Protected battery voltage VINP, VINL -0.3 40 \Y
M1.2 Feedback voltage VOS_FB -0.3 55 \Y
M1.3 Low-power mode input PS -0.3 40 \%
M1.4 Low-voltage inputs IGN_PWRL, SS_EN, PG_DLY -0.3 5.5 \%
M1.5 Ignition enable input IGN -7 40 \%
M1.6 Buck-boost output voltage VOUT, VOUT_SENSE -0.3 20 \%
M1.7 Gate-driver supply VREG, VREG_Q -0.3 5.5 \%
M1.8 Buck switching node voltage L1 -0.3 40 \%
M1.9 Boost switching node voltage L2 -0.3 20 \Y
M1.10 | Boot-strap overdrive voltage BST1-L1, BST2-L2 -0.3 5.5 \%
M1.11 | Power-good output voltage PG -0.3 15 \Y
M1.12 | Ground PGND, GND -0.3 0.3 \%
M2 Junction temperature, T, —-40 150 °C
M3 Storage temperature, Tgyg -65 175 °C

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

(2) All voltage values are with respect to the network ground terminal unless otherwise noted

7.2 ESD Ratings

VALUE | UNIT
M4 Human-body model (HBM), per AEC Q100-002™ +2000
Electrostatic .
M51 |Veso) | gischarge Charged-device model (CDM), per AEC | All pins +500 v
M5.2 Q100-011 Corner pins (1, 10, 11, and 20) £750

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

POS MIN MAX | UNIT
R1.1a 1(;!;%55165@1 with VOS_FB pin connected to 2 36 v
R1.1p | >upply voltage at VINP and VINL pins (after TPS55165-Q1 with VOS_FB pin connected to 4 36| Vv

wake-up)

VREG

R1l.1c TPS55160-Q1 and TPS55162-Q1 3.6 36 \
R1.2a | Output voltage at VOUT and VOUT_SENSE pins 0 12 \%
R1.2b | Output voltage at PG pin 0 5 \%
R1.3 Input voltage on IGN pin 0 36 \%
R1.4 Input voltage on logic pins IGN_PWRL, PS and SS_EN 0 5 \%
R1.5a . TPS55165-Q1 0 5 \

Input voltage on VOS_FB pin
R1.5b TPS55160/2-Q1 0 0.8 \
R2.1 Operating free air temperature, Ta -40 125| °C
R2.2 Operating virtual junction temperature, T; -40 150| °C

Copyright © 2017, Texas Instruments Incorporated 5
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7.4 Thermal Information

TPS5516x-Q1
THERMAL METRIC® PWP (HTSSOP) UNIT
20 PINS
Rgia Junction-to-ambient thermal resistance 35.4 °C/W
Rojctop) Junction-to-case (top) thermal resistance 19.8 °C/W
Rgis Junction-to-board thermal resistance 16.8 °C/W
WIT Junction-to-top characterization parameter 0.5 °C/W
viB Junction-to-board characterization parameter 16.5 °C/W
Rosc (ot Junction-to-case (bottom) thermal resistance 0.9 °C/W

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

7.5 Electrical Characteristics — External Components

Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T, = 150°C and
recommended operating input supply range (unless otherwise noted)®

POS PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
AN.1 Value of output ceramic
Cout capacitor Connect between VOUT and PGND 18 22 47 uF
AN.1a | ESR Cour Value_of ESR of output 0 100 mo
capacitor, Coyt
Value of bootstrap ceramic ESR < 10 mQ. Connect between BST1 and
AN.2 | Cest capacitor L1 with respect to BST2 and L2 100 nF
AN.2a | ESR Cgst Value _of ESR (_)f bootstrap 0 10 mo
ceramic capacitor, Cgst
AN3 |L Value of inductor Saturation current > 2.5 A, ESR < 30 mQ 3.3 4.7 6.2 uH
AN.3a [ DCR L Value of DCR of inductor 0 40| mQ
Value of supply input ceramic 40-V compliant. Connect between VIN and
AN4 | Ciy capacitor PGND 82 10 HF
AN.4a | ESR Cpy \éalue of ESR of input capacitor, 0 100 mo
IN
Decoupling capacitor on VREG
AN.5 |Cyrec pin to ground Connect between VREG and PGND 3.9 4.7 5.6 uF
AN.5a | ESR Cyrea \éalue of ESR of input capacitor, 0 10 mo
VREG
(1) The term V) refers to the voltage on all supply pins VINP and VINL (unless otherwise noted).
7.6 Electrical Characteristics — Supply Voltage (VINP, VINL pins)
Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T, = 150°C and
recommended operating input supply range (unless otherwise noted)™®
POS PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
TPS55165-Q1 with
1l.1a VOS_FB pin connected to 2 14 36
' _ _ GND v
9 pins, P VOS_FB pin connected to 4 14 36
VREG
1.1c TPS55160/2-Q1 3.6 14 36 \%
Mini inout volt Applied at VINP and VINL pins; T; = 25°C. This minimum
12 VIN_startup fo'rng;l:tr:} INput voltage | gtage is required until VOUT > PGrh_uvi 5.3 \
P lvout < 400 MA, Cyour = 22 UF
13 | VIN Shutdown SUppIy VlN =12V, VlGN= ov, VPS= oV, VlGN_PWRL =0V, TJ = 3 A
: Sb current 25°C H

(1) The term V) refers to the voltage on all supply pins VINP and VINL (unless otherwise noted).

6
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Electrical Characteristics — Supply Voltage (VINP, VINL pins) (continued)

Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T, = 150°C and
recommended operating input supply range (unless otherwise noted)®

POS PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
TPS55165-Q1:
VIN Quiescent supply | ViN=Vien =12V, Vour =5V, loyt=0mA, T; =25°C
current Device in low-power mode, Non-switching
VOS_FB pin connected to GND

14 |lg

7.7 Electrical Characteristics — Reference Voltage (VOS_FB Pin) and Output Voltage (VOUT
Pin)

Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T, = 150°C and

recommended operating input supply range (unless otherwise noted)™®

POS PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT

TPS55160/2-Q1:
Measured at VOS_FB pin
Resistive divider with total resistance < 1 0.784 0.8 0816| V
MQ connected between VOUT, VOS_FB,
and GND pins

TPS55165-Q1:

Feedback voltage in normal mode | Measured at VOUT_SENSE pin

for Vour in fixed 5-V setting® VOS_FB pin connected to GND; VOUT pin
connected to VOUT_SENSE

TPS55165-Q1:

2 1c v Feedbacl_( V(_)Itage in norm_al mode | Measured at VOUT_SENSE pin
FBNM_12V | for Voyr in fixed 12-V setting® | vOS_FB pin connected to VREG; VOUT

pin connected to VOUT_SENSE

TPS55160/2-Q1:
Measured at VOS_FB pin
Resistive divider with total resistance < 1 0.776 08 0824, V
MQ connected between VOUT, VOS_FB,
and GND pins

TPS55165-Q1:

Feedback voltage in low-power Measured at VOUT_SENSE pin

mode for Voyr in 5-V setting® VOS_FB pin connected to GND; VOUT pin
connected to VOUT_SENSE
TPS55165-Q1:

Feedback voltage in low-power Measured at VOUT_SENSE pin

mode for Vour in 12-V setting® | vOS_FB pin connected to VREG; VOUT
pin connected to VOUT_SENSE
TPS55160/2-Q1:

Measured at VOUT_SENSE pin

Device in OFF state, INIT state, or
PRE_RAMP state; Vign =0V, Vps =0V, 250 365 850| Q
Vien pwrL =0V

Feedback voltage in normal mode

21a | Vre_NM_ag) for adjustable Vot setting®

2.1b | Vg nwsv 49 5 51| V

11.76 12 12.24 \%

Feedback voltage in low-power

228 | Vr_ps_ad mode for adjustable Vot setting©®

2.2b | Veg ps sv 4.85 5 515 V

22¢c | Ves ps 12v 1164 12 12.36| V

2.3 Vout oL Adjustable output voltage range 5.7 9 \%

Pulldown discharge resistance at

2.6 RpdVOUT VOUT

(1) The term V) refers to the voltage on all supply pins VINP and VINL (unless otherwise noted).

(2) Vps= 0 V; Average DC value excluding ripple and load transients for V|5 and load current ranges as specified in lyoyt. Inclusive DC line
and load regulation, temperature drift, and long term drift.

(3) Vps=5 V; Average DC value excluding ripple and load transients for V|5 and load current ranges as specified in lyoyt. Inclusive DC line
and load regulation, temperature drift, and long term drift.

7.8 Electrical Characteristics — Buck-Boost

Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T, = 150°C and
recommended operating input supply range (unless otherwise noted)®

(1) The term V) refers to the voltage on all supply pins VINP and VINL (unless otherwise noted).

Copyright © 2017, Texas Instruments Incorporated 7
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Electrical Characteristics — Buck-Boost (continued)

Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T, = 150°C and
recommended operating input supply range (unless otherwise noted)®

POS PARAMETER TEST CONDITIONS MIN  TYP  MAX| UNIT
3.1a 6 V < V\; DCR <40 mQ 1 A
3.1b Max output cu‘rrent in TP555165—.Q1 with |38 v < Vin £ 6 V; DCR < 40 mQ 800

lout sv normal operation for VOS_FB pin -
3.1c VOUT in 5-V setting connected to GND | 2-3V =V|y <3.8V; DCR <40 mQ 400 mA
3.1d 2V <V <23V;DCR <40 mQ 200
3.1e |14V <V)y; DCR < 40 mQ 800

. TPS55165-Q1 with

3.1f Max output currentin | ;55" iy 9.2 V< Vjy < 14 V; DCR < 40 mQ 600

louT 12v normal operation for ected
3.1g - VOUT in 12-V setting S/ORngce;Cte to 5.6 V< Vi < 9.2 V; DCR < 40 mQ 300 mA
3.1h 4V <Vy<5.6V;DCR <40 mQ 150
3.2a (Vout + 2V) < V,y; DCR < 40 mQ 800

i 0.76 * Vout < Vin £ (Vout + 2V);
3.2p Max output current in ouT = VIN out 600 mA
normal operation for TPS55160-Q1 and | DCR <40 mQ

louT_adj_vourt | adjustable TPS55162-Q1, 0.46 * Vgut < Vin < 0.76 * Vour,

3.2¢ configuration, 8V < 8V < Vour < 9V DCR < 4%U:ng " our 300 mA
Vourt < 9V 3.6 V<V)y<0.46 * Voyr; DCR <
OV =V)N<O. ouT =

3.2d 20 mQ 150 mA
3.2e Max output current in (Vout + 1V) <V)\; DCR <40 mQ 800
3.9f normal operation for TPS55160-Q1 and | 0.76 * Vout < Vi < (VouT + 1V); 600

‘ louT adj vour. | adjustable TPS55162-Q1, DCR < 40 mQ
32 \C/Onflggrg\t/lon, 5.7V < 5.7V < VOUT <8V 36V< VIN <0.76 * VOUT; DCR < 300 mA

29 ouT = 40 mQ

Max output current in
311 Jlour_ps low-power mode 50
R On-resistance buck-
3.3 dson_ stage high-side (HS) 150 300 mQ
BUCK_HS FET
R On-resistance buck-
3.4 dson_ stage low-side (LS) 150 300 mQ
BUCK_LS FET
Rdson On-resistance boost-
35 BOOST H stage HS FET 150 300 mQ
Rdson On-resistance boost-
3.6 BOOST—_LS stage LS FET 150 300 mQ
Peak current limit for
3.7 Isw_iimit HS buck, LS buck, and | Device in normal operating mode 2 35 4.5 A
LS boost
3.9 IcoilAvglimit ﬁr}r/ﬁtrage coil current Device in normal operating mode; L = 4.7 pH 2 2.8 A
Transient load step TPS55165-Q1: Measured at VOUT_SENSE pin;
3.20a | Vripsr sv_100 | response for VOUT in | VOS_FB pin connected to GND; V|y =12V, loyt = 0.1 5
5-v Setting At005A Tr=Tg= 1ps, Coyr =47 UF
Transient load step TPS55165-Q1: Measured at VOUT_SENSE pin;
3.20b | Vripsr sv 500 | response for VOUT in - | VOS_FB pin connected to GND; Viy = 12V, loyt = 0.5 5
5-v Setting AtolA, TR = TF =1 us, COUT =47 lJ.F
: TPS55165-Q1: Measured at VOUT_SENSE pin;
3.21a |Vmppe gy | QutputTipple for VOUT |, q5™ Fg i connected to GND: Viy = 12V, lour = 1 A, 55 mVpp
— in 5-V setting _
SS_EN = low
: TPS55165-Q1: Measured at VOUT_SENSE pin;
3210 | Vel 1oy | QUtRULTIDPIE for VOUT |\, 5™ Fg i connected to VREG: Vi = 14V, loyr = 0.8 5 mVpp
= in 12-V setting _
A, SS_EN = low
8 Copyright © 2017, Texas Instruments Incorporated
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7.9 Electrical Characteristics — Undervoltage and Overvoltage Lockout

Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T; = 150°C and
recommended operating input supply range (unless otherwise noted)®

POS PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
. TPS55165-Q1 with
4.1a \IZ/JIN yolt?ge ddecrfefzasrl]ng, VOS_FB pin connected to 1.8 2| Vv
V)y Undervoltage (UV) | ice wrmed-offwhen | gnp
UVLO lockout threshold Vin < UVLO i
Device is in normal TPS55165-Q1 with
4.1b operating mode VOS_FB pin connected to 3.6 4 \%
VREG
V|n Voltage decreasing; TPS55160-Q1 and
Device turned-off when TPS55162-Q1
VN Undervoltage (UV)
4lc JUVLO lockout threshold Vin < UVLO 18 2l v
Device is in normal
operating mode
V|n Voltage increasing; Device stops switching when
Vin Overvoltage (OV) | Viy > OVLO, and recovers when V)y < OVLO and IGN
42 OVLO lockout threshold =1 36 40 v
Device is in normal operating mode
4.9 Vout proT ov | VOUT OV protection Device is in normal operating mode 110% 125%
(1) The term V) refers to the voltage on all supply pins VINP and VINL (unless otherwise noted).
7.10 Electrical Characteristics — IGN Wakeup
Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T, = 150°C and
recommended operating input supply range (unless otherwise noted)®
POS PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
5.1a IGNwaKE IGN wake-up threshold V|gn Voltage increasing to wake-up device 25 3.1 3.7 \%
5.1b | IGNpp IGN power-down threshold Dj/g/,},c\éoltage decreasing to power-down 15 2.1 2.7 \%
5.2 IGNpysT IGN wake-up hysteresis 0.76 1 1.35 \%
5.3a |_IGNagy IGN pin forward input current Vign = 36 V 1 17 30 LA
at 36 V
53b | 1_IGNyy IGN pin forward input current |, = _ 15 23 37 71| pA
at12Vv
5.5 I_IGNyey IGN pin reverse current Vien=—-7V 370 650 HA
(1) The term V) refers to the voltage on all supply pins VINP and VINL (unless otherwise noted).
7.11 Electrical Characteristics — Logic Pins PS, IGN_PWRL, SS_EN
Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T; = 150°C and
recommended operating input supply range (unless otherwise noted)®
POS PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Logic input low-to-high
6.1 | Viogic IN_HIGH threshold for pins Device in power-up condition 2 Y,
IGN_PWRL PS, and SS_EN
Logic Input high-to-low
6.2 | Viosic IN_Low threshold for pins Device in power-up condition 0.74 Y,
IGN_PWRL, PS, and SS_EN
Logic input hysteresis for
6.3 | Viogic IN_HYST pins IGN_PWRL, PS, and Device in power-up condition 0.15 0.39 \%
SS_EN
Pulldown resistance on PS
6.4 | RLosic IN_PD pin to GND 35 70 111 kO
6.5 | lpulup_ss_EN Pullup current on SS_EN pin 85 266 pA
Pullup current on
6.6 | lpull-up_IGN_PWRL IGN_PWRL pin 1 8| MA
(1) The term V) refers to the voltage on all supply pins VINP and VINL (unless otherwise noted).
Copyright © 2017, Texas Instruments Incorporated 9
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7.12 Electrical Characteristics — Overtemperature Protection

Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T; = 150°C and
recommended operating input supply range (unless otherwise noted)®

POS PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT

Overtemperature shutdown o
71 TeroT protection threshold 175 210 c
Overtemperature shutdown
7.2 Thvs hysteresis 30

(1) The term V) refers to the voltage on all supply pins VINP and VINL (unless otherwise noted).

7.13 Electrical Characteristics — Power Good

Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T, = 150°C and
recommended operating input supply range (unless otherwise noted)™®

POS PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT

Deviation from nominal Vgyt to assert PG o o
low, in normal mode -10% —5%
Deviation from nominal Voyt to assert PG

8.1 PGtH_uv PG threshold undervoltage low, during low power mode to normal mode -12%
transition
Deviation from nominal Vour to assert PG -20% 5%
low, in low power mode

8.2 Vpg_Low PG output-low voltage IPGL < 1mA 0.4 \%

(1) The term V) refers to the voltage on all supply pins VINP and VINL (unless otherwise noted).

7.14 Switching Characteristics — Reference Voltage (VOS_FB Pin) and Output Voltage (VOUT
Pin)
Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T, = 150°C and
recommended operating input supply range (unless otherwise noted)™®
POS PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT

L =4.7 pH, Coyt = 22 YF; Vpoyr rising from 10%
to 90% of final value

1.5 ms

25 tstart_vouT VOUT startup time

(1) The term V) refers to the voltage on all supply pins VINP and VINL (unless otherwise noted).

10 Copyright © 2017, Texas Instruments Incorporated
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7.15 Switching Characteristics — Buck-Boost

Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T; = 150°C and
recommended operating input supply range (unless otherwise noted)®

POS PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Time until peak current limit is
3.8 tolank_tswiim | 40tive P Viy =14V 40 70| ns

Switching frequency without

311 | fsw Spread-Spectrum

VIN_max = 27 V 1860 2000 2140| kHz

Switching frequency with Spread- | VN max = 27 V; SS_EN pin not connected to

312 | fsw_ss Spectrum Enabled GND; Device in buck operation

1800 2100 2400| kHz

Minimum on time in buck

3.14 ton_Min_Buck operation Device in normal operation mode 55 65 ns

3.15 ton_Max_Boost (’;ﬁﬁg&%ﬁ on time in boost Device in normal operation mode 350 400 450 ns

3.16 ton_Max_Bst L | Maximum boost on time in power 4 us
' PM save mode

(1) The term V) refers to the voltage on all supply pins VINP and VINL (unless otherwise noted).

7.16 Switching Characteristics — Undervoltage and Overvoltage Lockout

Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T, = 150°C and
recommended operating input supply range (unless otherwise noted)™®

POS PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
4.3 tdegLVINUVOV Viy UV and OV deglltch time 40 50 60 us
4.8 |tgeg vrREguvov | VREG UV and OV deglitch time 10 us

(1) The term V) refers to the voltage on all supply pins VINP and VINL (unless otherwise noted).

7.17 Switching Characteristics — IGN Wakeup
Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T; = 150°C and
recommended operating input supply range (unless otherwise noted)™®

POS PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
5.6 IGN_deg IGN deglitch filter time 7.5 22 ms

Time from IGN high till VOUT
crossing 95% of the end-value

5.7 IGNstartup_time 25 ms

(1) The term VIN refers to the voltage on all supply pins VINP and VINL (unless otherwise noted).

7.18 Switching Characteristics — Logic Pins PS, IGN_PWRL, SS_EN

Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T, = 150°C and
recommended operating input supply range (unless otherwise noted)™®

POS PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
. Delay time betweein the toggling of the
6.7 tbelay IGN_PWRL Ipr;r?ut Delay time for IGN_PWRL IGN_PWRL pin and the state change of 213 256 272 us
the signal inside the device
Input Delay time for PS pin Delay time between pullping the PS high
6.82 | tpelay_ps_L2H pulling high and the device enters low-power mode 59 136 HS

Delay time between releasing the PS pin
and the device enters normal mode from 262 510 us
low-power mode

Input Delay time for PS pin going

6.8D | tpelay Ps HaL low

(1) The term V) refers to the voltage on all supply pins VINP and VINL (unless otherwise noted).
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7.19 Switching Characteristics — Power Good

Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T; = 150°C and
recommended operating input supply range (unless otherwise noted)®

POS PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
8.3 PGpegiitch PG deglitch filter time 45 50 55 us
8.4a PG_DLY Shorted to VREG 40
ms
8.4b PG PG extension time (r|s|ng edge 100 kQ between PG_DLY and GND 30
8.4c exttime only) 10 kQ between PG_DLY and GND 4 ms
8.4d PG_DLY grounded 0.7 ms
(1) The term V) refers to the voltage on all supply pins VINP and VINL (unless otherwise noted).
7.20 Typical Characteristics
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8 Detailed Description

8.1 Overview

The control circuit of the TPS5516x-Q1 buck-boost converter is based on an average current-mode topology.
The control circuit also uses input and output voltage feedforward. Changes of input and output voltage are
monitored and the duty cycle in the modulator is immediately adapted to achieve a fast response to those
changes. The voltage error amplifier gets its feedback input from the VOS_FB pin. The feedback voltage is
compared with the internal reference voltage to generate a stable and accurate output voltage.

The buck-boost converter uses four internal N-channel MOSFETSs to maintain synchronous power conversion at
all possible operating conditions. This feature enables the device to keep high efficiency over a wide input
voltage and output power range. To avoid ground shift problems caused by the high currents in the switches,
separate ground pins (GND and PGND) are used. The reference for all control functions are the GND pins. The
power switches are connected to the PGND pins. Both grounds must be connected on the PCB at only one point
which is ideally close to the GND pin. Because of the 4-switch topology, the load is always disconnected from the
input during shutdown of the converter.

To drive the high-side switches of the buck and the boost power stages, the buck-boost converter requires
external boot-strapping ceramic capacitors with low ESR. These bootstrap capacitors are charged by the VREG
supply. The VREG supply requires a low-ESR ceramic capacitor for loop stabilization, and must not be loaded by
the external application. The VREG supply is also used to drive the low-side switches of the buck and boost
power stages. At device start-up, the VREG pin is supplied by the input voltage. When the buck-boost output
voltage is greater than its power-good threshold (the PG pin is high), the VREG pin is supplied by the output
voltage to reduce power dissipation.

The device can be enabled with the IGN pin, and, when enabled, the device has a power-latch function which
can be selected with the IGN_PWRL pin. This function allows an external MCU to keep TPS5516s-Q1 device on
even after the IGN pin goes low.

For the TPS55160-Q1 and TPS55165-Q1 devices, the operation mode of the buck-boost converter can be
selected through the PS pin. When the PS pin is low, the buck-boost operates in normal mode with a constant
fixed switching frequency. When the PS pin is high, the buck-boost operates in low-power mode with pulse-
frequency modulation.

The TPS55160-Q1 and TPS55165-Q1 devices also have a frequency spread-spectrum option that can be
enabled or disabled through the SS_EN pin.

The output voltage of the TPS55165-Q1 device is selected as a fixed 5 V or fixed 12 V through the VOS_FB pin.
The TPS55160-Q1 and TPS55162-Q1 devices have an adjustable output voltage from 5.7 V to 9 V through an
external feedback network.

RN © 2017, Texas Instruments Incorporated 15


http://www.ti.com.cn/product/cn/tps55160-q1?qgpn=tps55160-q1
http://www.ti.com.cn/product/cn/tps55162-q1?qgpn=tps55162-q1
http://www.ti.com.cn/product/cn/tps55165-q1?qgpn=tps55165-q1
http://www.ti.com.cn

TPS55160-Q1, TPS55162-Q1, TPS55165-Q1

I} TEXAS
INSTRUMENTS
ZHCSH41 —NOVEMBER 2017 www.ti.com.cn
8.2 Functional Block Diagram
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8.3 Feature Description

8.3.1 Spread-Spectrum Feature

The TPS55160-Q1 and TPS55165-Q1 devices have a spread-spectrum feature to modulate the switching
frequency through a pseudo-random algorithm.

This spread-spectrum feature is enabled and disabled through the SS_EN pin. When the SS EN pin is
unconnected, the spread-spectrum feature is enabled. The SS_EN pin is internally pulled up with a pullup current
between 100 pA and 200 pA. When the SS_EN pin is connected to ground, the spread-spectrum feature is
disabled.

This feature can only be enabled when the device is in normal mode with step-down operation. This feature
cannot be enabled in low-power mode.

8.3.2 Overcurrent Protection

The buck-boost regulator has two ways of protecting against overcurrent conditions. When the buck-boost is in
regulation (essentially the output voltage is at the target voltage), the average current limit provides the protection
against overcurrent conditions. When the average current limit is activated (essentially the maximum inductor
average current is reached), the output voltage gradually decreases, but the control loop tries to maintain the
target output voltage. So when the overcurrent condition clears before the buck-boost control circuit gets too far
out of regulation, the output voltage gradually reaches its target voltage level again.

The buck-boost regulator limits the peak-overcurrent in the power MOSFETs. When such a peak-overcurrent
event occurs, the buck-boost regulator shuts down and restarts after 5.5 ps. If three peak-overcurrent events
occur, and the time between each of these peak-overcurrent events is less than 10 3rs, the device goes into the
PRE_RAMP state and a 12-ms time-out is started. The device restarts and goes from the PRE_RAMP state to
the RAMP state after this 12-ms time-out expires and the IGN pin is high.

When the device operates in low-power mode, both the average current limit and the peak-current limit protection
functions are disabled.

8.3.3 Overtemperature Protection

The internal Power-MOSFETs are protected against excess power dissipation with junction overtemperature
protection. In case of a detected overtemperature condition, the TPS55165-Q1 device goes to the PRE_RAMP
state (the buck-boost regulator is switched off and the VREG supply is enabled) and a 12-ms time-out is started
when the overtemperature condition is cleared. The device restarts in the PRE_RAMP state after this 12-ms
time-out expires, the overtemperature condition disappeared, and the IGN pin is high.

When the device operates in low-power mode, this overtemperature protection function is disabled.

8.3.4 Undervoltage Lockout and Minimum Start-Up Voltage

The TPS55165-Q1 device has an undervoltage lockout (UVLO) function. When the device operates in normal
mode (the PS pin is low), this UVLO function puts the device in the OFF state when the input voltage is less than
the UVLO threshold. The device restarts when the IGN pin is high and the input voltage is greater than or equal
to the minimum input voltage for startup, which must be maintained until the output voltage is greater than the
PG undervoltage threshold.

When the device operates in low-power mode, this UVLO function is disabled.

8.3.5 Overvoltage Lockout

The TPS55165-Q1 device has an overvoltage lockout (OVLO) function. When the input voltage is greater than
the OVLO threshold while the device operates in normal mode (the PS pin is low), this OVLO function puts the
device in the PRE_RAMP state (the buck-boost regulator is switched off and the VREG supply is enabled), and a
12-ms time-out starts. The device restarts in the PRE_RAMP state after this 12-ms time-out expires, the input
voltage is less than the OVLO threshold, and the IGN pin is high.

When the device operates in low-power mode, this OVLO function is disabled.
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Feature Description (3T )
8.3.6 VOUT Overvoltage Protection

When the device operates in normal mode (the PS pin is low) and the output voltage is greater than or equal to
the VOUT overvoltage protection, the device goes to the PRE_RAMP state (the buck-boost regulator is switched-
off and the VREG supply is enabled) and a 12-ms time-out starts when the output voltage is less than the VOUT
overvoltage protection. The device restarts in the PRE_RAMP state after this 12-ms time-out expires, the output
voltage is less than the VOUT overvoltage protection, and the IGN pin is high.

When the device operates in low-power mode, this VOUT overvoltage protection function is disabled.

8.3.7 Power-Good Pin

The power-good (PG) pin is a low-side FET open-drain output which is released as soon as the output voltage is
greater than the PG undervoltage threshold (essentially the output voltage is rising) and the extension time
(PGexiiime) IS expired. The intended usage of this pin is to release the reset of an external MCU. Therefore, the
logic-input signals (IGN_PWRL and PS) are considered to be valid only when the PG pin reaches the high level.

When the output voltage is less than the PG undervoltage threshold (essentially the output voltage is falling) for a
time longer than the PG deglitch filter time, the PG pin is pulled low. When the PG pin is low, the level of the PS
and IGN_PWRL pins is interpreted as low, regardless of the actual level. The device goes to the OFF state if the
IGN pin is low under this condition. For more information on the behavior of the PG pin for rising and falling
output voltage, see B 16 through & 20.

The PG pin is operational in low-power mode. The PG extension time can be configured by connecting the
PG_DLY pin to the VREG pin, the GND pin, or through an external resistor with a value from 10 kQ to 100 kQ to
the GND pin. The extension time is as follows for the listed configurations:

*  When the PG_DLY pin is shorted to the VREG pin, the typical PG extension time is 40 ms.
* When the PG_DLY pin is connected to the GND pin, the typical PG extension time is 0.6 ms.

* When the external resistor between the PG_DLY and GND pins has a value of 10 kQ, the typical PG
extension time is 3 ms.

* When the external resistor between pin the PG_DLY and GND pins has a value of 100 kQ, the typical PG
extension time is 30 ms.

8.4 Device Functional Modes

8.4.1 State Diagram
B 15 shows the state diagram.
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Note:

The 12-ms time-out from the PRE_RAMP state to the RAMP state starts only when all conditions for going to the RAMP state are satisfied. As soon as one of these
conditions is violated, the 12-ms time-out is reset.

The oscillator is turned off in low-power mode. The oscillator is turned back on upon detecting a negative edge on the PS pin, or a negative edge on the PG pin
which requires the device to go out of low-power mode and enter normal mode again.

15. State Diagram
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8.4.2 Modes of Operation

The operational mode of the buck-boost converter is selected through the PS pin. When the PS pin is low, the
buck-boost operates in normal mode with a constant fixed switching frequency. When the PS pin is high, the
buck-boost operates in low-power mode with pulse-frequency modulation.

8.4.2.1 Normal Mode

To regulate the output voltage at all possible input voltage conditions, the buck-boost converter automatically
switches from step-down operation to boost operation and back as required by the configuration. The regulator
always uses one active switch, one rectifying switch, one always-on switch, and one always-off switch.
Therefore, the regulator operates as a step-down converter (buck) when the input voltage is higher than the
output voltage, and as a boost converter when the input voltage is lower than the output voltage. In normal
mode, no mode of operation is available in which all four switches are permanently switching. Controlling the
switches in this way allows the converter to maintain high efficiency at the most important point of operation;
when the input voltage is close to the output voltage. The RMS current through the switches and the inductor is
kept at a minimum to minimize switching and conduction losses. For the remaining two switches, one is kept
permanently on and the other is kept permanently off which causes no switching losses.

In normal mode, the converter operates in full continuous mode at a fixed switching frequency of 2 MHz (typical)
for the entire load-current range, even with no load at the output. No pulse-skipping should occur for supply
voltages from 2 V to 27 V.

8.4.2.2 Low-Power Mode

When the buck-boost converter is in low-power mode, the output voltage is monitored with a comparator with its
threshold at the regulation target voltage. When the buck-boost regulator goes to low-power mode, the converter
temporary stops operating and the output voltage drops. The slope of the output voltage depends on the load
and output capacitance. As the output voltage decreases to less than the regulation target voltage, the device
ramps up the output voltage again by giving one or several pulses until the output voltage exceeds the regulation
target voltage. In low-power mode, the buck-boost operates in 4-switch mode, which allows regulation at the
target output voltage regardless of whether the input voltage is greater than or less than the target output voltage
value.

After the device enters low-power mode, the internal oscillator is turned off. As a result of the oscillator being
turned off, all signal deglitching functions are disabled while the device is in low-power mode. These functions
include the V| and VREG OV and UV signal deglitch functions, and the IGN input signal deglitch function.
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8.4.3 Power-Up and Power-Down Sequences
16 shows the power-up and power-down sequence without the usage of the IGN_PWRL pin.
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A. The actual ramp-down time of the output voltage depends on external load conditions.

m
m
T
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(e}
<

16. Power-Up and Power-Down Sequence With Normal Mode and Low-Power Mode, Without Usage of
IGN_PWRL
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B 17 shows the power-up and power-down sequence with usage of the IGN_PWRL pin.
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A. The actual ramp-down time of the output voltage depends on external load conditions.

17. Power-Up and Power-Down Sequence With Normal Mode and Low-Power Mode, With Usage of

IGN_PWRL
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® 18 shows a power-up and power-down sequence in low-Power mode with the IGN pin low. B 18 shows that
after the device is powered on in the OFF state, the device is in low-power mode when the PS pin is high
regardless of what was applied on the IGN and IGN_PWRL input pins.
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A. The actual ramp-down time of the output voltage depends on external load conditions.

18. Power-Up and Power-Down Sequence With Low-Power Mode When IGN and IGN_PWRLare low
(Essentially When the ECU is in Sleep or Standby mode)
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B 19 shows that when the device starts in the OFF state, the buck-boost converter always enters normal mode
first, even when the PS pin was previously set high. The device can only enter low-power mode when the PG
output pin is set high. B 19 also shows that the device does not start-up as long as the IGN pin is low.

IGN » Deglitch time
| | 7.5 ms (min) to 22 ms (max)

|
)
.
|
|
|
| ,
| | t 1
| | Delay_IGN_PWRL Delay_IGN_PWRL
IGN_PWRL ! |
| | T |
| | | |
| | | |
+ . 1 1
Ps : : tDeI\ay,Ps,LZH " ey ps
| | > Mg
; ! ' |
| ] i |
1 | | | |
] | o [
VREG | | Lo b
VREG =45V (typ) - —————— 4-- : | ! L
VREG_UV level [~~~ — =~ B e ity | bbb it S b b
(minimum 3.7 V) : : | : : :
| I : I [
| , I [
vouT ! | I | '
A | | | | | |
R et e e ] K+-———mm -
I ) |
VOUT PG level F————————————~— Bl . e i N

(45510 4.75 V)

/ See Note A

——»  PGexime

|

! |
! I
! I
! I
| ,
|

! | |
| VOUTreen | 2 ms (typ) |
|

|

|

|

|

|

|

1

P‘Cf :2 ms (typ) | :<—>| PGeegien
|
| ! |
| PGuegiich :<—N | | |
| | | T
| | | |
Il " Il Il
' | | |
Operation Mode | Load ' : | . !
4 IEEPROM, |
|

I

I

I

I

I

I

I

I

I

I

I

I

I

L

I

I

T

I

I

I

— '
I |

OFF X INIT X RAMP X NORMAL X LOW-POWER MODE X OFF
A MODE /!

A. The actual ramp-down time of the output voltage depends on external load conditions.

Note:  The buck-boost converter always enters normal mode first after ramp up before it can enter low-power mode.

19. Power-Up Behavior With PS Pin Previously Set High
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B 20 shows that the device only can start-up in the OFF state when the IGN pin is high. Setting the IGN_PWRL
pin before the IGN pin is high does not start-up the device. B 20 also shows that the IGN_PWRL signal is only
valid after the PG pin is high and the PGpgjich time has elapsed.
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A. The actual ramp-down time of the output voltage depends on external load conditions.
Note: The device does not start-up until the IGN pin is high. The IGN power-latch is only be set after the PG pin is high.

20. Power-Up Behavior With IGN_PWRL Set High Prior to High IGN
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8.4.4 Soft-Start Feature

On power up, the device has a soft-start feature which ramps the output of the regulator at a steady slew rate.
The soft-start ramp time is 0.5 ms by default. When the device pulls the PG pin low because of a VOUT
undervoltage condition while the device is in normal mode, the device stays in normal mode and tries to get to
the VOUT level again without soft-start slew-ramp control.

8.4.5 Pulldown Resistor on VOUT

When the buck-boost regulator is disabled (in the OFF state, INIT state, and PRE_RAMP state), an internal
active pulldown circuit (specified as Rpdyoyt in the Electrical Characteristics — Reference Voltage (VOS_FB Pin)
and Output Voltage (VOUT Pin) table) pulls down the VOUT pin.

8.4.6 Output Voltage Selection
The configuration of the output voltage is selectable through the VOS_FB pin.

The fixed output voltage of the TPS55165-Q1 device is 5 V when the VOS_FB pin is connected to ground and is
12 V when the VOS_FB pin is connected to the VREG pin. For the TPS55165-Q1 device in the 5-V configuration
(VOS_FB pin connected to ground), the UVLO threshold is set to less than 2 V. When the TPS55165-Q1 device
is in the 12-V configuration (VOS_FB pin connected to the VREG pin), the UVLO threshold is set to less than 3.6
V. For the TPS55162-Q1 device, the UVLO threshold is also set to less than 3.6 V.

For the adjustable output voltage of the TPS55160-Q1 and TPS55162-Q1 devices, connect the VOS_FB pin to
the external feedback network. The total resistance of this external feedback network must be less than 1 MQ
(essentially, this value must be similar to or less than the implemented total resistance of the implemented
internal feedback network for the 12 V setting).
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9 Application and Implementation

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

x

validate and test their design implementation to confirm system functionality.

9.1 Application Information

The TPS5516x-Q1 family of devices is a high-voltage synchronous buck-boost DC-DC converter with all four
power MOSFETSs integrated. Each device in the device family can produce a well-regulated output voltage from a
widely-varying input voltage source such as an automotive car battery. If the input voltage is higher than the
output voltage, the TPS5516x-Q1 device operates in step-down mode. If the input voltage is lower than the
output, the device operates in step-up mode. If the input voltage is equal or close to the output voltage, the
device operates between the step-down and step-up mode. The buck-boost overlap control ensures automatic
and smooth transition between step-down and step-up (This is ok. Step-up and step-down modes were
mentioned in the first page of the spec)modes with optimal efficiency. The output voltage of the TPS55165-Q1
device can be set to a fixed level of 5V or 12 V. The output voltage of the TPS55160-Q1 and TPS55162-Q1
devices is programmable from 5.7 Vto 9 V.

9.1.1 Application Circuits for Output Voltage Configurations

21 and B 22 show the application diagrams for the adjustable output configuration.
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21. TPS55160-Q1 Application Diagram for Adjustable Output Voltage
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22. TPS55162-Q1 Application Diagram for Adjustable Output Voltage

Use 43 1 to calculate the output voltage.

R1+R2
—X

V
R2 FB

VOUT =

where

* Vgis 0.8 V (see Electrical Characteristics — Reference Voltage (VOS_FB Pin) and Output Voltage (VOUT

Pin)).

@
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Application Information (T R)

23 shows the TPS55165-Q1 device in the 5-V configuration.
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23. TPS55165-Q1 Application Diagram for 5-V Voltage
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24 shows the TPS55165-Q1 device in the 12-V configuration.
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24. TPS55165-Q1 Application Diagram for 12-V Voltage

CAUTION

is 5.5 V.

For TPS55165-Q1 in 12-V configuration (VOS_FB is shorted to VREG), the PG pin
must be tied to an external 5-V supply through a pullup resistor. Tying the PG pin to a
supply greater than 5.5 V could damage the device in the unlikely event of a shortage
between the PG pin and the adjacent VOS_FB pin, which is tied to the VREG pin in
the 12-V output configuration. The absolute-maximum voltage rating of the VREG pin

30
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9.2 Typical Application

The TPS5516x-Q1 family of devices requires a minimum number of external components to implement a buck-
boost converter. B 25 shows the typical schematic for the TPS55165-Q1 device in the 5-V configuration.
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25. TPS55165-Q1 Buck-Boost Converter for Fixed 5-V Output

9.2.1 Design Requirements
%= 1 lists the design requirements for & 25.

F 1. Design Requirements

PARAMETER VALUE
Vv The least input voltage after startup. oV
IN_MIN The lout wax load current deratings listed in this table apply for Viy < 5.3 V.
VIN_startup The minimum input voltage required for startup. >53V
VIN_ MAX The greatest input voltage after startup. 36V
Vout The output voltage. 5V
The maximum output current at Viy 2 5.3V 1A
lout_max The maximum output current at 3.8 V< V|y <5.3V 0.8A
The maximum output current at 2.3V <V|y<3.8V 04A

9.2.2 Detailed Design Procedure

9.2.2.1 Power-Circuit Selections: C, L, Cout

The TPS5516x-Q1 family of devices integrates not only the power switches but also the loop compensation
network as well as many other control circuits which reduces the number of required external components. For
the internal loop compensation to be effective, the selection of the external power circuits (power inductor and
capacitor) must be confined. Tl strongly recommends users selecting the component values as follows: 3.3-pH to
6.2-uH power inductor, 18-uF to 47-uF output capacitor, and 8.2-uF or greater input capacitor. Because the
TPS5516x-Q1 device switches at about 2 MHz, a shielded inductor and X5R-type or X7R-type ceramic
capacitors should be used for the power circuit.
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Considering the component tolerance, the following power component values were selected for this design
example:

o ClN =20 lJ.F
* Cour=22pF
e L=4.7pH

For the input capacitor (C,y), the voltage rating should be greater than the maximum input voltage (Vi max)-
Therefore, two, 10-uF X7R capacitors rated for 50 V were selected for this design example. Adding a small, high-
frequency decoupling ceramic capacitor (Cy,np With a value of 100 nF typical) in parallel with the input capacitor
is recommended to better filter out the switching noises at the VINP pin. Adding another decoupling ceramic
capacitor (Cy,y. With a value of 470 nF typical) is also recommended for the VINL pin.

The output capacitor (Coyt), receives a voltage of 5 V. Considering some voltage-rating margin, two 10-uF X7R
capacitors rater for 10 V or greater and one, 2.2-uF X7R-type capacitor rated for 10 V or greater in parallel were
selected for the output capacitor. Adding a small, high-frequency decoupling ceramic capacitor (Cyogy With a
value of 100 nF typical) in parallel with the output capacitor is recommended to better filter out the switching
noises at the VOUT_SENSE pin.

The power inductor (L) should be a shielded type, and it should not saturate during operation. The inductor
should also be able to support the power dissipation under the maximum load. Use the calculations in the
following sections to find the required current capabilities for the inductor.

9.2.2.1.1 Inductor Current in Step-Down Mode

Use 43 2 to calculate inductor peak-ripple current in the step-down, or buck, mode (lok_buck)-

1 Vour . 1-Dpuk
| ==x X
pk _buck 2 L fS

where
e Vgur is the output voltage.
e L is the value of the inductor.
* Dy is the duty cycle (refer to 243 3).

« fg is the switching frequency. (2)
Vourt
Douck = v
IN ?3)

The maximum peak-ripple current of the inductor (I,) occurs when the duty cycle is at the minimum value,
specifically when the input voltage (V) is at the maximum value which yields the value shown in 23 4.

5V
Dy .y = ——— =0.139
buck = 35y @)

Substitute the values for fg, L, and Dy, in 23\ 2 to find the peak-ripple current as shown in 2 5.
1 5V o 1-0.139

b buck == X = 0.458 A
PRDHCE 27 47uH 2MHz )

The power dissipations can be determined by the RMS current of the inductor. Use 23 6 to calculate the RMS
current of the inductor in buck mode (Iiyns_puck)-

2 1 2 2,1 2
Irms_buck = \/IOUT +§ Xka_bUCk = \/1A +§ x0.458 A =1.1A (6)

Use 243 7 to calculate the approximate power dissipation of the inductor in buck-mode (Ploss_L_buck)-

12
PIossiLibuck - Irmsibuck x Rdc @)
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9.2.2.1.2 Inductor Current in Step-Up Mode
Use A3 8 to calculate the inductor peak-ripple current in the step-up, or boost, mode (ipk_boost)-

L b :EXVINXDboost
pk_boost = 5 "

fsw
where
*  Dyoost is the duty cycle in boost mode (refer to A3 9). (8)
D - Your —Vin
boost — V.
vouT 9)

In general, the maximum peak-ripple current occurs at 50% duty cycle. In this example, because of the power
derating versus the input voltage, a few calculations can find that the maximum RMS current occurs when the
input voltage is approximately 3.8 V, of which the load current is 0.8 A, according to & 1. 243 10 and 23 11
show the peak-ripple current under this condition.

5V-3.8V

Diost =~ gy~ = 0-240 )
e oot _1 38V 0240 o0

- 2 47pH " 2MHz 11)

The power dissipations can be determined by the RMS current of the inductor. Use 2= 12 to calculate the RMS
current of the inductor in buck mode (liyns_poost)-

2 2
Irms_boost :\/[ lour ] +£X|pk_boost2 :\/[—0'8 A j +l><0.049 A2 =1.053 A

1-Dpgost 3 1-0.24 3 (12)
Use A3 13 to calculate the approximate power dissipation of the inductor in boost-mode (Ploss_L_boost)-
2
I:’IossiLiboost = Irmsfboost X Rdc (13)

9.2.2.1.3 Inductor Current in Buck-Boost Overlap Mode

When input voltage is very close to the output voltage, the device operates in buck-boost overlap mode, and the
L1 and L2 pins are switched alternatively in consecutive cycles. The small voltage difference between the input
and output voltage leads to a small amount of ripple current through the inductor. Therefore, the total inductor
current is essentially the load current with small ripples superimposed onto it, and the RMS current is
approximately the same as the load current, which is 1 A.

2
I:)Iosstfbuckboost =15 xRge (14)

9.2.2.1.4 Inductor Peak Current

Because the TPS5516x-Q1 device has internal peak current limit (Isw jimi) Of 4.5 A (maximum), this current
should be considered when selecting the power inductor. Select the inductor of the saturation current (Isat) with
a minimum value of 4.5 A so that the inductor never gets saturated. TI recommends using a shielded inductor.

9.2.2.1.5 Inductor Peak Current

For this design example, select an AEC-Q200 Grade 0, shielded inductor with the following characteristics:
* Is a surface-mount device (SMD)

* Has an inductance of 4.7 pH

e Supports a saturation current (Isa7) of 4.8 A

» Israted for an RMS current (l,,s) of 1.5 A or larger

* Israted for a DC load (Ry) of 0.04 Q or smaller
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9.2.2.2 Control-Circuit Selections

9.2.2.2.1 Bootstrap Capacitors

The bootstrap capacitors (Cgst; and Cgso) supply the internal high-side MOSFET driver. Tl recommends using
a 0.1-pF, X7R-type ceramic capacitor rated for 15 V or larger for the bootstrap capacitors.

9.2.2.2.2 VOUT-Sense Bypass Capacitor

To improve noise immunity, connect a 0.1-uF, X7R-type ceramic capacitor rated for 25 V or greater to the VOUT
pin.

9.2.2.2.3 VREG Bypass Capacitor

The VREG supplies the internal control circuit as well as the drivers for the integrated low-side driver. To improve
noise immunity and stabilize the internal VREG regulator, Tl recommends connecting a 4.7-uF, X7R-type
ceramic capacitor rated for 25 V or greater between the VREG and GND pins.

9.2.2.2.4 PG Pullup Resistor and Delay Time

The power-good indicator pin (PG) is an open-drain output pin. The PG pin requires an external pullup resistor to
flag the power-good status. For this design example, select a 100-kQ resistor to pull up the PG pin from the
output rail.

The PG_DLY pin sets the delay time for the PG status to flip. Follow the instructions listed in the Power-Good
Pin to program the delay.

9.2.3 Application Curves
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10 Power Supply Recommendations

The TPS5516x-Q1 family of devices is a power-management device. The power supply for the device is any DC-
voltage source within the specified input range. The supply should also be capable of supplying sufficient current
based on the maximum inductor current in boost-mode operation. When connecting to the power supply and
load, try to use short and solid wires. Twisting the pair of wires for the input and output helps minimize the line
impedance and avoid adversary interference with the circuit operation.

11 Layout

11.1 Layout Guidelines

The layout of the printed-circuit board (PCB) is critical to achieve low EMI and stable power-supply operation as
well as optimal efficiency. Make the high frequency current loops as small as possible, and follow these
guidelines of good layout practices;

« The TPS5516x-Q1 family of devices is a high-frequency switching converter. Because the four switch
MOSFETSs are integrated, the device should be located at the center of the DC-DC power stage. Separate the
power ground and analog ground such that the control circuit can be connected to the relatively quieter
analog ground without being contaminated by the noisy power ground. Use the PGND pin, GND pin, and the
device PowerPAD as the single-point connection between the analog and power grounds.

« Identify the high-frequency switched AC-current loops. In step-down mode, the AC current loop is along the
path of the input capacitor (Cyy), L1 pin, internal buck-switch leg, and PGND pin, and closes at the input
capacitor. In step-up mode, the AC current loop is along the path of the output capacitor (Coyt), L2 pin,
internal boost-switch leg, and PGND pin, and closes at the output capacitor. These two AC-current loops are
both involved in buck-boost overlap mode.

» Optimize component placement and orientation before routing any traces. Place the input and output filter
capacitors, the device, and the power inductor close together such that the AC-current loops are short, direct,
and the spatial areas enclosed by the loops are minimized. Make the power flow in a straight path rather than
a zigzag path on the board.

» Place the high frequency decoupling ceramic capacitors for the input and output as close as possible to the
device with the main input and output ceramic capacitors placed next to the high-frequency capacitors. This
placement helps confine the high switching noises within a very small area around the device.

» Place the VREG decoupling capacitor close to the VREG pin because it serves as the supply to the internal
low-side MOSFETSs drivers. Because the VREG pin receives power from the output rail, the ground lead of
the VREG decoupling capacitor should connect directly to the Cqr ground to improve device noise immunity.

x
The VREG_Q pin must always connect to the VREG pin. Both pins should have a Kelvin
connection to the decoupling capacitor.

» Place the bootstrap capacitors (Cgst; and Cggro) close to the device with short and direct traces to connect to
the corresponding device pins becuase these capacitors serve as the supplies to the internal high-side
MOSFETSs drivers

» Place the VOUT_SENSE decoupling capacitor (Cyosy) close to the device. Give the placement of this
capacitor priority over the main output capacitors.

* For TPS55160-Q1 or TPS55162-Q1, place the sense-resistor divider for the output voltage close to the
device.

» Use eight to nine via holes with a 0.3 mm diameter in the device PowerPAD to help dissipate heat through
the layers of the ground plane. Additional vias holes around the device PowerPAD can further enhance heat
dissipation.

» Use at least ten via holes with a 0.3 mm diameter around the input and output capacitors that are connected
to ground-plane layers to minimize the PCB impedance for power current flows.
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11.2 Layout Example
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30. Example Circuit Layout

36 JiR# © 2017, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps55160-q1?qgpn=tps55160-q1
http://www.ti.com.cn/product/cn/tps55162-q1?qgpn=tps55162-q1
http://www.ti.com.cn/product/cn/tps55165-q1?qgpn=tps55165-q1
http://www.ti.com.cn

13 TEXAS

INSTRUMENTS
TPS55160-Q1, TPS55162-Q1, TPS55165-Q1
www.ti.com.cn ZHCSH41 —NOVEMBER 2017
12 2RI SCRY 7 Fr
12.1 23

12.1.1 FFRHE
BHRIFKSEFE, S
TPS55160-Q1 PSpice s fii 7Y

12.2 XCRYFF

12.2.1  MFRICRY

TE 2 R AH S SORY

TEINAES (TN, (T LA HHJEES [ L T 1 #e 45 1) TPS5516XQ1-EVM - h L F 15 7 )
12.3 HHREER:

;gg’%é*@ﬂtﬂ?%ﬁiﬁl‘ﬂ%%o FOMNEFEEAR SR SF SRR TR, LR TR B0W L™ i i)
ek Rz

* 2. MHHERE
LG F= i 3 FE R 503K HARSCRY T H AR A4 ZHRFAIALIX
TPS55160-Q1 15 s Ak 15 s Ak 15 s Ak 15 s Ak 1 i Ak
TPS55162-Q1 15 s Ak 15 B Ak 15 B Ak 15 B Ak 1 i Ak
TPS55165-Q1 15 s Ak 15 B Ak 15 B Ak 15 B Ak 1 i Ak

12.4 X

THEEEREMET T £XERVERE, SEANTHEN N2 EERBEEEH, XERNBEHTFHEE T HEARAE ,

HAFT—ERBRTIONS ; FSE TIH FERZR .

TIE2E™ E& X TI 9 TEIFXT TP (E2E) # X, W XWSIEBNETREH IRFZENIE, &
e2eticom F |, B LLZRWRE, 2ZHR, HEREBERHERTIEM BB R,

it TI 2RI %#F B EREEREEYHN E2E iz, BiIXEIEURFAZIENRRER.

12,5 FEkx
PowerPAD, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

12.6 FRHEMBES
ESD Al SR iz i B (N (38 (TI) SOt 2410 T 48 i AL 30 A S A B o A SRS TE W B B R 2 R |, T
A EETIRER.

m ESD [45i3/N 8 SERUNOTERERES , REBASAR.  FS AR AT RE A 5 2B | X2 KRR 4030 2 808 o vy
A2 PBGRT  FRAT RIS RS -
12.7 Glossary

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

13 MU, BERATATIEE B

CUR DU A &AL BRI AT IS 2o 185 o2 i e e IF B ol il e . Bl 205, WA BATIEAM A Z
TTRESCR o BRI it U W S A S A AR, T2 1) 2 M R 3 A

AL © 2017, Texas Instruments Incorporated 37


http://www.ti.com.cn/product/cn/tps55160-q1?qgpn=tps55160-q1
http://www.ti.com.cn/product/cn/tps55162-q1?qgpn=tps55162-q1
http://www.ti.com.cn/product/cn/tps55165-q1?qgpn=tps55165-q1
http://www.ti.com.cn
http://www.ti.com/cn/lit/zip/slvmca5
http://www.ti.com/cn/lit/pdf/SLVUAY1
http://www.ti.com.cn/product/cn/TPS55160-Q1?dcmp=dsproject&hqs=pf
http://www.ti.com.cn/product/cn/TPS55160-Q1?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com.cn/product/cn/TPS55160-Q1?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com.cn/product/cn/TPS55160-Q1?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com.cn/product/cn/TPS55160-Q1?dcmp=dsproject&hqs=support&#community
http://www.ti.com.cn/product/cn/TPS55162-Q1?dcmp=dsproject&hqs=pf
http://www.ti.com.cn/product/cn/TPS55162-Q1?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com.cn/product/cn/TPS55162-Q1?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com.cn/product/cn/TPS55162-Q1?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com.cn/product/cn/TPS55162-Q1?dcmp=dsproject&hqs=support&#community
http://www.ti.com.cn/product/cn/TPS55165-Q1?dcmp=dsproject&hqs=pf
http://www.ti.com.cn/product/cn/TPS55165-Q1?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com.cn/product/cn/TPS55165-Q1?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com.cn/product/cn/TPS55165-Q1?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com.cn/product/cn/TPS55165-Q1?dcmp=dsproject&hqs=support&#community
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://e2e.ti.com
http://support.ti.com/
http://www.ti.com/cn/lit/pdf/SLYZ022

H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 10-Dec-2020

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
6)

TPS55160QPWPRQ1 ACTIVE HTSSOP PWP 20 2000 ROHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 TPS55160 Samples
TPS55160QPWPTQ1 ACTIVE HTSSOP PWP 20 250 ROHS & Green NIPDAU Level-3-260C-168 HR -40to 125 TPS55160 Samples
TPS55162QPWPRQ1 ACTIVE HTSSOP PWP 20 2000 RoOHS & Green NIPDAU Level-3-260C-168 HR ~ -40to 125 TPS55162
TPS55162QPWPTQ1 ACTIVE HTSSOP PWP 20 250 ROHS & Green NIPDAU Level-3-260C-168 HR -40to 125 TPS55162
TPS55165QPWPRQ1 ACTIVE HTSSOP PWP 20 2000 ROHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 TPS55165 Samples
TPS55165QPWPTQ1 ACTIVE HTSSOP PWP 20 250 ROHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 TPS55165 Samples

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

® | ead finish/Ball material - Orderable Devices 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.

Addendum-Page 1



http://www.ti.com/product/TPS55160-Q1?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TPS55160-Q1?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TPS55162-Q1?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TPS55162-Q1?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TPS55165-Q1?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TPS55165-Q1?CMP=conv-poasamples#samplebuy

H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 10-Dec-2020

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |+ KO ’<—P14>1
Y R P T
go W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O orSprocketHoles
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS55160QPWPRQ1 [HTSSOP| PWP 20 2000 330.0 16.4 695 | 7.1 1.6 8.0 16.0 Q1
TPS55160QPWPTQ1 |HTSSOP| PWP 20 250 180.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
TPS55162QPWPRQ1 |HTSSOP| PWP 20 2000 330.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
TPS55162QPWPTQ1 |HTSSOP| PWP 20 250 180.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
TPS55165QPWPRQ1 |HTSSOP| PWP 20 2000 330.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
TPS55165QPWPTQ1 |HTSSOP| PWP 20 250 180.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
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www.ti.com 16-Feb-2019
TAPE AND REEL BOX DIMENSIONS
,/”?/
4
e ~.
/\g\ /)i\
™~ e
- //' "\.\ 7
T s
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS55160QPWPRQ1 HTSSOP PWP 20 2000 350.0 350.0 43.0
TPS55160QPWPTQ1 HTSSOP PWP 20 250 213.0 191.0 55.0
TPS55162QPWPRQ1 HTSSOP PWP 20 2000 350.0 350.0 43.0
TPS55162QPWPTQ1 HTSSOP PWP 20 250 213.0 191.0 55.0
TPS55165QPWPRQ1 HTSSOP PWP 20 2000 350.0 350.0 43.0
TPS55165QPWPTQ1 HTSSOP PWP 20 250 213.0 191.0 55.0
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MECHANICAL DATA

PWP (R—PDSO—GQO) PowerPAD™ PLASTIC SMALL OUTLINE
r ﬂr%’ig
20 1

EEERLTLI

g .
[ TieruaL pao | e ™~
| | 450 6,50 015 NOM
sEppowe % 5w U M\
| SEPARATE SHEET | i }_fi |
O |
Gauge Plane
EEERREERY e
) /

W 10 N 0.25,
6,60 S R
6,40 s 0,75
0,50
-
r L ) A N

vy (AAAMAAAAMD .  seoting Plore w1 A

L 1,20 X 015 F N

40732254 /1 05/11

A.All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusions. Mold flash and protrusion shall not exceed 0.15 per side.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQOZ for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
E. Falls within JEDEC MO-153

NOTES:

PowerPAD is a trademark of Texas Instruments.
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PACKAGE OUTLINE
PWPO0020U PowerPAD ™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

6.2 TYP
PIN 11D
AREA
18X
- 1 0 [
IR QNVARNY =
NN —
NS\ +—
NN f
o NN —
[ SN —
6.6 \\\\\:\l § S 2X
. ANNSNENAN
6.6 m— NN — 5.05]
NOTE 3 —/] 1
— —
— —
— —
10— =1
1 0.30 -
a5 20X 019
' [ [01@ [C[A]B]
[\ \ \[ (0.15) TYP
\ r:j (] J E
N / \f
SEE DETAIL A
2X 0.95 MAX ~4X0.23 MAX
NOTE 5 NOTE 5
— —
— —
mlE THERMAL
j PAD
— z
P — 21 1 — GAGE PL P MfAX
2.65 — — (] i
— — f —/ 1
L — K’* ‘L 0.15
0°-8 0.05
— — 0.75
— — 0.50 DETAIL A
(1) —= TYPICAL
2.75
1.98
4224609/A 09/2018
NOTES: PowerPAD is a trademark of Texas Instruments.

[N

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. Reference JEDEC registration MO-153.

5. Features may differ and may not be present.
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EXAMPLE BOARD LAYOUT
PWPO0020U PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

NOTE 9 SOLDER MASK
DEFINED PAD

/SEE DETAILS

—
N
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a
g
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LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:10X

oyl

(1.1) TYP
METAL COVERE
BY SOLDER MASK

METAL UNDER
SOLDER MASK METAL SOLDER MASK
OPENING \ / SOLDER MASK\L /OPENING

— Q
JL __EXPOSE METAL 47;_ == Ly pOSED METAL
0.05 MIN
.05 MAX
/38? AROUND ALL AROUND
SOLDER MASK
NON SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS
PADS 1-20
4224609/A 09/2018

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMA002 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).

9. Size of metal pad may vary due to creepage requirement.




PWP0020U

EXAMPLE STENCIL DESIGN
PowerPAD ™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

20X (1.5)
!

D/
METAL COVERE

BY SOLDER MASK

(2.75)

BASED ON
0.125 THICK
STENCIL

(R0.05) TYP

20

‘
(3.43)
L BASED ON
0.125 THICK
STENCIL

C 1) \
—

SEE TABLE FOR
DIFFERENT OPENINGS
FOR OTHER STENCIL

SOLDER PASTE EXAMPLE
EXPOSED PAD

SCALE:10X

THICKNESSES

100% PRINTED SOLDER COVERAGE BY AREA

STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.07 X 3.83
0.125 2.75 X 3.43 (SHOWN)
0.15 2.51X3.13
0.175 2.32 X 2.90

4224609/A 09/2018

NOTES: (continued)

10. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.

11. Board assembly site may have different recommendations for stencil design.
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