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5 Device Comparison Table

PART NUMBER® OUTPUT VOLTAGE FRE[(,\?AEE]NCY EP,\LI‘" IISIOOVIVDTE E\)A):CRT(AI\SCE
TPS62230 25V 3 no GV
TPS62231 1.8V 3 no GW
TPS62232 1.2V 3 no GX
TPS62239 1.0V 3 no oP
TPS622311 11V 2 no PA
TPS622315 1.15v 2 no RI
TPS62235 1.2V 2 no 0Q
TPS622318 1.25V 3 no ST
TPS622319 1.2V 2 yes 30
TPS622313 13V 3 no oF
TPS622314 15V 3 no QG
TPS62236 1.85V 2 no OR
TPS622312 20V 3 no QE
TPS62234 21V 3 no OH
TPS62238 225V 3 no ON
TPS622310 23V 3 no oT
TPS622316 27V 3 no RJ
TPS622317 29V 3 no RK
TPS62233 30V 3 no 0G
TPS62237 33V 2 no 0S

(1) For detailed ordering information see the PACKAGE OPTION ADDENDUM at the end of this data sheet.
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6 Pin Configuration and Functions

DRY Package
6-Pin USON
Top View

o
MODE [ 1] [6]FB
sw| 2] [5]eN

VIN[3] [4] GND

Pin Functions

PIN
TYPE DESCRIPTION

NAME NO

VIN 3 Power VN power supply pin

GND 4 Power GND supply pin

EN 5 Input This is the enable pin of the device. Pulling this pin to low forces the device into shutdown mode.
Pulling this pin to high enables the device. This pin must be terminated except for the
TPS622319, which has an integrated 1MQ always active pull-down resistor.

SW 2 Output This is the switch pin and is connected to the internal MOSFET switches. Connect the inductor to
this terminal

FB Input Feedback pin for the internal regulation loop. Connect this pin directly to the output capacitor.

MODE 1 Input MODE pin = High forces the device to operate in PWM mode. Mode = Low enables the power
save mode with automatic transition from pulse frequency modulation (PFM) to pulse width
modulation (PWM) mode. This pin must be terminated except for the TPS622319 , which has an
integrated 1MQ always active pull-down resistor.

7 Specifications

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

MIN MAX UNIT
Voltage at VIN and SW pin® -0.3 7 \Y
Vv | Voltage at EN, MODE pin® -0.3 V)y +0.3, <7 Y
Voltage at FB pin®@ -0.3 3.6 \Y
Peak output current Internally limited A

Power dissipation

Internally limited

T3

Operating junction Temperature Range -40 150 °C

Tsg Storage Temperature Range

—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) All voltage values are with respect to network ground terminal.

7.2 ESD Ratings

VALUE UNIT
;g\gw&n body model (HBM), per ANSI/ESDA/JEDEC JS-001, all +2000
Vespy Electrostatic discharge - — \%
Charge- device model (CDM), per JEDEC specification JESD22- +1000
€101, all pins® =

(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 © 2009-2016, Texas Instruments Incorporated
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7.3 Recommended Operating Conditions
over operating junction temperature range (unless otherwise noted)®

MIN  NOM  MAX| UNIT

Supply voltage V@ 2.05 6] V

Effective inductance 2.2 pH

Effective capacitance 2 4.7 uF
N Vout £ Vin -1 V® 500 mA maximum Ioyr ¥ 3 3.6

sRue;;:;;)I;q\r?oeltr;%Zd minimum 350 mA maximum Ioyr @ 25 27|V
Vour £ 1.8V 60 mA maximum output current(® 2.05

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

(1) In applications where high power dissipation and/or poor package thermal resistance is present, the maximum ambient temperature may
have to be derated. Maximum ambient temperature (Tamax) iS dependent on the maximum operating junction temperature (T max)), the
maximum power dissipation of the device in the application (Ppmax)), and the junction-to-ambient thermal resistance of the part/package
in the application (Rgja), as given by the following equation: Tamax) = Timax) — (Resa % Ppmax))-

(2) The minimum required supply voltage for startup is 2.05 V. The part is functional down to the falling undervoltage lockout (UVL)
threshold.

(3) For a voltage difference between minimum V|y and Vgoyt of 21V

(4) Typical value applies for Tp = 25°C, maximum value applies for T; < 125°C, PCB layout must support proper thermal performance.

7.4 Thermal Information

TPS6223x
THERMAL METRIC® DRY (USON) UNIT
6 PINS
Rosa Junction-to-ambient thermal resistance 294.5 °C/W
Rojctop) Junction-to-case (top) thermal resistance 166.5 °C/W
Ross Junction-to-board thermal resistance 166.1 °C/W
var Junction-to-top characterization parameter 27.3 °C/W
ViB Junction-to-board characterization parameter 159.9 °C/W
Roc(bot) Junction-to-case (bottom) thermal resistance — °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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7.5 Electrical Characteristics

Vin=3.6V, Voyr =18V, EN =V, MODE = GND, T; = -40°C to 125°C typical values are at T; = 25°C (unless otherwise

noted), Cjy = 2.2 pF, L = 2.2 uH, Coyr = 4.7 pF.®

PARAMETER TEST CONDITIONS | MIN  TYP  MAX/| UNIT
SUPPLY
Vin Input voltage @ 2.05 6| V
PFM operation (MODE = GND), lgyt = 0 mA, 29 40| uA
device not switching, T; = —40°C to 85°C
. . PFM operation (MODE = GND), lgyt = 0 mA,
lo Operating quiescent current device switching, Vour = 1.2 V. 25 pA
PWM operation (MODE = V), lout = 0 mA, device 3
o mA
switching
Isp Shutdown current EN = GND, T; = —-40°C to 85°C 0.1 1| pA
Falling 1.8 1.9 \%
Vuvio Undervoltage lockout threshold —
Rising 1.9 2.05
ENABLE, MODE THRESHOLD
ViH TH Threshold for detecting high EN, MODE | 2.05V =V <6V, rising edge 0.8 1 \%
VL tHHys Threshold for detecting low EN, MODE |2.05V <V,y<6 V, falling edge, T; = -40°C to 0 0.6
85°C 40 v
Rpd Pull-down resistor EN, MODE TPS622319 1 MQ
N Input bias current, EN, MODE EN, MODE = GND or V|, T; = -40°C to 85°C, 0.01 05| A
except TPS622319 ' '
POWER SWITCH
High side MOSFET ON-resistance 600 850
RDS(ON) _ ' Vin=3.6V, T;=-40°C to 85°C mQ
Low Side MOSFET ON-resistance 350 480
Fprward current limit MOSFET high- 690 850 1050| mA
lLmE side Vi = 3.6 V, open-loop
Forward current limit MOSFET low-side 550 840 1220| mA
Tisp Thermal shutdown Increasing junction temperature 150 °C
Thermal shutdown hysteresis Decreasing junction temperature 20 °C
CONTROLLER
toNmin Minimum ON-time MODE = V|, loutr =0 mA 135 ns
torEmin Minimum OFF-time 40 ns
OUTPUT
VRer Internal reference voltage 0.7 \%
MODE = GND, lgyt =0 mA 0%
Output voltage accuracy® MODE =V, lour=0mA | T;=25°C —2% 2%
Vourt T;=-40°C to 125°C | -2.5% 2.5%
DC output voltage load regulation MODE = V|y 0.001 %/mA
DC output voltage line regulation MODE =V, lout=0mA, 205V V<6V 0 %IV
tstart Start-up time Time from active EN to Vout = 1.8 V, 10-Q load 100 us
ILk_sw Leakage current into SW pin Vin = Vout = Vsw = 3.6 V, EN = GND@W | T; = 01 05| A
—40°C to 85°C ' '
(1) In applications where high power dissipation and/or poor package thermal resistance is present, the maximum ambient temperature may

have to be derated. Maximum ambient temperature (Tamax) is dependent on the maximum operating junction temperature (Tjmay), the
maximum power dissipation of the device in the application (PD(max)), and the junction-to-ambient thermal resistance of the
part/package in the application (Rg3a), as given by the following equation: Tamax) = Tamax) = (Resa X Pp(max))-

@

®3)
4)

threshold.
Vin=Vo+ 1.0V

The internal resistor divider network is disconnected from FB pin.

The minimum required supply voltage for startup is 2.05 V. The part is functional down to the falling under voltage lockout (UVL)
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7.6 Typical Characteristics
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8 Detailed Description

8.1 Overview

The TPS6223x synchronous step-down DC — DC converter family includes a unique hysteretic PWM controller
scheme which enables switch frequencies over 3 MHz, excellent transient and AC load regulation as well as
operation with cost-competitive external components.

The controller topology supports forced PWM mode as well as power-save mode operation. Power-save mode
operation reduces the quiescent current consumption down to 22 pA and ensures high conversion efficiency at
light loads by skipping switch pulses. In forced PWM mode, the device operates on a quasi-fixed frequency,
avoids pulse skipping, and allows filtering of the switch noise by external filter components.

The TPS6223x devices offer fixed output voltage options featuring smallest solution size by using only three
external components.

The internal switch current limit of typical 850 mA supports output currents of up to 500 mA, depending on the
operating condition.

A significant advantage of TPS6223x compared to other hysteretic PWM controller topologies is its excellent DC
and AC load regulation capability in combination with low-output voltage ripple over the entire load range which
makes this part well suited for audio and RF applications.

Once the output voltage falls below the threshold of the error comparator, a switch pulse is initiated, and the
high-side switch is turned on. It remains turned on until a minimum ON-time of tonmin €Xpires and the output
voltage trips the threshold of the error comparator or the inductor current reaches the high-side switch current
limit. Once the high-side switch turns off, the low-side switch rectifier is turned on and the inductor current ramps
down until the high-side switch turns on again or the inductor current reaches zero.

In forced PWM mode operation, negative inductor current is allowed to enable continuous conduction mode even
at no load condition.
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8.2 Functional Block Diagram

VIN
]
Band VREF Undervoltage Current
andgap 070V Lockout Limit Comparator
I < Limit
High Si
MODE igh Side
MODE[ | PMOS
Softstart .
VIN . ) Gate Driver
| Min. On Time | Control Anti :I SW
FB Logic — a
EN I::I | Min. OFF Time | ¢] Shoot-Through
VREF —
NMOS
EB [ Limit
t / Low Side
Integrated Error
Feed Back Thermal Z :
c t ero/Negative
Network omparator Shutdown Current Limit Comparator
EN —‘

1
L
GND

Copyright © 2016, Texas Instruments Incorporated

8.3 Feature Description

8.3.1 Undervoltage Lockout

The undervoltage lockout circuit prevents the device from misoperation at low input voltages. It prevents the
converter from turning on the switch or rectifier MOSFET under undefined conditions. The TPS6223x devices
have a UVLO threshold set to 1.8 V (typical). Fully functional operation is permitted for input voltage down to the
falling UVLO threshold level. The converter starts operation again once the input voltage trips the rising UVLO
threshold level.

8.3.2 Enable and Shutdown

The device starts operation when EN is set high and starts up with the soft-start as previously described. For
proper operation, the EN pin must be terminated and must not be left floating, except for the TPS622319, which
has an integrated 1MQ always active pull-down resistor.

Pulling the EN pin low forces the device into shutdown, with a shutdown quiescent current of typically 0.1 pA. In
this mode, the P- and N-channel MOSFETSs are turned off, the internal resistor feedback divider is disconnected,
and the entire internal-control circuitry is switched off.

The EN input can be used to control power sequencing in a system with various DC — DC converters. The EN
pin can be connected to the output of another converter, to drive the EN pin high and getting a sequencing of
supply rails.

8.3.3 Thermal Shutdown

As soon as the junction temperature, T;, exceeds 150°C (typical) the device goes into thermal shutdown. In this
mode, the high-side and low-side MOSFETSs are turned off. The device continues its operation when the junction
temperature falls below the thermal shutdown hysteresis.

10 Copyright © 2009-2016, Texas Instruments Incorporated
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8.4 Device Functional Modes

8.4.1 Soft-Start

The TPS6223x has an internal soft start circuit that controls the ramp up of the output voltage and limits the
inrush current during start-up. This limits input voltage drops when a battery or a high-impedance power source
is connected to the input of the converter.

The soft-start system generates a monotonic ramp up of the output voltage and reaches the nominal output
voltage typically 100 us after EN pin was pulled high.

If the output voltage does not reached its target value by this time, such as in the case of heavy load, the
converter then operates in a current limit mode set by its switch current limits.

TPS6223x is able to start into a prebiased output capacitor. The converter starts with the applied bias voltage
and ramps the output voltage to its nominal value.

8.4.2 Power-Save Mode

Connecting the MODE pin to GND enables the automatic PWM and power-save mode operation. The converter
operates in quasi-fixed frequency PWM mode at moderate to heavy loads and in the pulse frequency modulation
(PFM) mode during light loads, which maintains high efficiency over a wide load current range. In PFM mode, the
device starts to skip switch pulses and generates only single pulses with an ON-time of tonymin. The PFM mode
frequency depends on the load current and the external inductor and output capacitor values. The PFM mode of
TPS6223x is optimized for low-output voltage ripple if small external components are used. Even at low output
currents, the PFM frequency is above the audible noise spectrum and makes this operation mode suitable for
audio applications.

The ON-time tonmin Can be estimated to:

tonmin = V\C;J x 260 ns
IN Q)

Therefore, the peak inductor current in PFM mode is approximately:

I PFMpeak = U = Vour) tonmi
pea L min (2)
The transition from PFM into PWM mode and vice versa can be estimated to:

IOUTiF’FM/F’WM = 05 X |LPFMpeak

where
e ton: High-side switch ON-time [ns]
e V)\: Input voltage [V]
e Vgur: Output voltage [V]
e L: Inductance [uH]
*  liprmpeak: PFM inductor peak current [mA]
* lour_pempwn: Output current for PEM to PWM mode transition and vice versa [mA] 3

8.4.3 Forced PWM Mode

Pulling the MODE pin high forces the converter to operate in a continuous conduction PWM mode even at light
load currents. The advantage is that the converter operates with a quasi-fixed frequency that allows simple
filtering of the switching frequency for noise-sensitive applications. In this mode, the efficiency is lower compared
to the power save mode during light loads. This pin must be terminated except for the TPS622319 , which has
an integrated 1MQ always active pull-down resistor.

For additional flexibility, it is possible to switch from power-save mode to forced PWM mode during operation.
This allows efficient power management by adjusting the operation of the converter to the specific system
requirements.
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Device Functional Modes (continued)

8.4.4 100% Duty Cycle Low Dropout Operation

The device starts to enter 100% duty cycle mode once the input voltage comes close to the nominal output
voltage. To maintain the output voltage, the high side switch is turned on 100% for one or more cycles.

With further decreasing V|y the high-side MOSFET switch is turned on completely. In this case the converter
offers a low input-to-output voltage difference. This is particularly useful in battery-powered applications to
achieve longest operation time by taking full advantage of the whole battery voltage range.

The minimum input voltage to maintain regulation depends on the load current and output voltage, and can be
calculated as:

\/|Nmin = VOUTmaX + |OU-|-maX X (RDS(On)maX+ RL)

where
e lgyrmax: maximum output current plus inductor ripple current
*  Rpsnmax: maximum P-channel switch RDSon
* R;: DC resistance of the inductor
*  Vgyrmax: nominal output voltage plus maximum output voltage tolerance 4

8.4.5 Short Circuit Protection

The TPS6223x integrates a high-side and low-side MOSFET current limit to protect the device against heavy
load or short circuit. The current in the switches is monitored by current limit comparators. When the current in
the P-channel MOSFET reaches its current limit, the P-channel MOSFET is turned off and the N-channel
MOSFET is turned on to ramp down the current in the inductor. The high-side MOSFET switch can only turn on
again, once the current in the low side MOSFET switch has decreased below the threshold of its current limit
comparator.
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9 Application and Implementation

x

/:

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.

9.1 Application Information

The TPS6223x device family are high-frequency, synchronous, step-down DC-DC converters providing switch
frequencies up to 3.8 MHz. Different fixed output voltage versions are available from 1.0 V to 3.3 V.

9.2 Typical Application

v L
IN TPS62230 1/2.2 uH

27Vtob6V VouTt
i o T i, Spre
c EN FB c
IN ouT —T1
N ul’} MODE GND j 47 F

Copyright © 2016, Texas Instruments Incorporated

K 5. TPS62230 2.5-V Output

9.2.1 Design Requirements

The device operates over an input voltage range from 2.05 V to 6 V. The device family offers a broad range of
internally fixed output voltage options from 1 V to 3.3 V. The TPS6223x is easy to use and needs just three
external components; however, the selection of external components and PCB layout must comply with the
design guidelines to achieve specified performance.

9.2.2 Detailed Design Procedure

9.2.2.1 Output Filter Design (Inductor and Output Capacitor)

The TPS6223x is optimized to operate with effective inductance values in the range of 0.7 pH to 4.3 pH and with
effective output capacitance in the range of 2.0 puF to 15 pF. The internal compensation is optimized to operate
with an output filter of L = 1.0 pH/2.2 pH and Cqyt = 4.7 pF. Larger or smaller inductor/capacitor values can be
used to optimize the performance of the device for specific operation conditions. For more details, see the
Checking Loop Stability section.
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Typical Application (continued)
9.2.2.2 Inductor Selection

The inductor value affects its peak-to-peak ripple current, the PWM-to-PFM transition point, the output voltage
ripple and the efficiency. The selected inductor has to be rated for its DC resistance and saturation current. The
inductor ripple current (Al) decreases with higher inductance and increases with higher Vi or Vour . X 5
calculates the maximum inductor current under static load conditions. The saturation current of the inductor must
be rated higher than the maximum inductor current as calculated with =% 6. This is recommended because during
heavy load transient the inductor current will rise above the calculated value.

1- Vout
Al =Vout x —Yin_
Lxf (5)
_ Al
ILmax - Ioutmax"'T
where

» = Switching frequency

e L =Inductor value

e Al = Peak-to-peak inductor ripple current

* I max = Maximum inductor current (6)
In high-frequency converter applications, the efficiency is essentially affected by the inductor AC resistance (that
is, quality factor) and to a smaller extent by the inductor DCR value. To achieve high-efficiency operation, take
care in selecting inductors featuring a quality factor above 25 at the switching frequency. Increasing the inductor

value produces lower RMS currents, but degrades transient response. For a given physical inductor size,
increased inductance usually results in an inductor with lower saturation current.

The total losses of the coil consist of both the losses in the DC resistance, Rpc), and the following frequency-
dependent components:

e The losses in the core material (magnetic hysteresis loss, especially at high switching frequencies)

» Additional losses in the conductor from the skin effect (current displacement at high frequencies)

« Magnetic field losses of the neighboring windings (proximity effect)

» Radiation losses

The following inductor series from different suppliers have been used with the TPS6223x converters.

F 1. List of Inductors

INDUCTANCE DIMENSIONS INDUCTOR TYPE SUPPLIER®
(nH) (mm?)
1.0/2.2 25%x20x%x1.2 LQM2HPN1ROMJO Murata
2.2 2.0x 1.2 x0.55 LQM21PN2R2 Murata
1.0/2.2 20x12x10 MIPSZ2012 FDK
1.0/2.2 20x25x%x1.2 MIPSA2520 FDK
1.0/2.2 20x12x1.0 KSLI2012 series Hitachi Metal

(1) See Third-Party Products Disclaimer
9.2.2.3 Output Capacitor Selection

The unique hysteretic PWM control scheme of the TPS62230 allows the use of tiny ceramic capacitors. Ceramic
capacitors with low ESR values have the lowest output voltage ripple and are recommended. The output
capacitor requires either an X7R or X5R dielectric. Y5V and Z5U dielectric capacitors, aside from their wide
variation in capacitance over temperature, become resistive at high frequencies.

At light load currents, the converter operate in power save mode and the output voltage ripple is dependent on
the output capacitor value and the PFM peak inductor current. Higher output capacitor values minimize the
voltage ripple in PFM mode and tighten DC output accuracy in PFM mode.
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9.2.2.4 Input Capacitor Selection

Because of the nature of the buck converter having a pulsating input current, a low-ESR input capacitor is
required for best input voltage filtering and minimizing the interference with other circuits caused by high input
voltage spikes. For most applications a 2.2-uF to 4.7-uF ceramic capacitor is recommended. The input capacitor
can be increased without any limit for better input voltage filtering. Because ceramic capacitor loses up to 80% of
its initial capacitance at 5 V, Tl recommends using 4.7 pF input capacitors for input voltages > 4.5 V.

Take care when using only small ceramic input capacitors. When a ceramic capacitor is used at the input and the
power is being supplied through long wires, such as from a wall adapter, a load step at the output or V,y step on
the input can induce ringing at the VIN pin. This ringing can couple to the output and be mistaken as loop
instability or could even damage the part by exceeding the maximum ratings.

#= 2 shows a list of tested input and output capacitors.

% 2. List of Capacitors

CAPACITANCE [pF] SIZE CAPACITOR TYPE SUPPLIER®
2.2 0402 GRM155R60J225 Murata
47 0402 AMK105BJ475MV Taiyo Yuden
47 0402 GRM155R60J475 Murata
47 0402 CLO5A475MQ5NRNC Samsung
47 0603 GRM188R60J475 Murata

(1) See Third-Party Products Disclaimer
9.2.2.5 Checking Loop Stability

The first step of circuit and stability evaluation is to look from a steady-state perspective at the following signals:
» Switching node, SW

e Inductor current, I

+ Output ripple voltage, Vourac)

These are the basic signals that need to be measured when evaluating a switching converter. When the
switching waveform shows large duty cycle jitter or the output voltage or inductor current shows oscillations, the
regulation loop may be unstable. This is often a result of board layout and/or L-C combination.

As a next step in the evaluation of the regulation loop, the load transient response is tested. The time between
the application of the load transient and the turn on of the P-channel MOSFET, the output capacitor must supply
all of the current required by the load. Vqyr immediately shifts by an amount equal to Al oapy X ESR, where ESR
is the effective series resistance of Coyr. Aloap) beQins to charge or discharge Co generating a feedback error
signal used by the regulator to return Vg to its steady-state value. The results are most easily interpreted when
the device operates in PWM mode.

During this recovery time, Voyr can be monitored for settling time, overshoot or ringing that helps judge the
converter’s stability. Without any ringing, the loop has usually more than 45° of phase margin.

Because the damping factor of the circuitry is directly related to several resistive parameters (for example,
MOSFET rps(n) that are temperature dependant, the loop stability analysis has to be done over the input voltage
range, load current range, and temperature range.
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9.2.3 Application Curves

9.23.1 Vour=11V-TPS622311
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9.2.3.3 Vgur = 1.8V — TPS62231
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16. Efficiency PFM/PWM Mode, 1.8-V Output Voltage —
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Voltage — TPS62231

TPS62231
9% 1.854 ——rrrm——
/‘*Q MODE = GND,
LA Vour =18V,
85 e
] _Z/ 1.836 L =2.2 uH,
Cout =4.7 uF,
80 MIP5A252( >
'/\ \ L=22H ] Tp =25°C
MIPSD1RO 31 oy
° 75 f,,,, L=1H 0805 (2.5x2x1.2m‘n‘|‘ ‘) 8 1.818
1 (2x1.25x1mm?) Il:Ql\qu:mROMJO >y ViN=3.6V | V=33V
3 =1yl o
2 ol L/ Nrschortone ozt zmm g . UL D L
5 L =2.2 uH 0805 S g
E (2x1.25x1mm?) =
65 I I cuistnamz | 1l \ g Vin=42V
L=2.2 uH 0805 MODE = GND, c? 1.782 HV =5V 1
60 (2x1.25%0.55mm?) Ci\ = 2.2 uF (0402), 1 >0
Cour = 4.7 uF (0402), 1764
55 Vour=18V, "
V=36V
50 L L L L LIl 1.746
0.1 1 10 100 1000 0.01 0.1 1 10 100 1000

lp - Output Current - mA

18. Comparison Efficiency vs Inductor Value and Size —
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R 20. 1.8-V Output Voltage Accuracy Forced PWM Mode —
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21. Switching Frequency vs Output Current, 1.8-V
Output Voltage, PFM/PWM Mode — TPS62231
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22. Switching Frequency vs Output Current, 1.8-V
Output Voltage, PFM/PWM Mode — TPS62231
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Switching Frequency vs Output Current, 1.8-V

Output Voltage, Forced PWM Mode — TPS62231

9.2.3.4 Vour = 1.85V — TPS62236
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24. Efficiency vs loyt, PFM/PWM Mode — TPS62236
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9.2.35 Vgur = 2.5V — TPS62230
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26. Efficiency PFM/PWM Mode, 2.5-V Output Voltage —
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27. Efficiency Forced PWM Mode, 2.5-V Output
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28. 2.5V Output Voltage Accuracy Forced PWM Mode —
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30. Switching Frequency vs Output Current, 2.5-V
Output Voltage, PFM/PWM Mode — TPS62230
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K 31. Switching Frequency vs Output Current, 2.5-V
Output Voltage, Forced PWM Mode — TPS62230
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9.2.3.6 Vour = 3.0 V — TPS62233

100
Viy = 3.6 V—|
90 L : — ==
e TN T \
1l
80 Viy=5V T VIN=42V
70
3 60
>
2 50
8
S
E 40
30 TPS62233  [f|
MODE = GND,
20 Vour=3V, Tl
L=1pH,
10 Cour =47 uF |
0 LLLOE 11
0.1 1 10 100 1000
lp - Output Current - mA
32. Efficiency vs oyt — TPS62233
9.2.3.7 Start-Up
- EN 2 V/div ‘EN }
: 2 Vidiv ‘ Fib
2 Vidiv || [ | | |
Vour Pre Bias = 1V VouT=1-8V L R s oy ek LU L
1 Vidiv
f : : : Vour=0Vto25V
[+ H . - 1 Vidiv L=1uH
g . u
_SW5Vldlv MODE = GND
Vin=36V o
Cout = 4.7 uF
. L=22pH ..
L . ‘MODE = GND
- 200 mA/div loyT=0 mA
" v sy W ; b
Time Base - 20 ps/div t - Time - 20 ps/div
33. Start-Up in 1-V Prebiased Output — TPS62231 34. Start-Up into 20 Q Load, Voyt 2.5 V — TPS62230

Copyright © 2009-2016, Texas Instruments Incorporated

21



http://www.tij.co.jp/product/tps62230?qgpn=tps62230
http://www.tij.co.jp/product/tps62231?qgpn=tps62231
http://www.tij.co.jp/product/tps62232?qgpn=tps62232
http://www.tij.co.jp/product/tps62233?qgpn=tps62233
http://www.tij.co.jp/product/tps62234?qgpn=tps62234
http://www.tij.co.jp/product/tps62235?qgpn=tps62235
http://www.tij.co.jp/product/tps62236?qgpn=tps62236
http://www.tij.co.jp/product/tps62237?qgpn=tps62237
http://www.tij.co.jp/product/tps62238?qgpn=tps62238
http://www.tij.co.jp/product/tps62239?qgpn=tps62239
http://www.tij.co.jp/product/tps622310?qgpn=tps622310
http://www.tij.co.jp/product/tps622311?qgpn=tps622311
http://www.tij.co.jp/product/tps622312?qgpn=tps622312
http://www.tij.co.jp/product/tps622313?qgpn=tps622313
http://www.tij.co.jp/product/tps622314?qgpn=tps622314
http://www.tij.co.jp/product/tps622315?qgpn=tps622315
http://www.tij.co.jp/product/tps622316?qgpn=tps622316
http://www.tij.co.jp/product/tps622317?qgpn=tps622317
http://www.tij.co.jp/product/tps622318?qgpn=tps622318
http://www.tij.co.jp/product/tps622319?qgpn=tps622319
http://www.tij.co.jp

TPS62230, TPS62231, TPS62232, TPS62233, TPS62234, TPS62235, TPS62236
TPS62237, TPS62238, TPS62239, TPS622310, TPS622311, TPS622312
TPS622313, TPS622314, TPS622315, TPS622316, TPS622317, TPS622318, TPS622319

JAJS355G —APRIL 2009—REVISED AUGUST 2016

13 TEXAS
INSTRUMENTS

wWww.tij.co.jp

9.2.3.8 PFM/PWM Operation
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37. Forced PWM Mode Operation loyt = 10 mA — TPS62230

9.2.3.9 Peak-to-Peak Output Ripple Voltage
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9.2.3.10 Power-Supply Rejection
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40. 1.8-V Power-Supply Rejection Ratio — TPS62231

9.2.3.11 Spurious Output Noise
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600 600p |
® ® V)y =4.2V(yellow)
3 5004 S 5000 |— 4~ ]
2 | Viy = 3V(red) =z L Viy = 3.6V(blue)
400u 400y |— lar } ‘ |
V|y = 3V(red)
3000 3000 | ) i
Vin = 3.6V(blue) L Viy = 2.7V(green)
2004 | Hae” 1| 200, |—— ™
o Vin=42V(yellow) o
100u | : ‘ ‘ 100u [—— E
10n LJ “l N Y i S 10n A L8A\ LA\ A_,». LW W P W N R
Start 4 MHz Stop Start 1 MHz Stop
0 Hz f - Frequency 40 MHz 0 Hz f - Frequency 10 MHz
41. Spurious Output Noise, 12R Load — TPS62231 42. Spurious Output Noise, 100R Load — TPS62231
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9.2.3.12 Line Transient Response

wWww.tij.co.jp

ViN=36Vtod2V
200 mV/div

vout

Vour =18V ; Cout =4.7uF

20 mV/div ! L=22uH
MODE = GND
loyt = 50 MA

t - Time - 10 ps/div
43. Line Transient Response, PFM Mode — TPS62231

Vy=36Vtod2V
200 mV/div
r \ [ \ f \
| \ “ \ I \ 1
[ \ f ! | ’ \
f \ [T ‘ ‘
| | I | |
[— \ | Lo
fvout s
Vour=1-8V : Coyr=47uF
20 mV/div i L=22,H
| MODE=V
loyT = 50 mA

t - Time - 100 ps/div
44. Line Transient Response, PWM Mode — TPS62231

9.2.3.13 Mode Transition

| MODE:0Vto3.6V
- 2Vidiv

| PFM Mode Operation

Forced PWM
Mode Operation

FVsw !

2 Vidiv !
Weoil i

! ViN=36V,
| ' Cout=47 uF "
! leoi L=1uH
| 200 masdiv || = 1o mA
\ /\ n/\/\ /\/ V ”
a

{vout
Vour=18V
| 20 mV/div

t - Time - 1 us/div
45. Mode Transition PFM / Forced PWM Mode — TPS62231
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9.2.3.14 AC-Load Regulation

— —_— V235V
: : Vin=3.6V Vour =25V N7
Ly =gy .........Coutr=4TuF 50-mV/div Cour =47k
our L=22H L=22H
50 mV/div MODE = GND STNPSERIINE o MODE = GND
- loyr = 5 mA to 150 mA, 50 kHz lour=5SmAto200mA g - -
sinusoidal 100 mA/div : : sinusoidal - _ :
: A : A 100 mA/div - : :
I : : : I
200 mA/div, L
200 mA/div
t - Time - 4 ps/div

t - Time - 5 ps/div
46. AC — Load Regulation Performance 1.8-V Vgoyt, PFM

47. AC — Load Regulation Performance 2.5-V Vgyt, PFM
Mode — TPS62231

Mode — TPS62230

Vour =25V
.. .50 mV/div.

TP,

ViN=36V

loyr = 5MA to 200mA Cour=4TuF

sinusoidal 1w L=22uH
100mA/Div j ; MODE =V y
I
200 mA/div

t - Time - 5 us/div
48. AC — Load Regulation Performance 2.5-V Vgoyr, PWM Mode — TPS62230

9.2.3.15 Load Transient Response

ViN=36V ViN=3.6V
: Coyr = 4.7 iF Cour =47 vF
Voyr =18V our 8 Vour=18V our g
. L=22uH ouT ~ L=22uH
50 mV/div VIODE.~ GND 50 mV/div Monfg‘:1 v
E= - q«_ = VIN

[TT——— -

?OUT=5rnAt6150m d CTHIGT = B mATS 150'mA i
100 mA/div 100 mA/div

I - AR, : I
. 200: mA/div | i ul . -] - 200 mAIdiv .

t - Time - 10 ps/div
49. Load Transient Response 5 mA to 150 mA, PFM to
PWM Mode, Vout 1.8 V — TPS62231

t - Time - 10 ps/div

50. Load Transient Response 5 mA to 150 mA, Forced
PWM Mode, Vout 1.8 V — TPS62231
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Vour =25V ; . . ‘Vour=2:5V
50 mV/div 50 mV/div
ViN=3.6V

VN =36V

. . . - . . :GOUT = 4.7 pF COUT =47 F
; our=5MAto200mA | = q 4 our=5mAto200mA  “O0T
i }1Q0.‘mAl,div e MQDE =.GND. - 00 mAIdiv. ..., Pl MODE“‘="V|N‘ o]

.IL N ¥ J .
!
200 mA/div Y
.. . ) o 200 mA/div- - -

t - Time - 5 us/div t - Time - 5 us/div
51. Load Transient Response 5 mA to 200 mA, PFM to 52. Load Transient Response 5 mA to 200 mA, Forced
PWM Mode, Vour 2.5 V — TPS62230 PWM Mode, Vour 2.5 V — TPS62230

9.3 System Examples

L
v
IN TPS62231
2.05Vto6V 1/2.2 tH Vour
RS S = SR
Cin Cour——
2.2 yF } MODE GND 47 uF
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53. TPS62231 1.8-V Output

L
vV,
IN TPS62232
2.05Vto6V 1/2.2 uH

Y/
ouT
THR R
Cin Cour——
2.2 uF } MODE GND 1 4.7 uF
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54. TPS62232 1.2-V Output
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10 Power Supply Recommendations

The TPS6223x device family has no special requirements for its input power supply. The output current of the
input power supply must to be rated according to the supply voltage, output voltage and output current of the
TPS6223X.

11 Layout

11.1 Layout Guidelines

As for all switching power supplies, the layout is an important step in the design. Proper function of the device
demands careful attention to PCB layout. Take care in the board layout to get the specified performance. If the
layout is not carefully done, the regulator could show poor line and/or load regulation, stability issues, as well as
EMI problems. It is critical to provide a low-inductance, impedance ground path. Therefore, use wide and short
traces for the main current paths. The input capacitor must be placed as close as possible to the IC pins as well
as the inductor and output capacitor.

Use a common power GND node and a different node for the signal GND to minimize the effects of ground
noise. Keep the common path to the GND pin, which returns the small signal components and the high current of
the output capacitors as short as possible to avoid ground noise. The FB line must be connected to the output
capacitor and routed away from noisy components and traces (for example, SW line).

11.2 Layout Example

Total area
is less than
12mm?

K 55. Recommended PCB Layout for TPS6223x
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12 TNARBELXVRFaAY bOYR—F

121 FINAR - HR—F

12.1.1 FRAY/N— - Ry M7=V DORRICET HHREEIE

TNy = Ry N =7 DR E I —E AT OTIO HRIE, B EITIOR G, —e AL — IR kS
NAGEE IR T Ray /= Xy " — ORI 72 13— 2O ST 5, T Xay S — Xy NI —7
ORI F/I I —EADEBORHFAEZERTHLOTIIHVEET A,

122 BEVY>S

RDOFNZ, A7 T 7 A V7R LET, ATAVNTL, HEIRE R, R — eI a3a=7 VY= Y —L&y7
=7 BEOV T NELEIIWAANDI A7 T 7 ARG ENET,

&K 3. BEY S
it VAU PANVEY 24 T NETFEAN ATk Y= eV TR T | PR—heTIIa=T
TPS62230 bt )4 bt )4 bt A4 bt A4 bt A4
TPS62231 bt 44 bt 44 bt 44 bt 44 it 44
TPS62232 it A4 it A4 bt A4 bt A4 bt A4
TPS62233 bt )4 bt 44 bt )4 bt )4 bt )4
TPS62234 bt 44 bt 4D bt 44 bt 44 bt 44
TPS62235 bt A4 bt A4 bt A4 bt A4 bt A4
TPS62236 bt 44 bt 44 bt )4 bt 44 it 44
TPS62237 bt 44 bt 4D bt 4D bt 44 bt 44
TPS62238 bt )4 bt )4 bt A4 bt A4 bt )4
TPS62239 bt 44 bt 44 bt 44 bt 44 bt 44
TPS622310 bt A4 bt A4 bt A4 bt A4 bt A4
TPS622311 bt 44 bt 44 bt )4 bt )4 bt )4
TPS622312 bt 44 bt 4D bt 44 bt 44 bt 44
TPS622313 bt )4 bt )4 bt A4 bt A4 bt A4
TPS622314 bt 44 bt 44 bt 44 bt 44 it 44
TPS622315 bt A4 bt A4 bt A4 bt A4 bt A4
TPS622316 bt )4 bt 44 bt )4 bt )4 bt )4
TPS622317 bt 44 bt 4D bt 44 bt 44 bt 44
TPS622318 bt A4 bt A4 bt A4 bt A4 bt A4
TPS622319 bt 44 bt 44 bt )4 bt 44 it 44

123 FFaAr bOEMBEMZZITMDAE

N2 A MO BN DN T OB ZZ T DI, ti.comD T SA ARG, 7 4L Z 2 BN TIZE W, £ EORBIZHD
A2 TS 120y 7 UCORERT DL BRSNTT R COMGERICBE T2 A= AN G TR ES, £EO
FERIE DV TIEL B ESHIZRFa A MIE FNTOLSGETRIEZ Z TS,
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12.7 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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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 ® (415)
(6)

TPS62230DRYR ACTIVE SON DRY 6 5000 ROHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 GV
TPS62230DRYT ACTIVE SON DRY 6 250 RoHS & Green NIPDAUAG Level-1-260C-UNLIM ~ -40to 125 GV
TPS622310DRYR ACTIVE SON DRY 6 5000 ROHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 oT
TPS622310DRYT ACTIVE SON DRY 6 250 RoHS & Green NIPDAUAG Level-1-260C-UNLIM ~ -40to 125 oT
TPS622311DRYR ACTIVE SON DRY 6 5000 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 PA
TPS622311DRYT ACTIVE SON DRY 6 250 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 PA
TPS622312DRYR ACTIVE SON DRY 6 5000 ROHS & Green NIPDAUAG Level-1-260C-UNLIM -40to 125 QE
TPS622312DRYT ACTIVE SON DRY 6 250 ROHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 QE
TPS622313DRYR ACTIVE SON DRY 6 5000 RoOHS & Green NIPDAUAG Level-1-260C-UNLIM ~ -40to 125 QF
TPS622313DRYT ACTIVE SON DRY 6 250 ROHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 QF
TPS622314DRYR ACTIVE SON DRY 6 5000 RoOHS & Green NIPDAU | NIPDAUAG  Level-1-260C-UNLIM ~ -40 to 125 QG
TPS622314DRYT ACTIVE SON DRY 6 250 ROHS & Green NIPDAU | NIPDAUAG Level-1-260C-UNLIM -40 to 125 QG
TPS622315DRYR ACTIVE SON DRY 6 5000 ROHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 RI
TPS622315DRYT ACTIVE SON DRY 6 250 ROHS & Green NIPDAUAG Level-1-260C-UNLIM -40to 125 RI
TPS622316DRYR ACTIVE SON DRY 6 5000 RoOHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 RJ
TPS622316DRYT ACTIVE SON DRY 6 250 RoHS & Green NIPDAUAG Level-1-260C-UNLIM ~ -40 to 125 RJ
TPS622317DRYR ACTIVE SON DRY 6 5000 ROHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 RK
TPS622317DRYT ACTIVE SON DRY 6 250 RoOHS & Green NIPDAUAG Level-1-260C-UNLIM ~ -40 to 125 RK
TPS622318DRYR ACTIVE SON DRY 6 5000 RoOHS & Green NIPDAU | NIPDAUAG Level-1-260C-UNLIM -40 to 125 ST
TPS622318DRYT ACTIVE SON DRY 6 250 RoHS & Green NIPDAU | NIPDAUAG  Level-1-260C-UNLIM ~ -40to 125 ST
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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 ® (415)
6

TPS622319DRYR ACTIVE SON DRY 6 5000 ROHS & Green NIPDAUAG Level-1-260C-UNLIM -40to 125 30
TPS622319DRYT ACTIVE SON DRY 6 250 ROHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 30
TPS62231DRYR ACTIVE SON DRY 6 5000 RoHS & Green NIPDAU | NIPDAUAG Level-1-260C-UNLIM -40 to 125 GW
TPS62231DRYT ACTIVE SON DRY 6 250 ROHS & Green NIPDAU | NIPDAUAG Level-1-260C-UNLIM -40 to 125 GW
TPS62232DRYR ACTIVE SON DRY 6 5000 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 GX
TPS62232DRYT ACTIVE SON DRY 6 250 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 GX
TPS62233DRYR ACTIVE SON DRY 6 5000 RoHS & Green NIPDAU | NIPDAUAG Level-1-260C-UNLIM -40 to 125 oG
TPS62233DRYT ACTIVE SON DRY 6 250 RoHS & Green NIPDAU | NIPDAUAG  Level-1-260C-UNLIM -40to 125 oG
TPS62234DRYR ACTIVE SON DRY 6 5000 RoOHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 OH
TPS62234DRYT ACTIVE SON DRY 6 250 ROHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 OH
TPS62235DRYR ACTIVE SON DRY 6 5000 ROHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 OoQ
TPS62235DRYT ACTIVE SON DRY 6 250 ROHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 0oQ
TPS62236DRYR ACTIVE SON DRY 6 5000 ROHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 OR
TPS62236DRYT ACTIVE SON DRY 6 250 ROHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 OR
TPS62237DRYR ACTIVE SON DRY 6 5000 RoHS & Green NIPDAU | NIPDAUAG  Level-1-260C-UNLIM -40 to 125 oS
TPS62237DRYT ACTIVE SON DRY 6 250 ROHS & Green NIPDAU | NIPDAUAG Level-1-260C-UNLIM -40 to 125 oS
TPS62238DRYR ACTIVE SON DRY 6 5000 RoHS & Green NIPDAU | NIPDAUAG Level-1-260C-UNLIM -40 to 125 ON
TPS62238DRYT ACTIVE SON DRY 6 250 ROHS & Green NIPDAU | NIPDAUAG Level-1-260C-UNLIM -40 to 125 ON
TPS62239DRYR ACTIVE SON DRY 6 5000 ROHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 OoP
TPS62239DRYT ACTIVE SON DRY 6 250 ROHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 OP

@ The marketing status values are defined as follows:
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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. Tl 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.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |<— KO 4 P1—p|
oo & 0l0 6060 T
ol |eo e | Bo ‘l"
. DiaRriit!er ' '
Cavity +| A0 |+
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
[ [ ]
T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O O O 0O 0 Sprocket Holes
| |
T T
Q1 : Q2 Q1 : ﬁ
Q3 : Q4 Q3 : User Direction of Feed
— |
Pocket a‘ugdrants
*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)
TPS62230DRYR SON DRY 6 5000 180.0 8.4 125 | 1.6 0.7 4.0 8.0 Q1
TPS62230DRYT SON DRY 6 250 180.0 8.4 125 | 1.6 0.7 4.0 8.0 Q1
TPS622310DRYR SON DRY 6 5000 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS622310DRYT SON DRY 6 250 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS622311DRYR SON DRY 6 5000 180.0 9.5 1.2 1.65 0.7 4.0 8.0 Q1
TPS622311DRYT SON DRY 6 250 180.0 9.5 12 | 165 | 0.7 4.0 8.0 Q1
TPS622312DRYR SON DRY 6 5000 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS622312DRYT SON DRY 6 250 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS622313DRYR SON DRY 6 5000 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS622313DRYT SON DRY 6 250 180.0 8.4 125 | 1.6 0.7 4.0 8.0 Q1
TPS622314DRYR SON DRY 6 5000 180.0 9.5 1.2 1.65 0.7 4.0 8.0 Q1
TPS622314DRYR SON DRY 6 5000 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS622314DRYT SON DRY 6 250 180.0 9.5 1.2 1.65 0.7 4.0 8.0 Q1
TPS622314DRYT SON DRY 6 250 180.0 8.4 125 | 1.6 0.7 4.0 8.0 Q1
TPS622315DRYR SON DRY 6 5000 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS622315DRYT SON DRY 6 250 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
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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)

TPS622316DRYR SON DRY 6 5000 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS622316DRYT SON DRY 6 250 180.0 8.4 125 | 1.6 0.7 4.0 8.0 Q1
TPS622317DRYR SON DRY 6 5000 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS622317DRYT SON DRY 6 250 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS622318DRYR SON DRY 6 5000 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS622318DRYT SON DRY 6 250 180.0 8.4 125 | 1.6 0.7 4.0 8.0 Q1
TPS622319DRYR SON DRY 6 5000 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS622319DRYT SON DRY 6 250 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS62231DRYR SON DRY 6 5000 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS62231DRYR SON DRY 6 5000 180.0 9.5 12 | 165 | 0.7 4.0 8.0 Q1
TPS62231DRYT SON DRY 6 250 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS62231DRYT SON DRY 6 250 180.0 9.5 1.2 1.65 0.7 4.0 8.0 Q1
TPS62232DRYR SON DRY 6 5000 180.0 9.5 1.2 1.65 0.7 4.0 8.0 Q1
TPS62232DRYT SON DRY 6 250 180.0 9.5 12 | 165 | 0.7 4.0 8.0 Q1
TPS62233DRYR SON DRY 6 5000 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS62233DRYT SON DRY 6 250 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS62234DRYR SON DRY 6 5000 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS62234DRYT SON DRY 6 250 180.0 8.4 125 | 1.6 0.7 4.0 8.0 Q1
TPS62235DRYR SON DRY 6 5000 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS62235DRYT SON DRY 6 250 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS62236DRYR SON DRY 6 5000 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS62236DRYT SON DRY 6 250 180.0 8.4 125 | 1.6 0.7 4.0 8.0 Q1
TPS62237DRYR SON DRY 6 5000 180.0 9.5 1.2 1.65 0.7 4.0 8.0 Q1
TPS62237DRYR SON DRY 6 5000 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS62237DRYT SON DRY 6 250 180.0 9.5 1.2 1.65 0.7 4.0 8.0 Q1
TPS62237DRYT SON DRY 6 250 180.0 8.4 125 | 1.6 0.7 4.0 8.0 Q1
TPS62238DRYR SON DRY 6 5000 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS62238DRYT SON DRY 6 250 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS62239DRYR SON DRY 6 5000 180.0 8.4 1.25 1.6 0.7 4.0 8.0 Q1
TPS62239DRYT SON DRY 6 250 180.0 8.4 125 | 1.6 0.7 4.0 8.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS62230DRYR SON DRY 6 5000 183.0 183.0 20.0
TPS62230DRYT SON DRY 6 250 183.0 183.0 20.0
TPS622310DRYR SON DRY 6 5000 202.0 201.0 28.0
TPS622310DRYT SON DRY 6 250 202.0 201.0 28.0
TPS622311DRYR SON DRY 6 5000 189.0 185.0 36.0
TPS622311DRYT SON DRY 6 250 189.0 185.0 36.0
TPS622312DRYR SON DRY 6 5000 183.0 183.0 20.0
TPS622312DRYT SON DRY 6 250 183.0 183.0 20.0
TPS622313DRYR SON DRY 6 5000 202.0 201.0 28.0
TPS622313DRYT SON DRY 6 250 202.0 201.0 28.0
TPS622314DRYR SON DRY 6 5000 189.0 185.0 36.0
TPS622314DRYR SON DRY 6 5000 202.0 201.0 28.0
TPS622314DRYT SON DRY 6 250 189.0 185.0 36.0
TPS622314DRYT SON DRY 6 250 202.0 201.0 28.0
TPS622315DRYR SON DRY 6 5000 202.0 201.0 28.0
TPS622315DRYT SON DRY 6 250 202.0 201.0 28.0
TPS622316DRYR SON DRY 6 5000 202.0 201.0 28.0
TPS622316DRYT SON DRY 6 250 202.0 201.0 28.0
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS622317DRYR SON DRY 6 5000 202.0 201.0 28.0
TPS622317DRYT SON DRY 6 250 202.0 201.0 28.0
TPS622318DRYR SON DRY 6 5000 202.0 201.0 28.0
TPS622318DRYT SON DRY 6 250 202.0 201.0 28.0
TPS622319DRYR SON DRY 6 5000 183.0 183.0 20.0
TPS622319DRYT SON DRY 6 250 183.0 183.0 20.0
TPS62231DRYR SON DRY 6 5000 183.0 183.0 20.0
TPS62231DRYR SON DRY 6 5000 189.0 185.0 36.0
TPS62231DRYT SON DRY 6 250 183.0 183.0 20.0
TPS62231DRYT SON DRY 6 250 189.0 185.0 36.0
TPS62232DRYR SON DRY 6 5000 189.0 185.0 36.0
TPS62232DRYT SON DRY 6 250 189.0 185.0 36.0
TPS62233DRYR SON DRY 6 5000 202.0 201.0 28.0
TPS62233DRYT SON DRY 6 250 202.0 201.0 28.0
TPS62234DRYR SON DRY 6 5000 183.0 183.0 20.0
TPS62234DRYT SON DRY 6 250 183.0 183.0 20.0
TPS62235DRYR SON DRY 6 5000 183.0 183.0 20.0
TPS62235DRYT SON DRY 6 250 183.0 183.0 20.0
TPS62236DRYR SON DRY 6 5000 183.0 183.0 20.0
TPS62236DRYT SON DRY 6 250 183.0 183.0 20.0
TPS62237DRYR SON DRY 6 5000 189.0 185.0 36.0
TPS62237DRYR SON DRY 6 5000 183.0 183.0 20.0
TPS62237DRYT SON DRY 6 250 189.0 185.0 36.0
TPS62237DRYT SON DRY 6 250 183.0 183.0 20.0
TPS62238DRYR SON DRY 6 5000 202.0 201.0 28.0
TPS62238DRYT SON DRY 6 250 202.0 201.0 28.0
TPS62239DRYR SON DRY 6 5000 183.0 183.0 20.0
TPS62239DRYT SON DRY 6 250 183.0 183.0 20.0
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GENERIC PACKAGE VIEW
DRY 6 USON - 0.6 mm max heig_ht

PLASTIC SMALL OUTLINE - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
DRYOOO6A USON - 0.6 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT

DRYOOO6A USON - 0.6 mm max height
PLASTIC SMALL OUTLINE - NO LEAD
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NOTES: (continued)

3. For more information, see QFN/SON PCB application report in literature No. SLUA271 (www.ti.com/lit/slua271).
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DRYOOO6A

EXAMPLE STENCIL DESIGN
USON - 0.6 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.075 - 0.1 mm THICK STENCIL
SCALE:40X

4222894/A 01/2018

NOTES: (continued)

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

design recommendations.
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