Product Sample & Technical Tools & Support &
'-._ F(r)cl)dt:rc .!!o Buy b D?)(i:u%(::nts ’ 4 S%cf)t\fvare Community
L ¥§§$§UMENTS TPS61230, TPS61231, TPS61232
ZHCS174C —JANUARY 2014—REVISED OCTOBER 2014
A — ). E—
TPS6123x HA 5A H R IR A S K i ds
1 Rtk 3 ViHH

MNHJEVEE: 2.3V £ 5.5V
M EVEE: 2.5V £ 5.5V
[G] 25 TF 5 §% 3 8RR 7k 96%

IR 2.1A ) 3.3V & BV HLE R

HE A AT IREL A i P N FLE P T M
P S B S B v R A L
SR 3 1a] £ 2T

o Hh L IS R
]GRO Bl
PRI % A

2MHz A
it AR AR TBOE (TPS61231)
3mm x 3mm x 0.9mm @ /NME R SF 5] 2k

(VSON) %} 3

2 NHVEHE
A6 40 135 T Lt R b 2K

USB L5
P LA

Ml iR, & i
Tk AR IR B %

TPS61230 #i7 R FH

L1

1.0uH
Vi o I VIN sw J
c1
22uF —EN vouTt ¢ * CZOVOUT
- R1
— HYS FB 402k I3x22uF
SS R2 =
cs L] 100k
10nF GND PG 1
— R3  ~
- TPS61230 1.0Meg

TPS6123x #H Mt R Y2 — R H BB MR T R R i m
RFD TR i ds . B A B T S 1 f b Bk 3.3V
Fo ks FIE AL LR AT T 0. SRR (IC)
LT —A BA TR, FEHAEBSTAEHH 3.3V H N B
M, Hrt ELEDN 5V BHMEIE EA 2.1A I R, B
O S R Wve e IR T A e i e Ve el ] 5 P
RUIBATIR N 2MHZ, XA AT A5 F /N e s Al L 2%
FORSZEU/IMAR T RS, TPS61230 1 TPS61231
LA AR 2 R AR S gt eT R g s, T
TPS61232 $#24it 5V K[H & fi i s % .

B e, TPS6123x Hah NG B, DAR{E
ARSI RRCR . ERWE, fEksEa A

W, IE AR E 1.5pA (LAEME) o Bk

PR — MK EN ELiids. EN RME DL R AE
A LR S O 5 ] E AN B P A T Y, B R %
R Z SN FIr sk . N B T HAmE i o E

AR P TR A H Y IE R A

2K A 3mm x 3mm x 0.9mm VSON F 3,

BEEO
S ESps HBERSE GrfrfE)
TPS61230 _
TPS61231@ g*?;gg% }(}g;%gl 3.00mm x 3.00mm
TPS61232

(1) W7 7RI R B, WA OR R AT I R R
(2) B, AREZHEE, HHRA T X

TPS61230 #7457 FH 0%

100

I — —
90 <
= N\
<
>
2 g0 Y
(7}
8 \
£ \
w
70 -
Vin=3.0V
Vin=3.6V
Vout=5.0V Vin=42V
60
0.001 0.010 0.100 1.000
lout (A)

UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA information current as of publication date. Products
conform to specifications per the terms of Texas Instruments standard warranty. Production processing does not necessarily include
testing of all parameters.

English Data Sheet: SLVSAQ2


http://www.ti.com.cn/product/cn/tps61230?qgpn=tps61230
http://www.ti.com.cn/product/cn/tps61231?qgpn=tps61231
http://www.ti.com.cn/product/cn/tps61232?qgpn=tps61232
http://www-s.ti.com/sc/techlit/SLVSAQ2.pdf

I} TEXAS
INSTRUMENTS
TPS61230, TPS61231, TPS61232
ZHCS174C —JANUARY 2014—REVISED OCTOBER 2014 www.ti.com.cn
1 8.4 Device Functional Modes.........cc.ccceeeviieiiiiieniieenns 11
2 9 Applications and Implementation ...................... 12
3 9.1 Application Information............cccccvevvveeniirrsicieeenenen. 12
4 9.2 Typical Applications ..........cccvvevviiiieniieiieeieeneeenn 12
5 Device Comparison Table.......cccccoovvieverevirnennn, 3 10 Power Supply Recommendations ..................... 20
6 Pin Configuration and FUNCLIONS ......cveveeveeenean. 3 11 LAYOUL. oot 21
7 SPECIfiCatiONS...ccvcveveeceeceeeeeeeee e 4 111 Layout GUIdENNeS ... 21
7.1 Absolute Maximum RAtiNgs .......................... 4 11.2 Layout Examp.le ..... s 21
7.2 Handling RAtNGS ..o 4 11.3 Thermal Considerations...........ccceevveeeiieeeniiieennns 21
7.3 Recommended Operating Conditions... 4 12 %ﬁﬁﬁuxﬁiij% ..................................................... 23
7.4 Thermal INformation ..........ccccceevrvevieereeiesiereeeeeeennas 4 121 %Fﬁ:)‘fi '''''''''''''''''''''''''' - 23
7.5 Electrical CharacteristiCs..........cccovvirveenienieniieenieen 5 12.2 Ifé‘i*f '''''''''''''''''''''''''''''''''''''''''''' 23
7.6 Typical CharacteristiCs ........ccceviiuieeiiieeiiiie e 6 12.3 *ﬁ?ﬁ%@i -------------------------------------------------------------- 23
8 Detalled Descrlptlon .............................................. 8 12.4 ﬁ*/‘ﬁ‘ ...................................................................... 23
8.1 OVEIVIEW ..ottt 8 12.5 BT 23
8.2 Functional Block Diagram .........cccccveerieeeiveresieeeannns 8 126 7'?%%% T 23
8.3 FAUIE DESCHPHON vvorrre oo P 13 HUEEBERITIAEE e 23
4 BT Prsiex
Changes from Revision B (June 2014) to Revision C Page
» E® K Electrical Characteristics in the Ig row; Voyr = 3.5 V 10 Voyr = NO SUPPIY woevcviicicicccc 5
Changes from Revision A (March 2014) to Revision B Page
o EUKE TPSBL232 FRMIEIEIIETR oottt R sttt bbbttt s
o DHBBEEE s
¢ Changed the Device ComPariSON TaBIE.........ccuuiiii i e e e e s et e e e e et b e e e e e s ata e e e e e s aabaeeeesasseaeeens
e Changed the Handling RAtiNGS tADIE .........cooo ittt e e et e e e et b et e e e e abee e e e e snne e e e e e anbaeeaens 4
Changes from Original (September 2013) to Revision A Page
o EEEZ FHIER TPSBL232 ..ottt bbbt 1
o DA EIE R T BN AT TEAETR oottt 1
o ERUHIA: BARFER/ZE 0.5pA (HUEMED By BANRFERAZE LA (HUBMED e, 1
¢ Changed the Functional Block Diagram. REmMOVEA NOLE 2 .........ccciiiiiiiiieiiiiiiie et e e e e e st e e e e e stbe e e e e s etae e e e s sanes 8
¢ Deleted the Programming The Output VOIAGE SECLION ..........uiiiiiiiiii ettt e e e e s an e e e e e nneeas 13
» Changed & 14 label From: Startup (A) TO: StArtUp (Q)....eueerererereeierieisestestesieseeseeseesessessessessesseseeseasessessessessessesessessenses 15

2 Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps61230?qgpn=tps61230
http://www.ti.com.cn/product/cn/tps61231?qgpn=tps61231
http://www.ti.com.cn/product/cn/tps61232?qgpn=tps61232
http://www.ti.com.cn

i3 TEXAS
INSTRUMENTS

www.ti.com.cn

TPS61230, TPS61231, TPS61232
ZHCS174C —JANUARY 2014-REVISED OCTOBER 2014

5 Device Comparison Table

PART NUMBER OUTPUT VOLTAGE OUTPUT DISCHARGE
TPS61230DRC Adjustable No

TPS61231DRCW Adjustable Yes
TPS61232DRC 5-V fixed output No

(1) Preview product. Contact Tl factory for more information

6 Pin Configuration and Functions
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Pin Functions

NAME PIN NUMBER 110 DESCRIPTION

SW 1,2 PWR | The switch pin of the converter. It is connected to the drain of the internal Power MOSFETS.

VOUT 3,4 PWR | Boost converter output pin.

PG 5 OUT | Power Good open drain output. Can be left floating if not used.

SS 6 IN | Soft startup pin. A soft startup capacitor connects to this pin to set the soft start time.

FB 7 IN | Voltage feedback of adjustable versions. Must be connected to VOUT on fixed output voltage version.

HYS 8 OUT | EN hysteresis program pin. See the application section for details. Can be left floating if not used.

EN 9 IN | Enable logic input. Logic HIGH enables the device. Logic LOW disables the device and turns it into
shutdown mode. This pin must be terminated.

VIN 10 IN Supply voltage pin.

GND 11 PWR | Ground pin.

Copyright © 2014, Texas Instruments Incorporated
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7 Specifications

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

MIN MAX UNIT
Voltage range at pins® EN, FB, PG, SS, HYS, VIN, VOUT, SW -0.3 7 \Y
Operating junction temperature range, T, -40 150 °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 my affect device reliability.

(2) All voltages are with respect to network ground pin.

7.2 Handling Ratings

MIN MAX UNIT
Tstg Storage temperature range -65 150 °C
. Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins® -2 2 kv
VEsp Eilsccrt]g)rztgtlc C_haE%ed device model (CDM), per JEDEC specification JESD22-C101, all | 500 \
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.
7.3 Recommended Operating Conditions
MIN TYP MAX | UNIT
VN Supply voltage at VIN pin 2.3 5.5 \%
IsiNnk_PG Sink current at PG pin 500 HA
Vpg Pull-up resistor voltage 5.5 \%
T; Operating junction temperature -40 125 °C
7.4 Thermal Information
THERMAL METRIC® TPS6123x UNIT
DRC (11 PINS)
Rgia Junction-to-ambient thermal resistance 49.1
Raic(top) Junction-to-case(top) thermal resistance 57.2
Rgip Junction-to-board thermal resistance 26.6 W
Wit Junction-to-top characterization parameter 0.8
Wig Junction-to-board characterization parameter 23.8
Rajc(bottom) ~ Junction-to-case(bottom) thermal resistance 4.5

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

MR#X © 2014, Texas Instruments Incorporated
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7.5 Electrical Characteristics
T, =-40°C to 125°C and V,\ = 3.6 V. Typical values are at T; = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SUPPLY
V) falling 2.0 2.1
Vuvio Input under voltage lockout — \%
V) rising 2.1 2.2
IC enabled, No load, No switching 35 60
Voutr =5V, T;=-40 °C to 85°C
lo Quiescent current into VIN IC enabled, No load MA
VN =4.2V, Voyt = No supply, T; =-40 °C to 200 230
85°C
Isp Shutdown current into VIN 9CVt§ gls'fj\‘cs 04V, ViN=23V1055V,Ty=-40 15 6 HA
Leakage current from SW to VOUT VeEn=0V,Vour=0V; Vg =Vn=36V 2.5 HA
OUTPUT
Vout Output voltage range 25 55 \%
Vout Output voltage accuracy, TPS61232 PWM mode 4.9 5.0 5.1 \%
Vout Output voltage accuracy, TPS61232 PFM mode® 5.035 Y
Veg Feedback voltage, TPS61230 and PWM mode 0985 1 1015}
TPS61231 PFM mode® 1.007
FB pin leakage current Veg=1V 100 nA
Rois _(I?ltjjtspeuizdéslcharge resistor Vour =5V 200 0
Voup Over voltage protection DC threshold Vour rising 5.7 6 6.2 v
Over voltage protection hysteresis Vour falling below Voyp 0.15
Iss Bias current in soft start phase After pre-charge phase 5 HA
Line regulation louT=1A,VN=23Vto45V 0.06 %IV
Load regulation lout=05At02A 0.15 %/A
LOGIC INTERFACE
V1h_en_on | EN pin threshold rising Vin=23Vto55V 1.15 1.19 1.23 \%
L’TH_EN-OF EN pin threshold falling ViN=2.3VI055V 111 114 118 | VY
VoL Hys HYS pin low level voltage Isink_Hys =1 MA, Vgy = 1.1V 0.7 \%
Vi oe Power good DC threshold Vout risihg, referenced t0 Vour nomiNAL 93% 95% 99%
- Vour falling referenced to Vour nominaL 87% 90% 93%
VoL pa PG pin low level voltage Isink_pc = 500 HA 0.4 \%
POWER STAGE
ILm_sw Switch valley current limit 4.0 5.0 6.0 A
Vour =5V 2.0 2.8 35
ILim_pre Precharge current limit Voyr =35V 1.8 2.6 3.3 A
Vour=0V 04 055 07
Roson High side MOSFET on resistance Voyr=5V 50 75 mo
Low side MOSFET on resistance Voyr=5V 50 75
Tieo Thermal shutdown threshold T rising 150 oc
Thermal shutdown hysteresis T, falling below T;5p 20

(1) L=1pH, Coyr =20 pF (effective capacitance value)

RN © 2014, Texas Instruments Incorporated 5
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7.6 Typical Characteristics
ViNn=3.6V, Vot =5.0V, T; =-40°C to 125 °C, unless otherwise noted.
70 70
g L1 g =
E 60 — = £ 60 =
[0} [0}
% // § 1
@ 7 k7 L~
7] 7 ‘n
o 50 o 50
e // o 1
c |1 c
© — o |~
[ |1 [
T 40 a0 "
[%)] n
I pa|
30 30
-40 20 0 20 40 60 80 100 120 -40  -20 0 20 40 60 80 100 120
Junction Temperature (°C) Junction Temperature (°C)
1. High-Side MOSFET On Resistance vs Junction 2. Low-Side MOSFET On Resistance vs Junction
Temperature Temperature
1.010 2.20
< 1.005 S
o o
o [=)
o . @
= — )
£ 1.000 = £ 2.00
24 |1 '6
% // —
< >
= =)
> 0.995 £
> -
— V\y Rising
Vy Fallin
0.990 1.80 e
-40  -20 0 20 40 60 80 100 120 40 20 0 20 40 60 80 100 120
Junction Temperature (°C) Junction Temperature (°C)
3. Voltage Reference vs Junction Temperature 4. Vin UVLO Threshold vs Junction Temperature
1.30 50
S <
3 Zw0 S ——
S —
2 3
o 5
£ 120 cé —
& 8
3 2 30
z S
i o Tj=85°C
—— EN Rising — Tj=25°C
EN Falling —— Tj=-40°C
1.10 20
-40 20 0 20 40 60 80 100 120 2 3 4 5
Junction Temperature (°C) Input Voltage (V)
5. EN Logic Threshold vs Junction Temperature 6. Quiescent Current vs Input Voltage (Boost Mode)

6 MRAX © 2014, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps61230?qgpn=tps61230
http://www.ti.com.cn/product/cn/tps61231?qgpn=tps61231
http://www.ti.com.cn/product/cn/tps61232?qgpn=tps61232
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TPS61230, TPS61231, TPS61232

www.ti.com.cn ZHCS174C —JANUARY 2014—REVISED OCTOBER 2014

Typical Characteristics (T X)

ViNn=3.6V, Vot =5.0V, T; =-40°C to 125 °C, unless otherwise noted.
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8 Detailed Description

8.1 Overview

The TPS6123x synchronous step-up converter typically operates at a quasi-constant 2-MHz frequency pulse
width modulation (PWM) at moderate to heavy load currents. At light load currents, the TPS6123x converter
operates in power-save mode with pulse frequency modulation (PFM). The converter uses a novel quasi-
constant on-time valley current mode control scheme which provides excellent transient line / load response with
minimal output capacitance. Internal loop compensation simplifies the design process while minimizing the
number of external components. The TPS6123x device can smoothly transit in and out of zero duty cycle mode
(high side FET full on). Therefore the output can be kept as close as possible to its regulation limits even though
the converter is subject to an input voltage that tends to be excessive.

8.2 Functional Block Diagram

VIN SW
[] ]
Supply for
logic circuitry
- 61230/1
""" vouT
FB * > Over Voltage
I:_I 61?20_ - EA Protection —E:l VOUT
Y [REF vouT
Valley
Current
: | Sense
Pulse
»| Gate —
Modulator Driver — ; :
= 1 BN ||é'-
Wl >
Thermal
EN ON/
Threshold/ OFF Shutdown ovp
Hysteresis ¢
EN l ¢ PG Comparator _[:l PG
FB :I>_||—|
REF i
HYS —> Logic REF q_
| EN Comparator 1
E Undervoltage
= Softstart Lockout
'J" 1
L

L
SS GND
(1) Output discharge block is implemented in TPS61231 only.

(2) Internal resistor divider is implemented in TPS61232 only. For adjustable output versions, the FB pin is directly
connected to the negative pin of the EA.

8.3 Feature Description

8.3.1 Startup

In boost mode (PWM or PFM), the rectifying switch is turned on first until the output capacitor is charged to 0.5 V
with the current limit of 550 mA after the device is enabled. Then, the output capacitor is continuously charged to
a value close to the input voltage. This is called the pre-charge phase. During the pre-charge phase, the output
current is limited by the pre-charge current limit of the high side rectifying switch and the SS pin voltage follows
the FB voltage (in the TPS61232, the SS pin follows the internal FB voltage). Once the output capacitor has
been biased to the input voltage, the device starts switching. This is called the soft start phase. During the soft

8 MRAX © 2014, Texas Instruments Incorporated
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Feature Description (3T )

start phase, the SS pin voltage limits the FB pin voltage, and the output voltage rising slope follows the SS pin
voltage slope. The capacitor connected to the SS pin is charged by the internal bias current of Igs, giving the time
of the soft start phase shown in 23 1. The larger the soft start capacitor, the longer the soft start phase time.
Leaving the SS pin floating sets the minimum soft startup phase time. The device finishes the soft start phase
and operates normally when the nominal output voltage is reached.

tgs = Css x [1 - Vi } X Vigr
SpA Vour @)
The SS pin voltage is discharged in the cases when the device gets disabled by the EN pin, thermal shutdown

and undervoltage lockout. The SS pin may be left floating to disable the soft start phase and start up with the
fastest time. In zero duty cycle mode, only the pre-charge phase works during startup.

8.3.2 Current Limit Operation

The device employs a valley current sensing scheme. Switch valley current limit detection occurs during the off
time through sensing of the voltage drop across the synchronous rectifier. If the current is above the valley
current limit level when it is time to turn off the synchronous rectifier, the device instead keeps the synchronous
rectifier on until its current decreases below the valley current limit level. The maximum continuous output current
louT(max), before entering switch valley current limit operation, is defined by 25 2.

1
louT(max) = (1-D)x ('um_sw + ENLJ

D - Your —Vin
Vour
Al = Yn, D
fsw @
Where

lim_sw = Switch valley current limit
L = Inductor value
fsw = Switching frequency

When the switch current limit is reached, the output voltage decreases from further load increase. The switch
valley current limit works in PWM, PFM and Zero Duty Cycle Mode operations.

Another current limit scheme, pre-charge current limit, I, y_pre is implemented. Pre-charge current limit detection
works when Voyr < Vour nom @and Voyr < Vi - It can happen when the device is in the pre-charge phase or an
over load condition. It impacts the minimum load resistance at startup as shown in B 14 and B 27.

8.3.3 Enable/Disable

The EN pin is connected to an ON/OFF detector (ON/OFF) and an input of the Enable Comparator, shown in the
functional block diagram. With a voltage level of 0.4 V or less at the EN pin, the ON/OFF detector turns the
device into Shutdown mode and the quiescent current is reduced to typically 1.5 uA. In this mode, the EN
comparator and the entire internal control circuitry are switched off. A voltage level of typically 0.9 V at the EN
pin triggers the ON/OFF detector and activates the internal reference, the EN comparator and the UVLO
comparator. Once the ON/OFF detector has tripped, the quiescent current into the VIN pin is typically 1.5 pA.

The TPS6123x starts regulation once the voltage at the EN pin trips the threshold Vgy 1y on @nd the VIN pin
voltage is above the UVLO threshold. The device enters startup and ramps up the output voltage. The TPS6123x
stops regulation once the voltage on the EN pin falls blow the threshold Vgy 11 o OF the VIN pin voltage falls
below the UVLO threshold. For proper operation, The EN pin must be terminated and must not be left floating.
An external logic signal applied directly to the EN pin can enable/disable the device. The device can be driven
into shutdown mode by pulling the EN pin to GND. In this mode, true load disconnect between the battery and
load prevents current flow from V|y to Vout, as well as reverse flow from Vgt to V.

RN © 2014, Texas Instruments Incorporated 9
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Feature Description (3T )
8.3.4 Undervoltage Lockout

An under voltage lockout is implemented to avoid mis-operation of the device at low input voltages. It shuts down
the device with voltages lower than Vyy, o.

Use the HYS pin to configure a new undervoltage lockout threshold and hysteresis shown in B 10 and 23 3.
The new thresholds must be higher than V, o; otherwise it does not work. The devices holds the HYS pin low
until the EN voltage rises above Vey 14 on- Then, the HYS pin goes high impedance.

VIN

EN ON/
REN1 Threshold/ OFF
Hysteresis

EN

REN2
HYS

REN3

THFVWATWA

10. EN Comparator threshold and hysteresis setting

REN1 REN1
v _v Tt =114V x| 1 — ——
IN_OFF TH—EN—OFFX( +REN2+REN3) X[ +REN2+REN3]

REN1 REN1
V|N_ON = VTH_EN_ON X(1 + REsz =1.19V X[1 +@j

©)

8.3.5 Output Capacitor Discharge, TPS61231

To make sure the device starts up under defined conditions, the output capacitor of the TPS61231 gets
discharged by the VOUT pin with a typical discharge resistor of Rp,g in the cases when the device gets disabled
by the EN pin, thermal shutdown, and undervoltage lockout.

8.3.6 Power Good Output

The PG output is low when the output voltage is below 90% of its nominal value. The PG pin becomes high
impedance once the output is higher than 95% of its nominal voltage. The PG pin is an open drain output and is
specified to sink up to 500 pA. This PG output requires a pull-up resistor that cannot be connected to any voltage
higher than 5.5 V. PG is held low when the device is disabled by the EN pin and thermal shutdown.

8.3.7 Over Voltage Protection

The device stops switching as soon as the output voltage exceeds Vqyp. When the output voltage falls 0.15V
below the OVP threshold, the device resumes normal operation until the output voltage exceeds the OVP
threshold again.

8.3.8 Thermal Shutdown

The device goes into thermal shutdown and stops switching once the junction temperature exceeds T;gp. Once
the junction temperature falls below the threshold, it returns to normal operation automatically.

10 MRAX © 2014, Texas Instruments Incorporated
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8.4 Device Functional Modes
The TPS6123x boost converter family has three operation modes, as shown in & 1.

#z 1. Operation Mode Description

MODE DESCRIPTION CONDITION
PWM Boost in normal switching operation | Vi < Vout + 0.2 V, heavy load
PFM Boost in power save operation VN < Vout + 0.2V, light load
Zero Duty Cycle Zero duty cycle operation xOUT <Vin=Vour +0.24V and Vour 2
OUT_NOM

8.4.1 Boost Normal Mode

The TPS6123x boost converter family typically operates at a quasi-constant 2-MHz frequency pulse width
modulation (PWM) at moderate to heavy load currents. Based on the V/Voyr ratio, a simple circuit predicts the
required on-time. At the beginning of the switching cycle, the low-side N-MOS switch, shown in the functional
block diagram, is turned on and the inductor current ramps up to a peak current that is defined by the on-time
and the inductance. In the second phase, once this peak current is reached, the current comparator trips, the on-
timer is reset turning off the low-side N-MOS switch and turning on the high-side rectifying switch. The current
through the inductor then decays to an internally set valley current. Once this occurs, the on-timer is set to turn
the boost switch back on again and the cycle is repeated.

8.4.2 Boost Power Save Mode

The device integrates a power save mode with pulse frequency modulation (PFM) to improve efficiency at light
load. In power save mode, the device only switches when the output voltage trips below a set threshold voltage.
It ramps up the output with several pulses and enters the power save mode when the output voltage exceeds the
set threshold voltage. PFM is left and PWM mode entered when the inductor current becomes discontinuous.
The DC output voltage in PFM mode rises above the nominal output voltage in PWM mode by 0.7%.

Output Voltage

PFM mode at light load

e N Vayee= 1.007 X Vo o

- Vou'r,NoM

PWM mode at heavy load

»
11. Output Voltage in PFM/PWM Mode

8.4.3 Zero Duty Cycle Mode

When the input voltage is lower than Vgyr + 0.24 V and Vgyr is higher than the nominal output voltage, the
device automatically changes to a Zero Duty Cycle Mode. In Zero Duty Cycle Mode, the rectifying switch is
constantly turned on and the low side switch is turned off. The output voltage in this mode depends on the
resistance between the input and the output, calculated as:

Vout = Vin —lout * (Rps(on) +RL) @

MR © 2014, Texas Instruments Incorporated 11
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9 Applications and Implementation

9.1 Application Information

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.

The devices are designed to operate from an input voltage supply range between 2.3 V and 5.5 V with a
maximum output current of 2.1 A. The devices operate in PWM mode for medium to heavy load conditions and in
power save mode at light load currents. In PWM mode the TPS6123x converter operates with the nominal
switching frequency of 2 MHz which provides a controlled frequency variation over the input voltage range. As
the load current decreases, the converter enters power save mode, reducing the switching frequency and
minimizing the IC quiescent current to achieve high efficiency over the entire load current range. The WEBENCH
software uses an iterative design procedure and accesses a comprehensive database of components when

generating a design. See the fHx 3%

9.2 Typical Applications

9.2.1 TPS61230 2.3-V to 5.5-V Input, 5-V Output Converter

L1
1.0uH

VIN S
EN VOuUT
HYS FB
SS

GND PG

|

section for additional documentation.

TPS61230

9.2.1.1 TPS61230 5-V Output Design Requirements
Use the following typical application design procedure to select external components values for the TPS61230

device.

R1
402k

R2
100k

R3
1.0Meg

* oV,
l o out
I 3x22uF

12. TPS61230 5-V Output Typical Application

Fz 2. TPS61230 5-V Output Design Parameters

DESIGN PARAMETERS EXAMPLE VALUES

Input Voltage Range 23Vto55V
Output Voltage 50V

Output Voltage Ripple +3% Vout

Transient Response +10% Vout

Input Voltage Ripple +200 mV

Output Current Rating 2.1A

Operating Frequency 2 MHz

12
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9.2.1.2 TPS61230 5-V Detailed Design Procedure

%k 3. TPS61230 5-V Output List of Components

REFERENCE DESCRIPTION MANUFACTURER
L1 1.0 pH, power inductor, XFL4020-102MEB Coilcraft
C1 2 pF 6.3V, 0805, X5R ceramic, GRM21BR60J226ME39 Murata
Cc2 3 x 22 yF 10 V, 0805, X5R ceramic, LMK212BBJ226MG YUDEN
C3 10 nF, X7R ceramic Murata
R1 402 Kk, resistor, chip, 1/10W, 1% Rohm
R2 100 k, resistor, chip, 1/10W, 1% Rohm

9.2.1.2.1 Programming the Output Voltage

The TPS6123x device family's output voltage need to be programmed via an external voltage divider to set the
desired output voltage.

An external resistor divider is used, as shown in 23 5. By selecting R1 and R2, the output voltage is
programmed to the desired value. When the output voltage is regulated, the typical voltage at the FB pin is Vgg.
The following equation can be used to calculate R1 and R2.

R1 R1
\ =V 1+— [=1Vx|1+—
ouT FBX( +R2j X[ +R2J )

For best accuracy, R2 should be kept smaller than 100 kQ to ensure that the current following through R2 is at
least 100 times larger than FB pin leakage current. Changing R2 towards a lower value increases the robustness
against noise injection. Changing the R2 towards higher values reduces the quiescent current for achieving
highest efficiency at low load currents.

For the fixed output voltage version, TPS61232, the FB pin must be tied to the output directly.

9.2.1.2.2 Inductor and Capacitor Selection

The second step is the selection of the inductor and capacitor components. To simplify this process, & 4 outlines
possible inductor and output capacitor value combinations.

F 4. Inductor and Output Capacitor Combinations

L (uH)® Cour (WF)®
10 20 47 100
0.47 J y y
1.0 NE) N N
15

(1) This is the nominal inductance of inductor. Inductor tolerance and current de-rating is anticipated. The
effective inductance can vary by -30%.

(2) This is the effective capacitance of output capacitors. A higher nominal value is required.

(3) Typical application configuration. Other check mark indicates alternative filter combinations.

9.2.1.2.2.1 Inductor Selection
A boost converter requires two main passive components for storing energy during the conversion, an inductor
and an output capacitor. It is advisable to select an inductor with a saturation current rating higher than the

possible peak current flowing through the power switches. The inductor peak current varies as a function of the
load, the input and output voltages and is estimated using 223 6.

lour 1 VinxD
(1-D)xn 2 Lxfgy (8)

IL(PEAK) =

Where
n = Power conversion estimated efficiency

RN © 2014, Texas Instruments Incorporated 13
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Selecting an inductor with insufficient saturation performance can lead to excessive peak current in the
converter. This could eventually harm the device and reduce reliability. It's recommended to choose the
saturation current for the inductor 20%~30% higher than the I pgak), from 23 6. The following inductors are
recommended to be used in designs.

3% 5. List of Inductors

INDUCTANCE CURRENT DC RESISTANCE | PART NUMBER | MANUFACTURER
[1H] RATING [A] [mQ]
1.0 5.4 10.8 XFL4020-102ME Coilcraft
1.0 75 9 LQHBPPN1RO muRata
0.47 6.6 7.6 XFL4015-471ME Coilcraft

9.2.1.2.2.2 Output Capacitor Selection

For the output capacitor, it is recommended to use small X5R or X7R ceramic capacitors placed as close as
possible to the VOUT and GND pins of the IC. If, for any reason, the application requires the use of large
capacitors which cannot be placed close to the IC, using a smaller ceramic capacitor of 1 pF in parallel to the
large one is highly recommended. This small capacitor should be placed as close as possible to the VOUT and
GND pins of the IC.

Care must be taken when evaluating a capacitor's derating under bias. The bias can significantly reduce
capacitance. Ceramic capacitors can loss as much as 50% of their capacitance at rated voltage. Therefore, leave
margin on the voltage rating to ensure adequate effective capacitance.

The ESR impact on the output ripple must be considered as well, if tantalum or electrolytic capacitors are used.
Assuming there is enough capacitance such that the ripple due to the capacitance can be ignored, the ESR
needed to limit the Vgjpye iS:

VRipple(ESR) = IL(PEAK) X ESR @)

9.2.1.2.2.3

Multilayer X5R or X7R ceramic capacitors are an excellent choice for input decoupling of the step-up converter
as they have extremely low ESR and are available in small footprints. Input capacitors should be located as
close as possible to the device. While a 22-yF input capacitor is sufficient for most applications, larger values
may be used to reduce input current ripple without limitations. Take care when using only 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 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. Additional "bulk" capacitance
(electrolytic or tantalum) should in this circumstance be placed between C, and the power source to reduce
ringing than can occur between the inductance of the power source leads and Cy.

Input Capacitor Selection

9.2.1.2.3 Loop Stability, Feed Forward Capacitor

The third step is to check the loop stability. The stability evaluation is to look from a steady-state perspective at
the following signals:

e Switching node, SW
e Inductor current, I,
* Output ripple, Vgippleour)

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.

The load transient response is another approach to check the loop stability. During the load transient recovery
time, Vour 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.

As for the heavy load transient applications such as a 2 A load step transient, a feed forward capacitor in parallel
with R1 is recommended. The feed forward capacitor increases the loop bandwidth by adding a zero. This results
in a lower output voltage drop, as shown in 36. Set the feed forward capacitor zero near 20 kHz for most
applications. See application report Optimizing Transient Response of Internally Compensated dc-dc Converters
With Feedforward Capacitor (SLVA289).

14 MRAX © 2014, Texas Instruments Incorporated
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9.2.1.3 TPS61230 5-V Output Application Performance Plots
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SW (DC, 5 Vi/div)
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19. PWM Operation (Voutr =5V, lout =2 A)

20. PFM Operation (Voyt =5V, loyt = 50 mA)

-

i t-- 50 ps/div

t-- 10 ps/div
Vout (DC, 1 Vidiv)

Load (DC, 2 Aldiv)
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23. Startup (VOUT =5V, Rour = 2.5 Q)

24. Shutdown (VOUT =5V, Rpyr= 2.5 Q)
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9.2.2 TPS61230 2.3-V to 5.5-V Input, 3.5-V Output Converter

L1
1.0uH

YN
Vi o i VIN sw J
c1
22“{[ —EN vouT iczovom
— R1
- —| HYS FB 250k IszzpF
SS R2 -
cs L] 100k
10nF} GND PG 1
p— R3  ~
- TPS61230 1.0Meg

25. TPS61230 3.5-V Output Typical Application

9.2.2.1 TPS61230 3.5-V Output Design Requirements

Fz 6. TPS61230 3.5-V Output Design Parameters

DESIGN PARAMETERS EXAMPLE VALUES

Input Voltage Range 23Vto55V
Output Voltage 35V

Output Voltage Ripple +3% Vourt

Transient Response +10% Vout

Input Voltage Ripple +200 mV

Output Current Rating 2.1A

Operating Frequency 2 MHz

9.2.2.2 Detailed Design Procedure
Refer to the TPS61230 5-V Detailed Design Procedure section for the 3.5-V detailed design procedures.
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9.2.2.3 TPS61230 3.5-V Output Application Performance Plots
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9.2.3 TPS61230 Application with Feed Forward Capacitor for Best Transient Response

As for the heavy load transient applications such as a 2-A load step transient, a feed forward capacitor in parallel
with R1 is recommended. The feed forward capacitor increases the loop bandwidth by adding a zero. This results
in a lower output voltage drop, as shown in 36. Set the feed forward capacitor zero near 20 kHz for most
applications. See application report Optimizing Transient Response of Internally Compensated dc-dc Converters
With Feedforward Capacitor (SLVA289).

L1
1.0pH

Vi o ' d VIN sw
1

C1
22uF EN VOUT

*—oVour

c2
— HYS FB I3x22pF
c3 ] Ss
10nF} GND PG 1
— R3 -
- TPS61230 1.0Meg

35. TPS61230 5-V Output with Cff Typical Application

9.2.3.1 Design Requirements
Refer to the TPS61230 5-V Output Design Requirements section for the design requirements.

9.2.3.2 Detailed Design Procedure
Refer to the TPS61230 5-V Detailed Design Procedure section for the detailed design procedures.

9.2.3.3 Application Curve

t-- 50 ps/div

Load (DC, 2 Aldiv)

PG (DC, 5 V/div)

Vout (AC; 0.5 V/div) If"‘“*--.,,

LLLRL L
W a1 A RR L
Icoil (DC, 5 Aldiv) s

36. Load Transient (Vour =5V, loyr = 0.5 A to 2 A, Cer = 18 pF)

%

10 Power Supply Recommendations

The device is designed to operate from an input voltage supply range between 2.3 V and 5.5 V. This input supply
must be well regulated. If the input supply is located more than a few inches from the converter, additional bulk
capacitance may be required in addition to the ceramic bypass capacitors. An electrolytic or tantalum capacitor
with a value of 47 pF is a typical choice.
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11 Layout

11.1 Layout Guidelines

For all switching power supplies, the layout is an important step in the design, especially at high peak currents
and high switching frequencies. If the layout is not carefully done, the regulator could show stability problems as
well as EMI problems. Therefore, use wide and short traces for the main current path and for the power ground
tracks. The input capacitor, output capacitor, and the inductor should be placed as close as possible to the IC.
Use a common ground node for power ground and a different one for control ground to minimize the effects of
ground noise. Connect these ground nodes at the GND pin of the IC. The most critical current path for all boost
converters is from the switching FET, through the synchronous FET, then the output capacitors, and back to
ground of the switching FET. Therefore, the output capacitors and their traces should be placed on the same
board layer as the IC and as close as possible between the IC’'s VOUT and GND pin.

See @ 37 for the recommended layout.

11.2 Layout Example

—Top Layer Bottom Layer

37. Layout Recommendation

11.3 Thermal Considerations

Implementation of integrated circuits in low-profile and fine-pitch surface-mount packages typically requires
special attention to power dissipation. Many system-dependent issues such as thermal coupling, airflow, added
heat sinks and convection surfaces, and the presence of other heat-generating components affect the power-
dissipation limits of a given component.

Two basic approaches for enhancing thermal performance are listed below.
» Improving the power dissipation capability of the PCB design
* Introducing airflow in the system
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Thermal Considerations (3 F )

For more details on how to use the thermal parameters in the dissipation ratings table please check the
application report Thermal Characteristics of Linear and Logic Packages Using JEDEC PCB Designs (SZZA017)
and the application report Semiconductor and IC Package Thermal Metrics (SPRA953).
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

TPS61230DRCR Active Production VSON (DRC) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 SBK
TPS61230DRCR.B Active Production VSON (DRC) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 SBK
TPS61230DRCRG4 Active Production VSON (DRC) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 SBK

TPS61230DRCRG4.B Active Production VSON (DRC) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 SBK

TPS61230DRCT Active Production VSON (DRC) | 10 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 SBK
TPS61230DRCT.B Active Production VSON (DRC) | 10 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 SBK

TPS61232DRCR Active Production VSON (DRC) | 10 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 SBL
TPS61232DRCR.B Active Production VSON (DRC) | 10 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 SBL

TPS61232DRCT Active Production VSON (DRC) | 10 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 SBL
TPS61232DRCT.B Active Production VSON (DRC) | 10 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 SBL

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer: The information provided on this page represents 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
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and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
L@l e )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS61230DRCR VSON DRC 10 3000 330.0 12.4 3.3 3.3 11 8.0 12.0 Q2
TPS61230DRCRG4 VSON DRC 10 3000 330.0 12.4 33 3.3 11 8.0 12.0 Q2
TPS61230DRCT VSON DRC 10 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS61232DRCR VSON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS61232DRCT VSON DRC 10 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 18-Jun-2025
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS61230DRCR VSON DRC 10 3000 346.0 346.0 33.0
TPS61230DRCRG4 VSON DRC 10 3000 346.0 346.0 33.0
TPS61230DRCT VSON DRC 10 250 182.0 182.0 20.0
TPS61232DRCR VSON DRC 10 3000 346.0 346.0 33.0
TPS61232DRCT VSON DRC 10 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
DRC 10 VSON - 1 mm max height

3 x 3, 0.5 mm pitch PLASTIC SMALL OUTLINE - NO LEAD

This image is 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

DRC0010G VSON - 1 mm max height

PLASTIC QUAD FLATPACK-NO LEAD

lj— o
PIN 1 INDEX AREA /
3.1
2.9
ol a7
SEATING PLANE
L (0.18) TYP e [“ (0.2)TYP

‘ 10 {
| 10x 9-3
PINTID 1 0.2
OPTIONAL 0 0.1® C|A B
0 0.05(M |C

(%]
<
S
S
S
x
wo
|

4218882/A 12/2020

NOTES:

wn

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.

The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
DRC0010G VSON - 1 mm max height
PLASTIC QUAD FLATPACK-NO LEAD

6X (0.41) (0.625)
10X (0.6) ‘ [ TYP
|
10X (0.24) ‘
R
I
8X (0.5) @
SYMM
=== 7o
2X
(0.825)
‘ 1

/5@]
(R0.05) TYP ‘

- |
(@ 0.2) VIA / 2X (0.55) —\~—|

TYP (1.6)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 20X

0.07 MIN

0.07 MAX
ALL AROUND [‘ ALL AROUND
| / METAL \ METAL UNDER

[ “/ SOLDER MASK
EXPOSED METAL |
\ |

e
\ SOLDER MASK \v4\ SOLDER MASK

EXPOSED METAL _/ OPENING OPENING
NON- SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)
SOLDER MASK DETAILS

4218882/A 12/2020

NOTES: (continued)

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

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
DRCO0010G VSON - 1 mm max height
PLASTIC QUAD FLATPACK-NO LEAD

|

|

S
’] ' ‘ — 8X (0.44)

| i

5 QS —
| [ Lel]
(R0.05) TYP ‘
= |

EXPOSED METAL
TYP

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL

EXPOSED PAD

79% PRINTED COVERAGE BY AREA
SCALE: 20X
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NOTES: (continued)

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