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TLV705 200-mA, Low lg, Low-Noise, Low-Dropout Regulator in Ultra-Small,
0.77-mm x 0.77-mm DSBGA and PicoStar™

1 Features

Very Low Dropout:

— 105 mV at Igyt = 150 mA

— 145 mV at lgyr = 200 mA

Accuracy: 0.5% Typical

Low Ig: 35 pA

Available in Fixed-Output Voltages From
0.7Vto 4.8V

Viy Range: 2Vto 55V

High PSRR: 70 dB at 1 kHz

Stable With Effective Capacitance of 0.1 uF
Thermal Shutdown and Overcurrent Protection

Available in an Ultra-Low Profile (0.15-mm
Maximum Height) PicoStar Package Option

Applications

Wireless Handsets

Smart Phones

Zigbee® Networks

Bluetooth® Devices

Other Li-lon Operated Handheld Products
WLAN and Other PC Add-On Cards

3 Description

The TLV705 series of low-dropout (LDO) linear
regulators are low quiescent current devices with
excellent line and load transient performance. These
devices are designed for  power-sensitive
applications, with a precision band gap. An error
amplifier provides typical accuracy of 0.5%. Low
output noise, very high power-supply rejection ratio
(PSRR), and low dropout voltage make this series of
LDOs ideal for a wide selection of battery-operated
handheld equipment. All devices have a thermal
shutdown and current limit for safety.

Furthermore, the TLV705 series is stable with an
effective output capacitance of only 0.1 pF. This
feature enables the use of cost-effective capacitors
that have higher bias voltage and temperature
derating. The devices regulate to the specified
accuracy with zero output load. The TLV705P series
also provides an active pulldown circuit to quickly
discharge output.

The TLV705 and TLV705P series are both available
in 0.77-mm x 0.77-mm DSBGA and PicoStar
packages with three height options that are optimal
for handheld applications.

Device Information®

PACKAGE BODY SIZE (NOM)
DSGBA (4) 0.77 mm x 0.77 mm
PicoStar (4) 0.77 mm x 0.77 mm

PART NUMBER

TLV705

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Typical Application Circuit (Fixed-Voltage Versions)

Input OT Vin

Vour To Output
1mF
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4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision E (May 2015) to Revision F Page
e Deleted "x" from TLV705 device in dOCUMENT TIIE ........coiiuiiiiiiiiiiie ettt 1
* Changed package dimensions in document title from "0.8-mm x 0.8-mm" to "0.77-mm X 0.77-mm" .........ccccoviirreerriinnenen. 1
¢ Changed ultra-low profile maximum height from 0.2-mm to 0.15-mm in Applications Section ...........c.ccccceveeiiiiiieeeincieeeeenne 1
¢ Changed package dimensions in Description section from 0.8-mm t0 0.77-MM. .......ccciiiiiiiiiiiiie e 1

¢ Changed DSBGA package dimensions from "0.80 mm x 0.80 mm" to "0.77 mm x 0.77 mm" in the Device

Information table ...
« Added copyright statement to the Typical Application Circuit
e Changed formatting of Thermal Information table NOTE ............cooiiiiiiiiiiii e 5
* Deleted "x" from device number in Thermal Information table .............cocoiiiiiiiii e 5
« Added copyright statement to functional block diagrams in Functional Block Diagrams Section ............ccccccevevveeeeenniunnennn. 12
« Added copyright statement to Typical Application Circuit (Fixed-Voltage Versions) in the Typical Application section ..... 15
¢ Changed formatting of document reference in Related Documentation section
* Changed table header title from "Sample & Buy" to "Order Now" in the Related Links table
Changes from Revision D (April 2015) to Revision E Page
¢ Added new package (YFM) t0 GOCUMENT .....ccciuiiiieiiiiiit ettt e e sttt e e et e e e e et e e e e e e bt e e e e e e asbea e e e e e saasaeeeeaaaabaeeeeesnsbeeeeesansreeeas 1
LI Yo (o [=To I o ol o 1) r= T (oI 11 =P RUPUUPPPUPTPPR 1
e Changed [aSt FEAUIES DUIIET .........ccoiiiiiiiie ettt b ekt e bt e e b et e e kbt e st et e s be e e s kbt e e bn e e e nneeenbnee s
« Changed last sentence of Description section
* Added second row to Device Information table
LA Vo [ [=To I o1 o101 o = L g T OO P PP UPPPPPPPPIN 4
¢ Added YFM package to Thermal INnformation table ............ocouiieiiiiiiiiie e et e s rtae e e e e s eaarae s 5
* Changed Vg parameter units in Electrical Characteristics table: % for first row, mV for second row.............ccccceeeiiiiiienenns 6
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e Changed first sentence of Overview SECHON: FEMOVEA NEBW ......cccoiiuuiiiiiiiiiiiee e aiieeee s e atbeeee s arabbea e e s aaabaeeeessasbeeeaesanrbeeeaeaanne 12
¢ Changed fifth sentence of Internal Current Limit section to clarify description of the shutdown circuit functionality .......... 13
¢ Changed Vus to V/us in second paragraph of Start-Up CUIrent SECON .........ccoiiiiiiiieeiiiiiiee e e e esirre e e saere e
« Changed it to the start-up current in third paragraph of Start-Up Current section
e Changed INPUT to Vg in Power Supply Recommendations SECHON .........c.coiiuiiiiiiieiiiieireee st
o Added Related LINKS SECLON .....cocuiiiiiiiieiiiiii ettt sttt b et b e s b e e s b e e bt e s beesab e e bt e e be e sen e e bt e sbeenen e e nbeesneenineen 19

¢ Added YFM package to Package MOUNTING SECLION .......ccoiiiiiiiiiiiiii ettt ettt e ettt e e e s ibe et e e s ennee e e e s enneeas 20

Changes from Revision C (October 2012) to Revision D Page

« Added ESD Ratings table, Feature Description section, Device Functional Modes, Application and Implementation
section, Power Supply Recommendations section, Layout section, Device and Documentation Support section, and

Mechanical, Packaging, and Orderable INformation SECHON ..........oouiiiiiiiiiii e e 1
o Added Features DUIEE fOr Vi FANGE ...oiuiiiii ittt ettt e e et e e e e et e e e e et b et e e e satb et e e e e sbaeeaeeasbabaeeessbaeeaesansbaeaaean 1
LI O F=TgTo T=To AN o] o] [Tor= 1T o SN 1153 T (=] 4 L TP UPT PRI 1
e Deleted Power Dissipation RAtiNGS tANIE ..........ooiiiiiii e e 5
¢ Changed y-axis unit measurement from Iy t0 Ic, fOr FIQUIE L1 ..cooiiiiiiiiiiiii et a e 7
* Changed Figure 31 and deleted layout silkscreen images; replaced with image of PCB layout drawing. ............cccccceuuueee. 17

* Changed title for Figure 31
¢ Changed title of Thermal Protection section

Changes from Revision B (December 2011) to Revision C Page
o Deleted [ast FEAtUrES DUIIBT........ ...ttt e e e ettt e e e e ettt et e e e e aeaeeae e e nteeeaeeannteeeaeeannbaeeeesansbeeeaesannbeeeaeaan 1
Changes from Revision A (August 2011) to Revision B Page
e Added 18St FEAIUIES DUIIBT......... ettt ettt e e oottt e e e e abb e e e e e e abb et e e e aanbb e e e e e aabbb e e e e s aabbeeeeeeanbbeeaaeaan 1
e Changed last sentence Of DESCHPLION SECLON .......cciiriiiiiiiiiiie e e et e e e s re e e st e e sn et e s neeestr e e nnneesneeeas 1
« Added Mechanical Packages section (removed June 2013; packages are now automatically appended)..............ccccuveeee.n. 1
e Added YFP tO title Of PiN OUE OFaWING ... ...eeeiiiiiiiiee ettt e ettt e e e e et b et e e e s abb et e e e asbe e e e e e abbee e e e s aasbeeeaeeansbneaaeas

e Added YFP package to Thermal Information table
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5 Pin Configuration and Functions

YFF, YFP Packages

YFM Package

4-Pin DSBGA 4-Pin PicoStar
Top View Top View
EN Vin EN Vin
o O 2
GND  Vour GND  Vour
1o 1|e s
A B A B
Pin Functions
PIN
I/0 DESCRIPTION
NAME NO.
GND Al — Ground pin.
Enable pin.
EN A2 | Driving EN over 0.9 V turns on the regulator. Driving EN below 0.4 V places the regulator into

shutdown mode, which reduces the operating current to 1 pA (nominal).

Regulated output voltage pin.
Vout B1 O Placing a small 1-uF ceramic capacitor is required from this pin to ground to ensure stability.
See Input and Output Capacitor Requirements for more details.

Input pin.

VN B2 | Tl recommends placing a small 1-pF capacitor from this pin to ground for good transient performance.
See Input and Output Capacitor Requirements for more details.
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6 Specifications

6.1 Absolute Maximum Ratings
specified at T; = —40°C to +125°C, unless otherwise noted. All voltages are with respect to GND.®

MIN MAX UNIT

Vin -0.3 6 \Y,
Voltage® Ven -0.3 6 Y

VouTt -0.3 6 \Y,
Maximum output current lout Internally limited
Output short-circuit duration Indefinite

Operating junction, Ty -55 150 °C
Temperature

Storage, Tsyg -55 150 °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.

6.2 ESD Ratings

VALUE UNIT

o Human body model (HBM), per ANSI/ESDA/JEDEC JS-001 () +2000
V(Esb) Electrostatic discharge - — 2 \%
Charged device model (CDM), per JEDEC specification JESD22-C101®? +500

(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.

6.3 Recommended Operating Conditions
over operating junction temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VN Input voltage 2 55 \%
Vout Output voltage 0.7 4.8 \%
lout Output current 0 200 mA
T, Junction temperature -40 125 °C
6.4 Thermal Information
TLV705
o) YFF, YFP YFM
THERMAL METRIC (DSBGA) (Picostar) UNIT
4 PINS 4 PINS
Roia Junction-to-ambient thermal resistance 160 191.7 °CIW
Rojctop) Junction-to-case (top) thermal resistance 80 3.1 °C/IW
Ross Junction-to-board thermal resistance 90 36.5 °CIW
Wit Junction-to-top characterization parameter 0.5 2.8 °CIW
ViR Junction-to-board characterization parameter 78 26.5 °CIW
(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
Copyright © 2010-2017, Texas Instruments Incorporated Submit Documentation Feedback 5
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6.5 Electrical Characteristics

at T; = —40°C to +125°C, V|y = Vourpom) + 0.5 V or 2 V (whichever is greater), loyr = 10 mA, Vgy = 0.9 V, and
Cour = 1 pF, unless otherwise noted. Typical values are at T, = 25°C.

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Vin Input voltage range 2 55 \%
Vout QOutput voltage range 0.7 4.8 \%
0 mA < oyt £200 mA, Vour 21V —2% +0.5% 2%
Vo DC output accuracy —-40°C £ T;<125°C
0 MA < Iyt £200 mA, Vout <1V -20 15 20 mV
AVOUT(AVIN) Line regulation VOUT(nom) +05V<sVys55V 0.05 5 mV
AVoutaiouty Load regulation 0 MA < lgyt < 200 mA 1 mV
Voo Dropout voltage ® Vin = 0.98 X Vour(nom), lout = 200 mA 145 250 mv
lcL Qutput current limit Vour = 0.9 X Voyt(nom), Ty = 25°C 260 400 550 mA
X lour = 0 MA 35 55 A
IoND Ground pin current
lout = 200 mA 315 A
Shutdown ground pin
ISHUTOOWN  corrrent 9 PN Ve <04V, 2V V<45V 1 18] pA
VIN =23V, VOUT =18V, IOUT =10 mA,
0 80 dB
PSRR Power-supply f=10 kHz
rejectlon ratio VIN =23 V, VOUT =1.8 V, lOUT =10 mA, 55 dB
f=1MHz
VlN =23 V, VOUT =18V 26.6 HVRMS
BW = 100 Hz to _ _
100 kHZ, IOUT - 10 mA VlN =3.3 V, VOUT =28V 26.7 HVRMS
. VlN =38V, VOUT =33V 28.2 HVRMS
Vy, Output noise voltage
VlN =23 V, VOUT =18V 30.7 HVRMS
BW =_10 Hz to 100 kHz, Vin =33V, Vour = 2.8 V 313 Wems
lout = 10 mA
VlN =3.8 V, VOUT =33V 34.1 HVRMS
tsTR Start-up time® Cout = 1 pF, lout = 200 mA 100 ps
Vi Enable high (enabled) 0.9 VN \%
Vio Enable low (disabled) 0.4 \%
lEN EN pin current Ven=5.5V 0.01 pA
UvLO Undervoltage lockout |V rising 1.9 \%
‘ Thermal shutdown Shutdown, temperature increasing 160 °C
sb temperature Reset, temperature decreasing 140 °C
T, Operating junction _40 125 oC
temperature

(1) Vpo is measured for devices with Voytnom) = 2.35 V so that Viy = 2.3 V.
(2) Start-up time = time from EN assertion to 0.98 X Voytnom)-
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6.6 Typical Characteristics

over operating temperature range (T; = —40°C to +125°C), loyr = 10 mA, Vgy = 0.9 V, Coyr = 1 pF, and Viy = Voutnom) +
0.5V or 2 V, whichever is greater, unless otherwise noted. Typical values are at T; = 25°C.

1.90 ‘ 1.90 ‘
Vour=1.8V Vour=1.8V
1.88 oo = 10 mA | 1.88 lour = 200 MA |
1.86 1.86
1.84 1.84
-~ 1.82 < 1.82
2 2 [
5 1.80 5 1.80
o o
> 1.78 > 1.78
1.76 — +125°C 1.76 — +125°C [
1.74 — +85°C [ 1.74 — +85°C [
— +25°C — +25°C
1.72 — _40°C 1.72 — _40°C
1.70 ‘ 1.70 ‘
21 2.6 3.1 3.6 44 4.6 5.1 5.6 21 2.6 3.4 3.6 44 4.6 5.1 5.6
Vin (V) Vin (V)
Figure 1. Line Regulation Figure 2. Line Regulation
1.90 250 ‘ ‘
1.88 Vour=18V lout = 200 MA
1.86 200
1.84 \\
£
£ 1.80 ——— = N T~
o o \\ —
> 1.78 > 100 ——]
1.76 —— +125°C — +125°C
1.74 — +85°C 50 — +85°C
— +25°C — +25°C
172 — _40°C — _40°C
1.70 0
0 50 100 150 200 2 225 25 275 3 325 35 3.75 4 425 45 475
lour (MA) Vin (V)
Figure 3. Load Regulation (0 mA < lgyt <200 mA) Figure 4. Dropout Voltage vs Input Voltage
140 1.90 v v
Vour =48V 188 our=1.8
120
1.86
100 1.84
% 80 s 1.82
= 5 1.80
2 60 o
> > 178
40 — +125°C 176
— +85°C 1.74 — 10mA |/
20 — +25°C 170 — 150mA
— _40°C : — 200mA ||
0 1.70 ‘ ‘
0 50 100 150 200 -40 -25 -10 5 20 35 50 65 80 95 110 125
lout (MA) Temperature (°C)
Figure 5. Dropout Voltage vs Output Current Figure 6. Output Voltage vs Temperature
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Typical Characteristics (continued)

over operating temperature range (T; = —40°C to +125°C), Ioyr = 10 mA, Vgy = 0.9V, Coyr = 1 pF, and Viy = Voutom) +
0.5 V or 2 V, whichever is greater, unless otherwise noted. Typical values are at T; = 25°C.

50 v oV 400
out = ! V, =18V
45 lour =0 MA] 350 ot
40 —
300
35
250
g % <
= =
- 25 ~ 200
= 20 = 150
15 o o
— +125°C 100 — +125°C
10 — +85°C — +85°C
5 — +25°C 50 — +25°C
—— ~40°C — -40°C
0 0
23 27 31 35 39 43 47 51 55 0 50 100 150 200
Vin V) lour (MA)
Figure 7. Ground Pin Current vs Input Voltage Figure 8. Ground Pin Current vs Output Current
50 2.5
Vour=1.8V Vour=1.8V
45 lour =0 mA |
40 2 =
—]
T
% // 1 / /
= 30 T 15
2 s é / ///
£ 20 B 1 —
10 /4;/ — +125°C
10 05 — — 185°C
— +25°C
5 — -40°C
0 0
-40 -25 -10 5 20 35 50 65 80 95 110 125 2.3 2.7 3.1 3.5 3.9 4.3 4.7 51 55
Temperature (°C) Vin (V)
Figure 9. Ground Pin Current vs Temperature Figure 10. Shutdown Pin Current vs Input Voltage
500 ‘ 100 _—
Vour=1.8V Viy=23V
90
N Vour=1.8V
470 80 %
70 \A ,//
el [ N
2 440 T 60 \\\ ,/4 _//‘
IS +25°C |_— = \ A
3 — ] g T~
= 410 — $ 40
30
380 20
10 — lour = 10mMA
— loyr = 150 mA
350 0 e
25 3 35 4 45 5 55 10 100 1k 10k 100k 1M 10M
Vin (V) Frequency (Hz)
Figure 11. Current Limit vs Input Voltage Figure 12. Power-Supply Rejection Ratio vs Frequency
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Typical Characteristics (continued)

over operating temperature range (T; = —40°C to +125°C), Ioyr = 10 mA, Vgy = 0.9V, Coyr = 1 pF, and Viy = Voutom) +
0.5 V or 2 V, whichever is greater, unless otherwise noted. Typical values are at T; = 25°C.

100
90
80
70
60
50
40
30

20 — 1 kHz

— 10 kHz
10 — 100 kHz ||
0 :

Vour = 1.8V

PSRR (dB)

2.1 2.2 2.3 2.4 25 2.6 2.7 2.8
Input Voltage (V)

Figure 13. Power-Supply Rejection Ratio vs Input Voltage

10

|§ . Vour=1.8V
Z
>
=
> 1 —
‘@
C
[
a
?
2 01 e
p4
s
8
3 0.01
(7]
5
o
3
0
10 100 1k 10k 100 k 1M 10M

Frequency (Hz)

Figure 14. Output Spectral Noise Density vs Frequency

Time (200 us/div)

Figure 17. Load Transient 1

45 L ) e
s : : : : : Cotg=te=1us ]
40 E B T .
2 35 — L E :
2 - : 5
> — s V : ]
= 30 5 ouT : ]
; / L— (20 mV/div) [ —_— = ST S A 3
@8 25 s : ]
2 = ] ot A A
9 20 - 200 mA ]
® RS — ]
;6; 15 - : ]
€ 10 (100 mA/div) |-t AR el E
5 — Bandwidth: 100 Hz to 100 kHz R EE 0 mA ]
—— Bandwidth: 10 Hz to 100 kHz s : : : i
0 I I I I I I 5 T ]
08 12 16 2 24 28 32 36 4 44 48 Time (200 us/div)
Vour (V)
Figure 15. Integrated Noise vs Output Voltage Figure 16. Load Transient 0
SRR R UL B B UL L U L I [ ]
T © 0 Rete=Tusy g ]
] (20 mV/div) F .
(20 mV/div) ] a2 § E
R i | | | \ Il Il Il Il R
(1 00 mA/div) . (50 mA/dIV) ... OUT “““““““ A .
E g e T 1

Time (200 us/div)

Figure 18. Load Transient 3
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Typical Characteristics (continued)

over operating temperature range (T; = —40°C to +125°C), Ioyr = 10 mA, Vgy = 0.9V, Coyr = 1 pF, and Viy = Voutom) +

0.5 V or 2 V, whichever is greater, unless otherwise noted. Typical values are at T; = 25°C.

(200 mV/div)

(5 mV/div)

n LD L B L B L B B B B
s : 29V © Slew Rate =1 V/us ]
F Vi S ]
E : 23V ]
T e ‘
A : ]
- ouT ¢ R ]
F - ! E
ST TS ST TUTEE PR TR ST SUNE SO

Time (100 us/div)

Figure 19. Small-Step Line Transient (10 mA)

(200 mv/div) |

(5 mV/div)
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‘ ; \ \ ‘
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i : ! E
ST TUE SN SUUTE SUUT TUTT PO FOTE S
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Figure 20. Small-Step Line Transient (200 mA)
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Figure 21. V)y Inrush Current Figure 22. V)y Inrush Current
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Figure 23. Line Transient (10 mA)

Time (100 us/div)

Figure 24. Line Transient (200 mA)
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Typical Characteristics (continued)

over operating temperature range (T; = —40°C to +125°C), Ioyr = 10 mA, Vgy = 0.9V, Coyr = 1 pF, and Viy = Voutom) +
0.5 V or 2 V, whichever is greater, unless otherwise noted. Typical values are at T; = 25°C.

(1 V/div)

Time (100ms/div)

Figure 25. Power-Up and Power-Down
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7 Detailed Description

7.1 Overview

The TLV705 and TLV705P series of devices belong to a family of next-generation value low-dropout (LDO)
voltage regulators. These devices consume low quiescent current and deliver excellent line and load transient
performance. This performance, combined with low noise, very good PSRR with little (V,y — Vout) headroom,
makes these devices ideal for RF portable applications. This family of regulators offers sub-band-gap output
voltages down to 0.7 V, current limit, and thermal protection, and are specified from —40°C to +125°C. The
TLV705P provides an active pulldown circuit to quickly discharge the outputs.

7.2 Functional Block Diagrams

Vin | Ylr | Vour

Current
Limit

Thermal

/_ +\ Shutdown

UvLO

EN Bandgap %

LOGIC

TLV705 Series

GND  Copyright © 2017, Texas Instruments Incorporated

Figure 26. TLV705 Series
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Vin IJ. l *

J_ VOUT
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Thermal
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Figure 27. TLV705P Series
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7.3 Feature Description

7.3.1 Internal Current Limit

The internal current limits of the TLV705 series help protect the regulator during fault conditions. During current
limit, the output sources a fixed amount of current that is largely independent of output voltage. In such a case,
the output voltage is not regulated, and can be measured as Voyr = lumit X Rioap- The PMOS pass transistor
dissipates [(Vin — VouT) % lumir] until a thermal shutdown is triggered and the device turns off. When the device
cools down, the internal thermal shutdown circuit turns the device back on. If the fault condition continues, the
device cycles between current limit and thermal shutdown; see Power Dissipation and Junction Temperature for
more details.

The PMOS pass element in the TLV705 has a built-in body diode that conducts current when the voltage at Vgt
exceeds the voltage at V,y. This current is not limited, so if extended reverse voltage operation is anticipated, Tl
recommends external limiting to 5% of the rated output current.

7.3.2 Undervoltage Lockout (UVLO)
The TLV705 uses an UVLO circuit to keep the output shut off until the internal circuitry is operating properly.

7.3.3 Start-Up Current

The TLV705 uses a unique start-up architecture that creates a constant start-up time regardless of the output
capacitor. The start-up current is given by Equation 1. Equation 1 shows that start-up current is directly
proportional to Cgy.

IstarTup = Court (HF) % 0.06 (Vps) + I oap (MA) (1)
The output voltage ramp rate is independent of Cqyt and the load current, and has a typical value of 0.06 V/us.

The TLV705 automatically adjusts the soft-start current to supply both the load current and the current to charge
Cout- For example, if I oap = 0 mA upon enabling the LDO, then lstagtup = 1 pF x 0.06 Vus + 0 mA = 60 mA,
which is the current that charges the output capacitor.

However, if I oap = 200 MA, then Igtartup = 1 pF x 0.06 V / pus + 200 mA = 260 mA, which is the required current
to charge the output capacitor and supply the load current.

If the output capacitor and load increase such that the start-up current exceeds the output current limit, the start-
up current is clamped at the typical current limit of 400 mA. For example, if Coyr = 10 pF and
lout = 200 MA, then 10 uF x 0.06 V / us + 200 mA = 800 mA is not supplied and is instead clamped at 400 mA.

7.3.4 Dropout Voltage

The TLV705 uses a PMOS pass transistor to achieve low dropout. When (V,y — Vout) is less than the dropout
voltage (Vpo), the PMOS pass device is in the linear region of operation and the input-to-output resistance is the
Rps(n) Of the PMOS pass element. Vg approximately scales with the output current because the PMOS device
functions as a resistor in dropout.

As with any linear regulator, PSRR and transient response are degraded as (V\y — Vout) approaches dropout.
This effect is shown in Figure 13 in the Typical Characteristics.

7.3.5 Shutdown

The enable pin (EN) is active high. The device is enabled when the EN pin goes above 0.9 V. This relatively
lower value of voltage required to turn the LDO on can power the device with the GPIO of recent processors with
a GPIO voltage lower than traditional microcontrollers. The device is turned off when the EN pin is held at less
than 0.4 V. When shutdown capability is not required, EN can be connected to the Vy pin. The TLV705P version
has internal active pulldown circuitry that discharges the output with a time constant of:

1= (120 x R) / (120 + R,) X Cour

where
* R, = load resistance
e Coyur = output capacitor 2)
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7.4 Device Functional Modes

7.4.1 Normal Operation
The device regulates to the nominal output voltage under the following conditions:

» The input voltage is greater than the nominal output voltage added to the dropout voltage.
» The output current is less than the current limit.
» The input voltage is greater than the UVLO voltage.

7.4.2 Dropout Operation

If the input voltage is lower than the nominal output voltage plus the specified dropout voltage, but all other
conditions are met for normal operation, the device operates in dropout mode. In this condition, the output
voltage is the same the input voltage minus the dropout voltage. The transient performance of the device is
significantly degraded because the pass device is in a triode state and no longer regulates the output voltage of
the LDO. Line or load transients in dropout can result in large output voltage deviations.

Table 1 lists the conditions that lead to the different modes of operation.

Table 1. Device Functional Mode Comparison

PARAMETER
OPERATING MODE
Vin IOUT
Normal mode Vin > Vout om) + Voo lout < lcL
Dropout mode Vin < Vout om) + Vo lout < lcL
Current limit ViNn > UVLO lout > loL
14 Submit Documentation Feedback Copyright © 2010-2017, Texas Instruments Incorporated

Product Folder Links: TLV705 TLV705P


http://www.ti.com/product/tlv705?qgpn=tlv705
http://www.ti.com/product/tlv705p?qgpn=tlv705p
http://www.ti.com
http://www.ti.com/product/tlv705?qgpn=tlv705
http://www.ti.com/product/tlv705p?qgpn=tlv705p
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBVS151F&partnum=TLV705

13 TEXAS
INSTRUMENTS
TLV705, TLV705P

www.ti.com SBVS151F —DECEMBER 2010—REVISED APRIL 2017

8 Application and Implementation

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

8.1 Application Information

The TLV705 is a LDO that offers very low dropout voltages in a tiny package. The operating junction temperature
of this device is —40°C to +125°C.

8.2 Typical Application

InputOT Vin Vour TO Output
m
C'NI COUTI Ceramic
- TLV705 =
On
o[ Oo—EN
GND

Copyright © 2017, Texas Instruments Incorporated

Figure 28. Typical Application Circuit (Fixed-Voltage Versions)

8.2.1 Design Requirements
Table 2 lists the design parameters.

Table 2. Design Parameters

PARAMETER DESIGN REQUIREMENT
Input voltage 25Vt 33V
Output voltage 18V

Output current 100 mA

8.2.2 Detailed Design Procedure
Select the desired device based on the output voltage.

Provide an input supply with adequate headroom to account for dropout. The input supply must also provide
adequate current to account for the GND pin current and load current.
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8.2.2.1 Input and Output Capacitor Requirements

Tl recommends using 1-uF X5R- and X7R-type ceramic capacitors because these components have minimal
variation in value and equivalent series resistance (ESR) over temperature. However, the TLV705 series is
designed to be stable with an effective capacitance of 0.1 pF or larger at the output. As a result, the device is
stable with capacitors of other dielectrics as long as the effective capacitance under the operating bias voltage
and temperature is greater than 0.1 pF. This effective capacitance refers to the capacitance that the LDO detects
under operating bias voltage and temperature conditions (that is, the capacitance after taking the bias voltage
and temperature derating into consideration). In addition to allowing the use of lower cost dielectrics, the effective
capacitance enables using smaller footprint capacitors that have higher derating in space-constrained
applications.

Using a 0.1-uF rating capacitor at the output of the LDO does not ensure stability because the effective
capacitance under operating conditions is less than 0.1 uF. Maximum ESR must be less than 200 mQ.

Although an input capacitor is not required for stability, good analog design practice is to connect a 0.1-uF to
1-uF low ESR capacitor across the V,y and GND pins of the regulator. This capacitor counteracts reactive input
sources and improves transient response, noise rejection, and ripple rejection. A higher-value capacitor can be
necessary if large, fast rise-time load transients are anticipated, or if the device is not located close to the power
source. If source impedance is more than 2 Q, a 0.1-pF input capacitor may be necessary to ensure stability.

8.2.2.2 Transient Response

As with any regulator, increasing the size of the output capacitor reduces overshoot and undershoot magnitude,
but increases the duration of the transient response.

8.2.3 Application Curves

100 —
90 Vin=23V
Vour=1.8V
80 v A\
70 \ ,//
ALl L N\
o N N
o 60 N
= \\ )4 |/ . s
g 50 \d/ 1 (1 V/dIV) E
P a0 F
30
20
10 — loyr=10mMA
— loyr = 150 mA
0
10 100 1k 10k 100k 1M 10M Time (100ms/div)
Frequency (Hz)
Figure 29. Power-Supply Rejection Ratio vs Frequency Figure 30. Power-Up and Power-Down

8.3 Do's and Don'ts
Place input and output capacitors as close as possible to the device.

Do not exceed the device absolute maximum ratings.

9 Power Supply Recommendations

Connect a low output impedance power supply directly to the Vy pin of the TLV705. Inductive impedances
between the input supply and the V,y pin can create significant voltage excursions at the V,y pin during start-up
or load transient events.
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10 Layout

10.1 Layout Guidelines

Place input and output capacitors as close to the device pins as possible. To improve ac performance (such as
PSRR, output noise, and transient response), Tl recommends designing the board with the input and output
capacitors on opposite sides of the device. In addition, connect the ground connection for the output capacitor
directly to the GND pin of the device. High ESR capacitors can degrade PSRR.

10.2 Layout Example

Vin Vour

<P

GND

® Represents via used for
application-specific connections

Figure 31. Example PCB Layout

10.3 Power Dissipation

The ability to remove heat from the die is different for each package type, presenting different considerations in
the printed-circuit-board (PCB) layout. The PCB area around the device that is free of other components moves
the heat from the device to the ambient air. Performance data for JEDEC low and high-K boards are given in
Thermal Information. Using heavier copper increases the effectiveness in removing heat from the device. The
addition of plated through-holes to heat-dissipating layers also improves the thermal dissipation.

See for thermal performance on the TLV705 evaluation module (EVM). The EVM is a 2-layer board with two
ounces of copper per side.

Power dissipation depends on input voltage and load conditions. Power dissipation (Pp) is equal to the product of
the output current and the voltage drop across the output pass element, as shown in Equation 3:

Po = (Vin — Vour) X lout (3)

10.4 Power Dissipation and Junction Temperature

Thermal protection disables the output when the junction temperature rises to approximately 160°C, allowing the
device to cool. When the junction temperature cools to approximately 140°C, the output circuitry is enabled
again. Depending on power dissipation, thermal resistance, and ambient temperature, the thermal protection
circuit can cycle on and off. This cycling limits the dissipation of the regulator, which protects the regulator from
damage as a result of overheating.

For reliable operation, limit junction temperature to 125°C (maximum). To estimate the margin of safety in a
complete design, increase the ambient temperature until the thermal protection is triggered; use worst-case loads
and signal conditions. For good reliability, trigger thermal protection at least 35°C above the maximum expected
ambient condition of the particular application. This configuration produces a worst-case junction temperature of
125°C at the highest expected ambient temperature and worst-case load.

The internal protection circuitry of the TLV705 is designed to protect against overload conditions. Continuously
running the TLV705 into thermal shutdown degrades device reliability.
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10.5 Estimating Junction Temperature

The JEDEC standard now recommends the use of psi (¥) thermal metrics to estimate the junction temperatures
of the LDO when in-circuit on a typical PCB board application. These metrics are not strictly discussing thermal
resistances; rather, these metrics offer practical and relative means of estimating junction temperatures. These
psi metrics are determined to be significantly independent of the copper-spreading area. The key thermal metrics
(¥;7 and ¥,g) are given in Thermal Information and are used in accordance with Equation 4.

Y T,=T:+ ¥ x Py

W T,=Tg+ W5 x Py

where:
« Ppis the power dissipated, as explained in Thermal Information.
e Ty is the temperature at the center-top of the device package, and

e Tgis the PCB surface temperature measured 1 mm from the device package and centered on the package
edge. (4)
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11 Device and Documentation Support

11.1 Device Support
11.1.1 Development Support

11.1.1.1 Evaluation Modules

An evaluation module (EVM) is available to assist in the initial circuit performance evaluation using the TLV705.
The TLV70533EVM-596 evaluation module (and related user's guide) can be requested at the Tl website through
the product folders or purchased directly from the Tl eStore.

11.1.1.2 Spice Models

Computer simulation of circuit performance using SPICE is often useful when analyzing the performance of
analog circuits and systems. A SPICE model for the TLV705 is available through the product folders under Tools
& Software.

11.1.2 Device Nomenclature

Table 3. Available Options®

PRODUCT Vour

xX(x) is the nominal output voltage. For output voltages with a resolution of 100 mV, two digits
are used in the ordering number; otherwise, three digits are used (for example, 28 = 2.8 V; 475
=4.75V).

P is optional; devices with P have an LDO regulator with an active output discharge.

yyy is package designator.

z is the package quantity. R is for reel (3000 pieces), T is for tape (250 pieces).

TLV705xx(x)Pyyyz

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or visit the
device product folder at www.ti.com.

11.2 Documentation Support

11.2.1 Related Documentation
» TLV70533EVM-596 Evaluation Module User's Guide (SLVU439)

11.3 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 4. Related Links

TECHNICAL TOOLS & SUPPORT &
HANE =Tl G RRER O DOCUMENTS SOFTWARE COMMUNITY
TLV705 Click here Click here Click here Click here Click here
TLV705P Click here Click here Click here Click here Click here
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11.4 Community Resources

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

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

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

11.5 Trademarks

E2E is a trademark of Texas Instruments.

PicoStar is a trademark of Texas Instruments, Inc.

Bluetooth is a registered trademark of Bluetooth SIG, Inc.
Zigbee is a registered trademark of ZigBee Alliance.

All other trademarks are the property of their respective owners.

11.6 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.7 Glossary

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

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.

12.1 Package Mounting

Solder pad footprint recommendations for the TLV705 are available from the Packaging Information page on Tl's
website through the TLV705 series product folders. The recommended land patterns for the YFF, YFP, and YFM
packages are appended to this data sheet.
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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 ©)
@ ©)

TLV705075YFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 3V
TLV705075YFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 3V
TLV705075YFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 3V
TLV705075YFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 3V
TLV70509YFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 3w
TLV70509YFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 3w
TLV70509YFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 3w
TLV70509YFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 3w
TLV70512YFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BU
TLV70512YFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BU
TLV70512YFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BU
TLV70512YFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BU
TLV70515YFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BV
TLV70515YFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BV
TLV70515YFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BV
TLV70515YFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BV
TLV705165YFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 CN
TLV705165YFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 CN
TLV705165YFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 CN
TLV705165YFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 CN
TLV705185YFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 YS
TLV705185YFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 YS
TLV705185YFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 YS
TLV705185YFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 YS
TLV70518PYFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 EV
TLV70518PYFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 EV
TLV70518PYFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 EV
TLV70518PYFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 EV

TLV70518YFMR Active Production DSLGA (YFM) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
(1) %) @3) Ball material Peak reflow (6)
@ ©)
TLV70518YFMR.B Active Production DSLGA (YFM) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125
TLV70518YFMT Active Production DSLGA (YFM) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40to 125
TLV70518YFMT.B Active Production DSLGA (YFM) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125
TLV70518YFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 WT
TLV70518YFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 WT
TLV70518YFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40to 125 WT
TLV70518YFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 WT
TLV70525PYFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 EK
TLV70525PYFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 EK
TLV70525PYFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 EK
TLV70525PYFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 EK
TLV70525YFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 YB
TLV70525YFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 YB
TLV70525YFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40to 125 YB
TLV70525YFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 YB
TLV705285YFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BW
TLV705285YFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BW
TLV705285YFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40to 125 BW
TLV705285YFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BW
TLV70528PYFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 4E
TLV70528PYFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 4E
TLV70528PYFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40to 125 4E
TLV70528PYFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 4E
TLV70528YFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 Wu
TLV70528YFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 WU
TLV70528YFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40to 125 WU
TLV70528YFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 WU
TLV70530YFMR Active Production DSLGA (YFM) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125
TLV70530YFMR.B Active Production DSLGA (YFM) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125
TLV70530YFMT Active Production DSLGA (YFM) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40to 125
TLV70530YFMT.B Active Production DSLGA (YFM) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125
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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 ®)
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TLV70530YFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 XA
TLV70530YFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 XA
TLV70530YFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 XA
TLV70530YFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 XA
TLV70533PYFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 5L
TLV70533PYFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 5L
TLV70533PYFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 5L
TLV70533PYFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 5L
TLV70533YFFR Active Production DSBGA (YFF) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 us
TLV70533YFFR.B Active Production DSBGA (YFF) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 us
TLV70533YFFT Active Production DSBGA (YFF) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 us
TLV70533YFFT.B Active Production DSBGA (YFF) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 us
TLV70533YFMR Active Production DSLGA (YFM) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125
TLV70533YFMR.B Active Production DSLGA (YFM) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125
TLV70533YFMT Active Production DSLGA (YFM) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125
TLV70533YFMT.B Active Production DSLGA (YFM) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125
TLV70533YFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 \AY
TLV70533YFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 \AY%
TLV70533YFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 \AY
TLV70533YFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 \AY
TLV70534YFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 B4
TLV70534YFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 B4
TLV70534YFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 B4
TLV70534YFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 B4
TLV70536YFMR Active Production DSLGA (YFM) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125
TLV70536YFMR.B Active Production DSLGA (YFM) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125
TLV70536YFMT Active Production DSLGA (YFM) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125
TLV70536YFMT.B Active Production DSLGA (YFM) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125
TLV70536YFPR Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BX
TLV70536YFPR.B Active Production DSBGA (YFP) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BX
TLV70536YFPT Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BX
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(1) %) @3) Ball material Peak reflow (6)
4 (©)]
TLV70536YFPT.B Active Production DSBGA (YFP) | 4 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BX

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

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

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

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

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

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

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
5 »r KO [¢—P1—»)
go W
lReeI ) l
Diameter Cavity # 20 ‘*
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O QfSprocket Holes
I
Q1 : Q2
Q3 : Q4 User Direction of Feed
: .4
Pocket\(l)lgdrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TLV705075YFPR DSBGA | YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 | 4.0 8.0 Q1
TLV705075YFPT DSBGA YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70509YFPR DSBGA YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70509YFPT DSBGA YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70512YFPR DSBGA YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70512YFPT DSBGA YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70515YFPR DSBGA YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70515YFPT DSBGA YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV705165YFPR DSBGA | YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 | 4.0 8.0 Q1
TLV705165YFPT DSBGA YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV705185YFPR DSBGA | YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 | 4.0 8.0 Q1
TLV705185YFPT DSBGA YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70518PYFPR DSBGA YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70518PYFPT DSBGA | YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 | 4.0 8.0 Q1
TLV70518YFMR DSLGA | YFM 4 3000 180.0 8.4 0.88 | 0.88 | 0.22 | 4.0 8.0 Q1
TLV70518YFMT DSLGA YFM 4 250 180.0 8.4 0.88 | 0.88 | 0.22 4.0 8.0 Q1
TLV70518YFPR DSBGA YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70518YFPT DSBGA YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 18-Jun-2020
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)

TLV70525PYFPR DSBGA YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70525PYFPT DSBGA YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70525YFPR DSBGA | YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70525YFPT DSBGA | YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV705285YFPR DSBGA YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV705285YFPT DSBGA YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70528PYFPR DSBGA YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70528PYFPT DSBGA | YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70528YFPR DSBGA | YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70528YFPT DSBGA YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70530YFMR DSLGA | YFM 4 3000 180.0 8.4 0.88 | 0.88 | 0.22 4.0 8.0 Q1
TLV70530YFMT DSLGA | YFM 4 250 180.0 8.4 0.88 | 0.88 | 0.22 4.0 8.0 Q1
TLV70530YFPR DSBGA YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70530YFPT DSBGA YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70533PYFPR DSBGA YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70533PYFPT DSBGA | YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70533YFFR DSBGA YFF 4 3000 180.0 8.4 0.85 | 0.85 | 0.64 4.0 8.0 Q1
TLV70533YFFT DSBGA YFF 4 250 180.0 8.4 0.85 | 0.85 | 0.64 4.0 8.0 Q1
TLV70533YFMR DSLGA | YFM 4 3000 180.0 8.4 0.88 | 0.88 | 0.22 4.0 8.0 Q1
TLV70533YFMT DSLGA | YFM 4 250 180.0 8.4 0.88 | 0.88 | 0.22 4.0 8.0 Q1
TLV70533YFPR DSBGA | YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70533YFPT DSBGA | YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70534YFPR DSBGA YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70534YFPT DSBGA YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70536YFMR DSLGA | YFM 4 3000 180.0 8.4 0.88 | 0.88 | 0.22 4.0 8.0 Q1
TLV70536YFMT DSLGA | YFM 4 250 180.0 8.4 0.88 | 0.88 | 0.22 4.0 8.0 Q1
TLV70536YFPR DSBGA YFP 4 3000 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
TLV70536YFPT DSBGA YFP 4 250 180.0 8.4 0.86 | 0.86 | 0.59 4.0 8.0 Q1
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLV705075YFPR DSBGA YFP 3000 182.0 182.0 20.0
TLV705075YFPT DSBGA YFP 4 250 182.0 182.0 20.0
TLV70509YFPR DSBGA YFP 4 3000 182.0 182.0 20.0
TLV70509YFPT DSBGA YFP 4 250 182.0 182.0 20.0
TLV70512YFPR DSBGA YFP 4 3000 182.0 182.0 20.0
TLV70512YFPT DSBGA YFP 4 250 182.0 182.0 20.0
TLV70515YFPR DSBGA YFP 4 3000 182.0 182.0 20.0
TLV70515YFPT DSBGA YFP 4 250 182.0 182.0 20.0
TLV705165YFPR DSBGA YFP 4 3000 182.0 182.0 20.0
TLV705165YFPT DSBGA YFP 4 250 182.0 182.0 20.0
TLV705185YFPR DSBGA YFP 4 3000 182.0 182.0 20.0
TLV705185YFPT DSBGA YFP 4 250 182.0 182.0 20.0
TLV70518PYFPR DSBGA YFP 4 3000 182.0 182.0 20.0
TLV70518PYFPT DSBGA YFP 4 250 182.0 182.0 20.0
TLV70518YFMR DSLGA YFM 4 3000 210.0 185.0 35.0
TLV70518YFMT DSLGA YFM 4 250 210.0 185.0 35.0
TLV70518YFPR DSBGA YFP 4 3000 182.0 182.0 20.0
TLV70518YFPT DSBGA YFP 4 250 182.0 182.0 20.0
TLV70525PYFPR DSBGA YFP 4 3000 182.0 182.0 20.0
TLV70525PYFPT DSBGA YFP 4 250 182.0 182.0 20.0
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLV70525YFPR DSBGA YFP 4 3000 182.0 182.0 20.0
TLV70525YFPT DSBGA YFP 4 250 182.0 182.0 20.0
TLV705285YFPR DSBGA YFP 4 3000 182.0 182.0 20.0
TLV705285YFPT DSBGA YFP 4 250 182.0 182.0 20.0
TLV70528PYFPR DSBGA YFP 4 3000 182.0 182.0 20.0
TLV70528PYFPT DSBGA YFP 4 250 182.0 182.0 20.0
TLV70528YFPR DSBGA YFP 4 3000 182.0 182.0 20.0
TLV70528YFPT DSBGA YFP 4 250 182.0 182.0 20.0
TLV70530YFMR DSLGA YEM 4 3000 210.0 185.0 35.0
TLV70530YFMT DSLGA YFM 4 250 210.0 185.0 35.0
TLV70530YFPR DSBGA YFP 4 3000 182.0 182.0 20.0
TLV70530YFPT DSBGA YFP 4 250 182.0 182.0 20.0
TLV70533PYFPR DSBGA YFP 4 3000 182.0 182.0 20.0
TLV70533PYFPT DSBGA YFP 4 250 182.0 182.0 20.0
TLV70533YFFR DSBGA YFF 4 3000 182.0 182.0 20.0
TLV70533YFFT DSBGA YFF 4 250 182.0 182.0 20.0
TLV70533YFMR DSLGA YFM 4 3000 210.0 185.0 35.0
TLV70533YFMT DSLGA YEM 4 250 210.0 185.0 35.0
TLV70533YFPR DSBGA YFP 4 3000 182.0 182.0 20.0
TLV70533YFPT DSBGA YFP 4 250 182.0 182.0 20.0
TLV70534YFPR DSBGA YFP 4 3000 182.0 182.0 20.0
TLV70534YFPT DSBGA YFP 4 250 182.0 182.0 20.0
TLV70536YFMR DSLGA YFM 4 3000 210.0 185.0 35.0
TLV70536YFMT DSLGA YFM 4 250 210.0 185.0 35.0
TLV70536YFPR DSBGA YFP 4 3000 182.0 182.0 20.0
TLV70536YFPT DSBGA YFP 4 250 182.0 182.0 20.0
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|§| PACKAGE OUTLINE

YFP0OO0O04 DSBGA - 0.5 mm max height
DIE SIZE BALL GRID ARRAY
8] E—
BALL AlJz
CORNER
D
0.5 MAX
0.19
0.13
TYP
L
e
_B N i C D: Max = 0.806 mm, Min =0.746 mm
L LS B Max = 0.806 mm, Min =0.746 mm
TYP
P ™ /7
0.25 h )\V =
25
4x¢0_2 7 5
[ [0.0150) [c[A[B]
SYMM
¢
4223507/A 01/2017
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
YFP0OO0O04 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

r (0.4) TYP j

4X (5 0.23)

(. 4) TYP

——

SYMM

O

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:50X

(0.23) 0.05 MAX 0.05 MIN METAL UNDER
METAL f SOLDER MASK
SOLDER MASK — EXPOSED EXPOSED/ \ (@0.23)

OPENING METAL METAL SOLDER MASK
OPENING
NON-SOLDER MASK SOLDER MASK
DEFINED DEEINED
(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4223507/A 01/2017

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SNVAO009 (www.ti.com/lit/snva009).

INSTRUMENTS
www.ti.com




EXAMPLE STENCIL DESIGN
YFP0OO0O04 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

0.4) TYP
e

4X ([J0.25) (RO.05) TYP

(0.4) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:50X

4223507/A 01/2017

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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MECHANICAL DATA

YFM (S—pSTAR—N4) PicoStar™

o
— E B
AT—. »‘_’I 0,20 _
T ! A |
Mo B __g_i_g__ —+
V A | —I— A 4
\ 1 I 92 \
A1 Index Area Bottom View 4X ¢% A

0,18
(]2 0,015 ®[C[A[B]

0,150 Max

} vy | ‘ Seating Plane
AAJ

D: Max = 0.806 mm, Min =0.746 mm
E: Max = 0.806 mm, Min =0.746 mm

4209106-2/M 04/16

NOTES:  A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994.
B. This drawing is subject to change without notice.

C. PicoStar™ package configuration.

A The package size (Dimension D and E) of a particular device is specified in the device Product Data Sheet version
of this drawing, in case it cannot be found in the product data sheet please contact a local Tl representative.

Reference Product Data Sheet for array population. 2 x 2 matrix pattern is shown for illustration only.
F. This package is a Pb—free solder land design.

PicoStar is a trademark of Texas Instruments.
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PACKAGE OUTLINE
YFFO0004 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

Iﬁ E—
BALLAI— |
CORNER
D
0.625 MAX
k{ SEATING PLANE
0.30 _| BALL TYP
0.12
—~ [oaive
I | I
‘ ‘ ‘
B |
s |
\ SYMM D: Max = 0.806 mm, Min =0.746 mm
. 777774»777777@
TK | E: Max = 0.806 mm, Min =0.746 mm
—t |
A |
|
0.3 1 | 2
XD SY({/IM
(4 [0.0156) [c[A® [BO) |
4219460/A 02/2014
NOTES: NanoFree Is a trademark of Texas Instruments.

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.

3. NanoFree™ package configuration.
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EXAMPLE BOARD LAYOUT
YFFO0004 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

ﬂ 0.4) TYP h
21

4X ¢ 0.23+0.02

LAND PATTERN EXAMPLE
SCALE:50X

(©0.23) 0.05 MAX
METAL

SOLDER MASK (©0.23)
OPENING SOLDER MASK
OPENING
NON-SOLDER MASK
DEFINED SOLDER MASK
(PREFERRED) DEFINED

SOLDER MASK DETAILS
NOT TO SCALE

4219460/A 02/2014

NOTES: (continued)

4. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SBVA017 (www.ti.com/lit/sbva017).
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EXAMPLE STENCIL DESIGN
YFFO0004 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

(0.4) TYP j
.
|

4X (J0.25) ‘ (R0O.05) TYP
1 2 /
TN (T
A} Ig || Ig
T 1 1 I
SERNE
oo/ oo~
; SYMM
(0.4) ,7,7l7,7,7,
TYP .
EARRGER
Bl’ \ | l’ \
| — = + 1 ‘,. Jrﬁl,
\ \ /
/\\L/ T
METAL SY‘MM
TYP (t

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:50X

4219460/A 02/2014

NOTES: (continued)

5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
https://www.ti.com
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