Product
'-._ Folder

e ¢ Buy

13 TEXAS
INSTRUMENTS

\- Sample & b Technical
Documents #N Software

Support &
Community

TPS7B6701-Q1, TPS7B6733-Q1
TPS7B6750-Q1, TPS7B6750A-Q1, TPS7B6750B-Q1
SLVSCB2B ~OCTOBER 2013-REVISED MARCH 2014

2 Tools &

TPS7B67xx-Q1 450-mA High-Voltage Ultra-Low |y Low-Dropout Regulator

1 Features
* Qualified for Automotive Applications
» AEC-Q100 Qualified With the Following Results

— Device Temperature Grade 1: —-40°C to 125°C
Ambient Operating Temperature Range

— Device HBM ESD Classification Level H2
— Device CDM ESD Classification Level C3B

e 4 to0 40-V Wide-Vy Input-Voltage Range With up
to 45-V Transient

e Maximum Output Current, 450 mA

* Low Quiescent Current (lg))
— <4 pA When EN = Low (Shutdown Mode)
— 15 pA Typical at Light Loads

* Low-ESR (0.001 to 20 Q) Ceramic Output-Stability
Capacitor (10 to 500 pF When Vo 2 2.5V, 22 to
500 pF when Vg =1.5t0 2.5V)

* Maximum Dropout Voltage 450 mV at 400 mA
» Adjustable 1.5 to 18-V Output Voltages
» Low-Input Voltage Tracking to UVLO
e Integrated Power-On Reset
— Programmable-Reset Pulse Delay
— Open-Drain Reset Output
» Integrated Fault Protection
— Thermal Shutdown
— Short-Circuit Protection
» Packages
— 20-Terminal HTSSOP
— b5-Terminal DDPAK (Preview)

4 Typical Application Schematic

Adjustable Output Option

TPS7B6701-Q1

D A Ve
<

2 Applications

» Automotive

* Infotainment Tuner Supply

» Body Control Modules

» Always-ON Battery Applications
— Gateway Applications
— Remote Keyless Entry Systems
— Immobilizers

3 Description

The TPS7B6701-Q1, TPS7B6733-Q1l, TPS7B6750-
Q1, TPS7B6750A-Q1, and TPS7B6750B-Q1 devices
are low-dropout linear regulators designed for up to
40-V V,y operations. With only 15-yA quiescent
current at light load which greatly increases the
endurance time of the automotive battery, the devices
drive loads up to 450 mA.

The TPS7B67xx-Q1 family of devices features an
integrated short-circuit and overcurrent protection.
Reset delay and power-good signal are implemented
on power-up to indicate that the output voltage is
stable and is in regulation. An external capacitor
programs the delay. The enable function activates
and deactivates the device with an I/O port from the
MCU.

The device family operates at a temperature range of
—40°C to 125°C.

Device Information

ORDER NUMBER PACKAGE
TPS7B6701QPWPRQ1 | HTSSOP (20)
TPS7B6733QPWPRQ1 | HTSSOP (20)
TPS7B6750QPWPRQ1 | HTSSOP (20)

BODY SIZE
6,50 mm x 4,40 mm
6,50 mm x 4,40 mm
6,50 mm x 4,40 mm

Fixed Output Option

TPS7B6733-Q1

Vi
[Vou e II [[] TPS7B6750-Q1 [

DELAY GND

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
Changes from Revision A (November 2013) to Revision B Page
¢ Updated the first page by making the following additions: the Device Information table, device family name to
document title, and added the Navigation BUITONS ..........ooiiiiiii et e e e st e e e e e nntaeeeeeans 1
» Changed the I, value from < 2 to <4 when EN = Low in the Features list .............c.cccooiiiiiiiinii 1
« Added the Table of Contents and moved the Revision History to the Second Page ........cccceeeiiiiiiiieiiiiiiiee e 1
¢ Replaced the ORDERING INFORMATION table with the Device Comparison Table and deleted the Device and
= 10) = Yo [ T[] 111 o L TP PP UUPPPPRIN 4
¢ Changed KTT (B) terminal number for the ADJ terminal from 4 to — and the number for KTT (ADJ) from —to 4 ............ 5
« Added Moved all electrical specifications tables and the Typical Characteristics section into the Specifications
L= Tox 1] o PP OTPUPTUPTPP 6
¢ Changed the max value for DELAY from V, to 45 V in the Absolute Maximum Ratings table. Also added new table
Lo (S (o g B = N PP PPP PPN 6
¢ Changed the max value for ADJ, RESET from Vg to 22 V in the Absolute Maximum Ratings table .............ccccccoviienens 6
* Moved the ESD ratings (now Vggp) and storage temperature into the Handling Ratings table. Added three ESD table
[0 PO PPPPPPPPPPPTRTN 6
e Changed the value of I from 1 mA to 450 mA for the Input voltage test conditions in the Electrical Characteristics
122 o] =TSO PP PPN 7
« Added the value for V, in the test conditions of the Regulated output and the Line regulator parameters in the
Electrical CharaCteriStCS TADIE ... ..ottt e e e ekttt e e e e bbbt e e e e aa bbbt e e e e aabbe e e e e e snreeaeeaanneeeeaann 7
¢ Moved the timing parameters (TIMING FOR RESET) out of the Electrical Characteristics table and into the new
TiMING REQUIFEMENTS TADIE ... ...ttt ettt e e e ekttt e e e s ab e et e e e et b et e e e s anbbe e e e e e anbbeeeaeaannbeeaaeanns 8
¢ Added the Overview section title to the first paragraph of the Detailed Description SECHON .........ccccvverieveiiiieiiiieniee e 11
« Updated the Power-On_Reset (RESET) section by making the following changes: changed the percentage that Vg,
exceeds for the reset output to change from 90% to 91.6% (also changed this value in the Reset Delay Timer
(DELAY) section), removed The on-chip oscillator presets the delay, and changed the percentage level to assert the
OULPUL FrOM G000 10 8O.68U0 ... .eeeiieeiiiiiiee ettt e ettt e e e oottt e e e e et ettt ee e e st e eeeeeaaaebeeeeeaamsaeeeeeanteeeee e e nbseeaeeasbeeeaeeasaneeaeeasnneeeenanns 12
« Changed the junction temperature value that disables thermal protection from 170°C to 175°C in the Thermal
0 (=Ton i o] Y=ot o] o I PRSP URT ORI 14
¢ Added the Device FUNCLONAl MOOES SECHOMN ........oiiiiiiiiiiiiiiie ettt et e et e bt e e s bb e e e abb e e e nteesnbbeeetaeesnneas 14
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Revision History (continued)

¢ Added the Typical Application section in the new Applications and Implementation section
¢ Added the Power Supply RecommendationS SECLON .........oc.uiiiiiiiiiii ettt et e e e e bee e e e s e be e e e e e annseeeeeenneeas

¢ Changed the LAYOUT INFORMATION section to the Layout section and added the Layout Example section ................ 17

« Added the Mechanical, Packaging, and Orderable Information section. Also added the Device and Documentation
Support section which now contains the trademark section and Electrostatic Discharge Caution. This section also

includes a new referenCe t0 the TI GIOSSAIY .......uiiiiiiiiiii ettt ettt e s e e st s et e st e e naneeennneeas 19
Changes from Original (October 2013) to Revision A Page
¢ Changed max dropout voltage from 500 mV to 450 MV in FEATURES [ISt ......coiiiiiiiiii e 1
e Added body control modules t0 APPLICATIONS lISt ......uuiiiiiieiiiieiiit ettt e e e et nnne e senee s 1
« Changed the low-voltage tracking feature text to enable function text in the DESCRIPTION ........c.ccccovieeeiiiiiiee e 1
¢ Changed document status from Product Preview to Production Data .........c...eeeeiiiiiiiioiiiiiiee e e s e e 1
e Changed TYPICAL APPLICATION SCHEMATIC to show difference between adjustable output and fixed output

(0] o] (1o ] o IO PP PP R PPP 1
¢ Changed the MIN value for RESET and ADJ in the RECOMMENDED OPERATING CONDITIONS table from 0 to

1.5 and removed low voltage parameter for thOSE PINS .....coiuiii ittt s 6
¢ Added Added board dimensions to the high K profile THERMAL INFORMATION table note .........ccccocociiiiieiniiiiniiceiieenne 6
« Changed test condition for the input voltage to fixed 3.3-V output and added 5-V and two adjustable output

[oTo] g 1110 o £SO PR URTSRTIP 7
¢ Changed max value for the line regulation parameter from 2 10 10 .......cooiueeiiiieiiiie e

« Changed TYP value for dropout voltage where I = 400 mA from 240 to 260
e Changed TYP value for dropout voltage where I = 200 mA from 160 to 150

e Changed Output current-limit typ value to max value for Vot ShOrt t0 ground ..........cceeeiiieiiiicieeeee e 7
¢ Deleted V| condition from test coONdition fOr PSR ........ooiiiiiiiiii it e e s et e e e e stb e e e e asasaeeeeeassnees 7
¢ Added TYPICAL CHARACTERISTICS SECLON ...cciiiiiiieeiiiii ittt e e e e e e e e s e s et e e e e e eaeaeaeeeseasannsnsabssanneeaaeeaaeeaeesaaaan 8
¢ Added the DETAILED DESCRIPTION SECLOM ....ciiiiiiiiitieiiiiiiee ettt e e ettt e e e s ettt e e e e asaeeeaeaaasaeeeaeeasaeeeaeaasnseeaeaanseeeaseaneees 11
¢ Added block diagram fro the TPS7B6733-Q1 and TPS7B6750-Q1 ......cccciiiiiiiieiiiiiieeeesiiiee e e sire e e et e e e e e e e e ssraeaa e 11
¢ Added the APPLICATION INFORMATION SECLON ....ccceeeiiiiiieiciiititiet et st e e e e e e e e s e s et e e e e e e aaaeeeaassasaansnnnbssannnreaeaaaeeaeens 15
¢ Added the LAYOUT INFORMATION SECHON .....uiiiiiiiiiiiia ettt ettt e ettt e e ettt e e e e skttt e e e e atbeeeaeeantbeeeaeaanneeeeeeaannseeaasaannnees 17
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Device Comparison

ORDERABLE PART NUMBER

VOLTAGE OPTION (Vour)

HTSSOP
TPS7B6701QPWPRQ1 Adjustable 1.5 to 18 V
TPS7B6733QPWPRQ1 Fixed 3.3 V
TPS7B6750QPWPRQ1 Fixed 5 V
DDPAK (Preview)
TPS7B6701QKTTRQ1 Adjustable 1.5 to 18 V
TPS7B6750AQKTTRQ1 Fixed 5 V
TPS7B6750BQKTTRQ1 Fixed 5 V

6 Terminal Configuration and Functions

20-Terminal HTSSOP

PWP Package

(Top View)
RESETCT] 1 N 20[INC
NC[] 2 19TV
DELAY[™T] 3 18[TINC
Vour[1] 4 17NC
ADJ/INC[I 5 16 INC
NC[T] 6 15FTJEN
NC 7 14 TNC
GND[T] 8 13TGND
NCCI 9 12 TINC
NCCIT10 11FTINC

5-Terminal DDPAK
KTT Package
Fixed Version A (Top View)

5-Terminal DDPAK
KTT Package
Fixed Version B (Top View)

5 T 1Vour 5T 1Vour
41T 1DELAY 41T 1INC
3| T IGND 3T 1GND
2| T IRESET 2T 1EN
1T IVn 1T IVn
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5-Terminal DDPAK

KTT Package

Adjustable Version (Top View)

51T TVour
41 T 1ADJ
3| T 1GND
2 T TEN
11T 7V
Terminal Functions
TERMINAL
TYPE | DESCRIPTION
NAME PWP | KTT (A) | KTT (B) KTT (ADJ)
Feedback terminal. This terminal is used with an external resistor divider or the NC
ADJ 5 — — 4 | . . . X
terminal when in a fixed version.
DELAY 3 4 — — (0] Reset pulse delay adjustment. Connect this terminal through a capacitor to GND.
Enable terminal. When the EN terminal becomes lower than threshold, the device
EN 15 — 2 2 |
enters the stand-by state.
8
GND 3 3 3 3 G Ground reference
2
6
7
9
10
11
NC — 4 — — Not connected
12
14
16
17
18
20
RESET 1 2 o o o Output ready. This open-drain terminal must be connected to Vot through an external
resistor. RESET is pulled down when the output voltage goes below threshold.
Vin 19 1 1 1 P Input power-supply voltage
Vout 4 5 5 5 Output voltage
PowerPAD™ — PowerPad for the HTSSOP (PWP) and DDPAK (KTT) packages

Copyright © 2013-2014, 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
Unregulated input range @®)®) Vins EN -0.3 45 \Y
Vour -0.3 22 v
Output range DELAY@®)®) 45 v
ADJ, RESET 22 \%
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 may affect device reliability

(2) All voltage values are with respect to GND.

(3) Absolute negative voltage on these terminals does not go below —0.3 V.

(4) Absolute maximum voltage.

(5) The voltage at the DELAY terminal must be lower than the V,y voltage.

7.2 Handling Ratings

MIN MAX UNIT
Tstg Storage temperature range —65 150 °C
Vesp® Human body model (HBM), H2®@®) 2 kv
Charged device model (CDM), C3B™* 750 \Y%

(1) Electrostatic discharge (ESD) to measure device sensitivity and immunity to damage caused by assembly line electrostatic discharges
into the device.

(2) The human body model is a 107-pF capacitor discharged through a 1.5-kQ resistor into each terminal.

(3) Level listed above is the passing level per ANSI/ESDA/JEDEC JS-001.

(4) Level listed above is the passing level per EIA-JEDEC JESD22-C101.

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

MIN MAX UNIT
Unregulated input range VN 4 40 \Y;
EN, DELAY 0 40 \%
Output range
Vour, RESET, ADJ 15 18 v
T, Operating junction temperature range -40 150 °C

7.4 Thermal Information

TPS7B67xx-Q1
THERMAL METRIC®®) PWP KTT UNIT
(20 TERMINALS) | (5 TERMINALS)

03a Junction-to-ambient thermal resistance 44.9 345
Bctop Junction-to-case (top) thermal resistance 27.4 38.9
038 Junction-to-board thermal resistance 23.6 20.3 oCIW
Wit Junction-to-top characterization parameter 1.1 7.2
Wig Junction-to-board characterization parameter 23.4 18.6
B3chot Junction-to-case (bottom) thermal resistance 3.1 1.4

(1) The thermal data is based on JEDEC standard high K profile — JESD 51-7. Two signal, two plane, four-layer board with 2-0z copper.
The copper pad is soldered to the thermal land pattern. Also correct attachment procedure must be incorporated.
(2) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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7.5 Electrical Characteristics
V=14V, 1 mQ <ESR <20 Q, T, =-40°C to 150°C unless otherwise stated

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY VOLTAGE AND CURRENT (Vjn)
V, Input voltage Fixed 3.3-V output, Io = 0 to 450 mA 4 40
Fixed 5-V output, Io = 0 to 450 mA 55 40 v
Adjustable output, Vo £3.5V, Io = 0 to 450 mA 4 40
Adjustable output, Vo 2 3.5V, I = 0 to 450 mA Vo+0.5 40
V,=5.51t040V (fixed 5 V), 4 to 40 V (fixed 3.3 V), 15 25
EN=ON, Ig = 0.2 mA
lo Quiescent current \'E/N=:4Ct)?\lfl?o\/:(g.c12junsthalble version, Vo = 1.5 V), 15 25 WA
V, = 18.5 to 40 V (Adjustable version, Vg = 18 V), 25 35
EN=0ON, Ip =0.2 mA
Isieep Input sleep current NO load current and EN = OFF 4 HA
len EN terminal current EN =40V 1 HA
Vbg Band gap Reference voltage for ADJ —-2% 1.233 2% \%
VinuvLo Undervoltage detection Ramp V, down until output is turned OFF 2.6 \%
UVLOyys  Undervoltage detection 1 \
hysteresis
ENABLE INPUT (EN)
Vi Logic input low level 0 0.4 \
Viy Logic input high level 1.7 \
REGULATED OUTPUT (Vour)
Vo Regulated output® V,=Vo+0.5t040VandV,24V, lg =0 to 450 mA 2% 2%
AVoaviy Line regulation Vi=Vo+1to40Vand V24V, Ig=100 mA, AVy 10 mV
AVoary Load regulation lo =1 to 450 mA, AVg 10 mV
V- Vo, lo = 400 mA 240 450
Vropout Dropout voltage mV
V, — Vo, lo = 200 mA 160 300
lo Output current Vo in regulation 0 450 mA
Vo short to ground 140 360
lireg-cL Output current-limit - mA
Vo = Vo typical x 0.9 470 850
. o I_ = 100 mA, Freq = 100 Hz 60
PSRR Power-supply ripple rejection® CLO S22 uF Freq = 100 Kz 0 dB
RESET
Voo Reset pulled low lo. = 0.5 mA 0.4 \
lon Reset pulled Vgyr through 10- | Leakage current 1 HA
k resistor
V1H-(POR) Power-On-Reset threshold Vo power-up set tolerance 89.6 91.6 93.6 | % of Vour
Vhys Hysteresis Vo power-down set tolerance 2 % of Vout
RESET DELAY
Ichg Delay capacitor charging Relay =0 V 6 9.5 14 HA
current
Vin Threshold to release RESET 1 \%
high
OPERATING TEMPERATURE RANGE
T, Junction temperature -40 150 °C
Tsq Junction shutdown 175 °C
temperature
Thys Hysteresis of thermal 24 °C
shutdown

(1) External resistor divider variation is not considered.
(2) Design information — Not tested, ensured by characterization
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7.6 Timing Requirements

MIN TYP MAX| UNIT
TIMING FOR RESET
tpor Power On Reset Delay Where C = delay-capacitor value 10.5 ms
capacitance, C = 100 nF®
tpor-fixed POWer On Reset Delay No capacitor on terminal 100 325 550 us
tpeglitch Reset deglitch time 55 180 420 ps
(1) This information only will NOT be tested in production. The equation is based on:
(C x 1)/ (9.5 x 107®) = tpgjay (delay time)
Where
e C = delay capacitor value capacitance
e C range = 100 pf to 500 nF
7.7 Typical Characteristics
1.60 160
1.58
140
1.56 //
1.54 120 L
g 100 —
< 152 <
c 2 —
‘£ 1.50 o 80 /
(] =z
Z 148 9 %0 ]
>
1.46
Vo (-40°C) 40 Za lanp (~40°C)
1.44 .
Vg (25°C) 20 Ignp (25°C)
1.42 .
Vg (125°C) Ignp (125°C)
1.40 0
0 5 10 15 20 25 30 35 40 0 50 100 150 200 250 300 350 400 450
V) (V) lo (MA)
Figure 1. Line Regulation Figure 2. Ground Current vs Output Current
(Mo =15V, I =100 mA) M =14V, Vo=15V)
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20 120 //
I ///
— 100
15 <
a::: - 3 80 — 1
o _—] 2
~ 10 “ 60 1
/ "
i — 1y (-40°C) 40 — Ignp (—40°C)
1(25°C) 20 % lnp (25°C)
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0 0
0 10 20 30 40 0 50 100 150 200 250 300 350 400 450
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Figure 3. Quiescent Current vs Input Voltage Figure 4. Ground Current vs Output Current
Vo=15V) VMi=24V,Vo=18V)
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Typical Characteristics (continued)
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Figure 5. Quiescent Current vs Input Voltage Figure 6. Dropout Voltage vs Output Current
(Vo =18V)
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Figure 7. Load Regulation Figure 8. ESR Stability vs Load Capacitance
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Figure 9. ESR Stability vs Load Capacitance Figure 10. Output Voltage vs Supply Voltage
Vo225V) (Fixed 5-V Version, I, =0)
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Typical Characteristics (continued)
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Figure 11. Output Vo|tage VS Supp|y V0|tage Figure 12. POWer-SUppIy Rejection Ratio vs Frequency
(Fixed 3.3-V Version, I, = 0) (Vi=14V, Co = 47 YF, I = 25 mA)
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Figure 13. Short to GND Current-Limit vs Temperature Figure 14. Current-Limit vs Temperature
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Figure 15. Load Transient
10-pF Ceramic Output Capacitor
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8 Detailed Description

8.1 Overview

The TPS7B67xx-Q1 family of devices is an low-dropout linear regulator combined with an enable and reset
function. The power-on-reset initializes when the output voltage, Vo, exceeds 91.6% of the target value. The
power-on reset delay is a function of the value set by an external capacitor on the DELAY terminal before
releasing the RST terminal high.

8.2 Functional Block Diagram

UVLO — Viet v

Comp j IN
Band Gap < Voa |
% 47 F

0.1 pF
Vref E E
Overcurrent
l‘ Detection

1

S
Control Shutdown
L =
Regulator ‘*’}
Control v
ouT
1 . Vre
GND LZZuF
Vret g
+ ADJ
10k
DELAY %‘7 ’—‘ RESET
[ [j é— Reset Control

Figure 16. TPS7B6701-Q1 Functional Block Diagram

UvLO
<—'j \%
’—‘ Comp 4] ref Vin
» Band Gap’-
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Control Shutdown
— =5
=

47 u@ gm uF

I

Regulator
Control

Vour

Viegg >

GND y RS 20F
L o <

1
[

10k
< &
N
Figure 17. TPS7B6733-Q1 and TPS7B6750-Q1 Functional Block Diagram
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8.3 Feature Description

8.3.1 Enable (EN)

The enable terminal is a high-voltage-tolerant terminal. A high input on EN actives the device and turns on the
regulator. For self-bias applications, connect this input to the Vy terminal.

8.3.2 Regulated Output (VouT)

The Vgt terminal is the regulated output based on the required voltage. The output has current limitation. During
initial power up, the regulator has a soft start incorporated to control the initial current through the pass element.

In the event that the regulator drops out of regulation, the output tracks the input minus a drop based on the load
current. When the input voltage drops below the UVLO threshold, the regulator shuts down until the input voltage
recovers above the minimum start-up level.

8.3.3 Power-On-Reset (RESET)

The power-on-reset is an output with an external pullup resistor to the regulated supply. The reset output remains
low until the regulated Vo exceeds approximately 91.6% of the set value and the power-on-reset delay has
expired. The regulated output falling below the 89.6% level asserts this output low after a short de-glitch time of
approximately 180 ps (typical).

8.3.4 Reset Delay Timer (DELAY)

An external capacitor on this terminal sets the timer delay before the reset terminal is asserted high. The
constant output current charges an external capacitor until the voltage exceeds a threshold to trip an internal
comparator. If this terminal is open, the default delay time is 325 ps (typical).
The reset pulse delay time ty, is defined with the charge time of an external capacitor DELAY (see Equation 1).
_ Cperay X1V
9.5 yA (1)

The power-on-reset initializes when Vg exceeds 91.6% of the programmed value. The power-on-reset delay is a
function of the value set by an external capacitor on the DELAY terminal before the RESET terminal is released

high.
y —>| [« t <trst oEGLITCH
MR = N A e\ — e e = = =t U
—_ = i i) g g - UVmes Internally Set
Vout / _\/_ U ! Y
I ;! [ —
I P
VrvigsT oLy, A VrH(RST DLY)
i | |
DELAY > : |
M st oeLar I B s S
I I tRslnEGUEH !<_ I I
RESET I _J l¢— tRST_DEGLITCH
I B I
Figure 18. Conditions to Activate RESET
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Feature Description (continued)

DELAY

tPOR

RESET

Figure 19. External Programmable-Reset Delay

8.3.5 Adjustable Output Voltage (ADJ for TPS7B6701)

An output voltage between 1.5 V and 18 V can be selected by using the external resistor dividers. Use
Equation 2 to calculate the output voltage, where Vp; = 1.233 V. In order to avoid a large leakage current and to
prevent a divider error, the value of (R1 + R2) must between 10 k and 100 kQ.

R2
Vo = Vapy (1 + —j
ADJ R1 @

TPS7B6701-Q1

Yoy s N0 [

R2

ADJ

GND

R1

l <

Figure 20. External Feedback Resistor Divider
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Feature Description (continued)
8.3.6 Undervoltage Shutdown

The TPS7B67xx-Q1 family of devices has an internally-fixed undervoltage shutdown threshold. Undervoltage
shutdown activates when the input voltage on V,y drops below VyuviLo- This activation ensures the regulator is
not latched into an unknown state during low-input supply voltage. If the input voltage has a negative transient
that drops below the UVLO threshold and recovers, the regulator shuts down and powers up similar to a typical
power-up sequence when the input voltage is above the required levels.

8.3.7 Thermal Shutdown

These devices incorporate a thermal shutdown (TSD) circuit as a protection from overheating. For continuous
standard operation, the junction temperature must not exceed the TSD trip-point. If the junction temperature
exceeds the TSD trip-point, the output turns off. When the junction temperature falls below the TSD trip-point
minus TSD hysteresis, the output turns on again.

8.3.8 Thermal Protection

Thermal protection disables the output when the junction temperature rises to approximately 175°C which allows
the device to cool. When the junction temperature cools to approximately 150°C, the output circuitry enables.
Based on power dissipation, thermal resistance, and ambient temperature, the thermal protection circuit may
cycle on and off. This cycling limits the dissipation of the regulator and protects it from damage as a result of
overheating.

The internal protection circuitry of the TPS7B67xx-Q1 device has been designed to protect against overload
conditions. The circuitry was not intended to replace proper heat-sinking. Continuously running the TPS7B67xx-
Q1 device into thermal shutdown degrades device reliability.

8.4 Device Functional Modes

8.4.1 Operation With Viy <4V

The devices operate with input voltages above 4 V. The maximum UVLO voltage is 2.6 V and operates at input
voltage above 4 V. The devices can also operate at lower input voltages; no minimum UVLO voltage is specified.
At input voltages below the actual UVLO voltage, the devices do not operate.

8.4.2 Operation With EN Control

The enable rising edge threshold voltage is 1.7 V (maximum), with the EN terminal is held above that voltage
and the input voltage is above the 4 V, the device becomes active. The enable falling edge is 0.4 V (minimum),
with the EN terminal is held below that voltage the device is disabled, the IC quiescent current is reduced in this
state.
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9 Application and Implementation

9.1 Application Information

Figure 21 and Figure 22 show typical application circuits for the TPS7B6701-Q1 device and the TPS7B6733-Q1
and TPS7B6750-Q1 device respectively. Based on the end-application, different values of external components
can be used. An application can require a larger output capacitor during fast load steps in order to prevent a
reset from occurring. TI recommends a low-ESR ceramic capacitor with a dielectric of type X5R or X7R for better
load transient response.

9.2 Typical Application

TPS7B6733-Q1

TPS7B6701-Q1 Vbat v, | TPS7B6750-Q1

Vo

[

Vbat ) Vi []

47 yF——

:

47 yF——

R2

a1 [ GND

DELAY []

V l

Figure 21. Typical Application Schematic for Figure 22. Typical Application Schematic for
TPS7B6701-Q1 TPS7B6733-Q1 and TPS7B6750-Q1

9.2.1 Design Requirements
For this design example, use the parameters listed in Table 1.

Table 1. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Input voltage range 4t040V
Output voltage 15t018V
Qutput current rating 450 mA
Qutput capacitor range 10 to 500 pF
Output capacitor ESR range 1mQto20Q
DELAY capacitor range 100 pF to 500 nF

9.2.2 Detailed Design Procedure

To begin the design process, determine the following:
* Input voltage range

» Output voltage

» Output current rating

» Output capacitor

» Power-up reset delay time
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9.2.2.1 Power Dissipation and Thermal Considerations

Device power dissipation is calculated with Equation 3.
Po =lp x (\/I —VO)+IQ x V|
where
e Pp = continuous power dissipation
* |lo = output current
eV, =input voltage
« Vo = output voltage (3)

As lg « I, the term Ig x V| in Equation 3 can be ignored.

For a device under operation at a given ambient air temperature (T,), calculate the junction temperature (T,) with
Equation 4.

TJ =TA +(6JA X PD)
where
e 835 = junction-to-ambient air thermal impedance (4)

A rise in junction temperature because of power dissipation can be calculated with Equation 5.

AT:TJ—TA :(GJAXPD) (5)

For a given maximum junction temperature (T;y), the maximum ambient air temperature (Tay) at which the
device can operate is calculated with Equation 6.

Tam = Tom = (638 x Pp) (6)

9.2.3 Application Curves

[250M5/5 ||

] [20.0ms

H'so.or\ms [ ® \ 220V
[5+~10.5620ms | 10M points

Load = 200 mA Cin = Cout = 47 pF Load = 200 mA Cin = Cout = 47 UF
Figure 23. TPS7B6750-Q1 Power-Up Waveform Figure 24. TPS7B6750-Q1 Power-Down Waveform
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10 Power Supply Recommendations

The device is designed to operate from an input voltage supply range between 4 V and 40 V. This input supply
must be well regulated. If the input supply is located more than a few inches from the TPS7B67xx-Q1 device, an
electrolytic capacitor with a value of 47 pF and a ceramic bypass capacitor are recommended to add at the input.

11 Layout

11.1 Layout Guidelines

11.1.1 Enhanced Thermal Pad

For the PWP package, Tl recommends to layout an enhanced thermal pad on the board in order to realize better
thermal impedance as shown in Figure 25. No extra board size is required and the standard operation is not
influenced by this layout.

RESET [ 1..---5:4.---.:20 11 NC
NC 1T z §19 11 Vi
DELAY [T 3 ;18 11 NC
Vour O 45 §17 mmpe
ADJ/NC 15 5 ;16 11 NC
NC T 6§ 515 13 EN
NC 1T "7. .1:- 11 NC
GND[CIT] 8 13 |11 GND
NCCT] o9 12 [ NC
NC[IT] 10 11 [ NC
Large Pad on EVM

Enhance Thermal
dissipating

Figure 25. Thermally Enhanced Layout for the PWP Package (TPS7B6701-Q1)

11.1.2 Package Mounting

Solder-pad footprint recommendations for the TPS7B67xx-Q1 devices are available at the end of this data sheet
and at www.ti.com.

11.1.3 Board Layout Recommendations to Improve PSRR and Noise Performance

» To improve AC performance such as PSRR, output noise, and transient response, Tl recommends to design
the board with separate ground planes for V5 and Vgyr, with each ground plane connected only at the GND
terminal of the device. In addition, the ground connection for the output capacitor must connect directly to the
GND terminal of the device.

» Equivalent series inductance (ESL) and ESR must be minimized in order to maximize performance and

ensure stability. Every capacitor must be placed as close to the device as possible and on the same side of
the PCB as the regulator.
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Layout Guidelines (continued)

« Do not place any of the capacitors on the opposite side of the PCB from where the regulator is installed. The
use of vias and long traces is strongly discouraged because of the negative impact on system performance.
Vias and long traces can also cause instability.

» If possible, and to ensure the maximum performance listed in this data sheet, use the same layout pattern
used for TPS7B67xx-Q1 evaluation board, available at www.ti.com.

11.1.4 Additional Layout Considerations

Because of the high impedance of the ADJ terminal, the regulator is sensitive to parasitic capacitances that can
couple undesirable signals from nearby components (especially from logic and digital ICs, such as
microcontrollers and microprocessors). These capacitive-coupled signals can produce undesirable output-voltage
transients. If undesirable output-voltage transients occur, Tl recommends to use a fixed-voltage version of the
TPS7B67xx-Q1 devices, or to isolate the ADJ node by flooding the local PCB area with ground-to-plane copper
in order to minimize any undesirable signal coupling.

11.2 Layout Example

RESET ~— NC [T ]
Connect through
bottom layer
D: NC VIN | VI
® H —{ T |pELAy NC [T
Power Ground H
/_E_CE Vour NC | T ®
Output filter D—CE ADJ NC :D
capacitor, place _1__
close to chip VouT | out b
nput bypass
D: NC EN ——capacitor
§ TPS7B6701-Q1 (PWP)
CT]ne ne 17
o o
GND GND 1] o
Power Ground
CT]ne ne 17
CT]ne ne 17

Figure 26. TPS7B6701-Q1 Layout Example
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12 Device and Documentation Support

12.1 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 2. Related Links

PARTS PRODUCT FOLDER | SAMPLE & BUY LSS o N
TPS7B6701-Q1 Click here Click here Click here Click here Click here
TPS7B6733-Q1 Click here Click here Click here Click here Click here
TPS7B6750-Q1 Click here Click here Click here Click here Click here

TPS7B6750A-Q1 Click here Click here Click here Click here Click here
TPS7B6750B-Q1 Click here Click here Click here Click here Click here

12.2 Trademarks
PowerPAD is a trademark of Texas Instruments.

12.3 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.
12.4 Glossary

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

13 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.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)
TPS7B6701QPWPRQ1 ACTIVE HTSSOP PWP 20 2000  Green (RoHS CU NIPDAU Level-3-260C-168 HR ~ -40 to 125 7B6701
& no Sh/Br)
TPS7B6733QPWPRQ1 PREVIEW  HTSSOP PWP 20 1 TBD Call Tl Call T -40to 125
TPS7B6750QPWPRQ1 PREVIEW  HTSSOP PWP 20 1 TBD Call Tl Call Tl -40to 125

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

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

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

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

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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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
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS7B6701QPWPRQ1 [HTSSOP| PWP 20 2000 330.0 16.4 6.95 | 7.1 1.6 8.0 | 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS7B6701QPWPRQ1 HTSSOP PWP 20 2000 367.0 367.0 38.0
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MECHANICAL DATA

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

EEERLTLI

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

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

vy (AAAMAAAAMD .  seoting Plore w1 A

L 1,20 X 015 F N
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A.All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusions. Mold flash and protrusion shall not exceed 0.15 per side.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQOZ for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
E. Falls within JEDEC MO-153

NOTES:

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

PWP (R—PDSO—G20) PowerPAD" SMALL PLASTIC OUTLINE
THERMAL INFORMATION

This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,
can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SLMAOO2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAOO4.
Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.
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NOTE: A. All linear dimensions are in millimeters

@ Exposed tie strap features may not be present.

PowerPAD is a trademark of Texas Instruments
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LAND PATTERN DATA

PWP (R—PDS0O-G20) PowerPAD™ PLASTIC SMALL OUTLINE

Example Board Layout Stencil Openings
Via pattern and copper pad size Based on a stencﬂ.thlckness
may vary depending on layout constraints of .127mm (.005inch).

Reference table below for other

Increasing copper area wil solder stencil thicknesses

enhance thermal performance
(See Note D)
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NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.

D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQQ2, SLMAQQ4, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>. Publication IPC—7351 is recommended for dlternate designs.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Example stencil design based on a 50% volumetric
metal load solder paste. Refer to IPC-7525 for other stencil recommendations.

F. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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