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1} TEXAS TPS38700S-Q1
INSTRUMENTS SNVSCG1 — JULY 2023
TPS38700S-Q1 Power-Supply Sequencer with
12C Support for Up to 6 Channels, 6 GPOs, and SYNC
1 Features 3 Description

+ AEC-Q100 qualified with the following results:
— Device temperature grade 1: —40°C to +125°C
» Sequencing for state-of-the-art SoCs
— Capable of sequencing up to 6 power rails
— Power up/down timing sequence programmable
via 12C
* 125 us to 64 ms (in 125 us steps)
* 500 us to 25 ms (in 500 us steps)
* System Robustness
— Active-low open-drain NIRQ to latch system
into safe state during operation error
— Connect with a multichannel supervisor like the
TPS389006-Q1 with Sync pin for full voltage
monitoring & sequencing situations
— Battery back-up function for diagnostic error
reporting during power out events
— Device thermal shutdown in high temperature
environments

2 Applications

* Advanced driver assistance system (ADAS)

* Automotive camera modules

*  FPGA power supply sequencing

* Microprocessor and microcontroller sequencing
* Multiple supply sequencing

The TPS38700S-Q1 device is an integrated
multichannel voltage sequencer with a window
watchdog and 12C programmable available in a 24-pin
4 mm x 4 mm VQFN package.

This multichannel voltage sequencer is an excellent
choice for systems that require precise power up
and/or power down sequencing and can be interfaced
with multichannel voltage supervisors. The device
defaults to preprogrammed OTP options but the
I2C can reprogram the power up and power down
sequence, watchdog settings, and sequence timing
options if needed.

Flexible and programmable voltage rail sequencing
capabilities, low quiescent current, and small
footprint allow this device to meet most application
requirements.

SYNC on the TPS38700S-Q1 allows designers to
have more control over how their system powers
up. The TPS38700S-Q1 acheives this by only firing
the following enable signal when the current rail has
powered up to an acceptable level with the use of the
SYNC signal. In addition TPS38700S-Q1 allows for
custom delay options. TPS38700S-Q1 is designed to
be used with the TPS389006-Q1.

Device Information
PACKAGE ()

VQFN (24)

PART NUMBER
TPS38700S-Q1

BODY SIZE (NOM)

4 mm x4 mm

M

For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Device Comparison

Figure 5-1 shows the device nomenclature of the TPS38700S-Q1 device. See Table 12-1 for more information
regarding device ordering codes. Contact Tl sales representatives or on Tl's E2E forum for details and

availability of other options; minimum order quantities apply.

TPS 38700 X YY Z RGE RQl
T

Sequencer Channel Count Ordering Code Feature Package

6: 6 Channel Sequencer YY: Device Option S: Sync RGE: VQFN (24-pin)
N: Non-Monitored
Sequencing

Refer ‘Mechanical, Packaging and Orderable Information’ section on for list of released orderable.
For any other orderable, contact local Tl support.

Figure 5-1. TPS38700S-Q1 Device Nomenclature
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6 Pin Configuration and Functions
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Figure 6-1. RGE Package
24-Pin VQFN
TPS38700 Top View
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Table 6-1. Pin Functions

PIN
TPS38700S-Q1 1/0 DESCRIPTION
NO- NAME
NIRQ 0] Interrupt Pin (open-drain, active-low)
2 NRST (0] Reset Pin (open-drain, active-low)
Active low input needed for enabling and disabling voltage rails during the Power
3 SYNC | Up and Power Down sequences. For more information check out Section 8.1 and
Section 8.3.2.
4 ACT | ACT pin (logic high starts power up sequence, logic low starts power down
sequence)
5 SCL | 12C clock pin
6 SDA I/O |I12C data pin
7 GPO7 O GPO7 (open-drain)
8 GPO8 O GPO8 (open-drain)
9 GPO9 0] GPOQO9 (open-drain)
10 GPO10 (0] GPO10 (open-drain)
11 GPO11 (0] GPO11 (open-drain)
12 GPO12 O GPO12 (open-drain)
13 NC NA Leave pin open circuit. Do not connect to anything.
14 NC NA Leave pin open circuit. Do not connect to anything.
15 NC NA Leave pin open circuit. Do not connect to anything.
16 GND - Ground
17 VDD - Power supply
18 Vegar ) gaéclzup battery supply. For more information on the backup state check out Section
19 EN1 (0] Enable 1 (open-drain)
20 EN2 O Enable 2 (open-drain)
21 EN3 O Enable 3 (open-drain)
22 EN4 O Enable 4 (open-drain)
23 EN5 O Enable 5 (open-drain)
24 EN6 O Enable 6 (open-drain)
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7 Specifications

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

MIN MAX| UNIT

Voltage VDD, Vggar -0.3 \Y
Voltage GPOx -0.3 \%
Voltage SCL, SDA (OTP=3.3V) -0.3 5.5 \

Continuous total power dissipation See the Thermal Information

Operating junction temperature, T -40 150| °C
Temperature @

Operating free-air temperature, Tp -40 125 °C

Storage temperature, Tgq -65 150 °C

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

reliability.

(2) As aresult of the low dissipated power in this device, it is assumed that T; = Tp.

7.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 (1) +2000
Electrostatic :
V(esb) discharge Charged-device model (CDM), per AEC All pins +500 \%
Q100-011 Corner pins +750
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification
7.3 Recommended Operating Conditions
MIN NOM MAX| UNIT
VvDD Supply pin voltage 2.2 5.5 \%
VBBAT Battery back up 1.8 5.5 V
INrsT, INIRQ, IE | piry currents 0 +1 mA
Nx
GPOx Pin voltage 0 5.5 \%
SCL, SDA Pin Voltage (OTP=3.3V) 0 4 \Y
Ryup Pull-up resistor (Open Drain configuration) 10 100 kQ
T, Junction temperature (free-air temperature) -40 125 °C
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7.4 Thermal Information

TPS38700x-Q1
THERMAL METRIC(") RGE (VQFN) UNIT
PINS
Rgya Junction-to-ambient thermal resistance 53.4 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 51.4 °C/W
Ress Junction-to-board thermal resistance 17.2 °C/W
Wyr Junction-to-top characterization parameter 0.3 °C/W
Y Junction-to-board characterization parameter 20.7 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance 3.9 °C/W

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

report.

7.5 Electrical Characteristics

At2.2V < VDD 5.5V, NRST/NIRQ Voltage = 10 kQ to VDD, NRST/NIRQ load = 10 pF, and over the operating
free-air temperature range of — 40°C to 125°C, unless otherwise noted. Typical values are at T = 25°C, typical conditions
at VDD= 3.3 V.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Common Parameters
VDD Input supply voltage 2.2 5.5 \%
VBBaT Backup battery voltage range 1.85 5.5 \%
UVLO_VDDR|UVLO VDD Rising threshold 22 Vv
UVLO_VDDF [UVLO VDD Falling threshold/switch over to Vggar 1.90 2 \Y
UVLO_Vggar |UVLO Battery backup Falling threshold 1.85 \%

Power ON reset voltage, all outputs
POR guaranteed to be stable above this Falling threshold 1.39 Vv

value
oo ig;_)rrllyHic;uhrrent into VDD pin :;/c?n?pfefeﬁ V, power up sequence 45 75 A
oo Supp_ly current into VDD pin z;/c?n?plsetsés V' ,power down sequence 35 60 uA

ACT=Low
IgBAT Supply current from Vggar Veear £5.5V 35 60 HA
lLkG_NRST Output leakage current (NRST) VDD=VNRrsT=5.5V 300 nA
lLke NIRQ Output leakage current (NIRQ) VDD=Vy\Rrq=55V 300 nA
ACT_L Logic Low input 0.36 \%
ACT_H Logic high input 0.84 VD(l';)2- Vv
SYNC_H Input High lo=1mA 1.1 \
SYNC_L Input Low lo=1mA 0.36 \
ACT Internal Pull down 100 kQ
NRST Output Low Open-Drain (10 kQ pull up) 0.1 \%
NIRQ Output Low Open-Drain (10 kQ pull up) 0.1 \Y
ENx Output Low Open-Drain (10 kQ pull up) 0.1 \Y
GPOx Output Low Open-Drain (10 kQ pull up) 0.1 \%
0SsC Internal oscillator tolerance -5 5 %
likg(BBAT) Leakge current from Vggar Vggat > 1.85V 300 nA
TSD Thermal Shutdown 165 °C
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7.5 Electrical Characteristics (continued)

At2.2V < VDD <5.5V, NRST/NIRQ Voltage = 10 kQ to VDD, NRST/NIRQ load = 10 pF, and over the operating
free-air temperature range of — 40°C to 125°C, unless otherwise noted. Typical values are at T = 25°C, typical conditions
at VDD= 3.3 V.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
L?sDterisis Thermal Shutdown Hysteresis 25 °C
12C Electrical Specifications
Cg Capacitive load for SDA and SCL 400 pF
SDA, SCL Low Threshold, OTP = 3.3V 0.84 \
SDA, SCL Low Threshold, OTP = 3.3V 2.31 \Y
SDA Output Low with 3 mA sink current 0.2 \%

7.6 Timing Requirements

At2.2V =VDD =5.5V, NIRQ/NRST Voltage = 10 kQ to VDD, NIRQ/NRST load = 10 pF, and over the operating free-air
temperature range of — 40°C to 125°C, unless otherwise noted. Typical values are at Ty = 25°C, typical conditions at VDD =

3.3V.

MIN NOM MAX| UNIT
Common parameters
to_Enx ENx toggle delay from start of time slot zlrootm start of time 10 us
to Enxy Delay between 2 subsequent EN in same time slot 1 us
tNRST EN ENXx delay from NRST in Emergency Shutdown Sequence 2 200 ns
to NRST NRST as§ertion latency from falling edge of ACT pin below 25 us

- VIL or falling edge of VDD pin below VDD,

to NIRQ Fault detection to NIRQ assertion latency 25 us
tnomisT | POR to ready without BIST iv’v‘i‘i:‘“‘éig%ow load 25/ ms
12C Timing Characteristics
fsoL Serial clock frequency (1) Standard mode 100| kHz
fscL Serial clock frequency () Fast mode 400| kHz
fscL Serial clock frequency () Fast mode + 1| MHz
tLow SCL low time ™ Standard mode 47 us
tLow SCL low time Fast mode 1.3 us
tLow SCL low time Fast mode + 0.5 us
tHigH SCL high time () Standard mode 4 us
thicH SCL high time (1) Fast Mode 1 us
thicH SCL high time (1) Fast mode + 0.26 us
tsu_pat Data setup time (V) Standard mode 250 ns
tsu_pat Data setup time () Fast mode 100 ns
tsu_pat Data setup time () Fast mode + 50 ns
thp_paT Data hold time (1) Standard mode 10 3450 ns
thp_paT Data hold time (1) Fast mode 10 900 ns
tHp_DAT Data hold time () Fast mode + 10 ns
tsu_sTA Setup time for a Start or Repeated Start condition (1) Standard mode 4.7 us
tsu_sTA Setup time for a Start or Repeated Start condition (1) Fast mode 0.6 us
tsu_sTA Setup time for a Start or Repeated Start condition (1) Fast mode + 0.26 us
tHp_sTA Hold time for a Start or Repeated Start condition () Standard mode 4 us
tHp_sTA Hold time for a Start or Repeated Start condition () Fast mode 0.6 us
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7.6 Timing Requirements (continued)

At2.2V <VDD <5.5V, NIRQ/NRST Voltage = 10 kQ to VDD, NIRQ/NRST load = 10 pF, and over the operating free-air
temperature range of — 40°C to 125°C, unless otherwise noted. Typical values are at Ty = 25°C, typical conditions at VDD =

3.3V
MIN NOM MAX| UNIT

thp_sTA Hold time for a Start or Repeated Start condition (1) Fast mode + 0.26 us
taur Bus free time between a STOP and START condition () Standard mode 47 us
taur Bus free time between a STOP and START condition () Fast mode 1.3 us
tsuF Bus free time between a STOP and START condition () Fast mode + 0.5 us
tsu_sTo Setup time for a Stop condition (1) Standard mode 4 us
tsu_sto Setup time for a Stop condition (1) Fast mode 0.6 us
tsu_sTo Setup time for a Stop condition (1) Fast mode + 0.26 us
toa Rise time of SDA signal () Standard mode 1000

toa Rise time of SDA signal () Fast mode 20 300 ns
toa Rise time of SDA signal () Fast mode + 120 ns
toa Fall time of SDA signal (1) Standard mode 300 ns
toa Fall time of SDA signal () Fast mode 1.4 300 ns
toa Fall time of SDA signal () Fast mode + 6.5 120 ns
teoL Rise time of SCL signal (") Standard mode 1000 ns
toL Rise time of SCL signal (") Fast mode 20 300 ns
trcL Rise time of SCL signal () Fast mode + 120 ns
tioL Fall time of SCL signal (" Standard mode 300 ns
treL Fall time of SCL signal (V Fast mode 6.5 300 ns
treL Fall time of SCL signal () Fast mode + 6.5 120 ns

Standard mode,
tsp Pulse width of SCL and SDA spikes that are suppressed (1) Fast mode and Fast 50 ns
mode +

(1)  Guaranteed by design
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7.7 Typical Characteristics
At T =25°C, Vpp = 3.3V, and Rpy = 10 kQ, unless otherwise noted.
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Figure 7-1. ACT Logic High Threshold Voltage vs. Temperature | Figure 7-2. ACT Logic Low Threshold Voltage vs. Temperature
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Figure 7-4. Ipp Shutdown Current vs. Temperature
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Figure 7-3. Iggar VS. Temperature
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Figure 7-5. Vpor Vvs. Temperature Figure 7-6. ENx Logic Low Output Voltage vs. Temperature
10 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPS38700S-Q1


https://www.ti.com/product/TPS38700S-Q1
https://www.ti.com/lit/pdf/SNVSCG1
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSCG1&partnum=TPS38700S-Q1
https://www.ti.com/product/tps38700s-q1?qgpn=tps38700s-q1

13 TEXAS
INSTRUMENTS TPS38700S-Q1
www.ti.com SNVSCG1 - JULY 2023

8 Detailed Description
8.1 Overview

When designing a complicated system with many power rails, you must not overlook how and when rails are
turned on. Sequencing sub-systems can be implemented in various ways. Theoretically a system can chain
PGOOQOD signals from Power IC's to the enable subsequent power rails. This is not recommended, however, as
there's no easy way to disable the system once it's been turned on.

TPS38700S-Q1 operates similarly to a PGOOD based protocol, but is able to bypass the powering down
dilemma by having a handshake based PGOOD protocol with SYNC for both sequencing up and down.
TPS38700S-Q1 waits for the SYNC signal from the TPS389006-Q1 Device indicating the voltage met a UV
PGOOD or OFF threshold before firing the next signal.

Another way a system can also implement sequencing is with a blind firing approach. The blind firing approach
turns on subsequent rails after a small time delay regardless of whether or not the rails power on. This can be
useful in systems where power rails don't have any critical voltage dependencies, but the order of how the rails
are turned on and off is important. You can implement a Non-Monitored sequencing approach like this with the N
OTP variant ofTPS38700S-Q1.

TPS38700S-Q1 is a versatile part that can be configured for multiple ways. The part can be ordered as a pure
sequencer, pure GPO expander, or combination sequencer & GPOs. Sequencing outputs can be assigned to
ACT pin. These sequencing outputs can be factory configured for default values and subsequently changed via
I2C on power-up before sending ACT pin high.

The TPS38700S-Q1 is capable of various 12C logic levels. A full featured Graphical User Interface (GUI) is
available for download in the product folder. Contact a Texas Instruments representative for custom configured
part queries.

The TPS38700S-Q1 is AEC-Q100 qualified for automotive applications and has been characterized from
-40°C to +125°C.

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 1

Product Folder Links: TPS38700S-Q1


https://www.ti.com
https://www.ti.com/product/TPS38700S-Q1
https://www.ti.com/lit/pdf/SNVSCG1
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSCG1&partnum=TPS38700S-Q1
https://www.ti.com/product/tps38700s-q1?qgpn=tps38700s-q1

TPS38700S-Q1
SNVSCG1 — JULY 2023

i3 TEXAS
INSTRUMENTS

www.ti.com

8.2 Functional Block Diagram

Data Register

Sequence
Outputs

I2C Interface

RESET Signal

=
O

Figure 8-1. TPS38700S-Q1 Block Diagram
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8.3 Feature Description
8.3.1 Device State Diagram

The TPS38700S-Q1 state diagrams shown in Figure 8-2 show the flow of operation.

VDD>POR&UVLO
&
ACT=LOW
DD<UVL
R OFF Vv &UV 0]
<« VBATT<1.85V
>
LN
o0
:
V
=
=
S
VDD<UVLO
| & ,
_VBATT>1.85V
> BACKUP | OTP load
5
v Pass
= f
= &
S ‘ %
N »  SHDN
- VDD>UVLO <
<
‘ S ~ACT=HIGH
SEQ2: \ 4
| EMERGENCY |
- POWER SEQlL:
DOWN VDD<UVLO POWER UP
) 4
| AcT=Low SEQ3:
ACTIVE POWER
DOWN
Figure 8-2. TPS38700S-Q1 State Diagram
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8.3.2 Sync Functionality

A typical implementation of the sync functionality of the TPS38700S-Q1 is shown in Figure 8-3. TPS38700S-Q1
and TPS389006-Q1 can be used together by tying SYNC pins together in order to ensure that sequential voltage
rails are dependent on earlier voltage rails successfully powering up or powering down.

VDD
l EN BUCK1
s |3 | L
VDD Veaar EN1 EN BUCK2
ACT
EN2 Vo
BUCK3
NIRQ EN3 BN vo
BUCK4
NRST EN4 N
Vo
TPS38700S-Q1
—— SYNC EN5 EN BUCK5
Vo
12C EN6 EN BUCK6
o =] GPO7 |— Vo
S 5 9 crosl—
O O o
o o [0)
GND o O GPO9 |—
VDD MON1
MON2
MON3
NIRQ MON4
TPS389006-Q1
» ACT MON5
—» syNne MONS6
RS_1/2
ADDR -
12C eND
soc
NRST
ACT
Micro
NIRQ
12C

2

Figure 8-3. TPS38700S Voltage Sequencer Design Block Diagram

SYNC is an active low input on the TPS38700S-Q1 which causes EN pins to toggle on when sequencing up or
off when sequencing down. TPS389006-Q1 will send an active low signal when the desired voltage threshold is

monitored. For more information on how sequence logging works and how TPS389006-Q1 tags power rails with
SYNC check out the TPS389006-Q1 data sheet.
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8.3.3 Transitioning Sequences

The sequences of the device are described in Section 8.3.3.1 through Section 8.3.3.3 with timing diagrams
showing the main signals involved in each sequence.

8.3.3.1 Power Up

When ACT is driven high, the first EN signal is turned on by TPS38700S-Q1. Then, the MON voltage rises and
triggers TPS389006-Q1 to send the first SYNC signal which causes TPS38700S-Q1 to turn on the second EN
voltage. This process repeats until all Enable voltages turn on. After the final EN signal is turned on, NRST
deactivates after the RST_DLY time. A successful power up sequence is shown in Figure 8-4 using the circuit
shown in Figure 9-1. Note that the TPS389006-Q1 defaults to using UV thresholds for sending the SYNC pulse
when sequencing up.
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Figure 8-4. TPS38700S Power Up with SYNC

8.3.3.2 Power Down

A similar sequence of events happens when ACT is driven low. Immediately the first EN signal in the down
sequence is driven low. This triggers TPS389006-Q1 by having the MON voltage drop below a threshold and
send a SYNC signal. The SYNC signal causes TPS38700S-Q1 to turn off the second EN signal. This process
also repeats until all voltages have been turned off. By default SYNC voltage thresholds for TPS389006-Q1 are
based on the OFF voltage. The voltage thresholds can be changed to UV voltage thresholds for both sequencing
up and down. A successful power down sequence is shown in Figure 8-5 using the circuit shown in Figure 9-1.
Note that the TPS389006-Q1 defaults to using OFF voltage threshold (MONx<140mV) for sending the SYNC
pulse when sequencing down.
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Figure 8-5. TPS38700S Power Down with SYNC

Note that TPS38700S-Q1 must finish sequencing (either up or down) before starting a new sequence.
8.3.3.3 Emergency Power Down

In case of emergency power down (VDD drops below UVLO), a best effort approach is taken to assert NRST
before pulling ENx and NIRQ down.

VDD _\:e/ UVLOraLL

|

|

|

!

- tnrsT_EN [— |
|

|

oo |
|

|

1

|
|
i
NIRQ (out) ! L LARAREEY
i
|
|

ENXx (out)

|
2\ . [
\ NRST could be asserted earlier (other system detection of power drop)

NRST (out)

|
—t EEE——

TPS38700S-Q1 State  Any state | e SEQUENCE 2 : OFF/BACKUP

|

Figure 8-6. Emergency Power Down

8.3.4 BACKUP State

In the BACKUP state only the battery is supplying power to the device, however the device must have gone
through a VDD supplied state (and loaded configuration data) in order to enter this state. If no VDD supplied
state has occurred, then the TPS38700S-Q1 stays in the "OFF or Battery Installed" state, from which it will exit
only with a valid VDD supply. I2C commincation with TPS38700S-Q1 is possible when in this state.
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When in BACKUP state, the TPS38700S-Q1 pins are in the following state:
* ENx = Low (de-asserted)

* NRST = Low (asserted)

* ACT input is ignored.

Upon exiting from the BACKUP state, the last configuration is active and the device enters the SHDN state.
8.3.5 Thermal Shutdown (TSD) State

In the TSD state TPS38700S-Q1 reduces functionality to only support 12C commincation. Upon exiting from the
TSD state, the last configuration is active and the device enters the SHDN state.

When in BACKUP state, the TPS38700S-Q1 pins are in the following state:
* ENx = Low (de-asserted)

* NRST = Low (asserted)

* ACT input is ignored.

Note that the F_TSD bit in Table 8-4 will be set high. The F_TSD bit will stay high even if TPS38700S-Q1 leaves
the TSD state, but can be manually cleared.

8.3.6 I°C

TPS38700S-Q1 follows the 12C protocol (up to 1MHz) to manage communication with host devices such as a
MCU or System on Chip (SoC). I2C is a two wire communication protocol implmented using two signals, clock
(SCL) and data (SDA). The host device is the primary controller of communication. TPS38700S-Q1 responds
over the data line during read or write operations as defined by 12C protocol. Both SCL and SDA signals are
open drain topology and can be used in a wired-OR configuration with other devices to share the communication
bus. Both SCL and SDA pins need an external pull up resistor to supply voltage (10 kQ recommended).

Figure 8-7 shows the timing relationship between SCL and SDA lines to transfer 1 byte of data. SCL line is
always controlled by host. To transfer 1 byte data, host needs to send 9 clocks on SCL. 8 clocks for data and 1
clock for ACK or NACK. SDA line is controlled by either the host or TPS38700S-Q1 based on the read or write
operation. Figure 8-8 and Figure 8-9 highlight the communication protocol flow and which device controls SDA
line at various instances during active communication.

SDA line stable while SCL line is high

«
«—
<«

[ [ I
| | I
\ [ I I
| 1 I 1 I 1 I 1 I 1 I 1
I I I I | 1 0 I I I 0| |
I | I I I | [ [ [ [ I I | [
SDA | I I I I | | | | I I | [
I | I I I I I | [ [ I I | [
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| I I I I | | [ [ I I | |
| I | | | | | | | | | | |

B
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f

MSB Bit Bit Bit Bit Bit Bit LSB ACK
Byte: 1010 1010 ( OxAAh )
Figure 8-7. SCL to SDA Timing for 1 Byte Data Transfer
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D Controller Controls SDA Line
D Target Controls SDA Line

Write to One Register in a Device
Device (Target) Address (7 bit) Register Address N (8 bit) Data Byte to Register N (8 Bits)
A AL A
A i i \
|'s|a6[as|aa|as[n2|[a1]|a0| 0| a|67|66|6s|8a]63|62| 81| 80| A |07|06|0s|0a[03]02|01[00f A ||

t t1 t t

START R/W=0 ACK ACK ACK STOP

Figure 8-8. 12C Write Protocol

D Controller Controls SDA Line
Target Controls SDA Line

Read From One Register in a Device

Device (Target) Address (7 bit) Register Address N (8 bit) Target Address (7 bit) Data Byte From Register N (8 bit)
A A A = A\
'@ \ ( \ / \ / \

[s [as]as[m]as[az]as]m0] o] » [87] ne] e[ na] 03] 02| ma] w0] Arlu'u[u|u|u|u|n|n[ 1] ilorlulm[oa[mla:]mlm‘n ,

'Y T . , T T P
START RW=0 ACK ACK RW=1 acx NACK  STOP

Figure 8-9. I12C Read Protocol

Before initiating communication over 12C protocol, host needs to confirm the 12C bus is available for
communication. Monitor the SCL and SDA lines, if any line is pulled low, the I2C bus is occupied. Host needs
to wait until the bus is available for communication. Once the bus is available for communication, the host can
initiate read or write operation by issuing a START condition. Once the 12C communication is complete, release
the bus by issuing STOP command. Figure 8-10 shows how to implement START and STOP condition.

18 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPS38700S-Q1


https://www.ti.com/product/TPS38700S-Q1
https://www.ti.com/lit/pdf/SNVSCG1
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSCG1&partnum=TPS38700S-Q1
https://www.ti.com/product/tps38700s-q1?qgpn=tps38700s-q1

i3 TEXAS
INSTRUMENTS TPS38700S-Q1
www.ti.com SNVSCG1 - JULY 2023

1
[

t g t

START Data Transfer STOP
Condition Condition

Figure 8-10. I2C START and STOP Condition
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8.3.6.11°C

Refer to Table 8-1 for the 12C register map overview. Note that "PSEQ" refers to TPS38700S-Q1 and is used
enhance table readability.

Table 8-1. I2C Register Categories and Associated Details

WHO ELSE WHAT GETS
TYPE BITS DESCRIPTION RANgs QEXPSQION WH%;‘ESELES CAN WRITE | AFFECTED DUE
: TO THEM? TO THIS BIT?
VENDORID[7:0] Tl defined Tl defined OTP option None None
OTP bits R MODEL_REV][7:0] Tl defined Tl defined OTP option None None
TARGET_ID[7:0] Tl defined Tl defined OTP option None 12C
Any of the
interrupts
No internal fault / generated;
F_INTERR Internal fault Internal fault detected Interrupt Can be NIRQ
cleared by
writing 1
Emergency Power No emergency PD /
EM _PD (™ 9 dowf] shutdown caused by PSEQ PSEQ; SOC | NRST; NIRQ
emergency PD
Interrupt info Enable output pin | No faults detected / fault | EN readback- . .
bits RW1C F_EN fault detected PSEQ PSEQ; SOC | NIRQ; NRST
Reset or Interrupt pin | No faults detected / fault | Reset readback- .
F_NRSTIRQ fault detected PSEQ PSEQ; SOC NIRQ
F_LDO LDO fault No faults detected / fault BIST BIST; SOC | NIRQ; NRST
detected
F TSD Thermal shutdown | No faults detected / fault TSD TSD: SOC NIRQ: NRST
fault detected
F RT CRC Run't|me CRC No faults detected / fault CRC soc NIRQ
- = register fault detected
Current state of NIRQ asserted / not
ST_NIRQ NIRQ output asserted Interrupt None None
Interrupt;
ST NRST Current state of NRST asserted / not NRSTstate None None
NRST output asserted
change
ST ACTSHDN Current _state of ACT | ACT pin dr_|ven Low or PSEQ None None
Status bits input High
R Current state of SHDNx, Power Up,
ST_PSEQ[1:0] PSEQ Power Down, invalid, PSEQ None None
Active
Current drive state of | Sequencer is driving EN
STDR1 GPO12 to GPOY Low or High PSEQ None None
Current drive state of | Sequencer is driving EN
STDR2 GPO7,8 to EN1 Low or High PSEQ None None
FORCE_INT Force NIRQ low NIRQ contolled by soc soc NRST
faults / register
CONTROL . SOC can
RIW FORCE_ACT Force PSEQ Active PSEQ clear it; but PSEQ
state .
not set it
RST_DLY[3:0] Reset Delay 0.1 msto 128 ms SOC None PSEQ
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Table 8-1. I2C Register Categories and Associated Details (continued)

WHO ELSE WHAT GETS
TYPE BITS DESCRIPTION | RANSE/FUNCTION JWHO TOBSLES| AN WRITE | AFFECTED DUE
’ TO THEM? TO THIS BIT?
USLOT[3:0] Power Up time slots 125pus/25s SOC None PSEQ
DSLOT[3:0] Powersﬁ):t‘g’” time 125 s /255 soc None PSEQ
PSEQ SSTEP Slot step multiplier 250 ps / 1000 ps SOC None PSEQ
PU[3:0][12:1] Power Up Sequence | T\ Not mapped / ENx soc None PSEQ
mapped
PD[3:0][12:1] Power Down ENx not mapped / ENx sSOC None PSEQ
Sequence mapped
Write function
WRK Work set register lock 0/1 SOC only 1 None to those register
groups
. Write function
SEQS SEQS Isoegkreglster 0/1 SOC only 1 None to those register
groups
. Write function
PROT SEQP SEQP Is(;egkreglster 0/1 SOC only 1 None to those register
groups
. Write function
SEQC SR Is:;kreglster 0/1 SOC only 1 None to those register
groups
CTL CTL set register lock 0/1 SOC only 1 None Write function to
those reg groups

(1)  Presence of fault reporting functionality dependent on part configuration.
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8.4 Register Map Table

RSVD = Reserved

Table 8-2. Register Map Table

ADDR | NAME | RW | MsB 6 \ 5 4 3 2 1 LSB DEFAULT | GROUP
0x00 - 0xOF: Vendor info and vendor usage registers
0x00 Model Rev R Device Model (Bits 3-7) Vendor ID (Bits 0-2)
0x01 Revision R Silicon_Rev ‘ OTP_Rev
0x02 ... RSVD Vendor defined or other IC information
O0xOF
0x10 - Ox1F: Interrupts and Status registers
0x10 INT_SRCH1 RW1C |F_INTERNAL EM_PD RSVD RSVD RSVD F_EN RSVD F_NRSTIRQ 0x00
0x11 INT_SRC2 RW1C | F_VENDOR RSVD F RT_CRC RSVD F_LDO F TSD RSVD RSVD 0x00
0x12 INT_VENDOR RW1C Vendor specific internal fault flags 0x00
0x13 CTL_STAT R RSVD ST_VBBAT | ST NIRQ | ST _NRST RSVD ST_ACTSHD ST_PSEQ[1:0] 0x00
N
0x14 EN_STDR1 R RSVD STDR_GPO1 |STDR_GPO1 | STDR_GPO1 | STDR_GPO9 0x00
2 1 0
0x15 EN_STDR2 R STDR_GPO8 ‘ STDR_GPO7 ‘ STDR_EN6 ‘ STDR_EN5 | STDR_EN4 | STDR_EN3 | STDR_EN2 | STDR_EN1 0x00
0x16 EN_STRD1 R RSVD STRD_GPO1 |STRD_GPO1 | STRD_GPO1 | STRD_GPO9 0x00
2 1 0
0x17 Table 8-10 R STRD_GPO8 ‘ STRD_GPO7 ‘ STRD_ENG6 ‘ STRD_ENS | STRD_EN4 | STRD_EN3 | STRD_EN2 | STRD_EN1 0x00
0x18 ... RSVD RSVD
0x19
0x1A Table 8-11 R RSVD | RSWD | RSvD | RsWD ACTSHDN RSVD RSVD RSVD 0x00
0x1B ... RSVD RSVD
Ox1F
0x20 - 0x2F: Configuration Registers
0x20 ... RSVD R RSVD NVM
0x26
0x27 RSVD R/W RSVD NVM CTL
0x28 CTL_1 R/W RSVD FORCE_INT |FORCE_ACT RSVD RSVD NVM WRK
0x29 Table 8-14 R/W RST_DLY[3:0] RSVD RSVD RSVD NVM CTL
0x2B IEN_VENDOR R/W Vendor specifc internal fault enables NVM CTL
0x2C ... RSVD RSVD
0x2F
0x30 - 0x38: Sequencing Registers
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Table 8-2. Register Map Table (continued)
RSVD = Reserved

ADDR NAME RIW MSB 6 5 4 \ 3 \ 2 \ 1 LSB DEFAULT | GROUP
0x30 SEQ_CFG R/W RSVD SSTEP NVM SEQC
0x31 SEQ_USLOT R/W TIME[7:0] NVM SEQC
0x32 SEQ_DSLOT RIW TIME[7:0] NVM SEQC
0x33 PWR_EN1 RIW PU[3:0] PD[3:0] NVM SEQP
0x34 PWR_EN2 RIW PU[3:0] PD[3:0] NVM SEQP
0x35 PWR_EN3 RIW PU[3:0] PD[3:0] NVM SEQP
0x36 PWR_EN4 R/W PUI[3:0] PDI[3:0] NVM SEQP
0x37 PWR_EN5 RIW PU[3:0] PD[3:0] NVM SEQP
0x38 PWR_EN6 RIW PU[3:0] PD[3:0] NVM SEQP

0xFO - OxFF: Protection registers
0xFO PROT1 R/W RSVD WRK SEQS SEQP SEQC WDT RSVD CTL 0x00
OxF1 PROT2 R/W RSVD WRK SEQS SEQP SEQC wWDT RSVD CTL 0x00

OXF2 ... RSVD RSVD
OxF8
0xF9 I2CADDR R RSVD ADDR_I2C_NVM[6:0] NVM

OxFA ... RSVD RSVD
OxFF
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8.4.1 Register Descriptions

Address: 0x10

Table 8-3. INT_SRC1

Description: Interrupt Source register. If F_INTERNAL, then INT_SRC2 register provides further information.

POR Value: 0x00

Access: Read and write 1 to clear. Writing 0 has no effect; writing 1 to a bit which is already at 0 has no effect.

Back to Register Map Table.

BIT NAME DESCRIPTION

7 F_INTERNAL Internal Fault (ORed value of all bits in INT_SRC2): 0 = No internal fault detected
1 = Internal fault detected. Further detail flagged in INT_SRC2. This bit is cleared by
clearing the bits in INT_SRC2.

6 EM_PD Emergency Power Down:
0 = No emergency power-down event
1 = Shutdown caused by emergency power-down (Sequence 2).
Write-1-to-clear will clear the bit. The bit will be set again on next emergency power-
down.

3 RSVD RSVD

2 F_EN Enable Output Pin Fault:
0 = No short to supply or ground detected. 1 = Short to supply or ground detected.
Write-1-to-clear will clear the bit only if the fault condition is also removed.

1 RSVD RSVD

0 F_NRSTIRQ Reset or Interrupt Pin Fault:
0 = No fault detected on NRST or NIRQ.
1 = Low resistance path to supply detected on either NRST or NIRQ.
Write-1-to-clear will clear the bit only if the fault condition is also removed.

INT_SRCH1 represents the reason that NIRQ was asserted. When the host processor receives NIRQ, it may read
this register to quickly determine the source of the interrupt. If this register is clear, then TPS38700S-Q1 did not

assert NIRQ.

Address: 0x11

Table 8-4. INT_SRC2

Description: Interrupt Source register for internal errors.

POR Value: 0x00

Access: Read and write 1 to clear. Writing 0 has no effect; writing 1 to a bit which is already at 0 has no effect.

Back to Register Map Table.

BIT NAME DESCRIPTION
7 F_VENDOR Vendor specific internal fault. Details reported in INT_VENDOR. This bit represents the
ORed value of all bits in INT_VENDOR.
0 = No fault reported in INT_VENDOR 1 = Fault reported in INT_VENDOR
This bit is cleared by clearing the bits in INT_VENDOR.
6 RSVD Reserved
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Address: 0x11

Table 8-4. INT_SRC2 (continued)

Description: Interrupt Source register for internal errors.

POR Value: 0x00

Access: Read and write 1 to clear. Writing 0 has no effect; writing 1 to a bit which is already at 0 has no effect.

Back to Register Map Table.

BIT

NAME

DESCRIPTION

5

F_RT_CRC

Runtime register CRC Fault:
0 = No fault detected.

1 = Register CRC fault detected.
Write-1-to-clear will clear the bit. The bit will be set again during next register CRC

check if a fault is detected.

F_LDO

LDO Fault:

0 = No LDO fault detected. 1 = LDO fault detected.

If internal LDO is used, this flag is to indicate fault.

If internal LDO is not used, this flag must be reserved.

Write-1-to-clear will clear the bit only if the fault condition is also removed.

F_TSD

Thermal Shutdown:
0 = No thermal shutdown.

1 = Thermal shutdown occurred since last read.
Write-1-to-clear will clear the bit only if the fault condition is also removed.

Address: 0x12

Table 8-5. INT_VENDOR

Description: Vendor Specific Internal Interrupt Status register.

POR Value: 0x00

Access: Read and write 1 to clear. Writing 0 has no effect; writing 1 to a bit which is already at 0 has no effect.

Back to Register Map Table.

BIT

NAME

DESCRIPTION

7:0

FAULTS[7:0]

Vendor specific internal faults flags.

Address: 0x13

Description: TPS38700S-Q1 Status register for control pins and internal state.

POR Value: 0x00

Access: Read only.

Back to Register Map Table.

Table 8-6. CTL_STAT

BIT NAME DESCRIPTION
7:6 RSVD Reserved
5 ST_NIRQ Current state of NIRQ Output:

0 = NIRQ pin asserted low by TPS38700S-Q1.
1 = NIRQ pin not asserted low by TPS38700S-Q1.
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Address: 0x13

Table 8-6. CTL_STAT (continued)

Description: TPS38700S-Q1 Status register for control pins and internal state.

POR Value: 0x00

Access: Read only.

Back to Register Map Table.

BIT NAME DESCRIPTION
4 ST_NRST Current state of NRST Output:
0 = NRST pin asserted low by TPS38700S-Q1.
1 = NRST pin not asserted low by TPS38700S-Q1.
3 RSVD RSVD
2 ST_ACTSHDN Current state of ACT input:
0 = ACT pin driven low (Shutdown) by system. 1 = ACT pin driven high (Active) by
system.
1:0 ST_PSEQ[1:0] 00b: SHDNXx, Power Up, Power Down
01b: NA
10b: Invalid combination
11b: ACTIVE
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Table 8-7. EN_STDR1

Address: 0x14

Description: Current drive status of Enable Pins.
POR Value: 0x00

Access: Read only.

Back to Register Map Table.

BIT NAME DESCRIPTION
74 RSVD Reserved
3:.0 STDR_GPO[12:9] Current drive state of GPO[X]:

0 = TPS38700S-Q1 is driving GPO[X] Low.
1 =TPS38700S-Q1 is driving or allowing to float GPO[X] High.

Table 8-8. EN_STDR2
Address: 0x15
Description: Current drive status of Enable Pins.
POR Value: 0x00
Access: Read only.

Back to Register Map Table.

BIT NAME DESCRIPTION
7:0 STDR_ENI[6:1] Current drive state of GPO[X]:
GPO[8:7] 0 = TPS38700S-Q1 is driving GPO[X] Low.
1 =TPS38700S-Q1 is driving or allowing to float GPO[X] High.

Table 8-9. EN_STRD1
Address: 0x16
Description: Current read status of Enable Pins.
POR Value: 0x00
Access: Read only.

Back to Register Map Table.

BIT NAME DESCRIPTION
74 RSVD Reserved
3:0 STRD_GPO[12:9] Current read state of GPO[X]:

0 = TPS38700S-Q1 is reading GPO[X] Low.
1 =TPS38700S-Q1 is reading GPO[X] High.
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Table 8-10. EN_STRD2
Address: 0x17

Description: Current read status of Enable Pins.
POR Value: 0x00
Access: Read only.

Back to Register Map Table.

BIT NAME DESCRIPTION
7:0 STRD_ENI6:1] Current read state of GPO[X]:
GPO[8:7] 0 = TPS38700S-Q1 is reading GPO[X] Low.
1 =TPS38700S-Q1 is reading GPO[X] High.
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Address: 0x1A

Table 8-11. LAST_RST

Description: Reason of last NRST assertion or shutdown. NRST assertion and shutdown occur in Sequence 2

and Sequence 3.

The register is maintained as long as VDD and/or VBBAT is present. An emergency shutdown triggering
Sequence 2 is already recorded in INT_SRC1.EM_PD register bit, so it does not need to be stored in this
register. The host is expected to read this register as part of the first actions taken upon power ON.

The register is overwritten with new relevant data on next NRST assertion or shutdown.

POR Value: 0x00
Access: Read Only.
Back to Register Map Table.

BIT NAME DESCRIPTION

7 RSVD Reserved

5 RSVD Reserved

3 ACTSHDN NRST/Shutdown due to ACT asserted Low (shutdown).
0 = Last NRST/Shutdown assertion was not due to ACT Low.
1 = Last NRST/Shutdown assertion was due to ACT Low.

1 RSVD Reserved

0 RSVD Reserved
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Table 8-12. GP_OUT

Address: 0x25

Description: Set General Purpose Output state for sequencing pins EN[12:9]. GPO is enabled through
AF_IN_OUT and EN_ALT _F registers.

POR Value: Loaded from NVM.
Access: Read/Write. Read-only if CTL group is protected.
Back to Register Map Table.

BIT NAME DESCRIPTION
74 RSVD Reserved
3 GPO12 GPO12 General Purpose Output. Only used when

PWR_EN12 is cleared.
0 = GPO12 pin driven low.
1 = GPO12 pin driven high.

2 GPO1M GPO11 General Purpose Output. Only used when
PWR_EN11 is cleared.

0 = GPO11 pin driven low.

1 = GPO11 pin driven high.

1 GPO10 EN10 General Purpose Output. Only used when
PWR_EN10 is cleared.

0 = EN10 pin driven low.

1 = EN10 pin driven high.

0 GPO9 GPO9 General Purpose Output. Only used when
PWR_END9 is cleared.

0 = GPO9 pin driven low.

1 = GPO9 pin driven high.
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Table 8-13. CTL_1

Address: 0x28

Description: Interrupt and State SW control.

POR Value: Loaded from NVM.

Access: Read/Write. Read-only if CTL group is protected.
Back to Register Map Table.

BIT NAME DESCRIPTION
74 RSVD Reserved
3 FORCE_INT () Force NIRQ low:

0 = NIRQ pin controlled by INT_SRCx register faults.
1 = NIRQ pin forced low.

(1) FORCE_INT is used by software for periodic check for internal or external short to VDD on NIRQ pin.
Table 8-14. CTL_2

Address: 0x29

Description: Miscellaneous configuration.

POR Value: Loaded from NVM.

Access: Read/Write. Read-only if CTL group is protected.

Back to Register Map Table.

BIT NAME DESCRIPTION

7:4 RST_DLY[3:0] Power up sequence: NRST remains asserted until RST_DLY[3:0] after
last ENx assert.
0000b = 0.1 ms 1000b = 1 ms
0001b =0.2 ms 1001b =2 ms
0010b = 0.4 ms 1010b =4 ms
0011b =0.8 ms 1011b =8 ms
0100b = 1.6 ms 1100b = 16 ms
0101b=3.2ms 1101b =32 ms
0110b =6.4 ms 1110b = 64 ms
0111b =12.8 ms 1111b = 128 ms

Power down sequence: NRST asserted within tygrst of ACT= Low.

3:2 RSVD RSVD

Table 8-15. IEN_VENDOR
Address: 0x2B
Description: Vendor Specific Internal Interrupt Enable register.
POR Value: 0x00 or load from NVM.
Access: Read/Write. Read-only if CTL group is protected.
Back to Register Map Table.

BIT NAME DESCRIPTION
7:0 FAULTS[7:0] Vendor specific internal faults enables.
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Table 8-16. SEQ_CFG

Address: 0x30

Description: Sequencing configuration.

POR Value: Loaded from NVM.

Access: Read/Write. Read-only if SEQ group is protected
Back to Register Map Table.

BIT NAME DESCRIPTION
7:1 RSVD Reserved
0 SSTEP Sequencing time slot step size selection for
SEQ_USLOT and SEQ_DSLOT:
0 = Time slot step size tgsTep = 250 ps
1 = Time slot step size tsgtep= 1000 ps
Table 8-17. SEQ_USLOT

Address: 0x31

Description: Power Up sequencing time slot configuration.

POR Value: Loaded from NVM.

Access: Read/Write. Read only if SEQ group is protected.

Back to Register Map Table.

BIT NAME DESCRIPTION
7:0 TIME[7:0] Sets time slot between sequencing points on power-up:
tUSLOT = SEQ_USLOTT'ME[?O] x tSSTEP + tSMIN
with tSSTEP set by SEQ_CFGSSTEP and tSMIN = tSSTEP/Z
For the case where SEQ_CFG.SSTEP = 0, refer to Table
8-18.
For the case where SEQ_CFG.SSTEP = 1, refer to Table
8-19.
Table 8-18. SEQ_CFG.SSTEP =0
PARAMETER SYMBOL MIN (-6%) TYPICAL MAX (+6%) UNIT
Slot step size tssteP 235 250 265 us
Min slot time (0x00) tsmin 117.5 125 132.5 us
Max slot time (OxFF) tsmax 60042.5 63875 67707.5 us
Table 8-19. SEQ_CFG.SSTEP =1
PARAMETER SYMBOL MIN (-6%) TYPICAL MAX (+6%) UNIT
Slot step size tssTEP 940 1000 1060 us
Min slot time (0x00) tsmiN 470 500 530 us
Max slot time (OxFF) tsmax 240170 255500 270830 us
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Table 8-20. SEQ_DSLOT
Address: 0x32
Description: Power Down sequencing time slot configuration.
POR Value: Loaded from NVM.
Access: Read/Write. Read-only if SEQ group is protected.

Back to Register Map Table.
BIT NAME DESCRIPTION

7:0 TIME[7:0] Sets time slot between sequencing points on power-down:
tpsLoT = SEQ_DSLOT.TIME[7:0] * tsstEP *+ tsmiN

with tssTeP Set by SEQ_CFGSSTEP and tsmiN = tSSTEP/2
See Table 8-17 for setting details.

Table 8-21. PWR_EN[12:1]
Address: PWR_EN1 (0x33) - PWR_EN12 (Ox3E) (Twelve 8-bit registers).
Description: Power Up/ Down sequence definition by assignment of EN[12:1] to one of fifteen time slots.

Slot=1 is the earliest slot that can be selected and it indicates that the ENx pin will toggle in the first
SEQ_USLOT.TIME or SEQ_DSLOT.TIME after the triggering event.

POR Value: Loaded from NVM.
Access: Read/Write. Read-only if SEQ group is protected.

Back to Register Map Table.
BIT NAME DESCRIPTION

74 PU[3:0] Power Up Sequence:

0 = ENx pin not mapped to sequence. ENx maintains
previous state, unless entering BACKUP or FAILSAFE
state (ENx is pulled low in those states).

1 = ENx pin mapped to first time slot (first up).

15 = ENx pin mapped to last time slot (last up).

3:.0 PD[3:0] Power Down Sequence:

0 = ENx pin not mapped to sequence. ENx maintains
previous state, unless entering BACKUP or FAILSAFE
state (ENx is pulled low in those states).

1 = ENx pin mapped to first time slot (first down).

15 = ENx pin mapped to last time slot (last down).

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 33

Product Folder Links: TPS38700S-Q1


https://www.ti.com
https://www.ti.com/product/TPS38700S-Q1
https://www.ti.com/lit/pdf/SNVSCG1
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSCG1&partnum=TPS38700S-Q1
https://www.ti.com/product/tps38700s-q1?qgpn=tps38700s-q1

TPS38700S-Q1
SNVSCG1 — JULY 2023

13 TEXAS
INSTRUMENTS

www.ti.com

Address: 0xFO0, OxF1

Table 8-22. PROT1, PROT2

Description: Protection selection registers. In order to write-protect a register group, the host must set the

relevant bit in both registers.
POR Value: 0x00
Access: Read/Write.

For security, these registers need to have POR value=0x00 and become read-only once set until power cycle.

Once set to 1, they cannot be cleared to 0 by the host; a power cycle (VDD=0) is required to write different

registers configurations.

Back to Register Map Table.

BIT NAME DESCRIPTION

7 RSVD Reserved

6 WRK 0 = Working registers are writable.
1 = Writes to working registers are ignored.

5 RSVD RSVD

4 SEQP 0 = Power Sequence registers are writable.
1 = Writes to Power Sequence registers are
ignored.

3 SEQC 0 = Sequence slot configuration registers are
writable.
1 = Writes to Sequence slot configuration
registers are ignored.

2 RSVD RSVD

1 RSVD RSVD

0 CTL 0 = Control registers are writable.
1 = Writes to control registers are ignored.

Address: 0xF9

Description: I12C address.

POR Value: Loaded from NVM.
Access: Read-Only.

Back to Register Map Table.

Table 8-23. 2CADDR

BIT NAME DESCRIPTION
7 RSVD Reserved
6:0 ADDR_NVM[6:0] I2C target device address. Set in NVM.
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9 Application and Implementation

Note

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

9.1 Application Information

Modern SOC and FPGA devices typically need multiple power rails to provide power to the different blocks
within the respective SOC or FPGA. Accurate voltage level and timing requirements are common and must be
met to maintain proper operation of these devices. By utilizing TPS38700S-Q1 along with a multichannel voltage
supervisor like the TPS389006-Q1, the power up and power down sequencing requirements as well as the core
voltage requirements of the target SOC or FPGA can be met. This design can also assist in meeting the strict
timing requirements for an SOC or FPGA .
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9.2 Typical Application
9.2.1 Automotive Multichannel Sequencer and Monitor

A typical application for the TPS38700S-Q1 is shown in Figure 9-1. TPS38700S-Q1 is used to provide the
proper voltage sequencing for the target SOC device by providing enable signals to the DC/DC converters
shown. These DC/DC converters are used to generate the appropriate voltage rails for the SOC. A mulitchannel
voltage monitor like the TPS389006-Q1 is used to monitor the voltage rails as these rails power up and power
down to ensure that the correct sequence occurs in both occasions. After a rail successfully powers up, a SYNC
pulse will be need to be sent to TPS38700S-Q1 in order to bring up the subsequent power rail. A microcontroller
is also used to provide ACT, NIRQ, and I12C commands to the TPS38700S-Q1 and the multichannel voltage
monitor. The ACT signal from the microcontroller determines when the TPS38700S-Q1 enters into ACTIVE or
SHDN states while the NIRQ pin of the TPS38700S-Q1 acts as an interrupt pin that is set when a fault has
occurred. For instance, if an external device pulls the NRST pin low, then the TPS38700S-Q1 will trigger an
interrupt through the NIRQ pin. I12C is used to communicate the type of fault to the host microcontroller. The host
microcontroller can clear the fault by writing 1 to the affected register. The power rails for the microcontroller are
not shown in Figure 9-1 for simplicity.
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Figure 9-1. TPS38700S Voltage Sequencer Design Block Diagram

9.2.2 Design Requirements
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» Eight different voltage rails supplied by DC/DC converters need to be properly sequenced in this design. The
sequence order and timing requirements are outlined in Table 9-1.
* Emergency power down functionality is optional.
» Backup battery power supply required. This must be stepped down to a maximum value of 5.5 V in order to
comply with the absolute maximum ratings of the Vggar pin.

» All detected failures in sequencing should be reported via an external hardware interrupt signal.

+ All detected failures should be logged in internal registers and be accessible to an external processor via I2C.
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Table 9-1. Power Up and Power Down Sequence Requirement

ENABLE CHANNEL POWER UP SEQUENCE POWER DOWN TIME BETWEEN POWER | TIME BETWEEN POWER
POSITION SEQUENCE POSITION UP SIGNALS (us) DOWN SIGNALS (us)
EN1 1 4 625 625
EN2 1 1 625 625
EN3 2 3 625 625
EN4 2 3 625 625
EN5 3 2 625 625
ENG6 4 1 625 625

9.2.3 Detailed Design Procedure

* TPS38700S-Q1 device comes preprogrammed with the power up, power down sequences shown in Table
9-1.

* NIRQ and NRST pins both require a pull up resistor in the range of 10 kQ to 100 kQ.

» SDA and SCL lines require pull up resistors in the range of 10 kQ.

» The microcontroller is used to clear fault interrupts reported through the NIRQ interrupt pin and the
INT_SCR1 and INT_SCR2 registers. The interrupt flags can only be cleared by the host micrcontroller with
a write-1-to-clear operation; interrupt flags are not automatically cleared if the fault condition is no longer
present.

9.2.4 Test Implementation

The TPS38700S-Q1 SYNC feature can be demonstrated in a simple test setup with the TPS389006-Q1. For this
test, you need the TPS38700Q1EVM-Q1 and the TPS389006Q1EVM-Q1. Replace U1 on the TPS38700Q1EVM
with the orderable part TPS38700603SRGERQ1. Replace the U1 on TPS389006Q1EVM with orderable part
TPS38900603NRTERQ1. The orderable part TPS38900603NRTERQ1 has initial conditions set such that
TPS38700603SRGERQ1 enable voltages meet the UV thresholds to trigger SYNC pulses by default. Connect
the system as shown in Figure 9-2. Connect ACT and VDD to two separate power supplies. Configure the
settings over 12C as needed. However, note that power cycling the evaluation modules sets the conditions
back to default. If you enable ACT and have done everything correctly, then no LED's should be turned on. If
something goes wrong, then either NIRQ on TPS389006-Q1 or NRST on TPS38700S-Q1 will be set low.

VDD

l

VDD Vesar VDD
SYNC SYNC NIRQ
§ EN1 »| MON1
NIRQ EN2 MON2 ADDR
NRST EN3 MON3
EN4 »{ MON4  1pg389006007-Q1
TPS38700S-Q1 ENS »| Mons
12¢ EN6 »| MON6 _
2C |—
ACT|« ACT
a - o RS_1/2
o O O § § 'é GND _
o o
GND & 6600 G L L
B ACT

Figure 9-2. TPS38700S SYNC Test Implementation
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Toggling high ACT makes the waveform of the enable voltages look like Figure 9-3 If the waveform does not
look that, then to debug check and make sure that everything is connected properly. If the system is connected
properly, then verify the 12C address values are what you expect the values to be. For example check if the
status register of MON1 of TPS389006007-Q1 reads the TPS38700S-Q1 EN voltage output in the Fusion Digital
Power Tool.

1 1 1 1 1 1
4/\ I I I I I
| | | | | |
ACT (in) R l
| | | | | | |
SYNC (i) L {
| | | | | | |
| l | | | | |
EN1 (out) ‘/} | | | | |
I ISEQ_TIME | [ [ \
stk . . . .
EN2 (out) Lo / ! ! ! !
T oseaE ‘
| | | [
EN3 (out) Lo | - MLE | |
| |
L — ,
EN4 (out) Lo \ \ / [ [
T g |
| | | | | +
ENS (out) [ I I I / I
—t t t t ISEQ_TIME \
[ I I I (L p—
ENG (out) I N R N A |
b } } } } 4*RST7DLY7—
NRST (out) | | | | | |
| | | | | |

Figure 9-3. TPS38700S SYNC Sequence Up Test Implementation Waveform

Figure 9-3 shows how the device behaves when ACT is toggled off. Note that there's no delay between when
the system detects the ACT falling edge and when NRST and ENG6 start sequencing down.

i i i i i
| | | | |
| | | | |
ACT (in) ‘\} } } } }
| | | | |
NRST (out) }\l‘ ; ; ; ;
[ | | | |
|| | | | |
SYNC (in) '
| | | | |
! | | | | |
EN1 (out) N | | | |
—t | | | |
[ | | |
EN2 (out) |l \§ ' ' '
| ISEQ_TIME | | |
[ | | | |
+ + | | |
EN3 (out) i N | |
L SEQ TIME___ | |
EN4 (out) 11 | ] \ I
[ | ¢ |
' ! $EQ_TIME |
ENS5 (out) | | | |
o e
Ll | | SEQ _TIME
=N o) R B R
SEQ_TIME

Figure 9-4. TPS38700S SYNC Sequence Down Test Implementation Waveform
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9.2.5 Application Curves
i e oy ACT .\ i T o
. ACT| I “Eng | .
EN1 __EN3
._EN2 : -
_EN3 d
EN3 EN5
._EN4 . EN6
__EN5 i
EN6
fatane I I I i I
CLK32K M il CLK32K, I o
- — . S — . {—— Bt s s s s s T — E——
g e owemowmw o o e Y 2 A2 Bl O R I e R W

Figure 9-5. Power Up Sequence

Figure 9-6. Power Down Sequence

Tek Run —i t t Trig?
(o O
. €@ 55.87ms 0.000V
s ® 71.88ms 1.840V
A16.01ms Al1.840 V
[TYACT Mmand® . . . o . : . R .
Z{moN
E)IRESET
[@}{sYNC. [ | ‘ ‘ J ’ ‘
@ 200V 2 10.0ms 100kS/s ® 5
@ 200V @ 200mv 3§ C 10k points 1.44V

Figure 9-7. Power Up Sequence with SYNC

Tek Run Trig?

[yACT

AMON1

3){RESET

T

[ 2 Jaos Tok pamts__ aay
Figure 9-8. Power Down Sequence with SYNC

@
@ 200mv
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10 Power Supply Recommendations
10.1 Power Supply Guidelines

This device is designed to operate from an input supply with a voltage range between 2.2 V to 5.5 V. It has a
6 V absolute maximum rating on the VDD pin as well as on the Vggat pin. It is good analog practice to place a
0.1-uF to 1-yF capacitor between the VDD pin and the GND pin depending on the input voltage supply noise. If
the voltage supply providing power to VDD is susceptible to any large voltage transients that exceed maximum
specifications, additional precautions must be taken.
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11 Layout

11.1 Layout Guidelines

Place the external components as close to the device as possible. This configuration prevents parasitic errors
from occurring.

Do not use long traces for the VDD supply node. The VDD capacitor, along with parasitic inductance from

the supply to the capacitor, can form an LC circuit and create ringing with peak voltages above the maximum
VDD voltage.

Do not use long traces of voltage to the sense pin. Long traces increase parasitic inductance and cause
inaccurate monitoring and diagnostics.

Do not run sensitive analog traces in parallel with digital traces. Avoid crossing digital and analog traces if
possible, and only make perpendicular crossings when absolutely necessary.

11.2 Layout Example

o
o
o
@)
&
o

Figure 11-1. Recommended Layout
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12 Device and Documentation Support
12.1 Device Nomenclature

Table 12-1 shows how to decode the function of the device based on the device ordering code, while
Figure 5-1 shows the sequence configuration based on the device ordering code. See Figure 5-1 for more
information regarding how to decode the device part number.

Table 12-1. Device Comparison Table

TIME RESET
EN PINS 12C I2C PULL-UP
ORDERING CODE FUNCTIONS DEFAULT GPO SLOT ADDR. DELAY VOLTAGE (V)
(usec) (msec)
TPS38700603SRGERQ1 Sequencer, GPO | Open-drain Open-Drain 625 3C 16 3.3

12.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates to register and receive a weekly digest of any product information that has changed. For
change details, review the revision history included in any revised document.

12.3 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

12.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
12.5 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.

‘Q \ 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.

12.6 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

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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PACKAGE OUTLINE
RGE0024N VQFN - 1 mm max height
PLASTIC QUAD FLATPACK-NO LEAD

PIN 1 INDEX AREA J [ 0.1 MIN

©.13) - _j

SECTION A-A
TYPICAL

1 MAX
R =R W W e
0.05
0.00 3 2X[2.5] |
|~—m012.45:0.1 —~]
‘ | (0.2) TYP
7| | 12 A‘
JU 00U
IS | 13 i
| ¢ ‘ (0.16)T
DO | ACd A
2X D) !25 Cd symm
EICS i <
1
—p> | @«
)
e e
18 | 03
20x[0.5 24X 93 o

24 | 19 0.1®[c[A[B
PIN 11D SY(EAM a4 0.05@|C

(OPTIONAL)

4224736/A 12/2018

NOTES:

1. Alllinear 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. The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

RGE0024N

VQFN - 1 mm max height

PLASTIC QUAD FLATPACK-NO LEAD

2X (3.8)

f———— 2X (2.5) ————~

e——— (@245) |
| \

24 19

i
|
|
|
24X (0.6) m
24X (0.25) '
1

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 18X

0.07 MAX

ALL AROUND " ’“

SOLDER MASK DETAILS

e

SYMM o ox
C‘i_ € (25 (38
B
e 1
(@0.2) VIA
TYP

0.07 MIN

j" ALL AROUND
= METAL UNDER

SOLDER MASK

‘ METAL (
| |
™ SOLDER MASK LJ‘\ SOLDER MASK

OPENING OPENING
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

4224736/A 12/2018

NOTES: (continued)

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

information, see Texas Instruments literature

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
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RGE0024N

EXAMPLE STENCIL DESIGN

VQFN - 1 mm max height

PLASTIC QUAD FLATPACK-NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD
78% PRINTED COVERAGE BY AREA
SCALE: 18X
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NOTES: (continued)

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
TPS38700603SRGERQ1 ACTIVE VQFN RGE 24 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 T387006
03SQA1

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O OO 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS38700603SRGERQ1| VQFN RGE 24 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS38700603SRGERQ1 VQFN RGE 24 3000 367.0 367.0 35.0
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GENERIC PACKAGE VIEW
RGE 24 VQFN -1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
RGEOQOO024N VQFN - 1 mm max height

PLASTIC QUAD FLATPACK-NO LEAD
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x DO !275777 g svmm
251 B T <
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R Gy o2 ‘ q
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PIN 11D SY(E"M © 0.05@|C

(OPTIONAL)
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NOTES:

1. Alllinear 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. The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RGEOQOO024N VQFN - 1 mm max height
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SOLDER MASK DETAILS
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NOTES: (continued)

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

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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RGEQ024N

EXAMPLE STENCIL DESIGN
VQFN - 1 mm max height
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NOTES: (continued)

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

design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), 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
will 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 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
TI products.

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