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TPS38700-Q1 Power-Supply Sequencer With I2C Support for Up to 12 Channels

1 Features

* Qualified for automotive applications
* AEC-Q100 qualified with the following results:
— Device temperature grade 1: —40°C to +125°C
— Device HBM ESD classification level 2
— Device CDM ESD classification level C7B
* Functional Safety - Compliant
— Developed for functional safety applications
— Documentation to aid ISO 26262 system design
is available upon request
— Systematic capability up to ASIL D
— Hardware capability up to ASIL B
* Input voltage range: 2.2V to 5.5V
* Undervoltage lockout (UVLO): 2.0V
* Low quiescent current: 35uA (typical)
*  Window watchdog
* Independent RESET
* Independent NIRQ
* NVM error check
— 1-bit error correction
— 2-bit error detection
* CRC error check on register maps
» Battery backup
» Crystal oscillator option
+ |2C programmable sequence
* RTC clock alarm function
» Designed to be used with multichannel supervisors
like TPS389006/TPS389008 and for full multi-
channel monitoring & sequencing situations

2 Applications

* Advanced driver assistance system (ADAS)

3 Description

The TPS38700-Q1 device is an integrated
multichannel voltage sequencer with a window
watchdog and |12C programmable in a 24-pin 4mm x
4mm VQFN package.

This multichannel voltage sequencer is designed
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 [2C 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. TPS38700 is designed to be
used along with monitoring parts like TPS389006/
TPS3890008.

Device Information

PART NUMBER PACKAGE () Dok SI(E)E (Nom)
TPS38700-Q1 VQFN (24) 4mm x 4mm

(1)
@)

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

The package size (length x width) is a nominal value and
includes pins, where applicable.
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4 Device Comparison

Figure 4-1 shows the device nomenclature of the TPS38700-Q1 device. See Table 9-2 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 ZZZ RGE RQ1

Sequencer Channel Count ® Ordering Code Package
C: 11 channel sequencer Z77: Device Option RGE: VQFN (24-pin)

Figure 4-1. TPS38700-Q1 Device Nomenclature
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5 Pin Configuration and Functions
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Figure 5-1. RGE Package
24-Pin VQFN
TPS38700 Top View
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Figure 5-3. RGE Package
24-Pin VQFN
TPS38700B Top View
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Table 5-1. Pin Functions

PIN
) TPS38700-Q1 1/0 DESCRIPTION
NAME
1 NIRQ 0] Interrupt Pin (open-drain, active-low)
2 NRST (0] Reset Pin (open-drain, active-low)
3 SLEEP | Sleep Pin (Logic high exits Sleep, logic low enters Sleep)
4 ACT | ACT pin (logic high starts power up SEQ, logic low starts power down SEQ)
5 SCL | 12C clock pin
6 SDA I/0 |I2C data pin
7 EN7 / GPO7 (0] Enable 7 (open-drain / push-pull) / GPO7
8 EN8 / GPO8 (0] Enable 8 (open-drain / push-pull) / GPO8
9 EN9/ GPO9 /0 Enable 9 (open-drain/push-pull) / GPO9
10 EN10/NEM_PD / GPO10 /0 Enable 10 (open-drain / push-pull) / Emergency Power Down (open-drain) / GPO10
11 EN11 /NRST_IN/ GPO11 /0 Enable 11 (open-drain / push-pull) / Reset In (open-drain) / GPO11
12 EN12 / NPWR_BTN / GPO12 /0 Enable 12 (open-drain / push-pull) / Power Button (open-drain) / GPO12
13 CLK32K (0] 32.768kHZ clock output
14 XOouT (0] Crystal oscillator output
15 XIN | Crystal oscillator input
16 GND - Ground
17 VDD - Power supply
18 VgBaT - Backup battery supply
19 EN1/GPO1 (0] Enable 1 (open-drain / push-pull) / GPO1
20 EN2 / GPO2 O Enable 2 (open-drain / push-pull) / GPO2
21 EN3/ GPO3 (0] Enable 3 (open-drain / push-pull) / GPO3
22 EN4 / GPO4 (0] Enable 4 (open-drain / push-pull) / GPO4
23 EN5 / GPO5 (0] Enable 5 (open-drain / push-pull) / GPO5
24 EN6 / GPO6 (0] Enable 6 (open-drain / push-pull) / GPO6
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TPS38700-Q1

6 Specifications

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

MIN MAX| UNIT

Voltage VDD, VggaT -0.3 6 Vv
Voltage g'DRAQ"S'\éRLST’ SLEEP, ACT, ENx, -0.3 6| Vv
Voltage NEM_PD, NRST_IN, NPWR_BTN -0.3 6 \Y
Voltage XIN, XOUT, CLK32K -0.3 2 \
Voltage SCL, SDA (OTP=1.2V, 1.8V) -0.3 22 Vv
Voltage SCL, SDA (OTP=3.3V, 5.0V) -0.3 55 \

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

M

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 can affect device

reliability.
)

6.2 ESD Ratings

As a result of the low dissipated power in this device, T; = Ta.

Stresses beyond values listed under Absolute Maximum Ratings can cause permanent damage to the device. These are stress

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 (1) +2000
Electrostatic -
V(esp) discharge Charged-device model (CDM), per AEC All pins +500 v
Q100-011 Corner pins 1750
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification
6.3 Recommended Operating Conditions
MIN NOM MAX| UNIT
VDD Supply pin voltage 2.2 5.5 \%
VBBaT Battery back up 1.8 5.5 \%
NIRQ, NRST,
ENx, SLEEP, |Pin voltage 0 5.5 \Y
ACT
INrsT, INiRa, e Pin Currents 0 +1 mA
Nx
XIN, XOUT Crystal pins 0 2 Vv
CLK32K Clock output 0 2 \
NEM_PD,
NRST_IN, Pin voltage 0 5.5 \Y
NPWR_BTN
SCL, SDA Pin Voltage (OTP=3.3V, 5.0V) 0 55 \
SCL, SDA Pin Voltage (OTP=1.2V, 1.8V) 0 2.0 \
Ryup Pull-up resistor (Open Drain configuration) 10 100 kQ
T, Junction temperature (free-air temperature) -40 125 °C
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6.4 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.

6.5 Electrical Characteristics
At 2.2V £ VDD < 5.5V, NRST/NIRQ Voltage = 10kQ to VDD, NRST/NIRQ load =10pF, 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.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Common Parameters
VDD Input supply voltage 2.2 55 \%
VgBaT Backup battery voltage range 1.85 5.5 \%
UVLO_VDDR [UVLO VDD Rising threshold 2.2 \Y
UVLO_VDDF [UVLO VDD Falling threshold/switch over to Vggar 1.90 2 \Y
UVLO_Vpggar |UVLO Battery backup Falling threshold 1.85 \%
POR Power ON rese‘t voltage, all outputs Falling threshold 139 Vv

stable above this value

Supply current into VDD pin
oo ACT=High, SLEEP=High, RTC=active | D0 < 5-5V, power up sequence 45 75 pA

complete

| Supply current into VDD pin \c/oDrr? Isefe'sv Jpower down sequence 35 60 A
oD ACT=Low, SLEEP=Low, RTC=active P H
IgBAT Supply current from Vggar VpggaT < 5.5V 35 60 A
lLkG_NRsT Output leakage current (NRST) VDD=VngrsT = 5.5V 300 nA
lLkG_NIRQ Output leakage current (NIRQ) VDD=Vyrq = 5.5V 300 nA
ACT_L Logic Low input 0.36 \%
ACT_H Logic high input 0.84 VD([))Z_ \Y
SLEEP_L Logic Low input 0.36 \%
SLEEP_H Logic high input 0.84 VD(l';)2-
ACT Internal Pull down 100 kQ
SLEEP Internal Pull down 100 kQ

Output High Push-Pull configuration, lo=1mA VDD-0.2 \%
ENx - -Drai

Output Low E:)sh Pull or Open-Drain (10kQ pull 0.1 Vv
R_ENx Enable Output resistance Push-Pull config 200 Q
NRST Output Low Open-Drain (10kQ pull up) 0.1 \Y
NIRQ Output Low Open-Drain (10kQ pull up) 0.1 \Y
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6.5 Electrical Characteristics (continued)

At 2.2V < VDD =< 5.5V, NRST/NIRQ Voltage = 10kQ to VDD, NRST/NIRQ load =10pF, 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.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Leakage test ?pen-Drain:A}.YkQ pull up to 1.8V, 100 nA
CLK32K OpF cape?lcmve load

Output Low o capactiveond 01 v

Accuracy Early Boot t < 50ms, VDD > VDDmin -10 10 %
Acc_CLK32K

Accuracy Operating t>1s, VDD > VDDmin -100 100 ppm
XTAL Fault | Crystal Frequency fault detection -10 10 %
osC Internal oscillator tolerance -5 5 %
likg(BBAT) Leakge current from Vggar Vggar > 1.85V 300 nA
TSD Thermal Shutdown 165 °C
L?sDterisis Thermal Shutdown Hysteresis 25 °C
VIH_ALT NEM_PD, NRST_IN, NPWR_BTN Pin 10,11,12 Active Low, Open-Drain 1.1 \
VIL_ALT NEM_PD, NRST_IN, NPWR BTN |Pin 10,11,12 Active Low, Open-Drain 0.36 v
12C Electrical Specifications
Cg Capacitive load for SDA and SCL 400 pF
SDA, SCL Low Threshold, OTP = 1.2V 0.36 \
SDA, SCL High Threshold, OTP = 1.2V 0.84 \
SDA, SCL Low Threshold, OTP = 1.8V 0.54 \
SDA, SCL High Threshold, OTP = 1.8V 1.26 Vv
SDA, SCL Low Threshold, OTP = 3.3V production variant 0.84 \Y
SDA, SCL Low Threshold, OTP = 3.3V production variant 2.31 \Y
SDA, SCL Low Threshold, OTP = 5V 1.5 \
SDA, SCL High Threshold, OTP = 5V 3.5 \
SDA Output Low with 3mA sink current 0.2 \%

6.6 Timing Requirements

At 2V < VDD < 5.5V, NIRQ/NRST Voltage = 10kQ to VDD, NIRQ/NRST load = 10pF, 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 =
3.3V.

MIN NOM MAX| UNIT
Common parameters
. From start of time

to_Enx ENx toggle delay from start of time slot slot 10 us
to cLkaok | CLK32K toggle delay from start of time slot zlrootm start of time 10 us
F_CLK32K |Frequency Capacitive load = 32768 Hz

12pF

Capacitive load = o
D_CLK32K |Duty cycle 12pF 40 50 60 %o
;”—CLK?’Z Rise and fall time of CLK32K (Rpullup = 4.7kQ) ?;g,fc't"’e load = 50| ns
to Enxy Delay between 2 subsequent EN in same time slot 1 us
tNRST_EN ENXx delay from NRST in Emergency Shutdown Sequence 2 and 9 200 ns
t NRST assertion latency from falling edge of ACT pin below 25 s
D_NRST VIL or falling edge of VDD pin below VDDyyin W
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6.6 Timing Requirements (continued)

At 2V < VDD < 5.5V, NIRQ/NRST Voltage = 10kQ to VDD, NIRQ/NRST load = 10pF, 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
to_NIRQ Fault detection to NIRQ assertion latency 25 us
tosT POR to ready with BIST iwnﬁL“‘éiSQCOTP load 15| ms
tnopist | POR to ready without BIST neluding OTP load 25| ms
BIST time 12,5 ms
iita"“p—c'-m Clock 32k startup from UVLO at power ON 50| ms
Freqg_fault |Crystal frequency fault detection time 1 ms
12C Timing Characteristics
fscL Serial clock frequency () Standard mode 100| kHz
fsoL Serial clock frequency () Fast mode 400| kHz
fsoL 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 (1) Standard mode 4 us
thigH SCL high time (1) Fast Mode 1 us
tHigH SCL high time () Fast mode + 0.26 us
tsu_pat Data setup time (V) Standard mode 250 ns
tsu_pat Data setup time (V Fast mode 100 ns
tsu_pat Data setup time (V) Fast mode + 50 ns
thp_paT Data hold time () Standard mode 10 3450 ns
thp_paT Data hold time () Fast mode 10 900 ns
thp_paT Data hold time (1) 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 () Fast mode 0.6 us
tsu_sTA Setup time for a Start or Repeated Start condition () 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
tHp_sTA Hold time for a Start or Repeated Start condition () Fast mode + 0.26 us
tsuF Bus free time between a STOP and START condition () Standard mode 4.7 us
taur Bus free time between a STOP and START condition () Fast mode 1.3 us
taur 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 () Standard mode 300 ns
toa Fall time of SDA signal () Fast mode 1.4 300 ns
tioa Fall time of SDA signal (V) Fast mode + 6.5 120 ns
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6.6 Timing Requirements (continued)

At 2V < VDD < 5.5V, NIRQ/NRST Voltage = 10kQ to VDD, NIRQ/NRST load = 10pF, 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

treL Rise time of SCL signal () Standard mode 1000 ns
troL Rise time of SCL signal (1) Fast mode 20 300 ns
troL Rise time of SCL signal (1) Fast mode + 120 ns
tioL Fall time of SCL signal () Standard mode 300/ ns
tioL Fall time of SCL signal () Fast mode 6.5 300/ ns
tioL Fall time of SCL signal (V) Fast mode + 6.5 120 ns
Standard mode,
tsp Pulse width of SCL and SDA spikes that are suppressed () Fast mode and Fast 50 ns
mode +

(1)  Characterized by design
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6.7 Typical Characteristics
At Tp = 25°C, Vpp = 3.3V, and Rpy = 10kQ, unless otherwise noted.
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6.7 Typical Characteristics (continued)
At Tp = 25°C, Vpp = 3.3V, and Rpy = 10kQ, unless otherwise noted.
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Figure 6-7. SLEEP Logic Low Threshold Voltage vs. Figure 6-8. ENx Logic High Output Voltage vs. Temperature
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Figure 6-9. ENx Logic Low Output Voltage vs. Temperature
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7 Detailed Description
7.1 Overview

TPS38700-Q1 is a versatile part that can be configured for multiple configurations. The part can be ordered
as a pure sequencer, pure GPIO expander, or combination sequencer & GPIO outputs. The outputs can be
factory configured as push-pull or open-drain. Sequencing outputs can be assigned to ACT pin and/or SLEEP
pin. These sequencing outputs can be factory configured for default values and subsequently changed via 12C
on power-up before sending ACT pin high. The device also features a Built in Self-Test (BIST) function which
runs automatically on power up.

TPS38700-Q1 features a precise Real Time Clock (RTC) CLK32K output with the aide of an external crystal
(XTAL). The TPS38700-Q1 also has an RTC alarm feature and a window watchdog, all of which can be
configured via 12C. The TPS38700-Q1 is capable of various I2C 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.

TPS38700-Q1 can be configured to have up to twelve channels and has an emergency power down (NEM_PD)
function that is activated once VDD falls below the UVLO threshold of the device. Once in the emergency power
down sequence, the TPS38700-Q1 either turns off or enter into Backup state. If a voltage on Vggar is present
and greater than 1.85V, then the TPS38700-Q1 enters into Backup state and the power supply for the device
switches to VBBAT-

The TPS38700-Q1 is AEC-Q100 qualified for automotive applications and has been characterized from
-40°C to +125°C.

7.2 Functional Block Diagram

a

w =
E O
a <

Data Register

12C Interface/
WDI/RTC

Sequence
Outputs

BIST/Crystal

RESET Signal

Figure 7-1. TPS38700-Q1 Block Diagram
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7.3 Feature Description

7.3.1 Device State Diagram

The TPS38700-Q1 state diagrams shown in Figure 7-2 and Figure 7-3 show the flow of operation.

VDD>POR&UVLO
- OFF ACT=LOW
VDD<UVLO&
VBBATT<1.8
A
VDD<UVLO& Fai v
o ail ; .
VBBATT<1.85 VBBATT>1.85 AT_POR ’ s \\ —~
—» FAIL SAFE je— FS )
VDD>UVLO 0 —
BACKUP ]
Fail
A ECConOTPload [ BIST
" Pass « 1
Y Pass 0
\vi n
v AT_SHDN
£ 5 . BN
= 2 ACT=LOW
) £ SHDN1 1« SHDN2
= 2 ACT sitting at Logic High
> JACT=HIGH
SEQ2: - FORCE_SHDN=01 2
EMERGENCY | SEQ1: + FORCE_SHON-11 oRCE SHON 01/10/11
POWER VDD<UVLO POWER UP ; & RTC Alarm =
DOWN Set FORCE_ACT=1 & FORCE_SHDN=10 &
FORCE_SHDN=0 1 second expired 4
A\ 4 —
| AcT=Low SEQS:
ACTIVE POWER —
FORCE_SHDN=01/10/11 DOWN
SLEEP=LOW&
- SEQ9: 51 FORCE_ACT=0
(ks \e_| FAILSAFE - _
O/ POWER SEQ3: SEQ4:
DOWN - SLEEP
: F_TSD=1 ENTRY SLEEP EXIT
SLEEP=HIGH OR
F_EN=1 ! FORCE_ACT=1
(RTC Alarm)
SLEEP SEQ6:
] AcT=LOW POWER
DOWN
FORCE_SHDN=01/10/11 from
SLEEP

Figure 7-2. TPS38700-Q1 State Diagram
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VDD>POR&UVLO
ACT=LOW
" OFF SLEEP=HIGH
VDD<UVLO
. Fail /44;\
4 \ D
— FAILSAFE e {Fs)
A
Fail
ECC on OTP load BIST
Pass
Pass
A
SHDN ~
—rACT=HIGHr|
SEQ2: i
EMERGENCY
POWER | SEQL:
oWN VDD<UVLO POWER UP
- SEQ9: v | AcT=Low
(es e FAILSAFE < Fipo=1 - SEQS:
\_/ POWER - ACTIVE » POWER ——
DOWN_ [* ¢ 15p=1 DOWN
F_EN=1

Figure 7-3. TPS38700-Q1 Simple Use Case
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7.3.2 Built-In Self Test and Configuration Load
Built-In Self Test (BIST) is performed:

+ AT POR,if TEST_CFG_AT_POR =1
*  When exiting Sequence 5 or Sequence 6, if TEST_CFG_AT_SHDN = 1 and the power down is not initiated
by CTL_1. FORCE_SHDNIJ1:0] being set to 01b, 10b, or 11b.

Configuration load from OTP is assisted by ECC (supporting SEC-DED). This is to protect against data integrity
issues and to maximize sysetem availability.

During BIST, NIRQ is de-asserted (asserted in case of failure), NRST is held low, ENx pins are held low
(including pins with alternate functions), CLK32K is held low, input pins are ignored, and the I2C block is inactive
with SDA and SCL de-asserted. Once BIST is completed without failure, I2C is immediately active and the
device enters SHDN1 state after loading the configuration data from OTP. If BIST fails and/or ECC reports
Double-Error Detection (DED), NIRQ is asserted, the device enters the FAILSAFE state (inputs are ignored), and
a best effort attempt is made to active 12C. TEST_STAT register can provide additional information on the test
results.

7.3.3 CLK32K

The TPS38700-Q1 is designed to give an accurate CLK32K output and is used internally for setting the RTC
time and alarms. TPS38700-Q1 is configured to be used with a 32.768kHz crystal oscillator. To achieve a
well-defined frequency of oscillations, all crystals oscillators are tuned at specific capacitive load such as 6.5pF,
12pF, or 20pF (during manufacturing stage), which becomes a part of the crystal specification. The task of a
designer is to design within the crystal's specifications to achieve the correct specified frequency.

For these crystal oscillators, the need for loading capacitors are required because the capacitive load is
effectively split between the output and input capacitance in a typical Pierce Oscillator scheme. These capacitors
are essentially connected in series with the crystal oscillator. Therefore, if a chosen crystal oscillator has a
capacitive load that is specified for 12.5pF load, then the need for two 12.5pF capacitors are required for proper
frequency output from the crystal oscillator.

The TPS38700-Q1 is configured to be used without the need of loading capacitors, as long as the 6.5pF version
of the external crystal oscillator is selected. External crystal oscillators typically specifies the internal capacitance
such as 6.5pF, 9pF, 12.5pF etc. If the external crystal oscillator has load capacitance specification requirement
not equal to 6.5pF, please contact the Tl factory for an OTP (one time programming) configuration for the correct
external capacitor loading.

The CLK32K signal can start as late as 50ms from when the input voltage VDD exits out of UVLO. The accuracy
of CLK32K is within £100ppm after one second of initial operation. If the frequency of CLK32K deviates for more
than +10%, a fault interrupt is asserted. The accuracy of the CLK32K also depends on the choice of external
crystal oscillator and specification of temperature rating.

7.3.4 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) to enter this state. If no VDD supplied state has
occurred, then the TPS38700-Q1 stays in the "OFF or Battery Installed" state, and only exits with a valid VDD

supply.
When in BACKUP state, the TPS38700-Q1 pins are in the following state:

* ENx = Low (de-asserted)

* CLK32K = Low (output disabled)

* NRST = Low (asserted)

* ACT and SLEEP inputs are ignored.

Crystal oscillator and RTC remain active with Acc_CLK32K accuracy, but the crystal oscillator fault monitor is
not active. RTC_T[31:0], interrupt, and status registers are maintained and updated. Registers configuration is
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maintained as set before entering the BACKUP state. PROT1 and PROT2 registers are cleared. All remaining
blocks are inactive.

Upon exiting from the BACKUP state, the last configuration is active and the device enters the SHDN1 state.
7.3.5 FAILSAFE State

When in FAILSAFE state, ENx, CLK32K, NRST, NIRQ are all held Low, and a best effort attempt is made to
keep 12C active. ACT and SLEEP inputs are ignored.

To exit from FAILSAFE state, VDD has to be removed. Depending on Vggat, TPS38700-Q1 enters BACKUP or
OFF state.

7.3.6 Transitioning Sequences

The sequences of the device are described here with timing diagrams showing the main signals involved in each
sequence.

7.3.6.1 Sequence 1: Power Up

When NPWR_BTN is not enabled, power-up is controlled by ACT, shown in Figure 7-4.

When ACT is high, the ENx output sequence starts and NRST is de-asserted RST_DLY[3:0] time after the last
ENx. The power-up sequence is defined by PWR_ENXx registers, for more information see Table 7-33.

ACT(in) ,E

FORCE_ACT (bit) |

=

FORCE_SHDN (bit)

\ 00b

l
I

l -

: ( Sequence defined by PWR_Enx and PWR_CLK320E regist
| /

r's

TPS38700x-Q1 State  SHDN1 SEQUENCE 1 ACTIVE

e
I
ENXx (out) / |
| | |
CLK32K (out) |
! |
I | "
NRST (out) ! l«——RST_DLY —»f |
: .
|
|
|

Figure 7-4. Power Up with NPWR_BTN Disabled - ACT controlled

When NPWR_BTN is enabled, ACT is used as AUTO/BUTTON power-on strap option. With ACT strapped to
VDD, a short push on NPWR_BTN starts the power-up sequence; with ACT strapped to GND, the power-up
sequence automatically starts once VDD is valid. From SHDN2 state a short push on NPWR_BTN is always
required to start the power-up sequence. See Figure 7-5 for details. When power-up is triggered, the ENx output
sequence starts and NRST is de-asserted CTL_2.RST_DLY[3:0] time after the last ENx.
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| |
| |
z ACT(in) | ACT high i
€ ! l
(7] --
NPWR_BTN (in) NPWR_BTN triggers SEQUENCE 1 :
|
|
2 ACT(in) ACT low I
2 g i - |
£Y Z NPWR_BTN (in) | AUTO POWER ON |
©
3 l - !
VDD r\ VDD triggers SEQUENCE 1 !
- |
o ACT(in) \ Any ACT !
g - B !
2 NPWR_BTN (in) \ NPWR_BTN triggers SEQUENGCE 1 !
| |
FORCE_ACT (bit) \ 4 K -

FORCE_SHDN (bit)

\ ¥ - 00b X

\ Sequér-\ce defined by PWR_Enx and PWR_CLK320E registers

ENXx (out)

|
|
|
|
i
CLK32K (out I T
i
|
|
I
|
|
|

|
NRST (out) ——RST_DLY —f

|
SEQUENCE 1

TPS38700x-Q1 State ~ SHDNx
Figure 7-5. Power Up with NPWR_BTN Enabled

ACTIVE

| |
0 sec if FORCE_SHDN=01b

1'sec if FORCE_SHDN=10b
1 1

ACT(in)

!
RTC_WAKE if FORCE_SHDN=11b
—

|
FORCE_SHDN (bit) 00b 01/10/11b |

|
00b
Sequence glefined by PWR_Enx ap PWF17CJ.K32OE registers
Y, | I:r h

EEEN

ENXx (out)

,
,

O

CLK32K (out)

N

RST_DLY

NRST (out)

SHDN2

TPS38700x-Q1 State SEQUENCE 1

ACTIVE

|
!
|
|
|
T
|
|
|
|
|
|
SLEEP SEQUENCE 6 :

|

|

|

ACTIVE |  SEQUENCES5 :
| |

I I

Figure 7-6. Power Up from SHDN2 - Software Shutdown with FORCE_SHDN # 00b
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7.3.6.2 Sequence 2: 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, CLK32K, and NIRQ down.

|
|
VDD _%/ UVLOgaLL :

\ tNRST_EN

I
|
ENXx (out) :
I

|

|

|

|

|

otks2« (out) - | |
b= 1
|

|

1

|

| AN

NIRQ (out) ! AN
|

NRST (out) : NRST could be asserted earlier (other system dq!ztection of power drop)
| oo |
| |
— It

TPS38700x-Q1 State  Any state | e SEQUENCE 2 | OFF/BACKUP

Figure 7-7. Emergency Power Down

7.3.6.3 Sequence 3: Sleep Entry

Sleep entry is controlled by SLEEP going low. This triggers the ENx pins to de-assert as per the configuration
in SLP_ENXx registers, Table 7-35 contains more information on SLP_ENXx registers. See Figure 7-8 for timing
diagram details.

|
l
ACT(in) :
|
|

|
|
|
|
|
|
|
SLEEP (in) \ !
| |
FORCE_ACT (bit) | l
T o T
| |
FORCE_SHDN (bit) \l !
k /Seq-Je-nce defined by SLP_Enx and SLP_CLK320E registers |
% N |
ENXx (out) \_\_ \ ; \ I
- T
Lz (oun M
| |
TPS38700x-Q1 State ACTIVE : SEQUENCE 3 : SLEEP
| |
| |
Figure 7-8. Sleep Entry
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7.3.6.4 Sequence 4: Sleep Exit

Sleep exit is controlled by SLEEP going high or by FORCE_ACT being set to 1 by an RTC alarm. This triggers
the ENXx pins to assert as per the configuration in SLP_ENXx registers, consult Table 7-35 for more information on
SLP_ENXx registers.

In case of RTC alarm wake, the host sees the interrupt and asserts SLEEP and clear FORCE_ACT. See Figure
7-9, Figure 7-10, and Figure 7-11 for signal details.

SLEEP (in)

FORCE_ACT (bit)

NIRQ (out)

ACT(in)

FORCE_SHDN (bit)

r Seq-u-énce defined by SLP_Enx and SLP_CLK320E registers

Pt [P T
CLKS2K (ou) s

TPS38700x-Q1 State  SLEEP

SEQUENCE 4 ACTIVE

Figure 7-9. Sleep Exit SLEEP Triggered

RTC_T==RTC_A | i

e 0] £0000000000000000C

! ___INT_SRC1.RTC INT_SRC1.RTC=1

-
12C Rd I 12C Wr x

HOST 12C

|

SLEEP (in) Host asserts SLEEP when detecting NIRQ :
| |

| |

FORCE_ACT (bit) \ | / !
i

\ .

l

\ I

U

|

|

|

|

NIRQ (out) {

ACT(in)

~

e |
Sequence defined by SLP_Enxland SLP_CLK32O0E registers

| /T T

| |
|
TPS38700x-Q1 State SLEEP | Sequence 4 | ACTIVE
| |
| |

ENXx (out)

|
|
!
|
|
|
FORCE_SHDN (bit) !
|
|
|
!
|

Figure 7-10. Sleep Exit RTC Triggered - SLEEP Sequencing
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RTC_T==RTC_A

RTC_T N
| R INT_SRC1.RTC |NT_S|1?C1 .RTC=1 CTL_1.FORCE_ACT=0
HOST 12C [ e Rdw 12C Wr
| 4 |
SLEEP (in) | Host asserts SLEE-P before clearing FORCE_ACT //
|

FORCE_ACT (bit)

A

i

|

l

NIRQ (out) :
|

ACT(in) :
l

|

FORCE_SHDN (bit)

—Sequence defined by SLP_Enx and SLP_CLK320E régisters

[ i [ [/ |

ENXx (out)

CLK32K (out)

|
~ |
TPS38700x-Q1 State SLEEP SEQUENCE 4 : ACTIVE
|
Figure 7-11. Sleep Exit RTC Triggered - Autonomous Sequencing
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7.3.6.5 Sequence 5 & 6: Power Down from Active and Sleep States

The power-down sequence can be triggered as depicted in Figure 7-12. In all cases, NRST is asserted in the
first sequencing slot, while ENx are de-asserted as per the configuration in PWR_ENX registers, see Table 7-33.
In case of NPWR_BTN enabled, the "t long press" is determined as per register LP_TTSHLD shown in

Table 7-23.

Power-down from sleep differs from power-down from active as some ENx can be already de-asserted as part of
the sleep entry sequence. In the power-down from sleep sequence, the remaining ENx are de-asserted as per
the configuration in PWR_ENXx registers.

ACT(in)

<

FORCE_SHDN (bit) 01/10/11b

SwW

NPWR_BTN (in)

<

NEM_PD (in)

<

ACT(in)

FORCE_SHDN (bit) 00b

ACT

|
NPWR_BTN (in) /

<

ACT(in)

Power Down Trigger:

FORCE_SHDN (bit) 00b

|
{
|
L
|
|
|
NEM_PD (in) :
|
|
|
|
|
|

i \ 0 or 1 (not changing)
\
|
\
\

NPWR_BTN

NPWR_BTN (in) \¢ > tlong pressib

|
NEM_PD (in) \:\
|

ACT(in) \\
|
|

FORCE_SHDN (bit) oo XU\ \

<
\<L I i B B B

NEM_PD

|
|
NPWR_BTN (in) :
|
|
|

X Y
NEM_PD (in) —\ \ /—

|
)
\ \ \\ /Sequence defined by PWR_Enx and PWRﬁCLIﬁ 20E registers
|
1
|
|
|
T
|
|
|
|
|
|

|
|
|
|
!
|
|
3.

EANAVANAN

o
Y

l
]
ENx (out) |
|

CLK32K (out)

NRST (out)

ACTIVE

SEQUENCE 5
SEQUENCE 6

Yy

SHDN2

TPS38700x-Q1 State SLEEP —

Figure 7-12. Power Down from Active and Sleep
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7.3.6.6 Sequence 7: Sleep Exit Due to NRST_IN

If NRST_IN pin is enabled, assertion is possible while TPS38700-Q1 is in SLEEP state. To aid in proper power
state synchronization with the rest of the system, TPS38700-Q1 asserts NRST while executing the Sleep exit
sequence. The NRST signal is de-asserted when both RST_DLY delay time has passed since last ENx, and the
NRST _IN signal is de-asserted (or the connected button is released).

Note that although not depicted in the TPS38700-Q1 State Diagram, Figure 7-2, for clarity, this sequence applies
also in case of WDT-initiated reset.

ACT(in)

|

|

|
#/ Host asserts SLEEP when receiving NRST

NRST_IN (in) / A /
|

FORCE_ACT (bit) / \ \:\
|
|

SLEEP (in)

\ TR .

\k r Sequence deflned by SLP_Enx and SLP_CLK320E registers

FORCE_SHDN (bit)

ENXx (out)

CLK32K (out)

NRST (out)

SEQUENCE 7

ACTIVE

TPS38700x-Q1 State SLEEP

Figure 7-13. Sleep Exit due to NRST_IN

7.3.6.7 Sequence 8: RESET Due to NRST_IN

Note that although not depicted in the TPS38700-Q1 State Diagram,Figure 7-2, for clarity, this sequence applies
also in case of WDT-initiated reset.
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| |
L - ]
ACT(in) ! |
| |
NRST_IN (in) ' ) }4
| == \ |
FORCE_ACT (bit) ! S \ \'\
! s 4 |
| |
FORCE_SHDN (bit) : py \ :
\ | oo |
ENXx (out) \ No Change |
| |

CLK32K (out)

I
NRST (out) | A l«——— RST DLY I
I --- — I
I I
TPS38700x-Q1 State ~ ACTIVE | SEQUENCE 8 : ACTIVE
I I
Figure 7-14. RESET due to NRST_IN
Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 25

Product Folder Links: TPS38700-Q1


https://www.ti.com
https://www.ti.com/product/TPS38700-Q1
https://www.ti.com/lit/pdf/SNVSBT6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSBT6D&partnum=TPS38700-Q1
https://www.ti.com/product/tps38700-q1?qgpn=tps38700-q1

13 TEXAS
TPS38700-Q1 INSTRUMENTS
SNVSBT6D — JULY 2021 — REVISED MARCH 2025 www.ti.com

7.3.6.8 Sequence 9: Failsafe Power Down

F_TSD and F_LDO faults causes the TPS38700-Q1 to move to FAILSAFE State. The transition to FAILSAFE
State is essentially the same as Sequence 2, with the trigger being the fault instead of the loss of VDD. A best
effort approach is taken to assert NRST before pulling ENx, CLK32K, and NIRQ down.

F_TSD or F_LDO f
N — tNRST_EN

|

|

T

|

ENx (out) : :
CLK32K (out) ‘ i
| |

NIRQ (out) ! |
NRST (out) | :
| |

:4_ tnrst P :

|

TPS38700x-Q1 State Any state | SEQUENCE 9 FAILSAFE

Figure 7-15. Failsafe Power Down

7.3.6.9 Output Sequencing

Output sequencing can be triggered by hardware or software through ACT, SLEEP, RTC wake, FORCE_SHDN,
NPWR_BTN (if enabled), NEM_PD (if enabled), and NRST_IN (if enabled).

Such events start sequencing the outputs (ENx and CLK32K) according to the settings in registers Table 7-29,
Table 7-32, Table 7-33, Table 7-34, Table 7-35, and Table 7-36.

In those registers, Slot 1 is the earliest slot that can be selected and indicates that the ENx (or CLK32K) toggles
in the first time slot after the triggering event. The example timing diagram in Figure 7-16 shows the time delays
specified in Section 6.6 .

|
|
ACT(in) |
|
|
|

EN1 (out)

EN2 (out)

€—— RST_DLY
CLK32K (out)

|
|
|
T
|
ENS3 (out) !
|
|
|
]
|

tsien

NRST e

|
Time Slot | Slot 1 X Slot 2 X Slot 3 X
ooty | : N :

o TsLen
>

Figure 7-16. Output Sequencing Example
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7.3.7PC

Refer to Table 7-1 for the 12C register map overview. Note that "PSEQ" refers to TPS38700-Q1 and is used
enhance table readability.

Table 7-1. I2C Register Categories and Associated Details

WHO ELSE WHAT GETS
TYPE BITS DESCRIPTION RANgs é_l:_:_::lgglON WH(?I_;(EI\G’I(?;LES 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
NIRQ; NRST
WDT Watchdog violation | Did not occur / occurred Watchdog WD; SOC (erend_s on I.f set
in configuration
register)
Packet Error PEC error did not occur / P 2.
F_PEC checking (PEC) occurred IC I°C; soC NIRQ
RTC RTC alarm has not triggered / RTC RTC; SOC NIRQ
triggered
Enable output pin | No faults detected / fault | EN readback- . .
Interrupt info F_EN fault detected PSEQ PSEQ; SOC NIRQ; NRST
bits RW1C Frequency
F_ OSC Crystal oscillator fault | O faults detected /fault | - Frequency detector: NIRQ
detected detector
SOC
Reset or Interrupt pin | No faults detected / fault | Reset readback- .
F_NRSTIRQ fault detected PSEQ PSEQ; SOC NIRQ
F_BIST Built-In self test fauit | '\O faults detected /fault BIST BIST:SOC | NIRQ; NRST
detected
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_tlme CRC No faults detected / fault CRC soc NIRQ
register fault detected
ECC double error NVM_ECC;
) No ECC DED / ECC NVM_ECC; - ! .
F_ECC_DED deduction on OTP DED on OTP load REG CRC REG_CRC; NIRQ; NRST
load - SOC
F pBSB () NPWR_BTN short No short pulse / short PSEQ PSEQ: SOC NRST: NIRQ
press pulse
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Table 7-1. 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?
Current state of NIRQ asserted / not
ST_NIRQ NIRQ output asserted Interrupt None None
Current state of NRST asserted / not Interrupt; NRST
ST_NRST NRST output asserted state change None None
Current state of SLEEP pin driven Low
ST_ACTSLP SLEEP input or High PSEQ None None
ST ACTSHDN Current _state of ACT | ACT pin dr_lven Low or PSEQ None None
- input High
SHDNXx, Power Up,
. Current state of Power Down, Sleep,
ST_PSEQ[1:0] PSEQ Sleep entry, Sleep exit, PSEQ None None
invalid, Active
Current drive state of | Sequencer is driving EN
STDR1 EN12 to EN9 Low or High PSEQ None None
Current drive state of | Sequencer is driving EN
STDR2 ENS to EN1 Low or High PSEQ None None
Watchdog Open Watchdog update
OPEN Window Window closed / open Wb None None
Status bits olation ]
R WDUV Watch_dog_Update No violation / WD WD None None
Violation updated too early
WDEXP Watchdog _close timer WDT not_explred / WD None None
expired expired
BIST not complete
BIST_C BIST state or executed / BIST BIST None None
complete
ECC SEC Status of ECC _smgle No_error correcho_n NVM ECC None None
- error correction applied / SEC applied -
Status of volatile Volatile memorv test
BIST_VM memory test output ry REG_CRC None None
pass / fail
from BIST
Status of non-volatile Non-Volatile memor
BIST_NVM memory test output mory OTP covered None None
test pass / fail
from BIST
Status of Logic test . .
BIST_L output from BIST Logic test pass / fail BIST None NIRQ/ NRST
BIST A Status of Analog test | 510 test pass / fail BIST None NIRQ/ NRST
ouput from BIST
. Enable AF for EN12, . .
EN_AF[12:9] EN11, EN10, EN9 Disabled/ Enabled OTP option None PSEQ
. Select AF for EN12, | GPO or NPWR_BTN/ .
AFIO[12:9] EN11, EN10, ENO NRST_IN/ NEM_PD OTP option None PSEQ
PP_EN[12:1] ENx pin driver Open drain/ Push-Pull | OTP option None 10
configuration
OTP bits R -
XTAL_LOAD | Crystaloscillatorioad | g o1/ nternal OTP option None XTAL
capacitance
XTAL_EN Crystal oscillator Crystal driver disabled/ OTP option None XTAL
Enable enabled
PP_CLK32K CLK32K pin driver | 0 qrain/ Push-Pull |  OTP option None XTAL
configuration
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Table 7-1. 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?
GPIO[12:9] General purpose | o rain / Push-Pull socC None PSEQ
input / outputs
Debounce[3:0] Debounce val_ue for 5ms to 80ms SOC None PSEQ
AF input pins
EN_DEB[12:9] Enable _debour_me for | Debounce disabled / soc None PSEQ
AF input pins enabled
LP_TIME_TSHLD[7:0)| \PWR BTN long 100ms to 25.6s soc None PSEQ
press time threshold
Reload or do not Reload
RELOAD Reload OTP when SEQ5 /6 is SOC SOC OTP Register
complete
FORCE_INT Force NIRQlow | NIRQ controlled by soc soc NRST
- faults / register
SOC can
FORCE ACT Force PSEQ Active |SLEEP pin f:optrols exit / PSEQ clear the bit; PSEQ
— state entry or is ignored but not set
CONTROL the bit
RW Force PSEQ ACT pin control or Force
FORCE_SHDN[1:0] SHDN and resume ACT SOC SOC; WDT PSEQ
Shutdown state .
pin control after delay
RST_DLY[3:0] Reset Delay 0.1ms to 128ms SOC None PSEQ
RTC_WAKE Autonomous wake Disabled / Enabled el None RTC
alarm enable
Autonomous RTC
RTC_PU power up from Disabled / Enabled SOC None RTC
SHDN2 to ACTIVE
Require PEC byte (if | Missing PEC is treated
REQ_PEC EN_PEC = 1) as good / bad SOC None 12C
Packet Error .
EN_PEC checking (PEC) PEC disabled / enabled SOC None 12C
AT_POR Run BIST at POR | Skip / run BIST at POR SOC None BIST
Run BIST when
AT_SHDN exiting SEQ5 / 6 Default to not run BIST SOC None BIST
USLOT[3:0] Power Up / Sleep 125us / 2.55 soc None PSEQ
Exit time slots
. Power down / Sleep
DSLOT[3:0] . 125us / 2.5s SOC None PSEQ
Entry time slots
SSTEP Slot step multiplier 250ps / 1000us SOC None PSEQ
. . ENx not mapped / ENx
PSEQ PU[3:0][12:1] Power Up Sequence mapped SOC None PSEQ
PD[3:0][12:1] Power Down ENx not mapped / ENx sSOC None PSEQ
Sequence mapped
SLP_EXT[3:0][12:1] | Sleep Exit Sequence | =N\X N0t mapped / ENx soc None PSEQ
mapped
SLP_ENTRY[3:0] Sleep Entry ENx not mapped / ENx sOC None PSEQ
[12:1] Sequence mapped
RTC_T[31:0] RTC time setting 1secto 136years | XTAL: internal None RTC
RTC @ oscillator
RTC_A[31:0] RTC alarm setting 1sec to 136years SOC None RTC
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Table 7-1. 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?
WDT_EN[1:0] Watchdog Disabled / Enabled soc None WDT
configuration
SLP_EN Automatic disable in Watchdog _dlsabled / soC None WDT
Sleep mode enabled in Sleep
. Delay in number of .
WDT_DLY[2:0] Watchdog periods 1 or 8 WDT period SOC None WDT
WDT Power down mode Value written to
PDMDI[1:0] for WDT force power | CTL_1.FORCE_SHDN SOC None PSEQ
down on WDT power down
CLOSE[7:0] WDT close window 1ms to 864ms soc None WDT
configuration
OPEN([7:0] WDT open window 1ms to 864ms soc None WDT
configuration
KEY[7:0] WDT key to reset 0/1 SOC None WDT
Write function
WRK Work set register lock 0/1 SOC only 1 None to those register
groups
. Write function
SEQS SEQS Is:gkregmter 0/1 SOC only 1 None to those register
groups
. Write function
SEQP SEQP Isoe;kreglster 0/1 SOC only 1 None to those register
groups
PROT - -
. Write function
SEQC SEQC Isoeékreglster 0/1 SOC only 1 None to those register
groups
WDT WDT set register lock 0/1 SOC only 1 None Write function to
those reg groups
RTC RTC set register lock 0/1 SOC only 1 None Write function to
those reg 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.

@)

D From 12C Principal to 12C Agent

Device(Agent) Address

Register Address

Register RTC_T must be written to before writing a value in register RTC_A.

D From 12C Agent to 12C Principal

Data Byte to Register

— —
[ s [as|as|aa]as|a2z|[at[rofo|a|r|re|Rs|Ra[R3|R2[RI[RO[ A

p7 [p6 | b5 [ pa|p3]|p2] D1 DO

Afr]

START

D From 12C Principal to 12C Agent

Device(Agent) Address

‘0’ (write)

ACK

ACK

Figure 7-17. 12C Single Byte Write

|:| From 12C Agent to 12C Principal

Register Address

Device(Agent) Address

ACK  STOP

Data Byte from Register

I ]
|s|Aa|A5|A4|A3|A2|A1|Aoi 0|AIR7IR6IR5IR4IR3IR2IR1IROlAISriASIASIA4IA3IA2IA1IAOll 1|AiD7|D8|D5|D4|D3|D2|D1|DOINAI P

START

‘0’ (write)  ACK

ACK  Repeated Start

‘I’ (read)  ACK

Figure 7-18. 12C Single Byte Read

NACK  STOP
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I:l From 12C Principal to 12C Agent I:l From 12C Agent to 12C Principal

Data Byte to Register Data Byte to Register

I D ) Address ! I Register Address | I — —— —
[sTae]asJaa]as]a2]a1Jao] o] A|rR7[Re[Rs[Ra[R3[R2[R1JRO[ A [D7[D6]D5]D4] D3] D2] D1 [DO] A [D7]D6[D5]D4]D3]D2] D1 [DO| A TP]

START ‘0" (write)  ACK ACK ACK ACK  STOP

Figure 7-19. 12C Sequential Write

— Device(Agent) Address —— Register Address — — Device(Agent) Address Data Byte from Register — | — Data Byte from Register —
[s[ae[As[as]as]a2]a1Jao] o [A[R7[R6]Rs[Ra[Ra[R2[R1[RO[ A [sr]A6[As[a4]As]A2]at]ao| 1 [ A [p7]p6]os]o4]p3]p2]ot]oo[ A o7]oe[ps[os]ps]o2]o1[oo[NA]P]

START 0 (write)  ACK ACK Repeated Start 0 (read)  ACK ACK NACK sTOP

Figure 7-20. 12C Sequential Read
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7.3.7.1 Packet Error Checking (PEC)

TPS38700-Q1 supports Packet Error Checking (PEC) as a way to implement Cyclic Redundancy Checking
(CRC). PEC is a dynamic CRC that happens only during read or write transactions if enabled. With the initial
value of CRC set to 0x00, the PEC uses a CRC-8 represented by the polynomial:

C(x)=x8+x2+x+1 (1)

The polynomial is meant to catch any bit flips or noise in 12C communication which cause data and PEC byte
to have a mismatch. The PEC calculation includes all bytes in the transmission, including address, command
and data. The PEC calculation does not include ACK or NACK bits or START, STOP or REPEATED START
conditions. If PEC is enabled, and the TPS38700-Q1 is transmitting data, then the TPS38700-Q1 is responsible
for sending the PEC byte. If PEC is enabled, and the TPS38700-Q1 is receiving data from the MCU, then
the MCU is responsible for sending the PEC byte. In case of faster communications needs like servicing the
watchdog the required PEC feature can be effectively used to handle missing PEC information and to avoid
triggering faults. Figure 7-21 and Figure 7-22 highlight the communication protocol flow when PEC is required
and which device controls SDA line at various instances during active communication.

I:l From 12C Principal to 12C Agent I:l From 12C Agent to 12C Principal

— Device(Agent) Address 1 [ Register Address 1 [ Data Byte to Register 1 [ PEC Byte 1
[s]as]as[m]as]a2]atJaol o] aJr7[re[Rs[Ra[R3[R2[RIJRO[ A [D7]D6]D5]Da] D3] D2 D1 D0 A]D7]D6[D5[D4] D3] D2 D1 [DO] A TP

START ‘0’ (write)  ACK ACK ACK ACK  STOP

Figure 7-21. Single Byte Write with PEC

Device(Agent) Address Register Address Address Data Byte from Register PEC Byte

— — —— 1 I ] I 1
[ s[re]as[as]as]a2]a1Jao] o [ A[R7[R6[Rs[Ra[R3[R2[RIJRO| A [ sr[ac]asa4]as[a2]a1]ao] 1A [o7[o6]os][ps]os]p2]p1]o0o] A]07]06][05][04]D3[D2]D1]00[NAT P ]

START O (write)  ACK ACK Repeated Start U (read)  ACK ACK NACK STOP

Figure 7-22. Single Byte Read with PEC

Table 7-2 explains the registers associated with a PEC Write command and resulting device behavior. Table 7-3
explains the registers associated with a PEC Read command and resulting device behavior.
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Table 7-2. PEC Write Summary

EN_PEC

REQ_PEC

PEC_INT

Interrupt Status

0

X

X

PEC byte is not required in write operation, NO NIRQ assertion.

A write command missing a PEC byte is treated as OK, the write command executes and results
in a I2C ACT. A write command with an incorrect PEC is treated as an error, the write command
does not execute and results in a 1I2C NACK. NO NIRQ assertion.

A missing PEC is treated as an error, a write command only executes if the correct PEC byte is
provided. 12C communication still responds with an ACT although write command did not execute.
A write command with an incorrect PEC is treated as an error, the write command does not
execute and result in a I2C NACK. NO NIRQ assertion.

A missing PEC is treated as an error, a write command executes only if the correct PEC byte is
provided. 12C communication still responds with an ACT although write command did not execute.
A write command with an incorrect PEC is treated as an error, the write command does not
execute and results in a I2C NACK. NIRQ is asserted when a write command with a incorrect or
missing PEC byte is attempted.

Table 7-3. PEC Read Summary

EN_PEC

REQ_PEC

PEC_INT

Interrupt Status

X

X

12C read operation responds with data stored in register, 12C read command does not respond
with registers corresponding PEC byte.

12C read operation responds with data stored in register and corresponding PEC byte.
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7.4 Register Map Table

RSVD = Reserved

Table 7-4. Register Map Table

ADDR | NAME | RW | MsB 6 \ 5 4 3 2 1 LSB DEFAULT | GROUP
0x00 - 0x0F: 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_SRC1 RW1C |F_INTERNAL EM_PD WDT F_PEC RTC F_EN F_OSC F_NRSTIRQ 0x00
0x11 INT_SRC2 RW1C | F_VENDOR RSVD F_RT_CRC F_BIST F_LDO F_TSD F_ECC_DED F_PBSP 0x00
0x12 INT_VENDOR RW1C Vendor specific internal fault flags 0x00
0x13 CTL_STAT R RSVD ST_VBBAT ST_NIRQ ST_NRST | ST_ACTSLP | ST_ACTSHD ST_PSEQ[1:0] 0x00
N
0x14 EN_STDR1 R RSVD STDR_EN12 | STDR_EN11 | STDR_EN10 | STDR_EN9 0x00
0x15 EN_STDR2 R STDR_ENS8 ‘ STDR_EN7 ‘ STDR_ENG6 ‘ STDR_EN5 | STDR_EN4 | STDR_EN3 | STDR_EN2 | STDR_EN1 0x00
0x16 EN_STRD1 R RSVD STRD_EN12 | STRD_EN11 | STRD_EN10 | STRD_EN9 0x00
0x17 EN_STRD2 R STRD_ENS8 ‘ STRD_EN7 ‘ STRD_ENG6 ‘ STRD_EN5 | STRD_EN4 | STRD_EN3 | STRD_EN2 | STRD_EN1 0x00
0x18 WDT_STAT R RSVD OPEN RSVD WDUV WDEXP 0x00
0x19 TEST _STAT R RSVD BIST C ECC SEC RSVD BIST VM | BIST_NVM BIST L BIST A 0x00
0x1A LAST_RST R NRST_IN WDT_RST |LP_NPWR_B| NEM_PD ACTSHDN | WDT_SHDN FORCE_SHDN[1:0] 0x00
TN
0x1B ... RSVD RSVD
0x1F
0x20 - 0x2F: Configuration registers
0x20 EN_ALT _F R RSVD EN_AF12 EN_AF11 EN_AF10 EN_AF9 NVM
0x21 AF_IN_OUT R RSVD AFIO12 AFION AFIO10 AFIO9 NVM
0x22 EN_CFG1 R RSVD PP_EN12 PP_EN11 PP_EN10 PP_EN9 NVM
0x23 EN_CFG2 R PP_ENS8 PP_EN7 PP_EN6 PP_EN5 PP_EN4 PP_EN3 PP_EN2 PP_EN1 NVM
0x24 CLK_CFG R XTAL_LOAD | XTAL_EN RSVD PP_CLK32K RSVD NVM
0x25 GP_OUT R/W GPO4 GPO3 GPO2 GPO1 GPO12 GPOM1 GPO10 GPO9 NVM WRK
0x26 DEB_IN R/W DEBOUNCE([3:0] EN_DEB12 | EN_DEB11 | EN_DEB10 RSVD NVM CTL
0x27 LP_TTSHLD R/W LP_TIME_TSHLDI[7:0] NVM CTL
0x28 CTL_1 R/W RSVD FORCE_INT |FORCE_ACT FORCE_SHDN[1:0] NVM WRK
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RSVD = Reserved

Table 7-4. Register Map Table (continued)

ADDR NAME R/W MSB 6 5 4 3 2 1 LSB DEFAULT GROUP
0x29 CTL_2 R/W RST_DLY[3:0] RTC_WAKE RTC_PU REQ_PEC EN_PEC NVM CTL
0x2A TEST_CFG R/W RSVD AT_SHDN AT_POR[1:0] NCM CTL
0x2B IEN_VENDOR R/W Vendor specifc internal fault enables NVM CTL

0x2C ... RSVD RSVD
0x2F
0x30 - 0x6F: Sequencing registers
0x30 SEQ_CFG R/W GPO8 GPO7 GPO6 GPO5 RSVD RSVD RSVD SSTEP NVM SEQC
0x31 SEQ_USLOT R/W TIME[7:0] NVM SEQC
0x32 SEQ_DSLOT R/W TIME[7:0] NVM SEQC
0x33 PWR_EN1 R/W PU[3:0] PDI[3:0] NVM SEQP
0x34 PWR_EN2 R/W PU[3:0] PDI[3:0] NVM SEQP
0x35 PWR_EN3 R/W PU[3:0] PDI[3:0] NVM SEQP
0x36 PWR_EN4 R/W PU[3:0] PD[3:0] NVM SEQP
0x37 PWR_EN5 R/W PU[3:0] PD[3:0] NVM SEQP
0x38 PWR_EN6 R/W PU[3:0] PD[3:0] NVM SEQP
0x39 PWR_EN7 R/W PU[3:0] PDI[3:0] NVM SEQP
0x3A PWR_EN8 R/W PU[3:0] PD[3:0] NVM SEQP
0x3B PWR_EN9 R/W PU[3:0] PDI[3:0] NVM SEQP
0x3C PWR_EN10 R/W PU[3:0] PDI[3:0] NVM SEQP
0x3D PWR_EN11 R/W PU[3:0] PD[3:0] NVM SEQP
0x3E PWR_EN12 R/W PU[3:0] PD[3:0] NVM SEQP
0x3F |PWR_CLK320E| R/W PU[3:0] PD[3:0] NVM SEQP
0x40 ... RSVD RSVD

0x4F

0x50 ... RSVD RSVD
0x52
0x53 SLP_EN1 R/W SLP_EXIT[3:0] SLP_ENTRY[3:0] NVM SEQS
0x54 SLP_EN2 R/W SLP_EXIT[3:0] SLP_ENTRY[3:0] NVM SEQS
0x55 SLP_EN3 R/W SLP_EXIT[3:0] SLP_ENTRY[3:0] NVM SEQS
0x56 SLP_EN4 R/W SLP_EXIT[3:0] SLP_ENTRY/[3:0] NVM SEQS
0x57 SLP_EN5 R/W SLP_EXIT[3:0] SLP_ENTRY[3:0] NVM SEQS
0x58 SLP_EN6 R/W SLP_EXIT[3:0] SLP_ENTRY[3:0] NVM SEQS
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RSVD = Reserved

Table 7-4. Register Map Table (continued)

ADDR NAME R/W MSB 6 5 4 3 2 ‘ 1 LSB DEFAULT GROUP
0x59 SLP_EN7 R/W SLP_EXIT[3:0] SLP_ENTRY[3:0] NVM SEQS
0x5A SLP_EN8 R/W SLP_EXIT[3:0] SLP_ENTRY[3:0] NVM SEQS
0x5B SLP_EN9 R/W SLP_EXIT[3:0] SLP_ENTRY[3:0] NVM SEQS
0x5C SLP_EN10 R/W SLP_EXIT[3:0] SLP_ENTRYI[3:0] NVM SEQS
0x5D SLP_EN11 R/W SLP_EXIT[3:0] SLP_ENTRYI[3:0] NVM SEQS
O0x5E SLP_EN12 R/W SLP_EXIT[3:0] SLP_ENTRY[3:0] NVM SEQS
Ox5F SLP_CLK320E R/W SLP_EXIT[3:0] SLP_ENTRY[3:0] NVM SEQS

0x60 ... RSVD RSVD
0x6F

0x70 - 0x7F: Real Time Clock (RTC) registers
0x70 RTC_T3 R/W RTC_T[31:24] 0x00 RTC
0x71 RTC_T2 R/W RTC_T[23:16] 0x00 RTC
0x72 RTC_T1 R/W RTC_T[15:8] 0x00 RTC
0x73 RTC_TO R/W RTC_T[7:0] 0x00 RTC
0x74 RTC_A3 R/W RTC_A[31:24] OxFF RTC
0x75 RTC_A2 R/W RTC_A[23:16] OxFF RTC
0x76 RTC_A1 R/W RTC_A[15:8] OxFF RTC
ox77 RTC_AO R/W RTC_A[7:0] OxFF RTC
0x78 ... RSVD RSVD
Ox7F
0x80 - 0x8F: Watchdog Timer (WDT) registers
0x80 WDT_CFG R/W WDTEN[1:0] SLP_EN WDTDLY[2:0] PDMDI[1:0] 0x00 wWDT
0x81 WDT_CLOSE R/W CLOSE[7:0] 0x00 WDT
0x82 WDT_OPEN R/W OPEN][7:0] 0x00 WDT
0x83 WDTKEY R/W KEY[7:0] 0x00 None
0x84 ... RSVD RSVD
0x8F
0x90 ... Unused Unused
OxEF
0xFO - OxFF: Protection registers
0xFO PROT1 R/W RSVD WRK SEQS SEQP SEQC WDT RTC CTL 0x00
0xF1 PROT2 R/W RSVD WRK SEQS SEQP SEQC wWDT RTC CTL 0x00
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Table 7-4. Register Map Table (continued)
RSVD = Reserved

ADDR NAME RIW MSB | 6 5 4 \ 3 \ 2 \ 1 LSB DEFAULT | GROUP
0xF2 ... RSVD RSVD
O0xF8
0xF9 12CADDR R RSVD ‘ ADDR_NVMI[6:0] NVM
OxFA DEV_CFG R RSVD ‘ SOC_IF[1:0] NVM
OxFB ... RSVD RSVD
OxFF
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7.4.1 Register Descriptions

Address: 0x10

Table 7-5. INT_SRCA1

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

NTERNAL

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.

EM_PD

Emergency Power Down:

0 = No emergency power-down event

1 = Shutdown caused by emergency power-down (Sequence 2).

Write-1-to-clear clears the bit. The bit is set again on next emergency power-down.

WDT

0 = WDT violation did not occur (or WDT_CFG.WDTENT[1:0] = 00b). 1 = WDT violation
occurred.

This bit is valid only if WDT_CFG.WDTEN[1:0] is enabled.

Write-1-to-clear clears the bit. The bit is set again on next WDT violation.

PEC

Packet Error Checking:

0 = PEC miscompare has not occurred (or CTL_2.EN_PEC = 0). 1 = PEC miscompare
has occurred.

This bit is valid only if CTL_2.EN_PEC is enabled.

Write-1-to-clear clears the bit. The bit is set again on next PEC miscompare.

RTC

0 = RTC alarm has not triggered (or alarm function is disabled). 1 = RTC alarm has
triggered.

This bit is invalid if the alarm function is disabled (CTL_2.RTC_WAKE and
CTL_2.RTC_PU are both clear, and RTC_A[31:0] is set to OxFFFFFFFF.)
Write-1-to-clear clears the bit. The bit is set again on next RTC alarm.

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 clears the bit only if the fault condition is also removed.

F_0SC

Crystal Oscillator Fault:

0 = No fault detected on Crystal Oscillator (or CLK_CFG.XTAL_EN = 0, disabled). 1 =
Fault detected on Crystal Oscillator.

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

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 clears 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, the host
reads this register to quickly determine the source of the interrupt. If this register is clear, then TPS38700-Q1 did

not assert NIRQ.
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Address: 0x11

Table 7-6. 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.

RSVD

Reserved

F_RT_CRC

Runtime register CRC Fault:

0 = No fault detected.

1 = Register CRC fault detected.

Write-1-to-clear clears the bit. The bit is set again during next register CRC check if a
fault is detected.

F_BIST

Built-In Self Test Fault:

0 = No fault detected.

1 = BIST fault detected.

Note that clearing this bit does not clear the results in TEST_STAT register.
Write-1-to-clear clears the bit. The bit is set again during next BIST execution 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 clears 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 clears the bit only if the fault condition is also removed.

F_ECC_DED

ECC Double-Error Detection on OTP configuration load:

0 = No ECC-DED on OTP load. 1 = ECC-DED on OTP load.

Write-1-to-clear clears the bit. The bit is set again during next OTP configuration load if
a fault is detected.

F_PBSP

NPWR_BTN Short Pulse:

0 = No short pulse on NPWR_BTN (or NPWR_BTN is not enabled). 1 = Short pulse
detected on NPWR_BTN.

This bit is valid only if NPWR_BTN is enabled through EN_AF12 and AFIO12 bits.
Write-1-to-clear clears the bit. The bit is set again during next short pulse detected on
NPWR_BTN.
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Address: 0x12

Table 7-7. 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

Table 7-8. CTL_STAT

Description: TPS38700-Q1 Status register for control pins and internal state.

POR Value: 0x00
Access: Read only.

Back to Register Map Table.

BIT NAME DESCRIPTION
7:6 RSVD Reserved
5 ST_NIRQ Current state of NIRQ Output:
0 = NIRQ pin asserted low by TPS38700-Q1.
1 = NIRQ pin not asserted low by TPS38700-Q1.
4 ST_NRST Current state of NRST Output:
0 = NRST pin asserted low by TPS38700-Q1.
1 = NRST pin not asserted low by TPS38700-Q1.
3 ST_ACTSLP Current state of SLEEP input:
0 = SLEEP pin driven low (Sleep) by system. 1 = SLEEP pin driven high (Active) by
system.
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: SLEEP, Sleep Entry, Sleep Exit
10b: Invalid combination
11b: ACTIVE
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Table 7-9. 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_EN[12:9] Current drive state of EN[X]:

0 = TPS38700-Q1 is driving EN[X] Low.
1 =TPS38700-Q1 is driving or allowing to float EN[X] High

Table 7-10. 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_ENI8:1] Current drive state of EN[X]:

0 = TPS38700-Q1 is driving EN[X] Low.

1 =TPS38700-Q1 is driving or allowing to float EN[X] High

Table 7-11. 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_ENI[12:9] Current read state of EN[X]:

0 = TPS38700-Q1 is reading EN[X] Low.
1 =TPS38700-Q1 is reading EN[X] High
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Table 7-12. 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_EN[8:1]

Current read state of EN[X]:
0 = TPS38700-Q1 is reading EN[X] Low.
1 =TPS38700-Q1 is reading EN[X] High

Table 7-13. WDT_STAT

Address: 0x18

Description: WDT status register.
POR Value: 0x00

Access: Read only.

Back to Register Map Table.

BIT NAME DESCRIPTION
7:4 RSVD Reserved
3 OPEN Watchdog Open Window:
0 = Watchdog update window closed.
1 = Watchdog update window open.
2 RSVD Reserved
1 WDUV Watchdog Update Violation. Clear on read.
0 = No violation detected.
1 = Watchdog updated too early.
0 WDEXP Watchdog close timer expired without update to WDKEY. Clear on read.
0 = WDT Not Expired.
1 =WDT Expired.
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Address: 0x19

Description: Internal Self-Test and ECC status register.

POR Value: 0x00
Access: Read only.

Back to Register Map Table.

Table 7-14. TEST_STAT

BIT

NAME

DESCRIPTION

7

RSVD

Reserved

6

BIST_C

BIST state:

0 = BIST running or not executed since last POR. Check also

TEST_CFG register.
1 = BIST complete.

ECC_SEC

Status of ECC Single-Error Correction on OTP configuration load.

0 = no error correction applied.
1 = Single-Error Correction applied.

RSVD

Reserved

BIST_VM

Status of Volatile Memory test output from BIST.
0 = Volatile Memory test pass.
1 = Volatile Memory test fail.

BIST_NVM

Status of Non-Volatile Memory test output from BIST.
0 = Non-Volatile Memory test pass.
1 = Non-Volatile Memory test fail.

BIST L

Status of Logic test output from BIST.
0 = Logic test pass.
1 = Logic test fail.

BIST_A

Status of Analog test output from BIST.
0 = Analog test pass.
1 = Analog test fail.
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Address: 0x1A

Table 7-15. LAST_RST

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

Sequence 5, Sequence 6, Sequence 7, and Sequence 8.

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 is not 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 NRST_IN NRST assertion due to NRST_IN (if enabled in EN_ALT_F and
AF_IN_OUT registers).
0 = Last NRST assertion was not due to NRST_IN.
1 = Last NRST assertion was due to NRST_IN.

6 WDT_RST NRST assertion due to WDT (see also Table 7-39).
0 = Last NSRT assertion was not due to WDT.
1 = Last NSRT assertion was due to WDT.

5 RSVD Reserved

4 NEM_PD NRST/Shutdown due to NEM_PD (if enabled in EN_ALT_F and
AF_IN_OUT registers).
0 = Last NRST/Shutdown assertion was not due to NEM_PD.
1 = Last NRST/Shutdown assertion was due to NEM_PD.

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.

2 WDT_SHDN NRST/Shutdown due to WDT (see also Table 7-39).
0 = Last NRST/Shutdown assertion was not due to ACT/ SHDN
Low.
1 = Last NRST/Shutdown assertion was due to ACT/ SHDN Low.
If this bit is set, LAST_RST.FORCE_SHDN[1:0] contains
WDT_CFG.PDMDI1:0] value.

1:0 FORCE_SHDN[1:0] NRST/Shutdown due to CTL_1.FORCE_SHDN[1:0] #00b.
Value is the same as CTL_1.FORCE_SHDN]J1:0] that initiated the
last NRST/Shutdown. If WDT_SHDN bit is set, this bitfield contains
WDT_CFG.PDMDI1:0] value.

44 Submit Document Feedback

Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TPS38700-Q1


https://www.ti.com/product/TPS38700-Q1
https://www.ti.com/lit/pdf/SNVSBT6
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSBT6D&partnum=TPS38700-Q1
https://www.ti.com/product/tps38700-q1?qgpn=tps38700-q1

13 TEXAS
INSTRUMENTS

www.ti.com

TPS38700-Q1
SNVSBT6D — JULY 2021 — REVISED MARCH 2025

Table 7-16. EN_ALT_F

Address: 0x20

Description: Enable Alternate Function for sequencing pins EN[12:9] (AF is selected in AF_IN_OUT register).

POR Value: Loaded from NVM
Access: Read only once loaded from NVM

Back to Register Map Table.

BIT NAME DESCRIPTION
74 RSVD Reserved
3 EN_AF12 Enable alternate function of EN[12]:
0 = Disabled.
1 = AF Enabled (GPO12 or NPWR_BTN).
2 EN_AF11 Enable alternate function of EN[11]:
0 = Disabled.
1 = AF Enabled (GPO11 or NRST_IN).
1 EN_AF10 Enable alternate function of EN[10]:
0 = Disabled.
1 = AF Enabled (GPO10 or NEM_PD).
0 EN_AF9 Enable alternate function of EN[9]:
0 = Disabled.
1 = AF Enabled (GPO9).

The alternate function can be enabled only if the corresponding PU/ PD/ SLP_EXIT/ SLP_ENTRY registers
fields are all set to 0. If any of those bit fields are non-zero, the corresponding pin is locked to EN[X] sequencing

function.

Copyright © 2025 Texas Instruments Incorporated

Submit Document Feedback 45

Product Folder Links: TPS38700-Q1


https://www.ti.com
https://www.ti.com/product/TPS38700-Q1
https://www.ti.com/lit/pdf/SNVSBT6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSBT6D&partnum=TPS38700-Q1
https://www.ti.com/product/tps38700-q1?qgpn=tps38700-q1

13 TEXAS
TPS38700-Q1 INSTRUMENTS
SNVSBT6D — JULY 2021 — REVISED MARCH 2025 www.ti.com

Table 7-17. AF_IN_OUT
Address: 0x21
Description: Select Alternate Function for sequencing pins EN[12:9] (AF is enabled in EN_ALT _F register).
POR Value: Loaded from NVM.
Access: Read only once loaded from NVM.

Back to Register Map Table.

BIT NAME DESCRIPTION
74 RSVD Reserved
3 AFI012 Select alternate function of EN12:

0 = General Purpose Output (GPO) - GPO12.
1= AF NPWR_BTN (power button input).

2 AFIO11 Select alternate function of EN11:

0 =GPO11.

1= AF NRST_IN (reset input).
1 AFIO10 Select alternate function of EN10:

0 = GPO10.

1 = AF NEM_PD (emergency power-down input).
0 AFIO9 Select alternate function of EN9:

0 = GPO9.

1 = Invalid.

EN9 can only be selected as GPO9 through
EN_ALT_F.EN_AF9, and does not have an alternate function.
Therefore, this bit is always read-only and always read 0.

Table 7-18. EN_CFG1
Address: 0x22
Description: Drive mode configuration for EN[12:9]
POR Value: Loaded from NVM.
Access: Read only once loaded from NVM

Back to Register Map Table.

BIT NAME DESCRIPTION
7:4 RSVD Reserved
3:0 PP_EN[12:9] ENXx pin driver configuration:
0 = Open drain.
1 = Push pull.
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Table 7-19. EN_CFG2
Address: 0x23
Description: Drive mode configuration for EN[8:1].
POR Value: Loaded from NVM.
Access: Read only once loaded from NVM.

Back to Register Map Table.

BIT NAME DESCRIPTION
7:0 PP_EN[8:1] ENXx pin driver configuration:

0 = Open drain.

1 = Push pull.

Table 7-20. CLK_CFG
Address: 0x24
Description: Oscillator configuration.
POR Value: Loaded from NVM.
Access: Read only once loaded from NVM.

Back to Register Map Table.

BIT NAME DESCRIPTION

7 XTAL_LOAD Crystal oscillator load capacitance:
0 = external.
1 = internal (value specified by the vendor).

6 XTAL_EN Crystal oscillator enable:
0 = Crystal driver disabled.
1 = Crystal driver enabled.

5 RSVD Reserved

4 PP_CLK32K CLK32K pin driver configuration:
0 = Open drain.
1 = Push pull.

Note that Push-Pull configuration for CLK32K output is
optional and not a requirement.

3.0 RSVD Reserved
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Table 7-21. 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

7 GPO4 General Purpose Output. Only used when both
PWR_EN4 and SLP_EN4 are clear.

0 = GPO4 pin driven low.

1 = GPO4 pin driven high.

6 GPO3 General Purpose Output. Only used when both
PWR_EN3 and SLP_ENS are clear.

0 = GPO3 pin driven low.

1 = GPO3 pin driven high.

5 GPO2 General Purpose Output. Only used when both
PWR_EN2 and SLP_ENZ2 are clear.

0 = GPO2 pin driven low.

1 = GPO2 pin driven high.

4 GPO1 General Purpose Output. Only used when both
PWR_EN1 and SLP_ENT1 are clear.

0 = GPO1 pin driven low.

1 = GPO1 pin driven high.

3 GPO12 General Purpose Output. Only used when both
PWR_EN12 and SLP_EN12 are clear.

0 = GPO12 pin driven low.

1 = GPO12 pin driven high.

2 GPOM General Purpose Output. Only used when both
PWR_EN11 and SLP_EN11 are clear.

0 = GPO11 pin driven low.

1 = GPO11 pin driven high.

1 GPO10 General Purpose Output. Only used when both
PWR_EN10 and SLP_EN10 are clear.

0 = GPO10 pin driven low.

1= GPO10 pin driven high.

0 GPO9 General Purpose Output. Only used when both
PWR_EN9 and SLP_EN9 are clear.

0 = GPQ9 pin driven low.

1 = GPO9 pin driven high.
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Table 7-22. DEB_IN
Address: 0x26
Description: Debounce configuration for AF input pins.
POR Value: Loaded from NVM.
Access: Read/Write. Read-only if CTL group is protected.
Back to Register Map Table.

BIT NAME DESCRIPTION

74 DEBOUNCE][3:0] Debounce value for AF input pins:
0000b = 5ms

0001b = 10ms

0010b = 15ms

0011b = 20ms

nnnnb = 5(N+1)ms

1111b = 80ms

3:1 EN_DEB[12:10] Enable debounce for AF input pins:
0 = debounce disabled.
1 = debounce enabled.

0 RSVD Reserved

Table 7-23. LP_TTSHLD
Address: 0x27
Description: NPWR_BTN Long Press time threshold configuration.
POR Value: Loaded from NVM.
Access: Read/Write. Read-only if CTL group is protected.
Back to Register Map Table.

BIT NAME DESCRIPTION

7:0 LP_TIME_TSHLD If NPWR_BTN is enabled, this value, in 100ms
increments, determines the minimum duration of the
NPWR_BTN pulse to be detected as "Long Press"
(shorter is detected as "Short Press")

00h = 100ms

01h =200ms

FEh = 25.5s
FFh = 25.6s
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Table 7-24. 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.

2 FORCE_ACT @ Force TPS38700-Q1 active state:

0 (cleared only by I2C writes) = SLEEP pin controls
sleep entry/ exit.

1 (set only by HW) = SLEEP is ignored.

1:0 FORCE_SHDNI1:0] Force TPS38700-Q1 to shutdown state.

With NPWR_BTN disabled (EN_ALT_F.EN_AF12 = 0):
00b = Normal ACT pin control.

01b = Force power-down sequence, then resume
normal ACT pin control immediately.

10b = Force power-down sequence, then resume
normal ACT pin control after 1 second delay.

11b = Force power-down sequence, then resume
normal ACT pin control when ACT = Low or when
RTC alarm occurs as per configuration in registers
CTL_2, RTC_T, and RTC_A.

With NPWR_BTN enabled (EN_ALT_F.EN_AF12 = 1):
00b = Normal NPWR_BTN pin control.

01b = Force power-down sequence, then move to
Sequence 1 immediately (proceed as if ACT = High).
10b = Force power-down sequence, then move to
Sequence 1 after 1 second (proceed as if ACT =
High). If NPWR_BTN is pressed before 1 second
expires, then the TPS38700-Q1 moves to Sequence
1 at that time.

11b = Force power-down sequence, then move

to Sequence 1 when RTC alarm occurs as per
configuration in registers CTL_2, RTC_T, and RTC_A
(proceed as if

ACT = High). If NPWR_BTN is pressed before

the RTC alarm, then the TPS38700-Q1 moves to
Sequence 1 at that time.

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

(2) FORCE_ACT is automatically set by HW when entering the Power Up sequence (SEQUENCE 1). As the TPS38700-Q1 performs the
power-up sequence, ACT can be undefined. FORCE_ACT being set prevents a bad ACT level from causing a transition directly into
SLEEP before the application processor has booted. 12C commands are allowed to clear this bit but not set the bit.
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Table 7-25. 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
74 RST_DLY[3:0] Power up sequence: NRST remains asserted until RST_DLY[3:0] after

last ENx assert.
0000b = 0.1ms 1000b = 1ms
0001b = 0.2ms 1001b = 2ms
0010b = 0.4ms 1010b = 4ms
0011b = 0.8ms 1011b = 8ms
0100b = 1.6ms 1100b = 16ms
0101b =3.2ms 1101b = 32ms
0110b = 6.4ms 1110b = 64ms
0111b = 12.8ms 1111b = 128ms
Power down sequence: NRST asserted within tygrst of ACT= Low.

3 RTC_WAKE Autonomous RTC wake alarm enable:
0 = Disabled (CTL_1.FORCE_ACT =0 on RTC alarm).
1 = Enabled (CTL_1.FORCE_ACT =1 on RTC alarm).
If RTC_T == RTC_A, a wake event is generated which sets
INT_SRC1.RTC.
If this bit is enabled, then also CTL_1.FORCE_ACT is set to 1, triggering
the automatic exit from SLEEP state to ACTIVE.

2 RTC_PU Autonomous RTC Power Up from SHDN2 to ACTIVE:
0 = Disabled.
1 = Enabled.
If RTC_T == RTC_A, a power-up event is generated.

1 REQ_PEC Require PEC byte (valid only if EN_PEC is 1):
0 = missing PEC byte is treated as good PEC.
1 = missing PEC byte is treated as bad PEC, triggering a fault.

0 EN_PEC Packet Error Checking (PEC):
0 = PEC disabled (Default).
1 = PEC Enabled. Disables support for register address auto-increment.
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Address: 0x2A

Table 7-26. TEST_CFG

Description: Built-In Self Test (BIST) execution configuration.
Default: Loaded from NVM (only AT_POR([1:0])

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

Back to Register Map Table.

BIT

NAME

DESCRIPTION

7:3

RSVD

Reserved

2

AT_SHDN

0 = Do not run BIST when exiting Sequence 5 or
Sequence 6.

1 = Run BIST when exiting Sequence 5 or Sequence
6 if CTL_1.FORCE_SHDNI[1:0] = 00b.

Device ready after tcrg wa-

This bit cannot be set in OTP.

Always defaults to 0 when loading configuration from
OTP.

1:0

AT_POR[1:0]

Run BIST at POR. Device ready after tcrg wa.

00b = Valid OTP configuration, skip BIST at POR
01b = Corrupt OTP configuration, run BIST at POR.
10b = Corrupt OTP configuration, run BIST at POR.
11b = Valid OTP configuration, run BIST at POR.

Address: 0x2B

Table 7-27. IEN_VENDOR

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.

Address: 0x30

Description: Sequencing configuration.

POR Value: Loaded from NVM.

Table 7-28. SEQ_CFG

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

Back to Register Map Table.

BIT

NAME

DESCRIPTION

7

GPO8

General Purpose Output. Only used when both
PWR_ENS8 and SLP_ENS are clear.

0 = GPOB8 pin driven low.

1 = GPO8 pin driven high.
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Address: 0x30

Description: Sequencing configuration.
POR Value: Loaded from NVM.

Table 7-28. SEQ_CFG (continued)

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

Back to Register Map Table.

BIT

NAME

DESCRIPTION

6

GPO7 General Purpose Output. Only used when both
PWR_EN7 and SLP_EN?7 are clear.

0 = GPO7 pin driven low.

1 = GPO7 pin driven high.

GPO6 General Purpose Output. Only used when both
PWR_ENG6 and SLP_ENG are clear.

0 = GPOG pin driven low.

1 = GPOS6 pin driven high.

GPO5 General Purpose Output. Only used when both
PWR_ENS5 and SLP_ENS are clear.

0 = GPOS5 pin driven low.

1 = GPO5 pin driven high.

RSVD Reserved

RSVD Reserved

RSVD Reserved

SSTEP Sequencing time slot step size selection for
SEQ_USLOT and SEQ_DSLOT:
0 = Time slot step size tsstep = 250us

1 = Time slot step size tsstep= 1000us

Address: 0x31

Table 7-29. SEQ_USLOT

Description: Power Up / Sleep Exit 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 /
sleep-exit:

tusLoT = SEQ_USLOT.TIME[7:0] % tsstEP *+ tsmin

with tssTep Set by SEQ_CFGSSTEP and tsmin = tSSTEP/2
For the case where SEQ_CFG.SSTEP = 0, refer to Table

7-30.

7-31.

For the case where SEQ_CFG.SSTEP = 1, refer to Table
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Table 7-30. 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 7-31. 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
Table 7-32. SEQ_DSLOT
Address: 0x32
Description: Power Down / Sleep Entry 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 /

sleep-entry:

tDSLOT = SEQ_DSLOTT'ME[?O] X tSSTEP + tSMIN
with tSSTEP set by SEQ_CFGSSTEP and tSMIN = tSSTEP/Z
See Table 7-29 for setting details.

Slot=1

Table 7-33. PWR_EN[12:1]
Address: PWR_EN1 (0x33) - PWR_EN12 (0x3E) (Twelve 8-bit registers).

Description: Power Up/ Down sequence definition by assignment of EN[12:1] to one of fifteen time slots.

is the earliest slot that can be selected and indicates that the ENx pin toggles in the first

SEQ_USLOT.TIME or SEQ_DSLOT.TIME after the triggering event. See Section 7.3.6.9.

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 (ENXx 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).
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Table 7-33. PWR_EN[12:1] (continued)
Address: PWR_EN1 (0x33) - PWR_EN12 (0x3E) (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 indicates that the ENx pin toggles in the first
SEQ_USLOT.TIME or SEQ_DSLOT.TIME after the triggering event. See Section 7.3.6.9.

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

BIT NAME DESCRIPTION

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).

Table 7-34. PWR_CLK320E
Address: 0x3Fh

Description: Power Up/ Down (PU/ PD) sequence assignment of 32kHz clock output to one of fifteen time slots.
POR Value: Loaded from NVM.

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

Back to Register Map Table.

BIT NAME DESCRIPTION

74 PUI[3:0] 0 = CLK32 not mapped to PU sequence. CLK32 maintains
previous state, unless entering BACKUP or FAILSAFE state
(CLK32 is pulled low in those states).

1 = Enable CLK32 on first PU time slot.

15 = Enable CLK32 on last PU time slot.

3:0 PD[3:0] 0 = CLK32 not mapped to PD sequence. CLK32 maintains
previous state, unless entering BACKUP or FAILSAFE state
(CLK32 is pulled low in those states).

1 = Disable CLK32 on first PD time slot.

15 = Disable CLK32 on last PD time slot.
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Table 7-35. SLP_EN[12:1]
Address: SLP_EN1 (0x53) - SLP_EN12 (Ox5E) (Twelve 8-bit registers).

Description: Sleep Exit/Entry 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 indicates that the ENx pin toggles in the first
SEQ_USLOT.TIME or SEQ_DSLOT.TIME after the triggering event. See Section 7.3.6.9.

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

BIT NAME DESCRIPTION

74 SLP_EXIT[3:0] Sleep Exit 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 SLP_ENTRY[3:0] Sleep Entry 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).

Table 7-36. SLP_CLK320E
Address: Ox5F
Description: Sleep Exit/Entry sequence assignment of 32kHz clock output to one of fifteen time slots.
POR Value: Loaded from NVM.
Access: Read/Write. Read-only if SEQ group is protected.
Back to Register Map Table.

BIT NAME DESCRIPTION

74 SLP_EXIT[3:0] 0 = CLK32 not mapped to Sleep Exit sequence. CLK32
maintains previous state, unless entering BACKUP or
FAILSAFE state (CLK32 is pulled low in those states).

1 = Enable CLK32 on first Sleep Exit time slot.

15 = Enable CLK32 on last Sleep Exit time slot.

3:0 SLP_ENTRY[3:0] 0 = CLK32 not mapped to Sleep Entry sequence. CLK32
maintains previous state, unless entering BACKUP or
FAILSAFE state (CLK32 is pulled low in those states).

1 = Disable CLK32 on first Sleep Entry time slot.

15 = Disable CLK32 on last Sleep Entry time slot.
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Table 7-37. RTC_T[31:0]
Address: RTC_T[31:24] (0x70) - RTC_T[7:0] (0x73) (Four 8-bit registers).

Description: RTC time setting. Although no provision is specified to maintain data coherency across the four
registers,the expectation is that accessing these registers in a single transaction makes sure data coherency is
maintained. RTC_T register values must be written prior to RTC_A values.

POR Value: 0x00000000
Access: Read/Write. Read-only if RTC group is protected.
Back to Register Map Table.

BIT NAME DESCRIPTION
31:24 RTC_T3 RTC Time Byte 3 Address 0x70
23:16 RTC_T2 RTC Time Byte 2 Address 0x71

15:8 RTC_T1 RTC Time Byte 1 Address 0x72

7:0 RTC_TO RTC Time Byte 0 Address 0x73

32-bit unsigned value representing 136 years of 1 second ticks since power-on. Can be used to keep POSIX
time. Must be set with correct value on each power-up

Table 7-38. RTC_A[31:0]
Address: RTC_A[31:24] (0x74) - RTC_A[7:0] (0x77) (Four 8-bit registers).

Description: RTC alarm setting. Although no provision is specified to maintain data coherency across the four
registers, Tl expects that accessing these registers in a single transaction is best for data coherency.

POR Value: OxFFFFFFFF
Access: Read/Write. Read-only if RTC group is protected.
Back to Register Map Table.

BIT NAME DESCRIPTION
31:24 RTC_A3 RTC Alarm Byte 3 Address 0x74
23:16 RTC_A2 RTC Alarm Byte 2 Address 0x75

15:8 RTC_A1 RTC Alarm Byte 1 Address 0x76

7:0 RTC_AO RTC Alarm Byte 0 Address 0x77

Assert Alarm when RTC_T[31:0]==RTC_A[31:0]. See CTL_2.RTC_WAKE and CTL_2.RTC_PU for wake events.
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Table 7-39. WDT_CFG

Address: 0x80

Description: WDT configuration.

POR Value: Loaded from NVM.

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

BIT NAME DESCRIPTION

7:6 WDTENT[1:0] 00b = Watchdog disabled.

01b = On successive expires, first interrupt, then reset,
then power-down according to WDT_CFG.PDMD.

10b = On successive expires, first reset, then power-
down according to WDT_CFG.PDMD.

11b = Power-down according to WDT_CFG.PDMD on
expire.

5 SLP_EN Automatic disable in sleep mode:
0 = Watchdog disabled automatically in sleep mode.
1 = Watchdog enabled in sleep mode.

4:2 WDTDLY[2:0] Delay, in number of WDT periods (WDT_CLOSE +
WDT_OPEN), from de-assertion of NRST (if exiting
SHDN1 or SHDNZ2 states), or from value written to
WDT_CFG.WDTEN]J1:0], or from Sleep state exit (if
WDT_CFG.SLP_EN=0), to first close window.

000b =1 WDT period.

111b = 8 WDT periods.

1:0 PDMDI[1:0] Power Down Mode for WDT force power-down.
Value written to CTL_1.FORCE_SHDN[1:0] on WDT
power-down event.
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Table 7-40. WDT_CLOSE

Address: 0x81

Description: WDT close window configuration.

POR Value: Loaded from NVM.

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

BIT NAME DESCRIPTION

7:0 CLOSE][7:0] WDT close window duration:
LSB increment value
1ms (00h-1Fh) 2ms (20h-3Fh) 4ms (40h-FFh)
00h = 1ms 20h = 34ms 40h = 100ms
01h =2ms 21h = 36ms 41h = 104ms
02h = 3ms 22h = 38ms 42h = 108ms
03h =4ms 23h =40ms 43h = 112ms
04h = 5ms 24h = 42ms 44h = 116ms
1Dh = 30ms 3Dh = 92ms FDh = 856ms
1Eh = 31ms 3Eh =94ms FEh = 860ms
1Fh = 32ms 3Fh = 96ms FFh = 864ms

Table 7-41. WDT_OPEN
Address: 0x82
Description: WDT open window configuration.
POR Value: Loaded from NVM.
Access: Read/Write. Read-only if WDT group is protected.
Back to Register Map Table.

BIT NAME DESCRIPTION

7:0 OPEN[7:0] WDT open window duration:
LSB increment value
1ms (00h-1Fh) 2ms (20h-3Fh) 4ms (40h-FFh)
00h = 1ms 20h = 34ms 40h = 100ms
01h =2ms 21h = 36ms 41h =104ms
02h = 3ms 22h = 38ms 42h = 108ms
03h =4ms 23h =40ms 43h = 112ms
04h = 5ms 24h = 42ms 44h = 116ms
1Dh = 30ms 3Dh = 92ms FDh = 856ms
1Eh = 31ms 3Eh =94ms FEh = 860ms
1Fh = 32ms 3Fh = 96ms FFh = 864ms

Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 59

Product Folder Links: TPS38700-Q1


https://www.ti.com
https://www.ti.com/product/TPS38700-Q1
https://www.ti.com/lit/pdf/SNVSBT6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSBT6D&partnum=TPS38700-Q1
https://www.ti.com/product/tps38700-q1?qgpn=tps38700-q1

13 TEXAS
TPS38700-Q1 INSTRUMENTS
SNVSBT6D — JULY 2021 — REVISED MARCH 2025 www.ti.com

Table 7-42. WDTKEY
Address: 0x83

Description: WDT key to reset.
POR Value: 0x00

Access: Read/Write.

Back to Register Map Table.

BIT NAME DESCRIPTION
7:0 KEY[7:0] Watchdog key register.
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Table 7-43. PROT1, PROT2

Address: 0xFO0, OxF1

Description: Protection selection registers. 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, the bits cannot be cleared to 0 by the host; a power cycle (VDD=0) is required to write different
registers configurations.

These registers are cleared also if BIST is executed on exiting Sequence 5 or Sequence 6
(TEST_CFG.AT_SHDN=1).

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 SEQS 0 = Sleep Sequence registers are writable.
1 = Writes to Sleep Sequence registers are
ignored.

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 WDT 0 = WDT registers are writable.
1 = Writes to WDT registers are ignored.

1 RTC 0 = RTC registers are writable.
1 = Writes to RTC registers are ignored.

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

Table 7-44. 12CADDR
Address: 0xF9
Description: I12C address.
POR Value: Loaded from NVM.
Access: Read-Only.
Back to Register Map Table.

BIT NAME DESCRIPTION
7 RSVD Reserved
6:0 ADDR_NVM[6:0] I2C target device address. Set in NVM.
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8 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. Tl's customers are responsible for determining
suitability of components for their purposes. Customers should validate and test their design
implementation to confirm system functionality.

8.1 Application Information

Modern SOC and FPGA devices typically have multiple power rails to provide power to the different blocks
within the IC. Accurate voltage level and timing requirements are common and must be met to make sure proper
operation of these devices. By utilizing TPS38700-Q1 along with a multichannel voltage supervisor, the power
up and power down sequencing requirements as well as the core voltage requirements of the target SOC or
FPGA device can be met. This design focuses on meeting the timing requirements for an SOC by using the
TPS38700-Q1.

62 Submit Document Feedback Copyright © 2025 Texas Instruments Incorporated
Product Folder Links: TPS38700-Q1


https://www.ti.com/product/TPS38700-Q1
https://www.ti.com/lit/pdf/SNVSBT6
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSBT6D&partnum=TPS38700-Q1
https://www.ti.com/product/tps38700-q1?qgpn=tps38700-q1

13 TEXAS
INSTRUMENTS TPS38700-Q1
www.ti.com SNVSBT6D — JULY 2021 — REVISED MARCH 2025

8.2 Typical Application
8.2.1 Automotive Multichannel Sequencer and Monitor

A typical application for the TPS38700-Q1 is shown in Figure 8-1. TPS38700-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 is used to monitor the voltage rails as these rails power up and power down to verify that the
correct sequence occurs in both occasions. A safety microcontroller is also used to provide ACT, NIRQ, and
I°C commands to the TPS38700-Q1 and the multichannel voltage monitor. The ACT signal from the safety
microcontroller determines when the TPS38700-Q1 enters into ACTIVE or SHDN states while the NIRQ pin of
the TPS38700-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 TPS38700-Q1 triggers an interrupt through the NIRQ pin. I1°C 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 safety microcontroller are not shown in Figure 8-1 for simplicity.
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2

Figure 8-1. TPS38700-Q1 Voltage Sequencer Design Block Diagram

8.2.2 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 8-1 and Table 8-2.
* Emergency power down functionality is optional.
» Backup battery power supply required. This must be stepped down to a maximum value of 5.5V to comply

with the absolute maximum ratings of the Vggat pin.
» All detected failures in sequencing must be reported via an external hardware interrupt signal.
+ All detected failures must be logged in internal registers and be accessible to an external processor via |12C.
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Table 8-1. 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 (ps)
EN1 1 5 625 625
EN2 1 1 625 625
EN3 2 4 625 625
EN4 2 4 625 625
EN5 4 2 625 625
EN6 6 1 625 625
EN7 1 1 625 625
EN8 2 4 625 625
Table 8-2. Sleep Entry and Sleep Exit Sequence Requirement
ENABLE CHANNEL | SLEEP EXIT SEQUENCE SLEEP ENTRY TIME BETWEEN SLEEP | TIME BETWEEN SLEEP
POSITION SEQUENCE POSITION EXIT SIGNALS (ps) ENTRY SIGNALS (ps)
EN1 0 0 625 625
EN2 1 3 625 625
EN3 3 2 625 625
EN4 0 0 625 625
EN5 0 0 625 625
EN6 2 1 625 625
EN7 1 3 625 625
EN8 3 2 625 625

8.2.3 Detailed Design Procedure

+ TPS38700-Q1 device comes preprogrammed with the power up, power down, sleep entry, and sleep exit
sequences shown in Table 8-1 and Table 8-2.

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

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

* The ACT pin is driven by an external safety microcontroller. When the ACT pin is driven high, the device
enters into ACTIVE mode as described in Section 7.3.6.1. When the ACT pin is driven low, the device enters
into SHDN mode as described in Section 7.3.6.5.

» The safety 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 microcontroller with
a write-1-to-clear operation; interrupt flags are not automatically cleared if the fault condition is no longer

present.

* The SLEEP pin is driven by the SOC. When the SLEEP pin is driven low, the device enters into Sleep mode
as shown in Section 7.3.6.3. When the SLEEP pin is driven high, the device exits Sleep mode as shown in

Section 7.3.6.4.

» The safety microcontroller must be connected to the NEM_PD input pin of the TPS38700-Q1 device to
enable emergency power down functionality. When this pin is driven low, the TPS38700-Q1 device enters
into power down sequence. Power down due to NEM_PD is shown in Figure 7-12.
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8.2.4 Application Curves
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Figure 8-5. Sleep Exit Sequence

100V
Posime

ACT

NRST_IN

"EN2

(T Ll
Ty T

oS5 Clocw 1 e
w0V 100V
Sy

el
T

ool romrepetlen e

Figure 8-6. RESET Triggered by NRS

oger
=
B

S02ms.
100maiay Ty
250k o Negate

Figure 8-2 depicts the power up sequencing order listed in Table 8-1. Notice EN1 rises at the same time as the
ACT signal due to the number 1 slot selection. Additonally, notice EN3 and EN4 rise 625us after EN1 due to the
number two slot selection. The TPS38700-Q1 timing tool found under the "Design tool's & simulation" section of
the TPS38700-Q1 web page can be used to assist in implementing a desired slot selection.

8.3 Power Supply Recommendations
8.3.1 Power Supply Guidelines

This device is designed to operate from an input supply with a voltage range between 2.2V to 5.5V. There is
a 6V absolute maximum rating on the VDD pin as well as on the Vggar pin. Good analog practice places a
0.1uF to 1uF 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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8.4 Layout

8.4.1 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.

8.4.2 Layout Example

©
o
&)
o
o
o

Figure 8-7. Recommended Layout
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9 Device and Documentation Support
9.1 Device Nomenclature

Table 9-1 shows how to decode the function of the device based on the device ordering code, while
Table 9-2 shows the sequence configuration based on the device ordering code. See Figure 4-1 for more
information regarding how to decode the device part number.

Table 9-1. Device Comparison Table

TIME RESET
EN PINS |ALT FUNC. 12c @ | 12C PULL-UP
ORDERING CODE | FUNCTIONS | oy = | “ pivg | SLOT | oppe | DELAY | WATCHDOG | PEC'" | {6 wa ey
(psec) (msec)
TPS38700CO3NRGERQ1 | Seauencer, | Push-Pull | o o boinl 625 | 3cC 16 Disabled | Enabled 3.3
NEM_PD Low
Sequencer P“igi“" N/A 10500 | 3C 16 Disabled  |Disabled 1.2
Sequencer P“Eg;:?”" N/A 10500 | 3C 16 Disabled  |Disabled 1.2

(1)  For parts with PEC enabled:
a. PEC calculation is based on initializing to 0x00.
b. In case of a PEC violation there needs to be a subsequent I2C transaction before NIRQ is asserted.
c. Ifincorrect PEC is given NIRQ is asserted.
d. Ifthere is an extra byte after successfully writing the correct PEC byte, NIRQ is asserted and the write fails.
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Table 9-2. Sequence

Configuration Table

ORDERING CODE PINS SEQUENCE UP SEQUENCE DOWN
PWR_EN1 Power Up Slot 1 Power Down Slot 5
PWR_EN2 Power Up Slot 1 Power Down Slot 1
PWR_EN3 Power Up Slot 2 Power Down Slot 4
PWR_EN4 Power Up Slot 2 Power Down Slot 4
PWR_ENS5 Power Up Slot 4 Power Down Slot 2
PWR_ENG6 Power Up Slot 6 Power Down Slot 1
PWR_EN7 Power Up Slot 1 Power Down Slot 1
PWR_EN8 Power Up Slot 2 Power Down Slot 4
PWR_EN9 Power Up Slot 4 Power Down Slot 2
PWR_EN10 Power Up Slot 0 Power Down Slot 0
PWR_EN11 Power Up Slot 4 Power Down Slot 2
PWR_EN12 Power Up Slot 0 Power Down Slot 0
PWR_CLK32 Power Up Slot 4 Power Down Slot 4

03N Sequence Down Sequence Up
SLP_EN1 Sleep Exit Slot 0 Sleep Entry Slot 0
SLP_EN2 Sleep Exit Slot 1 Sleep Entry Slot 3
SLP_EN3 Sleep Exit Slot 3 Sleep Entry Slot 2
SLP_EN4 Sleep Exit Slot 0 Sleep Entry Slot 0
SLP_EN5 Sleep Exit Slot 0 Sleep Entry Slot 0
SLP_ENG6 Sleep Exit Slot 2 Sleep Entry Slot 1
SLP_EN7 Sleep Exit Slot 1 Sleep Entry Slot 3
SLP_EN8 Sleep Exit Slot 3 Sleep Entry Slot 2
SLP_EN9 Sleep Exit Slot 4 Sleep Entry Slot 1
SLP_EN10 Sleep Exit Slot 0 Sleep Entry Slot 0
SLP_EN11 Sleep Exit Slot 1 Sleep Entry Slot 1
SLP_EN12 Sleep Exit Slot 0 Sleep Entry Slot 0
SLP_CLK32 Sleep Exit Slot 0 Sleep Entry Slot 0

Table 9-3. Sequence

Configuration Table

ORDERING CODE

03N

PINS SEQUENCE UP SEQUENCE DOWN
PWR_EN1 Power Up Slot 5 Power Down Slot 4
PWR_EN2 Power Up Slot 3 Power Down Slot 6
PWR_EN3 Power Up Slot 1 Power Down Slot 8
PWR_EN4 Power Up Slot 6 Power Down Slot 3
PWR_ENS Power Up Slot 8 Power Down Slot 1
PWR_ENG6 Power Up Slot 7 Power Down Slot 2
PWR_EN7 Power Up Slot 4 Power Down Slot 5
PWR_EN8 Power Up Slot 2 Power Down Slot 7
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Table 9-4. Sequence Configuration Table

ORDERING CODE PINS SEQUENCE UP SEQUENCE DOWN
PWR_EN1 Power Up Slot 1 Power Down Slot 1
PWR_EN2 Power Up Slot 2 Power Down Slot 2
PWR_EN3 Power Up Slot 2 Power Down Slot 2
PWR_EN4 Power Up Slot 3 Power Down Slot 3
PWR_ENS5 Power Up Slot 3 Power Down Slot 3
03N PWR_ENG6 Power Up Slot 4 Power Down Slot 4
PWR_EN7 Power Up Slot 4 Power Down Slot 4
PWR_ENS8 Power Up Slot 4 Power Down Slot 4
PWR_EN9 Power Up Slot 4 Power Down Slot 4
PWR_EN10 Power Up Slot 5 Power Down Slot 5
PWR_EN11 Power Up Slot 5 Power Down Slot 5

9.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Notifications 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.

9.3 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.

9.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
9.5 Electrostatic Discharge Caution

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

A

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.

9.6 Glossary

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

10 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision C (December 2022) to Revision D (March 2025) Page
o Added seperate PEC SECHON.........ccoi it e e e e e e e e e e e e e e e e e e aee s 32
o [o 1= Yo Iy To 1S3 (Y T o TR (o TN 0 e | T SRR RR 34
* Fixed typo in 0x21 and added details for OX30.........cooiiiiiiiieiiii e e e e e e e e nree e e e e e 38
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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

(@]
A
@A
[(o =N
>]

41
PIN 1 INDEX AREA J 39 i 0.1 MIN

©.13) - _j

SECTION A-A
TYPICAL

1 MAX
j_EII_|I_|I_|I_|I_|I_|EI

= A A = [ ] = 1 = Y

500 3 2X[2.5] !
. %Dz-‘f‘fo-“ HEQ »‘ (0.2) TYP
J I Uo gy
BEIN | 13 N
= =T
ox DD | Cd sYmm
RS T
L=} =
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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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RGE0024N

EXAMPLE BOARD LAYOUT
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK-NO LEAD
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DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
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NOTES: (continued)

4.

5.

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).

Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RGE0024N VQFN - 1 mm max height
PLASTIC QUAD FLATPACK-NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

—F e

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 part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TPS38700BN31RGERQ1 Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 T38700B
N31Q1
TPS38700BN31RGERQL.A Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 T38700B
N31Q1
TPS38700CO03NRGERQ1 Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 T38700C
03NQA1
TPS38700CO3NRGERQ1.A Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 T38700C
03NQA1

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

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

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

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

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

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

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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OTHER QUALIFIED VERSIONS OF TPS38700-Q1 :

o Catalog : TPS38700

NOTE: Qualified Version Definitions:

o Catalog - TI's standard catalog product
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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 0O O 0O 0O 0O 0O 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)
TPS38700BN31RGERQ1| VQFN RGE 24 3000 330.0 12.4 425 | 425 | 115 | 8.0 12.0 Q2
TPS38700CO3NRGERQ1| VQFN RGE 24 3000 330.0 12.4 425 | 425 | 1.15 | 8.0 12.0 Q2
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PACKAGE MATERIALS INFORMATION
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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)
TPS38700BN31RGERQ1 VQFN RGE 24 3000 367.0 367.0 35.0
TPS38700CO3NRGERQL1 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.

4204104/H
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PACKAGE OUTLINE
RGEOQOO024N VQFN - 1 mm max height

PLASTIC QUAD FLATPACK-NO LEAD
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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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NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

(PREFERRED)

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

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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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
Tl products.

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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2025, Texas Instruments Incorporated
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