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How to Power Up the TPS659038-Q1 and TPS659039-Q1

Frank Dehmelt

ABSTRACT

The TPS659038-Q1 and TPS659039-Q1 (TPS65903x-Q1) are highly integrated power-management
integrated circuits (PMICs) used to power application processors such as OMAP5 and Jacinto 6. This
application note discusses the various methods that can be used to enable and disable the
TPS65903x-Q1 device and includes timing diagrams for each enable and disable method. In case of a
discrepancy between this document and the data sheet, please refer to the data sheet for the most
accurate information.
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1 Introduction

The TPS65903x-Q1 PMIC contains an embedded power controller (EPC) that executes one-time-
programmable (OTP) power sequences. This feature allows the device to offer all of the needed power
sequencing that the supported processor needs with minimal external components. As a result of this
integration, the PMIC offers multiple ways to enable and disable the device.

2 Key Terms

Before discussing the different methods of powering up the TPS65903x-Q1 device, a few key terms must
be defined and explained. These terms include: ON request (see Section 2.1), OFF request (see
Section 2.2), gating condition (see Section 2.3), and power acknowledge (see Section 2.4).

2.1 ON Request
ON requests are used to switch on the device. These requests cause the device to transition from the
OFF state to the ACTIVE state. Table 1 lists the complete list of ON requests for the TPS65903x-Q1
device along with additional information about each request.
Table 1. ON Requests
EVENT MASKABLE POLARITY COMMENT DEBOUNCE
RPWRON (pin) No Low Level Sensitive 16ms+1ms
PWRON (pin) No Low Level Sensitive N/A
Part of Interrupts (event) | Yes (INTx_MASK Event Edge Sensitive N/A
register, default state is
masked)
POWERHOLD (pin) No High Level Sensitive N/A
2.2 OFF Request

OFF requests are used to switch off the device. They cause the device to transition from the ACTIVE state
to the OFF state or from the SLEEP state to the OFF state. OFF requests have the highest priority with no
gating conditions for an OFF request. Any OFF request is executed even if a valid SLEEP or ON request
is present, with the exception of DEV_ON and POWERHOLD, which both have lower priority. In that case,
the device goes to the OFF state, and, when the OFF request is cleared, the device reacts to the ON or
SLEEP request if the respective request is still present. Table 2 lists a complete list of OFF requests along
with additional information about each OFF request.

Table 2. OFF Requests

SWITCH OFF RESET

EVENT MASKABLE POLARITY DEBOUNCE DELAY RESET LEVEL SEQUENCE
PWRON (pin) (long press | No Low N/A SWOFF_DLY HWRST Shutdown
key)
PWRDOWN (pin) No High N/A SWOFF_DLY SWORST Cold reset
WATCHDOG TIMEOUT N/A. WDT is N/A N/A SWOFF_DLY HWRST Cold reset
(internal event) disabled by default

but software can

enable it
THERMAL SHUTDOWN No N/A N/A 0 HWRST Shutdown
(internal event)
RESET_IN (pin) No Low N/A SWOFF_DLY HWRST Cold reset
SW_RST (register bit) No N/A N/A 0 HWRST Cold reset
DEV_ON (register bit) No N/A N/A 0 SWORST Shutdown
VSYS_LO (internal event) | No N/A N/A 0 HWRST Shutdown
POWERHOLD (pin) No Low N/A 0 SWORST Shutdown
GPADC_SHUTDOWN Yes N/A N/A SWOFF_DLY SWORST Shutdown
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2.3

24

Notes:

» SWOFF_DLY is the same for all requests. Once configured through 12C to a specific value (0, 1, 2, or
4 s) it is applied to all OFF requests.

» RESET_LEVEL is selectable as HWRST (wide set of registers is reset to default values) or SWORST
(more limited set of registers is reset).

» OFF requests are configured to force the EPC to either execute a shutdown (SD) or a cold restart
(CR).
— When configured to generate an SD, the EPC executes a transition to the OFF state (SLP20OFF or
ACT20FF power sequence) and remains in the OFF state.

— When configured to generate a CR, the EPC executes a transition to the OFF state (SLP20OFF or
ACT20FF power sequence) and restarts, transitioning to the ACTIVE state (OFF2ACT power
sequence) if none of the ON request gating conditions are present.

» Watchdog is disabled by default. Software (SW) can enable watchdog and lock (write protect)
watchdog register (WATCHDOG).

* The DEV_ON event has a lower priority over other ON events; it forces the device to go to the OFF
state only if no other ON conditions are keeping the device active (POWERHOLD).

« The POWERHOLD event has a lower priority over other ON events; it forces the device to go to the
OFF state only if no other ON conditions are keeping the device active (DEV_ON).

Gating Condition

A gating condition is a device condition that prevents an ON request from successfully enabling the PMIC.
Table 3 lists a complete list of all gating conditions along with additional information about each condition.

Table 3. ON Request Gating Conditions

EVENT MASKABLE POLARITY COMMENT
VSYS_HI (event) No Low VCC_SENSE < VSYS_HI

HOTDIE (event) No High Device temperature exceeds
HOTDIE level

PWRDOWN (pin) No High
RESET_IN (pin) No Low

Power Acknowledge

When the PMIC is turned on, the PMIC remains on for 8 s and then shuts off automatically if the PMIC
does not receive a power acknowledge in this time. The power acknowledge can be communicated in two
ways. The first way is by driving the POWERHOLD pin high to 1.8 V. When the POWERHOLD pin is used
as an ON request, it also provides the power on acknowledge at the same time.

The second way to communicate power acknowledge is by setting the register bit, DEV_CTRL.DEV_ON,
to 1. When using this method, the OTP bit, AUTODEVON, must be considered. Because the
AUTODEVON bit is set to 0 by default, the DEV_CTRL.DEV_ON bit must be set to 1 through I1>C within 8
s of a power on.

Power acknowledge must be considered when PWRON, RPWRON, and interrupts are used as a power-
on request. When these ON requests are used to enable the PMIC, either DEV_CTRL.DEV_ON bit should
be set by the AUTODEVON bit or I°C, or else the POWERHOLD bit must be driven at 1.8 V to keep the
PMIC active.
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3 Enabling the PMIC

3.1 First Supply Detection (FSD, VSYS_HI)

As listed in the previous tables, the PMIC can be enabled in several ways. Perhaps the simplest method is
first supply detection. This method consists of removing all gating conditions, tying the POWERHOLD
signal to a permanent logic HIGH, and applying a voltage above VSYS_HI (OTP configurable,
programmed to 3.1 V) to the VCCL1 pin. This method enables the PMIC as soon as the VSYS_HI
threshold is crossed without having to control any external signals. Figure 1 below shows the turn-on
sequence of the PMIC being triggered by the 5-V DC supply on VCCL1.

) (2

ALLDO3 =
34 ALLDOLN [~
> ALLDO2 [~
A ALLDOUSE [~
T ALLDO9 ]

ALVSYS ]
24 ALSMPS3 =
28 arreseT_ouT RN
24 AI_SMPS12 =
o AL SMPS45 =

AL SMPS6 ]
18- AL SMPSE =
18- ALLDOL ==
i';_ AIREGEN1 ]

AQ _Test_LoopOut -
DO_Test_Digiout2 [l

0.2 | [
3.609378 3615 A 3.630322

Figure 1. ON Request using First Supply Detection (VSYS_HI)
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3.2 PWRON

Another method of enabling the PMIC is using the PWRON signal. Typically, the PWRON signal is used in
a pushbutton application where one pin of the pushbutton is connected to GND and the other pin is
connected to the PWRON pin. When the pushbutton is pressed, the active-low PWRON pin is shorted to
GND initiating the ON request. Because of the active-low nature, the PWRON pin has an internal pullup
resistor to the VSYS voltage domain. Figure 2 shows a circuit diagram of this configuration. Figure 3
shows the PMIC power sequence using the PWRON signal.

VSYS

1 PWRON

Figure 2. Typical PWRON Configuration

“HERl®
ALLDO3
ALLDOLN
ALLDO2
AILDOUSE
ALLDOS
AL PWRON
ALSMPS3
AL RESET_OUT
AL SMPS12
AL SMP545
ALSMPS6
ALSMPS3
ALLDOL
AL REGEN1
AQ_Test_LoopOut -
DO_Test_Digiout2 [

-0.21-7 | ] | |
2.789206 2,742 2.744 2.746

Figure 3. ON Request Using PWRON
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The PMIC has a long key-press function that disables the PMIC if the PWRON pin is connected to GND
for a certain configurable length of time. This duration is configured through the LONG_PRESS_KEY
register and can be set through I°C to a duration of 6 s, 8 s, 10 s, or 12 s (default). Because of this
function, the PWRON signal must be released before the timer expires otherwise the PMIC turns off which
is why the pushbutton is often used with the PWRON signal. A simple push and release initiates the ON
request. This function is discussed further when discussing OFF requests in Section 4.

3.3 RPWRON

Similarly to the PWRON signal, remote PWRON (RPWRON) can be used to enable the PMIC. The
difference between these two methods is that RPWRON does not normally use a pushbutton and it relies
on software or logic instead. RPWRON is an active-low signal, so it must be driven low to initiate the ON
request. Figure 4 shows the PMIC power sequence using RPWRON as the ON request. RPWRON does
not offer the LONG_PRES_KEY-functionality.

e
Al LDO3
Al LDOLN
Al LDO2
AI_LDOUSB
Al LDOS
AT RPWRON
Al SMPS3
Al RESET_OUT
Al SMPS12
AT SMPS45
Al SMPS5
Al SMPS8
AL LDO1
Al REGENL

]
(=]
|

o P
s Jale]
= =
m m
u g
o B
& 8
o
3
[N,

-0.2-7 | | | |
3.792833 t 3.805 . 3.821845

Figure 4. ON Request Using RPWRON
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3.4 Interrupts

Interrupts can also be used to enable the PMIC. By default, these interrupts are masked as ON requests,
but these interrupts can be unmasked through register manipulation. The Interrupt Sources table in the
TPS65903x-Q1 data sheet lists a full list of PMIC interrupts. Figure 5 shows the PMIC power sequence
using the GPIO_5 interrupt as the ON request.

38+ HEw

' ALLDO3 =
e ALLDOLN ]
34 ALLDO2 ]
33 ALLDOUSE ]

el AL LDO9 ]
281 AI_GPIOS =
26- AI_SMPS3 =
24 AalReseT_ouT RN
22 AI_SMPS12 ]

2+ AI_SMPS45 ]
184 AT SMPS6 ]
16 AL SMPS8 =
14 ALLDOL =
121 AI_REGENL =

AOQ_Test_LoopOut -
DO_Test_Digiout2 [l

-0.2-7 | 1 [
3373691 3.376 3378 . 3386481
Figure 5. ON Request Using GPIO_5 Interrupt
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3.5 POWERHOLD

The last event that can be used as an ON request is the POWERHOLD signal. A logic high on the
POWERHOLD pin enables the PMIC, while a logic low disables it. This pin can be used in combination
with another ON request as shown in Figure 6 to keep the PMIC on when the reset signal of the processor
is released (RESET_OUT). When the POWERHOLD pin goes LOW, it is interpreted as an OFF request
by the PMIC.

Switch-ON event | I

Device maintained

Device maintained ACTIVE m sections
ACTIVE n sections
RESET_OUT 4—— Power-up sequence _tl
< > B S

POWERHOLD I I

Figure 6. Typical POWERHOLD Use Case

Figure 7 shows the PMIC power-up sequence when the POWERHOLD signal is used as the ON request.

1 e
i ALLDO3 ]
i ALLDO9 =
24 ALLDOLN =
22 AILDOUSE ]
3 ALGPIO7 =Y
28l AI_REGENL ]
26 ALSMPS3 =
2.4- Al RESET_OUT ==
221 AI_SMPS12 =
2H ALSMPS545 =Y
1.3 e et AL_SMPSE =Y
16- AI_SMPS8 ]
14- ALLDO1 =
1.2- ALLDO2 =
iy AOQ_Test_ LoopOut -
0.8 DO_Test_Digiout2 [l
0.6~
0.4+
0.2-
o-
0.2} , , , , , ,
5.035094 5.038 . 5,042 5.046 5048 5049227
Figure 7. ON Request Using POWERHOLD
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4 Disabling the PMIC

4.1 Long Key Press

As mentioned in the PWRON section (Section 3.2), the PMIC has a long key-press function that disables
the PMIC if the PWRON pin is connected to GND for a certain configurable length of time. This duration is
configured through the LONG_KEY_PRESS register and can be set through 1°C to a duration of 6 s, 8 s,
10 s, or 12 s (default). When a long key press event is detected, the PMIC initiates a transition from the
ACTIVE to the OFF state and all HWRST registers are reset to the default value. Figure 8 shows the
PMIC power-down sequence when the long key press is used as the OFF request

NOTE: The PWRON signal (yellow trace) is low when all rails sequence off.

=
ALLDO3
ALLDOS
ALLDOLN
AILDOUSB
AL PWRON
AI_REGEN1
AL_SMPS3
AI_RESET_OUT
AI_SMP512
AL_SMPS45
AL_SMPS6
AI_SMPSS
ALLDOL
ALLDO2
AQ _Test LoopOut -
DO_Test_Digiout2 [

-0.2- 0 I
1.312554 1.314 . 1.321942

Figure 8. OFF Request Using Long Key Press (PWRON)
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4.2 PWRDOWN

The PWRDOWN pin can be used to disable the PMIC or as a gating condition for power-on. This pin is
active high, which means that when PWRDOWN pin is high then the device shuts off. Figure 9 shows the
PMIC power down sequence when the PWRDOWN signal is used as the OFF request and executes a
shutdown event rather than a cold restart. Figure 10 shows the PWRDOWN pin used as a gating condition
for power-on.

g
Al LDO3
Al LDO9
AL LDOLN
Al LDOUSE
Al POWERDOWM
Al REGEN1
AL SMPS3
Al RESET_OUT
Al SMPS12
AL SMPS45
AL SMPSE
AL SMPSS
Al LDO1
Al LDO2
AQ_Test LoopQOut -
po_Test Digiout2 [

-0.2-7 1 0 [ I
479809 4.8 . 4815 4824821781

Figure 9. OFF Request Using POWERDOWN

1 i

28 AL LDO3 =

2l ALLDO9 ]

24 AL LDOLN .

1 AL LDOUSE =
a1 powerpownN  [EENY

28] AI_REGEN1 =

260 AL SMPS3 =

341 AT RESET_OQUT ]

2.2 AL SMPs12 ]
AL_SMPSA5 ]

18- AL_SMPSE ]

16- AL_SMPSS =

14+ AILDO1 =

1.2+ AL LDO2 ]
AQ_Test_LoopQut -

0.8 po_Test_Digiout2 [l

0.6-

0.4-

0.2-

-0.2-! . ' . ; ; ; ,

2836738 2.84 2845 . 2.855 . 2865  2.868927

Figure 10. POWERDOWN as a Gating Condition
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4.3 RESET_IN

The RESET _IN pin can be used to disable the PMIC or as a gating condition for power-on. This pin is
active low, which means that when RESET _IN is low, then the device shuts off. Figure 11 shows the
PMIC power-down sequence when the RESET _IN signal is used as the OFF request, and executes a
shutdown event rather than a cold restart.

4 4|5 am
AL LDO32 ..
j::: ALLDO9 ..
34 AL LDOLM =
3.2+ Al LDOUSE ]
3 Al RESET_IM ]
2.8- AI_REGEN1 ==
2.6- Al_SMPS3 ]
2.4- Al RESET_OUT ..
2.2- AL SMPS12 ..
2- AL SMPS45 ]
18-may AL SMPS6 ]
18- AL SMPSS [
14 AILDO1 ]
13 \ AILDO2 ]
. 3 I § A0 _Test_LoopQOut -
08 I \'\ e po_Test Digiou2 [l

II
| II"
o1 AN

0.2 i B S |
ol b

0.2 1 1 1 [
8.502575 8.504 . . 8.512 8.512876

oy I'| |
0.6- N ~ |
Y

Figure 11. OFF Request Using RESET_IN

4.4 DEV_ON

The DEV_ON bit can be used to disable the PMIC. As mentioned in the section on OFF requests, the
DEV_ON bit has a lower priority over other events. This bit forces the device to go to the OFF state only if
no other ON conditions are keeping the device active (POWERHOLD). When used as the OFF request,
the DEV_ON bit executes the shutdown sequence and all SWORST registers are reset to the default
value. This method of disabling the PMIC is controlled by software only.
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45 VSYS_LO

Another method that can be used to disable the PMIC is by removing the input supply voltage. When the
voltage on the VCCL1 pin drops below the VSYS_LO value (configured to 2.75 V), all power rails are
disabled immediately. This disabling is a failsafe mechanism and should not be consistently used as the
power-down method because the sequencing requirements fo the processor may not be met. Figure 12
shows the power-off sequence of the PMIC being triggered by removal of the input supply voltage.

“HiE e
AI_LDO3
AI_LDOD
AI_LDOLN
AI_LDOUSB
AI_VSYS
AT_REGEN1
AT_SMPS3
AI_RESET_OUT
AT_SMPS12
AT_SMPS45
AT_SMPSE
AT_SMPSS
AI_LDO1
AI_LDO2

o P
o o
= o
m m
ala
o -
@ g
o
= )
BB

-0.2- | | |
1.530558 1.535 . . 1.5551.557082

Figure 12. OFF Request by Removal of Supply Voltage (VSYS_LO)
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4.6 POWERHOLD
The POWERHOLD pin can also be used as an OFF request. This is a level-sensitive signal and,
therefore, as soon as the signal is driven LOW, the shutdown sequence is initiated. Using the
POWERHOLD pin as the OFF request resets all of the SWORST registers to the default value and
executes a shutdown event. Figure 13 shows the power-off sequence of the PMIC as triggered by a
POWERHOLD event.
el oL
A ALLDO3 ]
;'2: AILDOS9 ]
3'4_ ALLDOLN ]
29 ALLDOUSB ]
3 AL GPIO7 ]
28l AI_REGENL ]
2.6H AL SMPS3 ]
24- alreseTour RN
22- AL SMP512 ]
P ALSMPS45 ]
1.8+ AL SMPSE ]
1.6 AL SMPS8 ]
1.4+ ALLDOL =
1.2- ALLDO2 ]
1+ AOQ _Test_LoopOut -
08r DO _Test_Digiout? [l
0.6
0.4
0.2H]
0_
-0.2-7 1 i i 0 1 [
B.077074 8.078 8.079 A 8.081 5082 8.083 5084196
Figure 13. OFF Request Using POWERHOLD
5 Conclusion
While various options are available to power up and power down the PMIC, two approaches are used
frequently depending on the application.
For stand-alone products like tablets that have a dedicated power-button, the PWRON approach is usually
used. For automotive applications the RESET_IN with POWERHOLD tied high approach is usually used.
In stand-alone applications, the startup time is not critical and pressing the power-button for a long time to
reset the device is common. The same functionality is achieved with the PWRON approach.
In automotive application where having fast startup times (such as for a rear-view camera) is paramount
and with no power-button being available (mostly always on when ignition is on), no long-press-key is
possible. Because no software is required for both power up (no need to service the POWERHOLD pin)
and shutdown (no need to set the DEV_ON bit), this approach is fast and robust.
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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