Application Note
Powering the AM64x with the TPS65220 or TPS65219

PMIC

i3 TEXAS INSTRUMENTS

ABSTRACT

This application note can be used as a guide for integrating the TPS65220 or TPS65219 Power Management IC
(PMIC) into non-automotive systems powering the Industrial AM64x Sitara Processor. An orderable part number
comparison table details the configurations of several factory programmed TPS65220 and TPS65219 variants
that can support different AM64x use cases. Example power maps are provided to assist the design process.
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1 Introduction

The TPS65220 PMIC is a cost and space optimized solution specially designed to power the AM64x processor
and its principal peripherals. A hardware solution is readily available with the AM64x SK EVM Revision 2

using TPS65220 PMIC (SK-AM64B). In addition, functional spin TPS65219 PMIC has flexible mapping and
comes in several factory programmed variants to support different AM64x use cases. The AM64x is within

the Sitara™ family of Arm® processors, and provides highly flexible, real-time, and low latency processing for

a broad range of industrial applications. To be used in applications from motor drives to Programmable Logic
Controllers (PLCs), this processor provides powerful computing while supporting power management features
designed for portable or power-sensitive systems. Powering a processor such as the AM64x family demands
requirements such as sufficient current headroom, tight transient requirements, and a number of rails that can be
fully controlled for power up and power down sequencing.

The AM64x processor requires at minimum, power for seven main rails. These include the core supply rails
(VDD_CORE and VDDR_CORE), DDR 10 supply (VDDS_DDR), and 1.8 V and 3.3 V digital and analog 10
rails (VDDSHVx, VDDSHV_MCU, VDDSHVy, VDDA_MCU). This application note discusses the TPS65220 and
TPS65219 power management IC (PMIC) and their full feature-set, specially designed to power the AM64
Sitara™ processor and its principal peripherals.

2 TPS65220 and TPS65219 Overview

The TPS65220 and TPS65219 PMICs each contain seven regulators, 3 Buck regulators and 4 Low Drop-out
Regulators (LDOs). The Buck converters are capable of supporting up to 3.5 A for Buck1, and 2 A each for

the remaining buck regulators. LDO1 and LDO2 (2x400 mA) are configurable for load switch and bypass mode
to support dynamic SD card voltages, while LDO3 and LDO4 (2x300 mA) are configurable as load switches.
With a VIN range of 2.5V to 5.5 V, the PMIC can support a common 3.3 V or 5 V system voltage. With an 12C
interface, three GPIO pins, and three multi-function-pins, the TPS65220 and TPS65219 PMIC each provides the
full power package to supply the AM64x SoC, as well as many other SoCs. Table 2-1 provides a summary of the
TPS65220 and TPS65219 Power Resources.

TPS65220 is characterized for -40°C to +125°C ambient temperature, and TPS65219 is characterized for -40°C
to +105°C ambient temperature. The extended PMIC temperature range of TPS65220 allows support of AM64x
based systems operating at higher temperatures. For safety sensitive applications, TPS65220 is functional
safety capable. Therefore the TPS65220 development process is a Tl-quality managed process, also functional
safety FIT rate calculation and Failure mode distribution (FMD) is available for TPS65220. The TPS65220 device
also provides flexibility in switching frequency, since it can support depending on programmed NVM settings
either 2.3 MHz fixed frequency or 2.3MHz quasi-fixed frequency allowing low 1Q/auto-PFM and Forced PWM
modes. Table 2-2 provides a features comparison between the TPS65220 and TPS65219.

Table 2-1. TPS65220 and TPS65219 Power Resources

Input Voltage Output Voltage Current Capability Comments
BUCK1 25V-55V 06V-34V 3.5A + 2.3 MHz quasi-fixed frequency.
BUCK2 25V-55V 06V-34V 2A * TPS65220 can also support fixed frequency
BUCK3 25V-55V 06V-34V 2A depending on configuration
*  Low IQ/auto-PFM and Forced PWM modes
supported.
*  Programmable power sequencing and default
voltages

» Integrated voltage supervisor for undervoltage
»  Supports dynamic voltage scaling (not needed
when powering AM64x)

LDO1 1.5V-55V 06V-34V 400 mA « Configurable as load switch and bypass-mode

LDO2 1.5V-55V 06V-34V 400 mA supporting SD-Card
» Integrated voltage supervisor for undervoltage

LDO3 25V-55V 1.2V-33V 300 mA +  Configurable as load switch
LDO4 25V-55V 1.2V-33V 300 mA * Integrated voltage supervisor for undervoltage
2 Powering the AM64x with the TPS65220 or TPS65219 PMIC SLVAFE9 — SEPTEMBER 2022
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Table 2-2. TPS65220 and TPS65219 Features Comparison
Feature TPS65220 TPS65219
Switching Frequency Up to 2.3MHz . Capable of either quasi- Up to 2.3 MHz

fixed frequency or fixed-frequency depending
on device configuration (programmed NVM
settings).

Quasi-fixed frequency:

+ Auto-PFM
*  Forced-PWM

Fixed-frequency:

* Spread spectrum available

Quasi-fixed frequency:
*  Auto-PFM
+ Forced-PWM

starting September 2022.

Operating Free-Air Temp Tp -40C to 125C -40C to 105C
Operating Junction Temp T, -40C to 150C -40C to 125C
Functional Safety Capable Functional Safety Capable (TI Quality No

managed process, Functional safety FIT rate

calculation, and Failure Mode Distribution is

available)
EVM availability SK-AM64B EVM boards available on Ti.com |TPS65219EVM

(PMIC only. Does not include processor)

Package

One package option:
*  5mm x5 mm, 0.5 mm pitch VQFN

Two package options:
* 4 mm x4 mm, 0.4 mm pitch VQFN
*  5mm x5 mm, 0.5 mm pitch VQFN
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2.1 TPS65220 and TPS65219 Functional Block Diagram
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Figure 2-1. TPS65220 Functional Block Diagram
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TPS65219
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Figure 2-2. TPS65219 Functional Block Diagram
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3 TPS65220 and TPS65219 Variants

There are five different orderable part number (OPN) variants of the TPS65220 and TPS65219 PMIC that come
factory programmed to power the AM64x processor. Selecting the right OPN will be based on the application use

case and design requirements. Table 3-1 compares the NVM configurations from the output voltages on each

rail to the configuration of the digital pins as well as the package options. This table also includes the reference
hardware that is available to support new designs. For additional detailed information, please refer to the device
data sheet and technical reference manual (TRM) available at Tl.com.

Table 3-1. TPS65220 and TPS65219 Variant Comparison Table

(11

TPS6522053 TPS6521901 TPS6521902 TPS6521903 TPS6521904
Section 4 Section 4.1 Section 4.2 Section 4.3 Section 4.4

Use Case Vsys 3.3V 5V 3.3V 3.3V 33V

External Memory LPDDR4 DDR4 LPDDR4 DDR4 DDR4

Support
BUCK1 Vout 0.75V 0.75V 075V 075V 0.85V

Bandwidth High Bandwidth High bandwidth High bandwidth High bandwidth High bandwidth
BUCK2 Vout 1.8V 33V 1.8V 1.8V 1.8V

Bandwidth High Bandwidth High bandwidth High bandwidth High bandwidth High bandwidth
BUCK3 Vout 1.1V 1.2V 1.1V 1.2V 1.2V

Bandwidth High Bandwidth High bandwidth High bandwidth High bandwidth High bandwidth
LDO1 Vout 3.3V (Bypass) 3.3V (Bypass) 3.3V (Bypass) 3.3V (Bypass) 3.3V (Bypass)
LDO2 Vout 0.85V 0.85V 0.85V 0.85V 1.8 V (Bypass)
LDO3 Vout 1.8V 1.8V 1.8V 1.8V 1.8V
LDO4 Vout 25V 25V 25V 25V 25V
GPIO GPO1 Disabled Enabled Disabled Disabled Disabled

GPO2 Enabled Disabled Enabled Enabled Enabled

GPIO Disabled Disabled Disabled Disabled Disabled

Multi-Device Disabled Disabled Disabled Disabled Disabled
MODE_RESET Config Warm reset Warm reset Warm reset Warm reset Warm reset
MODE_STANDBY Config Mode and Standby |Mode and Standby Mode and Standby |Mode and Standby Mode and Standby
VSEL_SD_DDR Config SD SD SD SD SD

Polarity High = VOUT High = VOUT High = VOUT High = VOUT High = VOUT

Low =18V Low =18V Low =18V Low =18V Low=1.8V

Rail LDO1 LDO1 LDO1 LDO1 LDO1
EN_PB_VSENSE Config Enable Enable Push-button Push-button Push-button
First Supply detection FSD config Enabled Enabled Enabled Enabled Enabled

Additional Features

Temperature Range

Ta:-40°Cto 125°C
T, :-40°Cto 150°C

Ta:-40°C to 105°C
Ty:-40°Cto 125°C

Ta:-40°C to 105°C
T,:-40°Ct0 125°C

Ta:-40°C to 105°C
T,:-40°Ct0 125°C

Ta:-40°C to 105°C
T,:-40°Cto 125°C

Functional Safety | Yes No No No No
Capable
Orderable Part Number | Package size 5x5 | TPS6522053RHBR | TPS6521901RHBR | TPS6521902RHBR | TPS6521903RHBR | TPS6521904RHBR
mm
Package size 4 x4 |N/A TPS6521901RSMR | TPS6521902RSMR | TPS6521903RSMR | TPS6521904RSMR
mm
Design Resources Reference SK-AM64B EVM TPS65219EVM N/A N/A N/A
Hardware (PMIC only. Does not
include processor)
Reference Boards available Boards and design N/A N/A N/A
Hardware on Ti.com starting |files available now on
Availability September 2022. Ti.com.

[1] First Supply detection allows power-up as soon as supply voltage is applied, even if EN/PB/VSENSE pin is at
OFF_REQ status. FSD can be used in combination with any ON-request configuration, EN, PB or VSENSE. At
first power-up the EN/PB/VSENSE pin is treated as if it had a valid ON request.
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4 TPS6522053 Powering AM64x
Use case: VSYS=3.3V, LPDDR4 Memory, Extended Temperature Range, Functional Safety Capable

Figure 4-1 shows the TPS6522053 variant powering the AM64x processor on a system with 3.3 V input supply
and LPDDR4 memory. The 3.3 V coming from the pre-regulator is connected to the main input supply for
reference system (VSYS) and to the power input of the buck converters (PVIN_Bx) and LDO1, LDO3, and LDO4
(PVIN_LDO1, PVIN_LDOQO34). The 3.3 V coming from the pre-regulator can be combined with a power switch

to supply the 3.3 V VDDSHVx 10 domain. Buck1 is used to supply VDD _CORE at 0.75 V. Buck3 and Buck2
supports the 1.1 V and 1.8 V required by VDDS_DDR and the DVDD1V8 domain. They are also used to support
the required voltages on the LPDDR4 memory. The GPO?2 is pre-programmed to be enabled in the second slot
of the power-up sequence with a duration of 6ms. It can be used to enable the external power switch and meet
the processor sequence requirements. The switch must be selected with the right electrical spec to ramp and
provide a stable output voltage within the 6ms duration of the second slot (before the PMIC starts the next slot in
the power-up sequence). LDO1, configured as bypass, allows dynamic SD card voltage changes between 3.3 V
and 1.8 V. This voltage change on LDO1 can be triggered by 12C or by setting the VSEL_SD pin high (LDO1=3.3
V) or low (LDO1=1.8 V). LDO2, is used to supply the VDDR_CORE. LDO3 supports the 1.8 V analog domain.
LDO4 is a free 2.5 V power resource that can be used for external peripherals like the Ethernet PHY. GPIO and
GPO1 are free digital resources that are disabled by default but could be enabled through 12C if needed. Figure
4-2 and Figure 4-3 shows the power-up and power-down sequence programmed on TPS6522053.

VSYS(3.3V)  Requirements for pre-regulator (VSYS):
I - no active discharge
_{ - capacitor reservoir to allow PMIC to sequence down in case of power-loss
o)
AM64x
Processor
0.75V
- 354 e @ VDD_CORE
14V ®
> 2A VDDS_DDR
- TE ®
From 1.8V- DVDD3V3 (VDDSHVx), VDDSHV. MCU
buck output = ——— @
From | O |— DVDD1V8 (VDDSHVy)
SoC-
GPIO o
25V
300mA 1}\/ =®To peripherals @
300 mA e VDDA_1V8, VDDA MCU
400 mA 08V @
vsys 1 % VDDR_CORE
400 A 3.3V/1.8V
m T ; DDSHV5
° »( 2 )To peripherals
O o Mt_r:| —575{CAP_VDDSHV_MMC1
” 12C0_SCL (1.8V/3.3V, OD)
< » 12C0_SDA (1.8V/3.3V, OD)
(ef EXTINTn (1.8V/3.3V, OD)
»| MCU_PORz (1.8V,Fail Safe)
| < GPIOx (1.8V/3.3V,PP)
ree resource
| < GPIOx (1.8V/3.3V,PP)
ree resource
< RESETSTATZ (1.8V/3.3V, PP)
TPS65219 GPO2( 1 o

@ Power-up sequence order

Ej VPP (fuse)
18V

**) required for secureBoot

From GPIO of AM62x 500 mA
From 3.3V switched supply

Figure 4-1. TPS6522053 Powering AM64x
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VSYS & PVIN_Bx
(&PVIN_LDOX)

ON-request

EEPROM-load, ~2.3ms

DVDD3V3 (VDDSHVX)

| toeurch=600ms *

GPO2, external 3.3V rail
DVDD1V8 (VDDSHVy)

Buck2, 1.8V

Peripheral
LDO4, 2.5V

Peripheral
LDO1,3.3V/ 1.8V

VDDA_1V8
LDO3, 1.8V

VDDS_DDR

Buck3, 1.1V
VDD_CORE

Buckl, 0.75V
VDDR_CORE

LDO2, 0.85V
MCU_0OSCO_XI

MCU_0SCO_XO

MCU_PORz

L L

L

10ms+1.5ms

J

| 10ms

nNRSTOUT

* ~0 at first power-up if FSD is enabled

Figure 4-2. TPS6522053 Power-Up Sequence

until RESET
and STBY are
relevant
End of
sequence
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OFF-request —

|t _EGLITCH=85
MCU_PORz —

nRSTOUT

VDDS_DDR
Buck3, 1.1V

I\
VDDR_CORE 4:\
LDO2, 0.85V |
MCU_0SCO_XI _I |
MCU_0SCO_XO : —
S
VDD_CORE Qi\
Buck1, 0.75V |
DVDD1V8 (VDDSHVy) |
Buck2 1.8V |

VDDA_1V8 ‘
LDO3, 1.8V

Peripheral |
LDO1, 3.3V / 1.8V \

Peripheral | \
LDO4, 2.5V l10ms*

DVDD3V3 (VDDSHVx) l T\
GPO2, external 3.3V rail

VSYS & PVIN_Bx (& PVIN_LDOx) \
* discharge-duration depends on Vout, Cout and load. Slot-duration needs to adopt.

Slot-duration extends up to 8x its configured value.

Figure 4-3. TPS6522053 Power-Down Sequence
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4.1 TPS6521901 Powering AM64x
Use case: VSYS=5V, DDR4 Memory

Figure 4-4 shows the TPS6521901 variant powering the AM64x processor on a system with 5V input supply
and DDR4 memory. The 5 V coming from the pre-regulator is connected to the main input supply for reference
system (VSYS) and to the power input of the buck converters (PVIN_Bx). Buck1, Buck2 and Buck3 are used to
supply VDD_CORE at 0.75V, 3.3 V VDDSHVx IO and DDR 10 respectively. Since Buck2 (3.3 V PMIC rail) is
programmed to ramp up first in the power-up sequence, it can be used as the input supply for some of the LDOs
to minimize power dissipation. LDO1, configured as bypass, allows dynamic SD card voltage changes between
3.3V and 1.8 V. This voltage change on LDO1 can be triggered by 12C or by setting the VSEL_SD pin high
(LDO1=3.3 V) or low (LDO1=1.8 V). LDO2, is used to supply the VDDR_CORE. LDO3 supports the 1.8 V analog
domain and LDO4 supports the 2.5 V VPP for the DDR4 memory. This power solution requires an external
discrete buck regulator to supply the 1.8 V VDDSHV IO domain. This external discrete can be enabled using the
GPO1 of the PMIC. TPS6521901 comes pre-programmed to enable GPO1 in the second slot of the power-up
sequence with a duration of 10 ms. The external discrete must ramp up and reach a stable output voltage within
the 10 ms duration of the second slot (before the PMIC starts the 3rd slot of the power-up sequence). The
remaining two general purpose pins (GPIO and GPO2) are free digital resources that are disabled by default but
can be enabled through 12C after the PMIC completes the power-up sequence. Figure 4-5 and Figure 4-6 shows
the power-up and power-down sequence programmed on TPS6521901.

VSYS (5V)

AM64x
Processor
0.75V
+— 35A 4 @ VDD_CORE
1.2V @
2A ]
From 3.3V- Z VDDS_DDR
buck output 2A @
2 DVDD3V3 (VDDSHVx), VDDSHV_MCU
From 1.8V- N
discrete 300mA
buck output
From
SoC- @ | pvopive (VDDSHVy)
GPI0 o | g4y ®
300 mA e VDDA_1V8, VDDA MCU
400 mA 0.85V @
Vsvs m e #|vDDR CORE
3.3v/1.8V
Regulato 400 mA T . @ > [voostivs
ITo peripherals To Mitro SD 10 CAP_VDDSHV_MMC1
< 12C0_SCL (1.8V/3.3V, OD)
» »|12C0_SDA (1.8V/3.3V, OD)
(Gf EXTINTn (1.8V/3.3V, OD)
»| MCU_PORz (1.8V,Fail Safe)
outional < GPIOXx (1.8V/3.3V,PP)
——RerE < GPIOx (1.8V/3.3V,PP)
< RESETSTATz (1.8V/3.3V, PP)
Optional o)
ECH
—»| VPP (i
From GPIO of AM64x (fuse)

From 1.2V-buck output
From 3.3V-buck output —pm

@ Power-up sequence order

VSYS (5V) 1.8V **) required for secureBoot
31
TPS65219 GPO1
1.8V
From GPIO of AM64x 500 mA I
From 3.3V switched supply

Figure 4-4. TPS6521901 Powering AM64x
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VSYS & PVIN_Bx
(&PVIN_LDOX) / EEPROM-load, ~2.3ms

|
ON-request 4|

| toeeurci=600ms *

DVDD3V3 (VDDSHVx) /

Buck2, 3.3V | 1.5ms
DVDD1V8 (VDDSHVy) ! V
GPO1, external 1.8V rail
2.5V-10 / DDR

LDO4, 2.5V

Peripheral !
LDO1, 3.3V / 1.8V :/
VDDA_1V8 |
LDO3, 1.8V | 4.5ms

VDDS_DDR
Buck3, 1.2V |
VDD_CORE I
Buckl, 0.75V : [1.5ms
I
I
1

VDDR_CORE
LDO2, 0.85V

MCU_0SCO_XI |

10ms

until RESET
and STBY are

MCU_PORz
nRSTOUT

MCU_OSCO0_XO0 L 10ms+1.5ms |
|
|
1

relevant
* ~Q at first power-up if FSD is enabled End’of v

sequence

Figure 4-5. TPS6521901 Power-Up Sequence

|

OFF-request

| toecurch=8s
MCU_PORz
nRSTOUT
VDDS_DDR
Buck3, 1.2V
VDDR_CORE
LDO2, 0.85V
MCU_0SCO_XI
MCU_0SCO_XO

|

VDD_CORE

Buck1, 0.75V
DVDD1V8 (VDDSHVy)
GPO1, external 1.8V rail
VDDA_1V8

LDO3, 1.8V

|
|
|
|
|
\
T
|
|
Peripheral |
LDO1,3.3V/ 1.8V hongs™

2.5V-10/ DDR4 N\
LDO4, 2.5V |
DVDD3V3 (VDDSHVx)

Buck2

VSYS & PVIN_Bx (& PVIN_LDOx) .

* discharge-duration depends on Vout, Cout and load. Slot-duration needs to adopt.
Slot-duration extends up to 8x its configured value.

Figure 4-6. TPS6521901 Power-Down Sequence
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4.2 TPS6521902 Powering AM64x
Use case: VSYS=3.3V, LDDR4 Memory

Figure 4-7 shows the TPS6521902 variant powering the AM64x processor on a system with 3.3 V input supply
and LDDR4 memory. Buck1, LDO3, LDO2, and LDO1 are used to supply the same AM64x domains that were
described in the previous block diagram. The 3.3 V coming from the pre-regulator can be combined with a power
switch to supply the 3.3 V VDDSHVx IO domain. The GPO2 is pre-programmed to be enabled in the second slot
of the power-up sequence with a duration of 10ms. It can be used to enable the external power switch and meet
the processor sequence requirements. The switch must be selected with the right electrical spec to ramp and
provide a stable output voltage within the 10 ms duration of the second slot (before the PMIC starts the next slot
in the power-up sequence). Buck3 and Buck?2 supports the 1.1 V and 1.8 V required by VDDS_DDR and the 1.8
V DVDD3V3 IO domain. They are also used to support the required voltages on the LPDDR4 memory. LDO4 is
a free 2.5 V power resource that can be used for external peripherals like the Ethernet PHY. GPIO and GPO1
are free digital resources that are disable by default but could be enabled through 12C if needed. Figure 4-8 and
shows the power-up and power-down sequence programmed on TPS6521902.

VSYS (3.3V)

i

TPS65219 GPO2

AM64x
Processor
0.75V
- S5A 4 O) VDD_CORE
1.1V
- 2A -2 ®
> VDDS_DDR
EFOT 1-?V-t 4 * DVDD3V3 (VDDSHVx), VDDSHV._MCU
uck output ——»
I—@ DVDD1V8 (VDDSHVy)
25V
300mA
From O
SOC-‘{ P : )To peripheral
o peripherals
GPIO o) 18V @
300 mA 4 VDDA _1V8, VDDA MCU
400 mA O'Qf-v @
m.
#{ VDDR_CORE
VSYS 400 A 3.3V/1.8V -
esibe m T . , VDDSHV5
—r 0 peripherals CAP_VDDSHV_MMC1
To ﬁicro SD IO
< 12C0O_SCL (1.8V/3.3V, OD)
< »{ 12C0_SDA (1.8V/3.3V, OD)
EXTINTn (1.8V/3.3V, OD)
MCU_PORz (1.8V,Fail Safe)
oot < GPIOX (1.8V/3.3V,PP)
ptional
Opiona < GPIOx (1.8V/3.3V,PP)
< RESETSTATZ (1.8V/3.3V, PP)
TPS65219 GPO2( 1 5

@ Power-up sequence order
**) required for secureBoot

G1
E'j VPP (fuse)
1.8V
From GPIO of AM64x 500 mA \
From 3.3V switched supply

Figure 4-7. TPs6521902 Powering AM64x
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VSYS & PVIN_Bx

&PVIN LDOx EEPROM-load, ~2.3ms
( _ ) |E
ON-request ' |

| toeeurci=600ms *

DVDD3V3 (VDDSHVXx)
GPO2, external 3.3V rail
DVDD1V8 (VDDSHVy)
Buck2, 1.8V

2.5V-10 / DDR |
LDO4, 2.5V |

Peripheral !
LDO1, 3.3V / 1.8V
VDDA_1V8
LDO3, 1.8V

VDDS_DDR

| 10ms

|H:/

Buck3, 1.1V
VDD_CORE

VDDR_CORE

LDO2, 0.85V
MCU_0SCO_XI

I
|
|
Buck1, 0.75V :
1
|
1

MCU_0SC0_XO

MCU_PORz

10ms+1.5ms

| 10m

nRSTOUT

* ~0 at first power-up if FSD is enabled

e’

until RESET
and STBY are

relevant
End of

sequence

Figure 4-8. TPS6521902 Power-Up Sequence

OFF-request

|

| tecurch=8s

MCU_PORz
nRSTOUT

VDDS_DDR
Buck3, 1.1V

VDDR_CORE
LDO2, 0.85V

MCU_0SCO_XI

MCU_0SCO_XO

VDD_CORE

Buckl, 0.75V
DVDD1V8 (VDDSHVy)
Buck2 1.8V
VDDA_1V8

LDO3, 1.8V

Peripheral

LDO1, 3.3V / 1.8V
2.5V-I0/ DDR4

LDO4, 2.5V

DVDD3V3 (VDDSHVx)
GPO2, external 3.3V rail

VSYS & PVIN_Bx (& PVIN_LDOXx)

* discharge-duration depends on Vout, Cout and load. Slot-duration needs to adopt.
Slot-duration extends up to 8x its configured value.

Figure 4-9. TPS6521902 Power-Down Sequence
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4.3 TPS6521903 Powering AM64x
Use case: VSYS=3.3V, DDR4 Memory

Figure 4-10 shows the TPS6521903 variant powering the AM64x processor on a system with 3.3 V input
supply and DDR4 memory. Buck1, Buck2, LDO3, LDO2, LDO1, and GPO2 are used to power/enable the same
domains that were described in the previous power block diagrams. The 3.3 V, coming from the pre-regulator,
can be combined with a power switch to supply the 3.3 V VDDSHVx IO domain. The GPO2 is pre-programmed
to be enabled in the second slot of the power-up sequence with a duration of 10 ms. It can be used to enable
the external power switch and meet the processor sequence requirements. The switch must be selected with the
right electrical spec to ramp and provide a stable output voltage within the 10 ms duration of the second slot
(before the PMIC start the next slot in the power-up sequence. Buck3 is used to supply the VDDS_DDR and
together with the 1.8 VV on Buck2 they support the voltages needed for the DDR4 memory. GPIO and GPO1 are
free digital resources that are disable by default but could be enabled through 12C if needed. Figure 4-11 and
Figure 4-12 shows the power-up and power-down sequence programmed on TPS6521903.

VSYS (3.3V)

i

TPS65219 GPO2

AM64x
Processor
075V
- 35A 1 @ VDD_CORE
1.2V
— oA E ®
> VDDS_DDR
- o 1.8V @ -
From 1.8V- 2—5\/ DVDD3V3 (VDDSHVXx), VDDSHV. MCU
buck output ——— 300mA by _@
DVDD1V8 (VDDSHVy)
From O
SoC-ﬂ{
GPIO o) 18V @
300 mA VDDA_1V8, VDDA_MCU
400 mA 085V @
m.
Vevs 1 # VDDR_CORE
400 A 3.3v/1.8V
o m. T . VDDSHV5
egulato 'S »{ 2 )To peripherals
To NM& oD 10 CAP_VDDSHV_MMC1

12C0O_SCL (1.8V/3.3V, OD)
»| 12C0_SDA (1.8V/3.3V, OD)
(SI EXTINTn (1.8V/3.3V, OD)
»| MCU_PORz (1.8V,Fail Safe)
‘{ Onti GPIOx (1.8V/3.3V,PP)
ptional

Optional GPIOx (1.8V/3.3V,PP)
RESETSTATz (1.8V/3.3V, PP)
TPS65219 GPO2( 1
From 1.2V-buck output

E]j—' VPP (fuse)
From 3.3V-buck output
@ Power-up sequence order
1.8V Sk .
From GPIO of AM64x 500 mA I ) required for secureBoot
From 3.3V switched supply

Figure 4-10. TPS6521903 Powering AM64x

A A

A A A

From GPIO of AM64x
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VSYS & PVIN_Bx

&PVIN LDOx EEPROM-load, ~2.3ms
( _ ) |E
ON-request ' |

| toeeurci=600ms *

DVDD3V3 (VDDSHVXx)
GPO2, external 3.3V rail
DVDD1V8 (VDDSHVy)
Buck2, 1.8V

2.5V-10 / DDR |
LDO4, 2.5V |

Peripheral !
LDO1, 3.3V / 1.8V
VDDA_1V8
LDO3, 1.8V

VDDS_DDR

| 10ms

|H:/

Buck3, 1.2V
VDD_CORE

VDDR_CORE

LDO2, 0.85V
MCU_0SCO_XI

I
|
|
Buck1, 0.75V :
1
|
1

MCU_0SC0_XO

MCU_PORz

10ms+1.5ms

| 10m

nRSTOUT

* ~Q at first power-up if FSD is enabled

e’

until RESET
and STBY are
relevant
End of

sequence

Figure 4-11. TPS6521903 Power-Up Sequence

OFF-request

|

| tecurch=8s

MCU_PORz
nRSTOUT

VDDS_DDR
Buck3, 1.2V

VDDR_CORE
LDO2, 0.85V

MCU_0SCO_XI

MCU_0SCO_XO

VDD_CORE

Buckl, 0.75V
DVDD1V8 (VDDSHVy)
Buck2 1.8V
VDDA_1V8

LDO3, 1.8V

Peripheral

LDO1, 3.3V / 1.8V
2.5V-I0/ DDR4

LDO4, 2.5V

DVDD3V3 (VDDSHVx)
GPO2, external 3.3V rail

VSYS & PVIN_Bx (& PVIN_LDOXx)

* discharge-duration depends on Vout, Cout and load. Slot-duration needs to adopt.
Slot-duration extends up to 8x its configured value.

Figure 4-12. TPS6521903 Power-Down Sequence
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4.4 TPS6521904 Powering AM64x
Use case: VSYS=3.3V, DDR4 Memory, VDD_CORE=0.85V

Figure 4-13 shows the TPS6521904 variant powering the AM64x processor on a system with 3.3 V input supply
and DDR4. This configuration is similar to the TPS6521903 but in this scenario, VDD_CORE is operated at
0.85 V instead of 0.75 V. As stated on the AM64x data sheet, "VDD_CORE and VDDR_CORE are expected

to be powered by the same source so they ramp together when VDD_CORE is operating at 0.85 V". This
requirement on the processor allows to have both, VDD_CORE and VDDR_CORE supplied by the same PMIC
rail (Buck1). LDO2 is a free power resource pre-programmed for 1.8V output which can be used to supply
external peripherals. Similarly to the TPS6521903, this configuration also has GPO2 is pre-programmed to be
enabled in the second slot of the power-up sequence with a duration of 10 ms. The configuration can be used to
enable the external power switch and meet the processor sequence requirements. The switch must be selected
with the right electrical spec to ramp and provide a stable output voltage within the 10 ms duration of the second
slot (before the PMIC start the next slot in the power-up sequence). Figure 4-14 and Figure 4-15 shows the
power-up and power-down sequence programmed on TPS6521904.

VSYS (3.3V)

i

TPS65219 GPO2

AM64x
Processor
085V
3 35A b @ VDD_CORE, VDDR_CORE
®
> 2A VDDS_DDR
From 1.8V- 4 DVDD3V3 (VDDSHVx), VDDSHV._MCU
buck output  ————p» 25V @
P 300mA DVDD1V8 (VDDSHVy)
From (@) 2
SoC- _{
GPIO o) 18V @
300 mA 1}:/ VDDA _1V8, VDDA MCU
VSYS 400 mA e :@To peripherals
200 mA 3.3V/1.8V VRS
Regulato m T :@To peripherals ¢ CAP VDDSHV MMC1
To Micro SD 10} - -
» [2C0_SCL (1.8V/3.3V, OD)
< »{ 12C0_SDA (1.8V/3.3V, OD)
(6f EXTINTn (1.8V/3.3V, OD)
»| MCU_PORz (1.8V,Fail Safe)
oot < GPIOX (1.8V/3.3V,PP)
ptional
Optional < GPIOx (1.8V/3.3V,PP)
< RESETSTATz (1.8V/3.3V, PP)
TPS65219 GPO2( 1 5

@ Power-up sequence order

From GPIO of AM64x
From 1.2V-buck output
From 3.3V-buck output

1.8V
From GPIO of AM64x 500 mA 1—
From 3.3V switched supply

Figure 4-13. TPS6521904 Powering AM64x

**) required for secureBoot
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VSYS & PVIN_Bx
(&PVIN_LDOX)

ON-request
DVDD3V3 (VDDSHVXx)

GPO2, external 3.3V rail
DVDD1V8 (VDDSHVy)

]

EEPROM-load, ~2.3ms
k—

| toeeurci=600ms *

| 10ms

Buck2, 1.8V
2.5V-10 / DDR

|H:/

LDO4, 2.5V

Peripheral
LDO1, 3.3V / 1.8V

VDDA_1V8
LDO3, 1.8V

VDDS_DDR

Buck3, 1.2V
VDD_CORE/VDDR_CORE

Buckl, 0.85V
To peripherals

LDO2, 1.8V
MCU_0SCO_XI

MCU_0SC0_XO

MCU_PORz

10ms+1.5ms

| 10m

nRSTOUT

e’

* ~0 at first power-up if FSD is enabled

until RESET
and STBY are
relevant
End of

sequence

Figure 4-14. TPS6521904 Power-Up Sequence

OFF-request

MCU_PORz
nRSTOUT
VDDS_DDR
Buck3, 1.2V

To Peripherals
LDO2, 1.8V
MCU_0SCO_XI
MCU_0SCO_XO

VDD_CORE / VDDR_CORE !

Buck1, 0.85V

DVDD1V8 (VDDSHVy)

Buck2 1.8V
VDDA_1V8
LDO3, 1.8V

Peripheral

LDO1, 3.3V / 1.8V

2.5V-10/ DDR4
LDO4, 2.5V

DVDD3V3 (VDDSHVx)

]

| tecurch=8s

—\

.

209"

GPO2, external 3.3V rail EOS‘S*

VSYS & PVIN_Bx (& PVIN_LDOXx)

* discharge-duration depends on Vout, Cout and load. Slot-duration needs to adopt.

Slot-duration extends up to 8x its configured value.

Figure 4-15. TPS6521904 Power-Down Sequence
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5 References

1. Texas Instruments, TPS65219 Integrated Power Management IC for ARM Cortex—A53 Processors and
FPGAs data sheet.
2. Texas Instruments, AM64x Sitara™ Processors data sheet.
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