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ABSTRACT

This document was translated from a simplified Chinese source. (ZHCAFF0)

With the rapid development of new energy vehicles, automobiles are transitioning from electrification to 
intelligence. As high-level assisted driving quickly lands across major OEMs and Tier 1 suppliers, TDA4 is 
being widely used in various terminal applications such as ADAS domain controllers, body domain controllers, 
and LiDAR. TI's new generation PMIC family, represented by TPS6594/LP8764, is not only the optimal power 
solution for TDA4 SOCs, but also an excellent choice for powering other models of SOCs. TPS6594/LP8764 
features high integration, high scalability, and support for high-level functional safety. Because it has many 
functions and is relatively complex, there will be considerable difficulty in application. This series of articles will 
share insights from aspects such as the main internal mechanisms of the TPS6594/LP8764 PMIC chips, system 
design considerations, common problem troubleshooting ideas, and custom PMIC firmware (NVM). This article 
is the fifth piece in the series of articles, combining the content discussed in the previous articles, explaining a 
practical case of custom NVM.
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1 Introduction
The TPS6594/LP8764 series PMIC internally has non-volatile memory (NVM) units, and the NVM configuration 
is loaded into the register space of the chip during the startup phase. The NVM content determines the output 
voltage, power-up and power-down sequence, monitoring mechanism, communication interface, and other 
behavior logics of the device. The TPS6594/LP8764 series PMIC provides a mechanism to access and rewrite 
the content of the NVM through I2C (refer to the content of the second piece of this series of articles). The 
sub-models that support customer-side custom NVM are shown in Figure 1-1, in addition to this, TPS6521905 
also supports customer custom NVM, but its architecture is different from TPS6594/LP8764, and this article 
mainly concentrates on TPS6594/LP8764 to conduct discussion.

It needs to be noted that the sub-models supporting customer custom NVM mentioned here refer to that this 
model is a blank chip when leaving TI factory, and its internal chip version and other information (0x0-0x3 
registers) will not conflict with the models pre-burned with NVM when leaving TI factory; in fact, using sub-
models with TI pre-burned numbers to update NVM is also possible, and generally this is used in the process 
of locating problems (refer to the fourth piece of the series of articles). In addition to this mode of customer-side 
customizing and burning NVM by themselves, there are also two modes: one is that third parties certified by TI 
can provide burning services, and the second is that TI provides brand new models customized with NVM for 
customers. For the details of these two modes, please consult the sales team.

Figure 1-1. Summary of Customer Custom NVM Sub-models of TPS6594/LP8764 Series PMIC

This article takes LP8764 as an example, combining the content discussed in the series of articles, to introduce 
a case of custom NVM, and TPS6594 can also refer to this case. The system simplified diagram of this case is 
shown in Figure 1-2, wherein the power supply system needs to provide several power rails of 3.3V, 1.8V, 1.2V, 
1.1V, 5V, 6V, and 55V, wherein 3.3V, 1.8V, 1.2V, and 1.1V are provided by LP8764, 6V is provided by an external 
LDO, and 55V is provided by an external BOOST, and the overall system requires ASIL QM.
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Figure 1-2. System Architecture of LP8764 Custom NVM Case
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2 NVM Design
According to the system-level requirements, various settings of LP8764 can be determined. Generally speaking, 
there are two major categories of settings: one category is static settings, including power output voltage, 
output power-up and power-down slope, voltage monitoring threshold, power rail group, GPIO multiplexing, 
communication interface, and functional safety-related mechanisms, etc., corresponding to the content of page 
0, page 1, and page 4 of registers; the other category is dynamic settings, including state machine planning and 
power-up and power-down sequence, etc., corresponding to the content of page 3 of registers.

2.1 Static Settings
LP8764 is a low-voltage input PMIC, and its maximum input voltage value does not exceed 6V, therefore the 
system needs to increase a stage of high-voltage BUCK at the front stage to provide 5V voltage, while at the 
same time it can just meet the requirement of system CAN for 5V power supply. The 3.3V power supply is 
provided by BUCK1 and output to the MCU, and several other low-voltage rails are provided by BUCK2/3/4 
respectively to supply the external load Load1. The power supplies of external loads Load2 and Load3 require 
additional LDO and BOOST to provide, and at the same time it requires that the power-up sequence of these 
two rails is controllable and the power supply voltage is monitored, therefore the GPO function and VMON 
function of enable GPIO pins are used to control and monitor these two power supplies.

In order to be able to report fault information through the MCU, for the power fluctuations of VCCA, only an 
alarm is given, and the PMIC itself does not do any processing, therefore the power domain is set to No rail 
group, the power supply of the MCU is set in an independent MCU rail group, and several other power supplies 
(BUCK2/3/4 and VMON1/2 monitoring external LDO/BOOST) are set in the SOC rail group. When several power 
supplies of the SOC domain have overvoltage, undervoltage, and overcurrent faults, the PMIC only closes 
several power supplies of the SOC domain while keeping the 3.3V power supply of the MCU continuously 
existing, until the 3.3V power supply itself has a problem, then it will close all outputs. The current functional 
safety level is ASIL QM, and the residual voltage detection mechanism is not enabled here (generally ASIL C/D 
needs to enable this function). The final power supply static settings are shown in Figure 2-1.

Figure 2-1. Each Power Supply Output Solution

NVM Design www.ti.com

4 TPS6594/LP8764 PMIC Application Guide (Part 5) SLVAG31 – MAY 2025
Submit Document Feedback

Copyright © 2026 Texas Instruments Incorporated

https://www.ti.com
https://www.ti.com/lit/pdf/SLVAG31
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVAG31&partnum=


The external LDO and BOOST need controlled power-up and power-down, and GPIO1 and GPIO2 can be set 
as GPO function, and the enable of external LDO and BOOST is controlled by the levels of these two GPIOs. 
At the same time, the PMIC needs an enable pin to control the power-up and power-down of the entire system, 
here a multiplexed function of GPIO4 is used, setting it as the Enable input pin. Note that the functions that each 
GPIO can multiplex are different from each other, and it needs to consult the manual to allocate reasonably.

Aiming at the requirement of needing to monitor the output voltages of external LDO and BOOST, GPIO7 
and GPIO8 are multiplexed into VMON1 and VMON2 functions respectively, and in the hardware circuit, after 
dividing the output voltages of LDO and BOOST respectively (1/2 LDO output voltage and 1/20 BOOST output 
voltage), they are correspondingly sent into VMON1 and VMON2 pins. Just like the output monitoring setting of 
BUCK, VMON1 and VMON2 need to set corresponding monitoring voltages and monitoring thresholds.

GPIO10 is used here as the de-assertion reset signal of the MCU, and after all power-up sequences are 
completed, the nRSTOUT pin is pulled high from low, de-asserting reset of the MCU, and the system software 
starts to run normally. GPIO9 is used as an extra hardware warm reset function, and when the rising edge of 
the hardware signal outside the module arrives, a negative pulse is generated on nRSTOUT to restart the MCU, 
and at the same time resets all BUCK output configurations (the MCU might modify the configuration of BUCK 
through I2C). The GPIO allocation solution is as shown in Figure 2-2, and the final system architecture is as 
shown in Figure 2-3.

Figure 2-2. GPIO Allocation Solution
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Figure 2-3. System Power Architecture Solution

Referring to the relevant content in the Scalable PMIC GUI documentation, a new NVM project can be 
conveniently created using the Scalable PMIC GUI software. The final static settings are as shown in Figure 
2-4 to Figure 2-9.

Figure 2-4. System Settings
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Figure 2-5. BUCK and VMON Settings
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Figure 2-6. GPIO Settings
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Figure 2-7. Interface Configuration
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Figure 2-8. MASK Settings
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Figure 2-9. Miscellaneous Settings

2.2 State Machine Planning and Power-up and Power-down Sequence Settings
The power-up sequence required by the system is as follows: Enable pulled up -> BUCK1 power up -> delay 
2000us -> BUCK2 power up -> delay 2000us -> BUCK3 power up -> delay 2000us -> BUCK4 power up -> delay 
2000us -> external LDO power up -> delay 2000us -> external LDO power up, and the power-down sequence is 
completely opposite to the power-up sequence.

Combining the previous power rail group settings, arrange the following several PFSM states:

1. PFSM_START: Starting point of the PFSM and bridge state between FFSM and PFSM.
2. WAIT4ENABLE: The state between PFSM START and ACTIVE, the PMIC power rails have no output, and 

some initialization actions of the device can be completed during the process of entering this state.
3. ACTIVE: Normal operating state with all power rails enabled.
4. STANDBY: The system sleep state, and all power supplies are turned off.
5. MCU_ONLY: MCU only mode, and only the 3.3V of BUCK1 has output.
6. TO_SAFE: Bridge state from PFSM to the FFSM SAFE_RECOVERY state.
7. RUNTIME_BIST: BIST operation actively triggered by the MCU.

After setting up the states, it needs to plan the triggers for switching states:

1. ENABLE pulled up serves as the condition for starting to enter ACTIVE.
2. SOC power error and I2C trigger0 set serve as the conditions for ACTIVE entering MCU ONLY.
3. ENABLE pulled low and I2C trigger2 set serve as the conditions for ACTIVE/MCU ONLY entering STANDBY.
4. ENABLE pulled up and I2C trigger1 set serve as the conditions for STANDBY/MCU ONLY recovering to 

ACTIVE.
5. I2C trigger3 set serves as the condition for entering RUNTIME BIST.
6. MCU POWER ERROR, ORDERLY SHUTDOWN, and IMMEDIATE SHUTDOWN trigger entry into 

SAFE_RECOVERY.
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7. GPIO9 falling edge serves as the trigger for ANY2WARM.

After defining states and triggers, PMIC actions during state transitions must be configured, namely the power-
up and power-down sequences.

1. WAIT4ENABLE sequence, executed when entering the WAIT4ENABLE state, and in this application, the 
VMON enabling VCCA is set.

2. ANY2ACTIVE sequence: Executed when entering ACTIVE. The sequence is BUCK1 rise -> 2000us delay 
-> BUCK2 rise -> 2000us delay -> BUCK3 rise -> 2000us delay -> BUCK4 rise -> 2000us delay -> GPIO1 
rise -> 2000us delay -> GPIO2 rise -> 30ms delay -> VMON1 enable -> 30ms delay -> VMON2 enable -> 
nRSTOUT rise

Since the external LDO and BOOST have relatively slow startup slew rates, additional delays are required to 
ensure that their output voltages stabilize at the expected values. Therefore, additional delays of 30ms and 
60ms are inserted after GPIO2 is asserted.

3. ANY2MCU sequence: Executed when transitioning from ACTIVE to MCU_ONLY. Sequence: VMON2 
disable -> 30ms delay -> VMON1 disable -> 30ms delay -> GPIO2 down -> 2000us delay -> GPIO1 down -> 
2000us delay -> BUCK4 off -> 2000us delay -> BUCK3 off -> 2000us delay -> BUCK2 off.

4. ORDERLYOFF sequence, executed when going from ACTIVE/MCU ONLY state to STANDBY state, and the 
sequence is nRSTOUT down -> VMON2 disable -> 30ms delay -> VMON1 disable -> 30ms delay -> GPIO2 
down -> 2000us delay -> GPIO1 down -> 2000us delay -> BUCK4 off -> 2000us delay -> BUCK3 off -> 
2000us delay -> BUCK2 off -> 2000us delay -> BUCK1 off

5. ORDERLYOFF2SAFE sequence: Executed when transitioning from any state to TO_SAFE. Sequence is 
identical to ORDERLYOFF.

6. IMMEDIATELYOFF2SAFE sequence: Executed when transitioning from any state to TO_SAFE. All power 
rails are shut down immediately.

7. ANY2WARM sequence: Used in ACTIVE and MCU_ONLY modes. Resets currently enabled BUCKs and 
toggles nRSTOUT to reset the MCU.

The final state machine is as shown in Figure 2-10.
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Figure 2-10. PFSM Configuration
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3 NVM Effect Measured

Figure 3-1. START2ACT Sequence Test

Figure 3-2. ACT2WARM Sequence Test
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Figure 3-3. ACT2MCU Sequence Test

Figure 3-4. MCU2WARM Sequence Test
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Figure 3-5. MCU2STANDBY Sequence Test

Figure 3-6. STANDBY2ACT Sequence Test
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Figure 3-7. MCU2ACT Sequence Test

Figure 3-8. ACT2SAFE Sequence Test
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