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ABSTRACT

This document was translated from a simplified Chinese source. (ZHCAG54)

PCM mode of UCD3138A is often used to control power topologies such as HSFB, PSFB, and Inverse BUCK-
BOOST (IBB). For the IBB topology, because the shunt inductor current can generate negative voltages, an 
additional bias voltage is needed in the actual application to raise the voltage input to UCD3138A. This can 
cause runaway of the loop. This article will explain how to set PCM loop of UCD3138A for IBB control with 
two phases interleaved. In practical applications, under conditions where a bias voltage exists, the IBB system 
implements two functions: the shortest pulse output for pre‑charging and normal loop startup.
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1 IBB basic control loop
UCD3138A, a widely used digital controller in TI power management systems, features a high-speed and high-
precision hardware loop. Its high flexibility makes the UCD3138 suitable for multiple power supply topologies. 
UCD3138 is a fully programmable solution that can be customized to meet the needs of customers in different 
applications. PCM mode of UCD3138 is often applied to the control of the IBB topology. The system in an IBB 
application is designed as follows:

Figure 1-1. UCD3138A is applied to IBB control

In actual use, due to customer needs such as pre-charge and input bias voltage etc. PCM control failure may 
occur. Therefore a proper understanding of the configuration and calculation process of PCM loop and critical 
registers of UCD3138A is crucial for solving such problems.
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2 Basic configuration of UCD3138A PCM loop
The most core feature of UCD3138A is its programmable high-speed hardware loop. In practical testing of 
UCD3138A, this loop achieves a response time from sampling to completed regulation within 400ns. The latest 
generation UCD3138R achieves loop response speeds within 156ns. Control PCM with UCD3138A. From a 
hardware perspective, it should be understood as Figure 4: FE0 sampled output voltage is compared to DAC 
reference value in FE0 to obtain an error value. Enter Filter 0 to obtain the voltage loop calculation results by PID 
operation (gain programmable), which is the output Filter_Duty of Fliter0. Since only FE2 module in UCD3138A 
supports PCM mode, the output of Fliter0 should be looped back to FE2 as the input for the Ramp module. And 
the sampling of FE2 acts as a current loop. When the current loop output sampled by FE2 exceeds the voltage 
loop output result (DAC current value) after Ramp compensation, DPWM0A sends high level. Instead, DPWM0B 
sends high level. Implement PCM control.

Figure 2-1. PCM hardware loop

The key register is configured as follows:
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The combination of a waveform graph provides a better understanding of the role of registers in real control. 
DAC_Step register in FE2 controls the compensation slope for Ramp and the DAC_Value controls the end point 
of Ramp compensation. It should be noted here that during Ramp compensation, the current value of DAC is 
always close to the end point set by DAC_Value. If the output of Filter is greater than DAC_Value, the current 
result of DAC is increasing continuously, otherwise, it decreases.

Figure 2-2. Operating principle of UCD3138A PCM

The significance of Blank time lies in the discontinuity of the inductor current when MOSFET turns on. At this 
point, significant ringing may occur at the switch node, as a result, the output voltage is sampled incorrectly and 
then erroneous shutdown of the DPWM. To address this issue, UCD3138 can mask DPWM rising edge for a 
period by enabling Blank register, preventing DPWM's rising edge from erroneously triggering PCM. The register 
to enable DPWM Blank function and Blank time is described as follows:
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Figure 2-3. Ringing and false trigger protection of switch node

Figure 2-4. Enable UCD3138A Blank time and set time
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3 PCM failure analysis after introduction of bias voltage
In practical operation, UCD3138 performs two adjustments during IBB control, which are additional functions 
required based on theoretical control.

1. The loop is pre-charged with the UCD3138 Blank function (a total of around 100ms) before starting the loop 
normally.

2. An additional bias voltage is required for FE sampling to ensure the input voltage to FE remains positive.

For synchronous Inverse BUCK-BOOST topology power control, both voltage loop and current loop require 
sampling. The voltage loop generally samples the output voltage and its polarity is not reversed, so it is secure 
for UCD3138 Front End (FE) interface. However, in light load operation in FPWM mode, IBB, like other power 
supplies, will reverse the inductor current (e.g. Figure 3-1 [3]).

Figure 3-1. Inductor current reverses at light load

Therefore, when the current loop is sampled, the voltage output to FE interface may be negative, which is 
dangerous for UCD3138 and may damage to UCD3138.

Figure 3-2. UCD3138A voltage input range [2] 

Therefore, we usually need to provide a positive bias voltage to the input of FE to solve this problem, as shown 
in Figure 3-3, where a 0.6V positive bias voltage is applied to UCD3138 input to ensure the FE input remains 
positive.
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Figure 3-3. Provide 0.6V forward bias voltage to FE2

Figure 3-4provides a more intuitive illustration of the differing calculation expectations for voltage loops and 
current loops during the pre-charge phase versus the normal operating phase in practical operation.

Figure 3-4. Loop expectations for pre-charge phase versus normal operating mode

But raising this bias voltage will cause a problem. The current loop sampling value of the FE2 input will be 
0.6V+Isample, so that at start-up, the sample of FE2 will have 0.6V even if there is no current. And the output 
voltage is 0 at start-up, so the loop will perpetually calculate an output voltage that is too low. Consequently, the 
pre-charge function utilizing blank time in the first stage loses control. It can be seen from the waveform that 
DPWM0A remains continuously on until reaching maximum duty cycle or triggering overcurrent protection.
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Figure 3-5. PCM failure
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4 Loop correction and experimental verification
Analysis of the issue reveals that the primary cause of instability during the pre-charge phase is the filter 
calculation results failing to adapt to the presence of bias voltage. The Filter calculation results is controlled by 
the error input of FE0 in conjunction with the loop gain of Filter. For general loop gain deficiency or reference 
setting problems, the gain can be adjusted by adjusting DAC_Value adjustment threshold of FE0 or KI coefficient 
of Filter. However, DAC_Value cannot be set to a negative value for the IBB startup pre-charge failure and the 
error output is constant positive when the voltage output is 0. The loop gain factor will continue to be used in 
subsequent normal operating modes, which can be cumbersome to modify. For this problem, we recommend 
using the Clamp register in Filter to clamp the output of Filter.

Figure 4-1. Filter output Clamp register [1] 

For two links of IBB. First we should clamp the Filter Output Clamp Low to a lower value (e.g. 0X10). Make sure 
the output of the voltage loop is always below the 0.6V sampled value of the current loop in the first link. After 
enabling 100ns Blank time, the short pulse output for pre‑charging will be implemented normally.

Figure 4-2. Pre‑charging pulse output

After a 100ms delay, the clamp will return to the normal range. Set DAC_Value (FB Ref) in FE0 to normal 
operating mode, and the loop will start normally.

Loop correction and experimental verification www.ti.com

10 UCD3138A: Implement Inverse BUCK-BOOST control and solve common 
problem using PCM

SLUAB40 – JANUARY 2026
Submit Document Feedback

Copyright © 2026 Texas Instruments Incorporated

https://www.ti.com
https://www.ti.com/lit/pdf/SLUAB40
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUAB40&partnum=


Figure 4-3. IBB operates and outputs pulses normally

Thus, we have implemented a simple method that enables pre‑charging and normal loop startup in applications 
involving sampled inductor current under biased conditions.
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5 Other debugging experience and frequently asked questions
It should be noted that the Filter involves multi‑level clamping. In practical applications, we should focus on 
application requirements. If it is desired to detect overflow or excessively low values during calculation, clamping 
may be applied to the first two stages. However, in UCD31XX technical documentation, the described Filter-like 
calculation result gives loop to a module. Unless otherwise specified, all results will uniformly refer to those of 
Filter_Duty. If bit truncation is required in subsequent operations, the lower bits shall be truncated uniformly, and 
the upper bits shall be retained.

Take PCM control as an example. If we set Filter Output Clamp Low & High to: 0x300FF, but DAC of the Front 
End module only supports 10bit, then the actual DAC will be assigned to be 0x300. This is a question common 
to many developers. After turning on PCM mode, we can set DAC_Step to 0 and Filter Output Clamp Low & 
High to the same value, and then read the current value of DAC through the memory debugger. Compare this 
with the calculation result to verify whether your understanding of the calculation process is correct.

Figure 5-1. Set the Clamp register and read the value of DAC_Value with Memory debugger

6 Summary
The UCD3138 family of digital power controllers deliver high-speed, high-precision control and flexible topology 
options. There are also a wealth of application notes and documentation to help developers at all levels develop 
different application topologies. The next generation UCD3138R will feature a more powerful main core (100MHz 
M33), higher DPWM accuracy, and faster loop response. In summary, the UCD3138 family of products will 
provide an excellent solution for achieving high-speed and high-precision power control.

7 References:
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