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Abstract 
 
The rise of artificial intelligence (AI) has resulted in a significant increase in power demand in data centers. AI server 
racks will rise to higher power levels reaching 1 MW. Aside from the significant nominal-power rise of the AI PSU, the 
GPU also draws a higher peak power and generates high load transients, as shown in Figure 1. This high power and 
high load transient dictates new architectural changes in AC and DC distribution of data center racks to accommodate 
the significantly higher currents, while also considering the grid power capabilities. As a part of this new architecture, 
we introduce concepts of energy buffer (also known as Power Pulsation Buffer or PPB) to support AI peak loads without 
overloading the grid side. This article will also provide an overview of trends and the evolution of PSUs and rack 
architecture for AI servers. 
 

 

Figure 1 Example peak power profile demanded by AI GPUs 
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1 Peak power demand in next generation AI server racks 
 
Figure 2 shows the next generation of server rack architecture in this evolution. As the rack power rises above 300 kW, 
the power components are separated from the IT components in a power sidecar that contains the power supply units 
(PSUs), the battery backup units (BBUs), and the capacitor backup units (CBUs).  
 
With PSU power reaching up to 30 kW, with 3-phase AC input and high voltage DC (HVDC) output, The power sidecar 
can extend the rack power up to 1.3 MW. To put this rack power increase in perspective, it is around 10 or even 20 times 
the rack power of the current generation of server racks. 
 

 

Figure 2 Next generation AI server rack architecture 
 
Considering all GPUs working synchronously in the same IT rack and also with other IT racks in the same datacenter 
cluster, demanding peak power as shown in Figure 1, we must expect a large current transient on the grid and in the 
datacenter’s front-end power distribution, such as the medium voltage transformers, protection devices, etc. 
 
This overloading of the grid can be illustrated by simulating a PSU input current during the peak power event. Figure 3 
shows a PLECs simulation of a traditional two-stage PSU during a peak load event. Here, the energy is first supplied 
from the bus capacitor causing its voltage to drop, and as the PFC voltage controller tries to recover its output voltage, 
the controller will command its inner current loop with a higher reference current, causing the line current to 
overshoot higher than the nominal rated current. 
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Figure 3 Simulation of a traditional 2-stage PSU during peak load event 
 
To limit grid current transients, the sidecar’s input energy must be buffered from the AI peak loads, which is the main 
function of the CBU shown in Figure 4. A CBU consists of a capacitor bank with a bidirectional DC-DC converter to 
discharge the capacitors’ energy to the DC bus during AI peak load, and then charge the capacitors during the GPU’s 
idle times, which will smooth out the peak power demand from PSUs and therefore the grid side. 
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Figure 4 Simulation of a traditional 2-stage PSU during peak load event 
 
Although CBUs can offer energy storage needed for peak shaving, they need separate shelves, and consume valuable 
space in the rack. Additionally, they may need to be compatible with, and to communicate with the PSU shelves, to 
manage rack power. Alternatively, energy buffer circuits can be integrated inside the PSU to offer the same 
functionality as the CBU as shown in Figure 4, allowing the rack to eliminate or reduce the need of extra capacitor 
shelves. Energy buffer circuits can increase the energy utilization in the PSU bulk capacitor by allowing it to discharge 
deeper while maintaining regulation of the bus voltage without affecting the DC-DC stage design, as detailed in the 
following section. 
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2 Power Pulsation Buffer (PPB) to support GPU peak load profiles 
 
As GPUs draw a higher peak power and generate high load transients, the Power Pulsation Buffer functions as an 
efficient, high-density energy storage between the PFC and the DC-DC stages, and can support peak loads without 
overloading the upstream grid. PPBs can be integrated inside single-phase or three-phase PSUs, and can have different 
implementations, some of which are shown in Figure 5. The PPB bridge circuit can be 2-level or 3-level, and they can 
also be in series or in parallel. These bridge switches can be rated 440 V, 650 V, or 1200 V, designed with SiC, depending 
on the circuit type and the bus voltage. 
 

 

Figure 5 Different implementations of Power Pulsating Buffer in 1-ph and 3-ph PSU 
 
Figure 6 shows an example 3-ph HVDC PSU with interleaved 3-level PPB. It shows a PLECs simulation of a peak-power 
event; with and without the PPB. From the figure, it is clear how the PPB provides energy during the peak-load event 
while maintaining the grid power limited to 110% of the PSU rated power. 
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Figure 6 Simulation of peak load event: Without PPB (left) and with PPB (right) in 3-ph HVDC PSU 
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3 Control and operation of PPB 
 
PPB can be operated continuously during normal operation, exchanging energy between the storage capacitor and the 
bus capacitor. Alternatively, it can be idle in normal operation and only operating on-demand during peak power 
events. Table 1 shows a comparison of both these PPB operation options. 
 
Table 1 Comparison of PPB operation options 

PPB on-demand operation PPB continuous operation 

‒ Good utilization of stored energy 
‒ Can support load jumps 
‒ Active only during hold-up and peak power  

no additional losses of PPB 
‒ Components sized for short event operation 
‒ No grid frequency cancellation  DCX not 

possible, LLC must regulate small range of Vin 
fluctuation  

‒ Used for third harmonic injection in 3-ph PFC 
‒ Stable input and output voltages 
‒ Controlled re-rush current 

‒ Good utilization of stored energy 
‒ Can support load jumps 
‒ Active all the time  additional losses of PPB operation 
‒ Components need to be sized for steady state operation 
‒ Grid frequency cancellation  allows for optimum DCX with 

fixed frequency and high efficiency 
‒ Grid frequency cancellation is more suitable for 1-ph PSUs, but 

cannot be used for third harmonic injection in 3-ph PFC 
‒ Stable input and output voltages 
‒ Controlled re-rush current 

 
Learn more about how Power Pulsation Buffer can improve SMPS performance via Infineon's PSU reference designs at 
www.infineon.com/aipsu.  
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