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Abstract—This paper presents a DC-DC converter with
transient energy buffer (TEB). During load step-down events,
by redirecting excess inductor energy from low-voltage output
to an internal voltage-tolerant node and absorbing it with a
buffer capacitor, output voltage overshoot is significantly
reduced without large output capacitance. In steady state, the
buffer capacitor and associated switches form a parallel
capacitive power path, reducing the inductor current stress,
improving power density and also heavy-load efficiency.
Measured results demonstrate a 3.4x reduction in output
voltage overshoot under a 5A/20ns load transient.
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I. INTRODUCTION

As XPU current density continues to scale toward
2A/mm? and beyond, voltage regulation modules (VRMs)
become increasingly space-constrained, leaving little
headroom to further scale power passives (inductors and
extensive capacitors) for sufficient transient energy buffering,
as shown in Fig.1. Consequently, during load step-down
transients, the persisting inductor current I is forced into the
output capacitors, causing large voltage overshoot for low-
voltage (LV) loads, such as XPUs or downstream integrated
voltage regulators (IVRs). This behavior is fundamentally
constrained by the limited inductor demagnetization voltage
under LV output, which is typically 5-10x lower than the
available magnetization voltage. As voltage margins
continue to shrink in advanced XPU designs, transient
voltage overshoot increasingly manifests not as a regulation
accuracy issue, but as a device-level overvoltage issue and
reliability challenge driven by system-level transient
behaviors. This observation motivates alternative transient-
handling approaches that redirect the transient inductor
current path, rather than relying solely on energy buffering at
output node [1-4].

II. PROPOSED DC-DC CONVERTER WITH TRANSIENT
ENERGY BUFFER

A. Design Concept

This paper presents a transient energy buffer (TEB) for
output overshoot voltage reduction. As shown in Fig.2, a
portion of the output capacitor (Cour) is decoupled and
reconfigured as buffer capacitor (Cpufrer). Through a
dedicated switch S; which connects Cpyfrer to the output node,
Chuffer forms an independent VRM-side energy absorption
path that diverts excess transient inductor energy. Since the
voltage stress across S; is Vepufre- Vour, the buffer node can
tolerate volt-level transient overvoltage (e.g., using a 1.8-V
MOSFET for S;), well beyond the allowable voltage

979-8-3195-0631-3/26/$31.00 ©2026 IEEE

TDP of XPU: ~100A-to-kA

se buck

Hundred of uF-mF Caps. + Bulky Inductors

= e IEEEE =

~16-phase - -
K —TT H100,

8 .

V100
2017 2020 2023 2026

Thermal Design Power (W)
o o oo

L lour
Vour———— | LA, _sSR Vol

Vin Vsw=0V
5-12v Aloyr,
R lour!
Excess Y
Ene 5 Vour Voversh
VLUT» Controller —* me;g{) Q.’ﬂ{ Ve overshoot
Theoretical Value:

Cour
2
— s ey () X Al

Fast Magnetization | 5-10x | Slow Demagnetization
I ﬂ« SR: (Vin-Vour)/L |LJ§‘ SR: (-Vour)/L

Fig.1 Overvoltage issue for XPU during load step-down events.

" 2Cour X Vour

Overvoltage Risk for XPU

Vin VRM-Side Load Side
1 L v lou;
_0/ - _—W Chuffer - _ Vour
St
HV

Power | | Excess Energy

Stage Absorbed by I Courer
Chufter S1:1.8V
= b | = MOSFET

. il

Key Waveforms
Voltage Stress | Max. Overshoot

Process in Steady State | during Transients Heavy Load Excess Energy
I ..--=="*Absorbed by Chuer
L B
1.8V, BCD Process . Light
FromTeB | Typ.tg0nm | Voo Vour 18 lou Load

Volt-Level
Toleration

XPU | Advanced Process v Max. 10%
orlVR Typ. 3-28nm our of Vour

Vour Overshoot
Reduction

Excess Energy Redirected from Output to VRM-Side
= Max. ~10X Higher Overshoot Tolerance
Fig.2 Design concept of proposed transient energy buffer (TEB)

excursion at the LV output node. Accordingly, the proposed
TEB operates in two modes, as shown in Fig.3. During load
step-down transients, TEB operates in transient mode, where
a local Voyr-regulation loop drives S; to momentarily
support load current Ioyr and rapidly stabilize Vour while
absorbing excess inductor energy in Cousrer, thereby reducing
output voltage overshoot without scaling large output
capacitance. In steady state mode, Chpuer and the
reconfigured switches provide a capacitive current path in
parallel with the inductor, relaxing inductor DC current
stress and enabling higher power density. This
reconfiguration also allows parallel TEBs to reduce
conduction loss and enhance heavy-load efficiency.

B. Operation Principle of Proposed Converter with TEB
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Fig.4 shows the system block diagram. It consists of a
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Fig.10 Normalized overshoot comparison

avoiding false triggering through the body diode.

III. MEASUREMENT RESULTS

The prototype of the proposed converter is shown in
Fig.7. The PWM controller and the proposed TEB are

fabricated in a 0.18um BCD process. The HV buck power
stage switches at 0.8-1MHz with two GaN switches (Mi.2),
a 2.2puH inductor and 40uF output capacitor, while the
proposed TEBs operate synchronously with total 20puF
buffer capacitance.

Fig.8 shows the measured load transient responses at
Vin/'Vour=5V/1V with a 4A/20ns load step. Vour exhibits
250mV overshoot and 90mV undershoot without the
transient mode. The zoom-in waveforms during load step-
down verify that the PWM controller operates at minimum
on-time. With the proposed transient mode, Vour overshoot
is significantly reduced to 80mV, even lower than the
undershoot during load step-up. The zoom-in waveforms
show that the excess inductor energy is absorbed by Couffer,
resulting in 390mV voltage overshoot on it. Nearly 3.4x
overshoot reduction is observed at Vi/Vour=12V/1.2V
with 5A/20ns load transients as shown in Fig.9. The
normalized overshoot comparison shown in Fig.10
(measured overshoot normalized to the theoretical value)
indicates that the proposed converter achieves the highest
overshoot reduction. Fig.11 depicts the measured efficiency
up to 8A load current. Peak efficiency of 91.2% and 89.8%
are achieved at Vn/Vour=5V/1V  and 12V/1.2V,
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Fig.11 Measured power efficiency and comparison with a buck converter with bulky inductor.
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