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In GaN gate driver applications, the internal supply voltage must remain stable during high-speed switching. However, rapid load-current
variation and input ripple may cause output overshoot, undershoot, and ringing in the LDO supply. Therefore, this project adopts a
5 V-to-3.3 V FVF-based LDO with a fast local feedback path to improve transient recovery and reduce output voltage fluctuation.

* High-speed switching in GaN gate drivers causes rapid load-current variation  « Load condition: 10 pF || 5 kQ * Adopt FVF LDO architecture for fast local feedback

 Implement and simulate the circuit in Cadence Virtuoso

 Slow feedback response leads to overshoot, undershoot, and ringing  Load-current step: 400 pA <> 800 pA _ , ,
, - . .  Perform transient & AC simulations to evaluate response and PSRR
* Input ripple and switching noise degrade output stability and PSRR » Target output ripple: ~10 mV - e for pATETTEET otz en
» Limited supply energy may cause input voltage droop and affect regulation e Target PSRR: ~32 dB + Analyze output ringing, overshoot, and recovery behavior
Architecture Selection Simulation Results

This is a dual-loop FVF LDO architecture that combines a = A 0.2 V, 100 kHz sinusoidal ripple was applied at the input. The
global error-amplifier loop 2 with a local fast-feedback loop = output voltage varied between 3.2698 V and 3.3315 'V,
1. The local loop directly controls the pass transistor and = corresponding to 61.7 mV peak-to-peak ripple. This translates to an
rapidly suppresses output-voltage disturbance, resulting in = output amplitude of approximately 30.9 mV, resulting i an
faster transient recovery and improved stability under small = estimated PSRR of about 16.2 dB at 100 kHz.

output-capacitance conditions.
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Fig.3 Output ripple response under 0.2 V, 100 kHz input ripple
The ripple transfer magnitude remains small at low frequency and
increases rapidly at high frequency. This indicates that the regulator
provides better low-frequency rejection, while PSRR degrades at
higher frequencies due to bandwidth limitations.

Error Amplifier

Fig.1 Reference architecture of the Example-3 FVF LDO Fig.2 Schematic and simulation testbench
with fast local feedback loop. Adapted from [1] of the proposed FVF LDO

Parameter Optimization Results

The compensation capacitors and pass transistor width were . 7
swept. CO = 20 pF provides a more stable transient response,

freq (Hz)

while increaSing Cl does not effGCtiVely reduce output Fig.4 AC response with 0.2 V input AC magnitude from 1 Hz to 10 MHz
ringing, 50.C1 = O. P{-: 18 selected. In additiop,.increasing Fhe Under 400 nA—800 pA load-current switching, the output voltage
pass transistor width enhances current-driving capability. momentarily deviates from the 3.30 V nominal value, with

Whel} WMP increases from 4 pm to 8 pm, the output ringing undershoot to 3.237 V and overshoot to 3.348 V, before returning to
amplltUde 1S reduced fI‘OIn abOUt 023 V tO 0075 V Thel‘efOl‘e, Steady State. The ZOomed transient Waveform ShOWS a peak

WMP = 8 um 1s chosen as the final design parameter. overshoot of about 3.348 V after the load step. The output recovers
S T close to 3.30 V within 0.5 ps.
4.8/0.6
3/0.5 10 pF N f
3/0.5
7.5/0.5 5150
6/0.5 20 pF
8/0.8
461/0.5 0 pF
2.4/0.6 | -
8/05 = S T T T T T U T T T T e e ] g el s banlma doy o

IIIII

Table 2 Final selected Passive component
values of the proposed FVF LDO
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Fig.5 Full 20 ps load transient response Fig.6 Zoomed load transient response
under 400 MA—SOO MA current SWitChil’lg around the Switching event

Table 1 Final selected Transistor
sizing of the proposed FVF LDO

* Under 400 pnA—800 pA load-current switching, the output returned close to 3.30 V with a maximum overshoot of about 3.35 'V,
corresponding to about 50 mV deviation and 1.5% output error.

* The optimized design achieved a recovery time of about 0.5 us, showing fast transient response under the target load condition.

* In the 100 kHz input-ripple test, the output ripple was about 61.7 mV, corresponding to an estimated PSRR of about 16.2 dB.

 Future work includes PSRR enhancement, stability analysis, corner simulation, verification under different load conditions,
and integration into the full GaN gate driver system.
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