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State-of-the-art digital loads such as application processors, DSPs, FGPAs 

require a tight regulation window for its supply voltages after fast load transi-

ents. Recently, utilizing nonlinear control techniques and auxiliary circuits gain 

popularity due to their enhanced efficiency and design flexibility. In this SRC 

project, a current-mode DCDC buck converter with low-cost auxiliary stage 

utilizing a smaller inductor and a novel nonlinear control scheme for fast load 

transient response is developed. The proposed approach targets limiting the 

output voltage regulation window during fast load transient events. An auxilia-

ry stage with a 100nH small inductor and the proposed Multiple-Single-Cycle-

Non-Linear-Control (MSC-NLC) scheme operating with high switching rate 

shares the 100uF load capacitor with the main-stage. The main stage em-

ploys a 1uH inductor and operates with lower switching frequency of around 

500kHz.  Thereby, the main-stage provides high efficiency during steady-state 

power conversion operation while auxiliary-stage provides fast settling under 

fast-load-transients. Small-signal models (SFG model, Continuous-Time mod-

el and switching model) have been developed to investigate the popular con-

trol schemes for the main-stage, such as PWM, COT and hysteretic controls. 

The current-mode hysteretic control is selected for its fast response speed 

and easy implementation for stability. A second-order PLL based frequency 

synchronization circuit is introduced to lock the switching frequency at 500kHz 

for better EMI performance. Observer-based load capacitor current estimator 

is developed (called transient-detector) to implement the MSC-NLC that con-

trols the auxiliary-stage to work as a Current-Controlled-Current-Source. Due 

to the large down-conversion ratio in this project (Vin=5V, Vout=0.5~0.8V), we 

further introduce braking-diode technique to significantly improve the negative 

step response and balance the step response symmetry. The benefits of the 

proposed control scheme include improved voltage droop/overshoot and set-

tling time, easy analog computation for timing parameters, and a semi-closed-

loop control to accommodate all non-idealities. The augmented buck convert-

er is designed and fabricated in a 180nm BCD process with six levels metal 

routing. The converter IC occupies 2.5mm x 3mm, while the core controller 

area is only 0.8mm2. The output voltage deviations with and without the auxil-

iary-stage and MSC-NLC shows that, for a specified output load capacitor, the 

maximum output voltage deviation is reduced by 3~4x. 
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