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Abstract

With the rise of wireless sensor networks and the increasing applications, the number of
sensors has gradually increased to expand their functionalities. Through the use of Digital Low-
dropout regulators (D-LDO), sensors can operate at low supply voltages, thereby realizing the
advantage of extending their sensor lifespan. In contrast, traditional Analog Low-dropout
regulators (Analog LDO) can step down the input voltage (usually slightly higher than the
output voltage) to a more stable output voltage, achieving rapid transient response and excellent
noise suppression characteristics. However, when used in low-power systems, the input voltage
being too low can make it challenging to design the error amplifier in Analog LDO. Therefore,
we will leverage the characteristics of Digital LDOs, which can operate at low supply voltages,

to design our circuit.

This study references the Digital Low-dropout regulators(D-LDO) architecture found in
IEEE and proposes an improvement approach. In conventional D-LDO, when the load is
switched, there is often a significant overshoot or undershoot in the output, and the time
required for the D-LDO to return from a deviation of the ideal voltage (Vref) to a stable state
is known as settling time. Some designs aim for shorter settling times and use higher-
frequency clocks to control the D-LDO, achieving faster settling times but potentially
increasing power consumption. Therefore, we introduce a Voltage-Controlled Oscillator
(VCO) to enhance the design. The VCO's frequency is controlled by the difference between
the actual output voltage (Vout) and the ideal voltage (Vref) of the D-LDO. When the
difference is large, a higher frequency is used to rapidly adjust Vout back to a stable state, and
once close to stable state, it switches back to a lower frequency. This approach not only

achieves a shorter settling time, but also improves power efficiency.

The circuit architecture designed in this study comprises a Comparator, PMOS array,
Controller, Operational Amplifier, Voltage-Controlled Oscillator, Absolute Value Circuit, and
Sample and Hold. The inputs and outputs are set at 1.2V and 1.1V, respectively. The load
current range is acceptable within the range of 10mA to 100mA. The frequency design spans
from 0.5 MHz to 10 MHz, and the off-chip capacitance at the output is InF. In our circuit

design, the acceleration effect on settling time can reach up to 20 times.
In the following sections, we will introduce our design process in (— ), systematically

present the architecture of each unit in the circuit in (= ), provide the outcomes of our pre-

simulation and post-simulation efforts in (= ), and finally, Reflection and Thoughts in ().
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= ~  Proposed Digital LDO 7 #

1. Block Diagram :
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2. Comparator :
i i¢ * clock gating comparator » F] 5 iE i 7% £ comparator #7if 4% £
quiescent current # - » & i F] { 4 ¢r power efficiency &% 3¢ > § Vout %
** Vref(1.1V)pF » Compout m;%%ikg &_high(1) > ¥ 2. B] &_low(0) o @ i
e comparator i F|$reF B R N T BBEH Z 00T 0 AABREY ¢ R iR
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3. 64bits PMOS array (switch array) :
g * PMOS array B~ 5+ LDO & power transistor > ¥ d  digital
controller(shift register):& 7 #7#] o § Compout .55 % &_1 B controller ¢
#] PMOS array B #— % MOS ¢ Vout % -] » & 2_ P PMOS array % & — 3f
MOS # Vout % = -



4. Controller (serial-in parallel-out bi-directional shift register) :
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5. Operational Amplifier (differential amplifier) :

B L 347 A openloop # * Two-stage Operational Amplifier> * two-stage
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6. Voltage control oscillator (VCO) :

AP * T % ninverter chain % = ring oscillator » I A& — & hinverter
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7. Absolute Value Circuit :
i~ opamp o7 5L 4 Vref fv Vout e L > d 3t & 4 i pF Vref {v Vout 9
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8. Sample and Hold :
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9. D latch :
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®  Pre-layout Simulation
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® Spec &
unit Original D-LDO Proposed D-LDO | Proposed D-LDO
(pre-sim) (pre-sim TT) (post-sim TT)
CMOS Technology - 90nm 90nm
Maximum load mA 100 100
current
Supply Voltage \% 1.2 1.2
Decoupling capacitor | nF 1 1
Quiescent current uA 5 55.22 57.30
Delta Vout mV 450 204 222
Current efficiency % 99.99 99.94 99.94
Settling time us 49 7.5 8.4
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