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CMOS : Complementary Metal-Oxide—Semiconductor
CC : Current Conveyor

CCI : First Generation Current Conveyor

CCII : Second Generation Current Conveyor

CCIII: Third Generation Current Conveyor

CDTA : Current Differential Transconductance Amplifier
CFA : Current Feedback Amplifier

COA : Current Operational Amplifier

CTA : Current mode Transconductance Amplifier

Cox : Thin oxide capacitance per unit

ESR : Electro-Static Resistance

FOM : Figure Of Merit

FVF : Flipped Voltage Follower

GBW : Gain-bandwidth product

gm : Gate transconductance

v : Bulk threshold parameter

L : Channel length

LCMFB : Local Common Mode Feedback

LDO : Low Dropout Regulator

A : Channel length modulation parameter

1 : Mobility of carrier

NMOS : N-channel Metal Oxide Semiconductor

OTA : Operational Transconductance Amplifier

PDA : Personal Digital Assistant

PMOS : P-channel Metal Oxide Semiconductor

PSRR : Power Supply Rejection Ratio

SR : Slew Rate

TSMC : Taiwan Semiconductor Manufacture Company

VOA : Voltage-mode Operational Amplifier
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Abstract

Design of a CMOS Low-Dropout Regulator Based on Current Mode Feedback Error
Amplifier

Rasoul Fathipour

Low-dropout regulator (LDO) is an essential block in power management unit. A modern power
management unit for on-chip applications needs many voltage regulators to drive components and
functional blocks. Voltage regulators are often used for creating a constant and low noise voltage to
supply analog circuits. This voltage must be stable against line and load variations. In comparison to
conventional liner regulators, LDOs are ideal choice because of their high efficiency. Most of
conventional LDOs use a large off-chip capacitor in the range of microfarad for stability requirements
and decrease output voltage ripple. This large external capacitor increases the IC pin count and
prevents full on-chip implementation. So, it is necessary to eliminate the discrete capacitor in order to
be able to fully integrate the circuit. However, doing so will increase the output voltage deviations
(AV,y) in the transient response when a sudden change occurs in the load current. The transient
response of LDO is affected by slew rate at the gate of pass transistor (SRg); if the SR is much slower
than the gain-bandwidth product, transient voltage spikes appear at the output voltage node during fast
load transient. Most of LDO circuits use a voltage-mode operational amplifier as error amplifier to
control the pass transistor, while voltage-mode amplifiers suffer from fixed gain-bandwidth product
and limited slew rate. The main idea of this thesis is using a current-mode amplifier to enhance the
slew rate at the gate of pass transistor. For this purpose, two LDO circuits are proposed. First, a fully
integrated CMOS LDO for on-chip applications is introduced in which a current-mode amplifier-based
capacitor multiplier is embedded into the error amplifier to enhance the dynamic performance of the
regulator and provide a fast path between the output node and the gate of pass transistor. The proposed
LDO topology is designed and simulated by HSPICE in 0.35 um CMOS process and provides a 1.8 V
output voltage to supply the load current between 0-100 mA with 22 pA quiescent current. Finally, a
CMOS output-capacitorless LDO based on a high slew rate current-mode transconductance amplifier
(CTA) as error amplifier is introduced. Using local common-mode feedback (LCMFB) technique in
the proposed CTA, results in enhancing the slew rate at the gate of pass transistor. This improves the
LDO load transient characteristic even at low quiescent current. The proposed LDO topology has been
designed and simulated by HSPICE in a 0.18 um CMOS process to supply the load current between 0-
100 mA while the quiescent current of this LDO is only 3.7 pA. Optimizing the power consumption
and output voltage deviations causes to achieve a very suitable figure of merit (FOM) equal to 9.25 fs.

Keywords: Low-Dropout Regulators (LDOs), Fast Path, Current-Mode Transconductance
Amplifier (CTA), Local Common-Mode Feedback (LCMFB).
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