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Importance of Power Management ICsImportance of Power Management ICs
All portable batteryAll portable battery--powered electronic devicespowered electronic devices

�� Better quality of lifeBetter quality of life
�� Continuous growth of portable marketContinuous growth of portable market
�� Advanced features of portable equipment reduces Advanced features of portable equipment reduces 

battery lifetimebattery lifetime

�� Power management ICs are essential to provide Power management ICs are essential to provide 
dcdc--dc conversions in portable equipment.dc conversions in portable equipment.
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Comparisons of DCComparisons of DC--DC ConvertersDC Converters

�� High switch countHigh switch count

�� High loss and noiseHigh loss and noise

�� Lack of effective control Lack of effective control 
schemescheme

�� No inductorNo inductor

�� StepStep--up possibleup possible

SwitchedSwitched--
capacitor capacitor 
regulator regulator 

InductorInductor--
lessless

InductorInductor--
basedbased

�� Poor efficiencyPoor efficiency
�� No stepNo step --up operationup operation

�� SimplestSimplest
�� IntegrableIntegrable
�� Low noiseLow noise

Linear Linear 
regulatorregulator

�� Large board spaceLarge board space

�� High conducted EMIHigh conducted EMI

�� High efficiencyHigh efficiency

�� Step up / down Step up / down 
conversionconversion

SwitchedSwitched--mode mode 
power converterpower converter

(SMPC)(SMPC)

ConcernsConcernsBenefitsBenefitsTypesTypes
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�� Major application in portable equipmentMajor application in portable equipment
�� To act as postTo act as post--regulator for improving system power regulator for improving system power 

efficiencyefficiency

Application of Linear RegulatorApplication of Linear Regulator

LDO LDOSMPC

Post-Regulator
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Structure of Linear RegulatorStructure of Linear Regulator

�� Pass device delivers load current up to hundred Pass device delivers load current up to hundred mAsmAs..
�� Buffer drives the pass device.Buffer drives the pass device.
�� Error amplifier and Error amplifier and bandgapbandgap maintain output voltage maintain output voltage 

accuracy through regulation.accuracy through regulation.
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Linear Regulator: Power EfficiencyLinear Regulator: Power Efficiency
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pMOS pass device provides much better power efficiency 
due to much smaller dropout voltage (Vin-Vout=Vdsat)!
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Design Requirements of LDODesign Requirements of LDO

�� ““ StabilityStability ”” under different load currents.under different load currents.
�� ““ Small quiescent current and output capacitorSmall quiescent current and output capacitor ”” for better for better 

battery lifetime and lower cost considerations.battery lifetime and lower cost considerations.
�� ““ Good load transient responsesGood load transient responses ”” under small current under small current 

consumption and output capacitor.consumption and output capacitor.

PP11 PP22

PP33
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Stability ConsiderationsStability Considerations

�� Pushing Pushing PP22 and and PP11 to high frequencyto high frequency
�� Small buffer output resistance Small buffer output resistance rrobob

�� Small buffer input capacitance Small buffer input capacitance CCibib

�� Will we suffer from any Will we suffer from any tradeoff(stradeoff(s) by achieving ) by achieving 
stability?stability?

PP22PP11
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Conventional Source FollowerConventional Source Follower

�� Option 1: Moving Option 1: Moving PP22 to higher frequency byto higher frequency by increasing increasing ggm21m21

�� Increases LDO quiescent currentIncreases LDO quiescent current oror

�� Increases (W/L)Increases (W/L) M21 M21 & & PP11 moves to lower frequencymoves to lower frequency

�� Option 2: If using ESR zero for poleOption 2: If using ESR zero for pole--zero cancellationzero cancellation
�� Degrades transient undershoot/overshoot performance sDegrades transient undershoot/overshoot performance s
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BufferBuffer--Impedance AttenuationImpedance Attenuation

�� Add local feedback to the source followerAdd local feedback to the source follower

�� Q20 createsQ20 creates shunt feedback to decrease rshunt feedback to decrease robob

�� Q20 can be replaced by Q20 can be replaced by nMOSnMOS

Shunt Feedback Device
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Impact of Shunt FeedbackImpact of Shunt Feedback
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where where 

ggm21m21 : the : the transconductancetransconductance of source follower M21of source follower M21

ββQ21Q21 : current gain of the : current gain of the npnnpn device >>1device >>1

�� PP22 = 1/(r= 1/(robob⋅⋅CCgg)) moves to higher frequency by the current moves to higher frequency by the current 
gain of the gain of the npnnpn device device 

where where 

CCgg is total capacitance at the buffer outputis total capacitance at the buffer output

�� The effective output resistance of the buffer:The effective output resistance of the buffer:
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�� Transistors M23 Transistors M23 -- M25 allow that M25 allow that rrobob decreases as load decreases as load 
current increases current increases ⇒⇒ PP22 increases with the load current.increases with the load current.

DynamicallyDynamically--Biased Shunt FeedbackBiased Shunt Feedback

( ) 24mQ20m21
ob gβ1g

1
r

++⋅
=
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LDO Frequency CompensationLDO Frequency Compensation

�� The proposed LDO has two gain stages.The proposed LDO has two gain stages.

�� CurrentCurrent--buffer compensation scheme for splitting buffer compensation scheme for splitting PP11 and and 
PP33 through through CCcc and M3.and M3.

PP33

PP11
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LDO Bode PlotsLDO Bode Plots

�� FirstFirst--order order rolloffrolloff behavior under different load currents.behavior under different load currents.

�� Stability of the LDO is achieved.Stability of the LDO is achieved.
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LDO SchematicLDO Schematic
Proposed Buffer

M. Al-Shyoukh, H. Lee, and R. Perez, “A transient-enhanced low-quiescent current low-
dropout regulator with buffer impedance attenuation,” IEEE J. Solid-State Circuits, to appear in 
Aug. 2007.
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Micrograph of LDOMicrograph of LDO

Proposed LDO

0.48mm

0.55m
m

�� LDO implemented in a LDO implemented in a 
0.350.35µµm CMOS processm CMOS process

�� LDO area = 0.264 mmLDO area = 0.264 mm22
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Measured Load Transient ResponseMeasured Load Transient Response

�� 20mV undershoot under load step changes of 20mV undershoot under load step changes of 
200mA/100ns.200mA/100ns.

Total ∆∆∆∆Vout = 54mV
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Performance SummaryPerformance Summary

2 mV/V2 mV/V
DC Line RegulationDC Line Regulation

∆∆VVinin = 3.5V= 3.5V

1 1 µµFFOutput CapacitorOutput Capacitor

0.2 V0.2 VDropout Voltage (Dropout Voltage (VVdodo))

170 170 µµV/mAV/mA

(single (single bondwirebondwire))
DC Load RegulationDC Load Regulation

0 0 –– 200mA200mA

0.264 mm0.264 mm22Die AreaDie Area

0.35 0.35 µµm CMOSm CMOSTechnologyTechnology

Undershoot < 1%Undershoot < 1%

CCLL = 1= 1µµFF
Transient ResponseTransient Response

0 0 –– 200mA Step200mA Step

20 20 µµAAIIqq (no load)(no load)

200 200 mAmAFull Load CurrentFull Load Current
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Performance Comparisons of Performance Comparisons of LDOsLDOs
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ConclusionsConclusions

�� LDOsLDOs are widelyare widely--used used inductorlessinductorless dcdc--dc converters dc converters 
in portable equipment.in portable equipment.

�� DynamicallyDynamically--biased shunt feedback is developed in biased shunt feedback is developed in 
the LDO to achieve stability and good load transient the LDO to achieve stability and good load transient 
response while consuming small quiescent current response while consuming small quiescent current 
and output capacitor under a wide range of load and output capacitor under a wide range of load 
currents.currents.


