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Abstract

A new
��� ���

CMOSlarge capacitive–loaddriver circuit,
usinga directbootstrap technique, for low–voltage CMOS
VLSI digital designis presented.Theproposeddriver cir-
cuit exhibits a high speedand low powerconsumptionto
drive large capacitiveloads.We compare our driver struc-
ture with the direct bootstrap circuit [1] in terms of the
productof threemetrics,activearea,propagation timede-
lay andpowerconsumption.Resultsdemonstratethesupe-
rior performanceof theproposeddriver circuit.

1. Intr oduction

For next–generationCMOS VLSI circuits, low supply
voltageis the unavoidabletrend.The developmentof new
CMOS driverscapableof working at reducedpower sup-
pliesmakesit thetopobjectivefor many VLSI applications.

In a practicaldriver, bootstrapping [1, 2] is a dynamic
circuit techniquethatobtainsafull rail–to–railoutputswing
andreducespropagationtimedelays.Suchtechniqueusesa
capacitorto couplechargefrom asource.Thechargeboosts
an internal nodeor output nodeabove the power supply
voltage,achieving a full output voltageswing and a high
switchingspeed.Indirect bootstrapconsistsin connecting
a nodeof the bootstrapcapacitorto the gateof the output
device — NMOS/PMOStransistor— of thedriver circuit.
Whereas,in directbootstrap,anodeof thebootstrapcapac-
itor is theoutputport of thedriver. Theeffectivenesof the
directbootstraptechniqueusedin thedrivercircuit is deter-
minedby thebootstrapcapacitor.

This paperpresentsa comparisonbetweentwo direct
bootstrappeddrivercircuits.Thedrivercircuitsarebasedon
theschemeof asub–1VCMOSlargecapacitive loaddriver
circuit usingdirectbootstraptechnique[1]. Section2 and3

� This work was fundedunderVER (PI2002/127)project by the Re-
searchandUniversityGeneralDirectorateof theCanaryGovernment
andDCIR (TIC2002–02998)projectby theSpanishMinistry of Sci-
enceandTechnology.

referto thecircuit topologyandoperationof our driver, re-
spectively. Section4 focusesonperformanceevaluationand
comparisons.

2. Dri ver Cir cuit Structur es

D-driver relatesthe circuit driver in [1]. The proposed
circuit (M–driver) is illustratedin Figure1.
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Figure 1. M–driver .

As akey improvement,wehaveenhancedthedriving ca-
pability of nodes1 and4. Insteadof connectingpasstran-
sistorsM3 andM5 to nodes1 and4, their gate channels
arecontrolledby invertersX3 andX4, respectively. Outper-
forming thepower consumptionof thedriver circuit in [1]
is carriedoutby theinverterX4, whichcontrolsthetransis-
tor M4.

3. Cir cuit Operation

Thestructureof thedriver shown in Figure1 consistsin
threestages,namely, controllingsignalcircuit, positiveand
negative pumpingcircuit, and,driving circuit.
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Figure 2. Volta ge waveforms of M–driver .

Thecontrollingsignalcircuit is composedof the invert-
ersX1,X2,X3 andX4. They generateinvertingsignalof the
input portVin. X1 andX2 controlpull–upandpull–down
transistorsM0 andM1, respectively. WhereasX3 andX4
control a passtransistorto directly pull–up/down the out-
putport, respectively.

Thesecondstageis apositiveandnegativepumpingcir-
cuit. It consistsof a transistorwith onepumpingcapacitor
for positiveandnegative voltagepumping.Thelaststageis
the driving circuit, it is composedof a pair of PMOSand
NMOS transistors,M0 andM1, respectively.

Prior to pull–up operation,the bootstrappingcapacitor
Cb1 is prechargedto Vdd throughM2. During pull–upcy-
cle,nodeVin is athigh logic level (high) andV(1), V(5)
andV(6) — logic levelsof node1, 5, and6, respectively
— areat low logic level (low), causingM0 andM3 to turn
on, andM2 to turn off. WhenM3 is on, nodes2 andVout
arebootstrapped,andoutputnodeVout is quickly pulled
to high. While M4 turnsonprechargingCb2 to high, V(6)
andV(4) arelow. Therefore,M5 andM1 areturnedoff.

During pull–down operation, node Vin is low and
V(1), V(2), V(5) and V(6) are high, causing M5
and M1 to turn on, and M4 to turn off. When M5 turns
on, nodes3 and Vout are bootstrapped,and the out-
put is quickly pulled to low. While M2 turnson precharg-
ing Cb1 to high, V(5) and V(1) are high. Therefore,
M3 and M0 are turned off. Figure 2 illustrates the volt-
agewaveformsof the nodes2, 3, Vin andVout. Note
that theoutputvoltagemaysurpassto

��� ���
for a shortpe-

riod time.

4. ComparativeEvaluation

In thissection,wecomparetheperformanceof thenovel
driver circuit M–driver against the best publisheddirect
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Figure 3. Delay � Active Area � Power ver-
sus load capacitance .

bootstrappeddriver circuit [1]. We designedboth circuits
using a 	 � �
����
 CMOS SALICIDE

��� ���
processfrom

UMC. The circuits were usedto drive a clock signal of� 	�	������ , and ��	
	���� of riseandfall times.Thedriver cir-
cuitswereloadedwith capacitancesfrom

� ��� to ����� rep-
resentingaclocknetwork capacitive loading.

To provide a fairercomparisonbetweendriverscircuits,
we definea Figureof Merit (� ), asthe productof the per-
formanceactivearea,delayandpower.

Figure 3 illustrates � in termsof the load capacitance
for thedrivers. � is definedas ��� � ��
"! . It is shown that
M–driver has the bestFigure of Merit. In particular, M–
driver is a #�	%$ faster, andconsumes

� 	�$ lesspower than
theconventionalD–driver. M–drivercircuit occupiesanac-
tive areaof ��& ��
"! , that is anincrementof ��$ in compari-
sonwith D–drivercircuit ( '(� ��
)! ).

5. Conclusions

In this paper, we have introduceda new direct boot-
strappedCMOSdriver, termedM–driver. Usinga 	 � ���*��

CMOS SALICIDE

��� ���
processfrom UMC, this circuit

exposesthebestcompromisein termsof speed,power and
active areain comparisonwith D–driver [1].
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