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Abstract

A new 2.5V CMOSlarge capacitive—loaddriver circuit,
usinga directbootstap technique for low—voltage CMOS
VLSl digital designis presentedThe proposeddriver cir-
cuit exhibits a high speedand low power consumptiorto
drive large capacitiveloads.We compae our driver struc-
ture with the direct bootstap circuit [1] in terms of the
productof threemetrics,activearea, propagation time de-
lay and powerconsumptionResultsdemonstate the supe-
rior performanceof the proposediriver circuit.

1. Intr oduction

For next—-generationCMOS VLSI circuits, low supply
voltageis the unavoidabletrend. The developmentof new
CMOS drivers capableof working at reducedpower sup-
pliesmalesit thetop objective for mary VLSI applications.

In a practicaldriver, bootstapping[1, 2] is a dynamic
circuittechniquehatobtainsafull rail-to—railoutputswing
andreducegropagtiontime delays.Suchtechniquausesa
capacitorto couplechagefrom asource Thechageboosts
an internal node or output node abore the power supply
voltage,achievzing a full outputvoltage swing and a high
switching speed.Indirect bootstrapconsistsin connecting
a nodeof the bootstrapcapacitorto the gate of the output
device — NMOS/PMOStransistor— of the driver circuit.
Whereasin directbootstrapa nodeof the bootstrapcapac-
itor is the outputport of the driver. The effectivenesof the
directbootstrapgechniqueusedin thedriver circuit is deter
minedby the bootstrapcapacitor

This paperpresentsa comparisonbetweentwo direct
bootstrappedriver circuits. Thedrivercircuitsarebasen
theschemeof asub—1VCMOSIarge capacitve loaddriver
circuit usingdirectbootstrapechniqudl]. Section2 and3
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referto the circuit topologyandoperationof our driver, re-
spectvely. Sectiord focusesonperformancevaluationand
comparisons.

2. Driver Circuit Structures

D-driver relatesthe circuit driver in [1]. The proposed
circuit (M—driver) is illustratedin Figurel.

>
Vout
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I

Figure 1. M—driver.

As akey improvementwe have enhancedhedriving ca-
pability of nodesl and4. Insteadof connectingpasstran-
sistorsMB and Mb to nodesl and4, their gate channels
arecontrolledby invertersX3 andX4, respectrely. Outper
forming the power consumptiorof the driver circuit in [1]
is carriedout by theinverterX4, which controlsthetransis-
tor V4.

3. Circuit Operation

The structureof thedriver shawvn in Figurel consistsn
threestagesnamely controlling signalcircuit, positive and
negative pumpingcircuit, and,driving circuit.
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Figure 2. Voltage waveforms of M-driver .

Figure 3. Delay x Active Area x Power ver-
sus load capacitance .

The controlling signalcircuit is composedf theinvert-
ersXl, X2, X3 andX4. They generaténvertingsignalof the
input port Vi n. X1 andX2 control pull-up andpull-down
transistorsMD and ML, respectiely. WhereasX3 and X4
control a passtransistorto directly pull-up/davn the out-
put port, respectrely.

Thesecondstageis a positve andnegative pumpingcir-
cuit. It consistsof a transistorwith one pumpingcapacitor
for positive andnegative voltagepumping.Thelaststageis
the driving circuit, it is composef a pair of PMOSand
NMOS transistorsMD andML, respectiely.

Prior to pull-up operation,the bootstrappingcapacitor
Cb1 is prechagedto Vdd throughM2. During pull-up cy-
cle,nodeVi n is athighlogic level (high) andV( 1) , V( 5)
andV( 6) — logic levelsof nodel, 5, and6, respectiely
— areat low logic level (low), causingMd andM3 to turn
on,andM to turn off. WhenMB is on, nodes2 andVout
arebootstrappedand outputnodeVout is quickly pulled
to high. While M4 turnson prechaging Cb2 to high, V( 6)
andV( 4) arelow. ThereforeMb andML areturnedoff.

During pull-dowvn operation, node Vi n is low and
V(1), V(2), V(5) and V(6) are high, causing Vb
and ML to turn on, and M4 to turn off. When Mb turns
on, nodes3 and Vout are bootstrappedand the out-
putis quickly pulledto low. While M2 turnson prechag-
ing Cb1 to high, V(5) and V(1) are high. Therefore,
MB and MD are turned off. Figure 2 illustratesthe volt-
age waveformsof the nodes2, 3, Vi n and Vout . Note
thatthe outputvoltagemay surpasgo 2.9V for a shortpe-
riod time.

4. Comparative Evaluation

In this sectionwe comparehe performancef thenovel
driver circuit M—driver against the best publisheddirect

bootstrappediriver circuit [1]. We designedboth circuits
using a 0.25um CMOS SALICIDE 2.5V processfrom
UMC. The circuits were usedto drive a clock signal of
500M H z, and100ps of rise andfall times.Thedriver cir-
cuitswereloadedwith capacitancefrom 2pF' to 8p I’ rep-
resentinga clock network capacitie loading.

To provide a fairer comparisorbetweendriverscircuits,
we definea Figure of Merit (I'), asthe productof the per
formanceactive areadelayandpower.

Figure 3 illustratesI” in termsof the load capacitance
for thedrivers.T is definedasn.J x um?. It is shavn that
M—driver hasthe bestFigure of Merit. In particular M—
driver is a 30% faster andconsume20% lesspower than
thecorventionalD—driver. M—driver circuit occupiesanac-
tive areaof 84,m?2, thatis anincrementof 8% in compari-
sonwith D—driver circuit (78m?).

5. Conclusions

In this paper we have introduceda new direct boot-
strappedCMOS driver, termedM—driver. Usinga 0.25um
CMOS SALICIDE 2.5V processfrom UMC, this circuit
exposeghebestcompromisean termsof speedpowver and
active areain comparisorwith D—driver [1].
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