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ABSTRACT	

The	temperature	dependent	subthreshold	and	gate	oxide	leakage	power	characteristics	of	domino	logic	circuits	are	evaluated	
in	 this	paper.	The	preferred	 input	vectors	and	node	voltage	 states	minimize	 the	 total	 leakage	power	consumption	and	are	
identified	at	the	lower	and	upper	extremes	of	a	typical	die	temperature	spectrum.	Previous	studies	indicate	that	a	discharged	
dynamic	node	voltage	states	with	high	inputs	is	preferable	to	reduce	the	subthreshold	leakage	power	consumption	in	an	idle	
dual	threshold	voltage	domino	gate	 .The	significantly	increased	gate	dielectric	tunneling	current,	as	described	in	this	paper,	
dramatically	changes	the	leakage	power	characteristics	of	dynamic	circuits	in	the	sub‐90nm	CMOS	technologies.	Furthermore,	
the	leakage	power	savings	provided	by	the	dual	threshold	voltage	domino	logic	circuit	techniques	are	all	together	reduced	due	
to	the	significance	of	the	gate	dielectric	tunneling	in	the	nanometer	CMOS	technologies.	

Index	Terms	—	Domino	Logic,	Dynamic	Circuit.	

1. INTRODUCTION	

Both	 the	 threshold	 voltage	 and	 the	 gate	 insulator	
thickness	 (tox)	 are	 reduced	 with	 the	 scaling	 of	 CMOS	
technology.	The	lowering	of	threshold	voltage	leads	to	an	
exponential	 increasing	 the	 subthreshold	 leakage	 current.	
Alternatively,	 reducing	 the	 tox	 increases	 the	 gate	
tunneling	 current.	 In	 the	 CMOS	 technologies	 with	 a	 to	
greater	than	20	Å,	the	gate	oxide	leakage	current	(Igate)	is	
orders	 of	 magnitude	 smaller	 than	 the	 subthreshold	
leakage	 current	 (Isubthreshold)	 [1].	 The	 focus	 of	 the	
previously	 published	 low	 leakage	 circuit	 techniques	
has,therefore,	been	on	reducing	the	subthreshold	leakage	
current	while	 the	 gate	 oxide	 leakage	 has	 been	 neglected	
[2]‐[7].A	 quantitative	 study	 of	 the	 subthreshold	 leakage	
current	characteristics	of	standard	 low	threshold	voltage	
(low‐Vt)	 and	 dual	 threshold	 voltage	 (dual‐Vt)	 domino	
logic	circuits	at	high	temperatures	is	presented	in	[2].	The	
study	 indicates	 that	 a	 discharged	 dynamic	 node	 voltage	
state	 is	 highly	 preferable	 to	 reduce	 the	 subthreshold	
leakage	 power	 consumption	 of	 a	 dual‐Vt	 domino	 gate.	
Based	 on	 this	 observation,	 several	 circuit	 techniques	 to	
place	idle	dual‐Vt	domino	gates	 into	a	 low	dynamic	node	
voltage	 state	 have	 been	 proposed	 in	 [3]‐[7].	 All	 of	 these	
techniques,	 however,	 assume	 that	 the	 tunneling	 current	
through	the	gate	oxide	is	negligible.	Igate	is	caused	by	the	
direct	 tunneling	 of	 the	 electrons	 and	 holes	 through	 the	
insulating	 layer	 underneath	 the	 gate.	 The	 tunneling	
probability	 of	 carriers	 increases	 due	 to	 the	 aggressive	
scaling	 of	 the	 tox	with	 each	 new	 technology	 generation.	
The	 variation	 of	 the	 Isubthreshold	 and	 the	 Igate	 of	 an	
NMOS	transistor	with	the	supply	voltage	is	shown	in	Fig.	
1,	assuming	a	45nm	CMOS	technology.		

	

Figure	1:	Comparison	of	the	subthreshold	and	gate	oxide	
leakage	currents	produced	by	an	NMOS	transistor	for	
various	supply	voltages	at	two	different	temperatures.	

Isubthreshold:	VGS	=	0	and	VDS	=	VDD.	Igate:	VGS	=	VGD	=	VGB	=	
VDD.	

At	 the	high	 temperature	 and	 the	nominal	 supply	 voltage	
(VDD	=	0.8	V),	the	Isubthreshold	is	6.7	×	higher	than	the	Igate	as	
illustrated	 in	 Fig.	 1.	 Alternatively,	 at	 the	 room	
temperature,	 the	 Igate	 is	 2.5	 ×	 higher	 than	 the	 Isubthreshold.	
The	 contribution	 of	 Igate	 to	 the	 total	 leakage	 power	
consumption	 can,	 therefore,	 no	 longer	 be	 ignored	 in	 the	
sub‐90nm	CMOS	technologies.	Particularly	at	 the	 low	die	
temperatures	during	long	idle	periods,	most	of	the	power	
consumption	could	occur	due	to	the	gate	oxide	leakage.	A	
quantitative	 study	 of	 the	 subthreshold	 and	 gate	 oxide	
leakage	 power	 characteristics	 of	 standard	 low‐Vt	 and	
dual‐Vt	 domino	 logic	 circuits	 for	 a	 wide	 temperature	
spectrum	is	presented	in	this	paper.	The	study	indicates	a	
dramatic	 change	 in	 the	 leakage	 power	 characteristics	 of	
domino	 logic	 circuits	 in	 a	 45nm	 CMOS	 technology.	 In	 a	
dual‐Vt	domino	gate,	 the	subthreshold	 leakage	current	 is	
minimized	when	 the	dynamic	node	 is	discharged	(inputs	
are	 high).	 When	 the	 inputs	 are	 high,	 however,	 the	 pull‐
down	network	 produces	 a	 significant	 gate	 oxide	 leakage	
current.	 When	 an	 idle	 domino	 gate	 is	 driven	 with	 high	
inputs	as	suggested	by	the	techniques	proposed	in	[2]‐[7],	
the	 dominant	 leakage	 mechanism	 shifts	 from	 the	
subthreshold	 leakage	 to	 the	 gate	 dielectric	 tunneling.	 In	
this	 paper,	 it	 is	 shown	 that	 at	 relatively	 low	 junction	
temperatures	a	charged	dynamic	node	voltage	state	with	
a	 low	 input	 vector	 is	 preferable	 for	 lowering	 the	 total	
leakage	power	 consumed	by	 the	most	widely	used	 types	
of	 dual‐Vt	 domino	 gates.	 Similarly,	 the	 inputs	 applied	 to	
all	 types	 of	 low‐Vt	 domino	 gates	 should	 be	 maintained	
low	to	minimize	 the	 total	 leakage	power	consumption	at	
the	 low	 temperatures.	 New	 low	 leakage	 circuit	 design	
guidelines	based	on	the	results	are	provided.	The	paper	is	
organized	 as	 follows.	 The	 leakage	 current	 conduction	 in	
dynamic	CMOS	circuits	is	analyzed	in	Section	II..	The	total	
leakage	 power	 consumption	 of	 domino	 logic	 circuits	 at	
the	high	and	low	die	temperatures	is	evaluated	in	section	
III.	Some	conclusions	are	offered	in	Section	IV.	
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2. LEAKAGE	CURRENT	CONDUCTION	IN	DOMINO	
LOGIC	CIRCUITS	

The	 leakage	 current	 conduction	 paths	 in	 dynamic	 CMOS	
circuits	are	identified	in	this	section.	The	variation	of	the	
Isubthreshold	 and	 Igate	 conduction	 paths	 with	 the	 node	
voltages	in	a	two‐input	dual	Vt	domino	AND	gate	is	shown	
in	Fig.	2.	All	of	the	transistors	that	can	be	activated	during	
the	evaluation	phase	(performance	critical)	have	a	low‐Vt.	
alternatively,	 those	 transistors	 that	are	active	during	 the	
precharge	phase	have	a	high	threshold	voltage	(high‐Vt).	

	

	

In	this	paper,	it	is	assumed	that	the	clock	is	gated	high	in	
an	idle	domino	logic	circuit.	When	the	clock	is	gated	high,	
the	pull‐up	transistor	is	turned	off,	ensuring	that	no	short‐
circuit	current	conduction	path	exists	between	the	power	
supply	 and	 ground.	 The	 dynamic	 node	 is	 cyclically	
charged	every	clock	period.	Therefore,	provided	 that	 the	
inputs	are	low	after	the	clock	is	gated,	the	dynamic	node	is	
maintained	high	in	the	idle	mode,	as	illustrated	in	Fig.	2a.	
Alternatively,	 provided	 that	 theinputs	 are	 high	 after	 the	
clock	 is	 gated,	 the	 dynamic	 node	 is	 discharged	 and	 the	
output	 transitions	 high,	 as	 shown	 in	 Fig.	 2b.	 When	 the	
inputs	are	low,	the	high‐Vt	transistors	(except	the	pull‐up	
transistor	 since	 the	 clock	 is	 gated	 high)	 are	 turned	 on	
while	 the	 low‐Vt	 transistors	 are	 cut	 off,	 producing	
significant	subthreshold	leakage	current.	Meanwhile,	edge	
tunnelling	 currents	 exist	 in	 all	 of	 the	 low‐Vt	 transistors.	
Similarly,	 thehigh‐Vt	 transistors	 operating	 in	 the	 active	
region	conduct	Igate,as	illustrated	in	Fig.	2a.	Alternatively,	
when	 the	 inputs	 are	 maintained	 high	 and	 the	 dynamic	
node	 is	discharged,	all	of	 the	high‐Vt	 transistors	are	cut‐
off,	 suppressing	 the	 Isubthreshold	 [2].	The	 transistors	 in	
the	 pull‐down	 network	 are	 placed	 into	 the	 highest	 gate	
oxide	leakage	current	state	due	to	the	asserted	inputs	and	
the	 discharged	 dynamic	 node,	 as	 shown	 in	 Fig.	 2b.	
Meanwhile,	 edge	 tunnelling	 currents	 exist	 in	 the	 high‐Vt	

transistors.	 The	 previous	 studies	 indicate	 that	 a	
discharged	 dynamic	 node	 voltage	 state	 is	 preferred	 for	
lowering	the	subthreshold	leakage	power	consumption	of	
an	 idle	 dual‐Vt	 domino	 gate	 [2]‐[7].	 Based	 on	 this	
observation,	 subthreshold	 leakage	 current	 reduction	
techniques	 utilizing	 either	 additional	 sleep	 switches	 or	
input	 gating	 to	 discharge	 and	 charge	 the	 dynamic	 and	
output	 nodes,	 respectively,	 of	 all	 of	 the	 domino	 gates	 in	
dual‐Vt	 dynamic	 circuits	 have	 been	 proposed	 in	 [3]‐[7].	
The	high	output	of	an	idle	domino	gate	places	the	fan‐out	
gates	into	the	highest	gate	oxide	leakage	current	state,	as	
illustrated	 in	Fig.	2b.	The	techniques	proposed	in	[3]‐[7],	
therefore,	 increase	 the	 Igate	while	 reducing	 the	 Isubthreshold.	
The	 relative	contribution	of	 the	 Isubthreshold	 and	 Igate	 to	 the	
total	 leakage	 power	 consumption	 varies	with	 the	 fan‐in,	
input	 vector,	 structure	 of	 the	 pull‐down	 network	
(existence	of	the	stack	effect),	and	the	die	temperature.	A	
quantitative	 study	 is	 presented	 in	 this	 paper	 to	 identify	
the	 optimum	 circuit	 statesnwith	 the	 minimum	 total	
leakage	 power	 consumption	 at	 the	 two	 extremes	 of	 a	
typical	 die	 temperature	 spectrum.	 It	 is	 shown	 that	 the	
previously	 proposed	 dual‐Vt	 domino	 logic	 circuit	
techniques	become	ineffective	for	leakage	reduction	at	the	
low	die	 temperatures	 due	 to	 the	 significance	 of	 the	 gate	
tunnelling	 current	 in	 the	 scaled	 nanometer	 CMOS	
technologies.	

3. TEMPERATURE	 DEPENDENT	 LEAKAGE	
POWER	 CHARACTERISTICS	 OF	 DYNAMIC	
CIRCUITS	

The	 leakage	 power	 characteristics	 of	 dynamic	 CMOS	
circuits	 are	 evaluated	 in	 this	 section.	 The	 45nm	 BSIM4	
device	models	are	used	 for	an	accurate	estimation	of	 the	
gate	oxide	 leakage	current	 [8].	The	data	are	produced	at	
the	worst	 case	 die	 temperature	 of	 110	 ºC	 and	 the	 room	
temperature.	 The	 subthreshold	 and	 gate	 oxide	 leakage	
currents	produced	by	 the	 low‐Vt	 and	high‐Vt	 transistors	
are	listed	in	Table	I.	

Table	I:	The	Normalized	Subthreshold	And	Gate	Oxide	
Leakage	Currents	Of	The	Low‐Vt	And	High‐Vt	Transistors	

At	The	Two	Different	Die	Temperatures.	

	

The	leakage	currents	produced	by	the	MOS	transistors	at	
the	 high	 and	 low	 die	 temperatures	 are	 discussed	 in	
Sections	 A	 and	 C,	 respectively.	 The	 leakage	 power	
consumption	of	various	 low‐Vt	and	dual‐Vt	domino	 logic	
circuits	 at	 a	 worst	 case	 high	 temperature	 of	 110	 ºC	 is	
explored	 in	 Section	B.	The	 leakage	power	 characteristics	
of	 dynamic	 circuits	 at	 the	 room	 temperature	 are	
evaluated	in	Section	D.	

3.1	 LEAKAGE	 CURRENTS	 IN	 MOSFETS	 AT	 HIGH	
TEMPERATURE	
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At	110	ºC,	 the	 Igate	of	a	 low‐Vt	NMOS	transistor	 is	4.3	×	
and4.7	 ×	 higher	 than	 the	 Isubthreshold	 of	 the	 high‐Vt	
NMOS	 andPMOS	 transistors,	 respectively,	 as	 listed	 in	
Table	I.	When	theinputs	applied	to	a	dual‐Vt	domino	gate	
are	high,	thesubthreshold	leakage	current	is	produced	by	
the	 high‐Vttransistors	 (See	 Fig.	 2b).	 The	 Igate	 produced	
by	 the	 low‐	 NMOS	 pull‐down	 transistors,	 therefore,	
dominates	the	totalleakage	power	consumption	of	a	dual‐
Vt	domino	gate	when	theinputs	are	high.	The	Isubthreshold	of	
a	 low‐Vt	NMOS	 transistor	 is	 6.7	 ×	 and	 9.0	×	 higher	 than	
the	 Igate	 of	 the	 low‐Vt	 and	 high‐Vt	 NMOS	 transistors,	
respectively.	 Similarly,	 the	 Isubthreshold	 of	 a	 low‐Vt	 PMOS	
transistor	 is	4.8	×	 and	6.5	×	higher	 than	 the	 Igate	of	 the	
low‐Vt	and	high‐Vt	NMOS	transistors,	respectively.	When	
the	 inputs	applied	 to	a	dual‐Vt	domino	gate	are	 low,	 the	
subthreshold	 leakage	 current	 is	 produced	 by	 the	 low‐Vt	
transistors	 (See	 Fig.	 2a).	 Therefore,	 the	 Isubthreshold	
produced	by	

the	low‐Vt	transistors	dominates	the	total	 leakage	power	
consumption	 of	 a	 dual‐Vt	 domino	 gate	 when	 the	 inputs	
are	 maintained	 low.	 Since	 the	 Igate	 of	 the	 pull‐down	
transistors	 (inputs	 maintained	 high)	 is	 lower	 than	 the	
Isubthreshold	 of	 the	 low‐Vt	 transistors	 (inputs	
maintained	low),	gating	inputs	high	is	effective	to	reduce	
the	 total	 leakage	 power	 consumption	 at	 110	 ºC.	 This	
observation	 is	 the	 basis	 of	 the	 previously	 published	 low	
leakage	circuit	techniques	that	attempt	to	cut‐off	the	high‐
Vt	 transistorsand	 suppress	 the	 Isubthreshold	 by	
maintaining	the	inputs	high.	

3.2	 LEAKAGE	 POWER	 CHARACTERISTICS	 AT	 HIGH	
TEMPERATURE	

The	variation	of	 the	 total	 leakage	power	 consumption	of	
the	 domino	 logic	 circuits	 with	 the	 two	 different	 input	
gating	techniques	at	110	ºC	is	shown	in	Fig.	3.	Maintaining	
the	sleep	mode	 inputs	high	 is	preferable	 to	suppress	 the	
leakage	power	consumption	in	all	types	of	dual‐Vt	domino	
gates	 at	 a	 high	 die	 temperature.	 For	 the	 low‐Vt	 domino	
gates,	the	transistors	stack	in	the	pull‐down	network	of	an	
AND	 gate	 lowers	 the	 Isubthreshold	when	 the	 inputs	 are	
low.	 A	 high	 dynamic	 node	 voltage	 statewith	 low	 inputs	
minimizes	 the	 total	 leakage	 power	 consumption	 of	 the	
low‐Vt	AND	gates	by	simultaneously	suppressing	the	gate	
oxide	and	subthreshold	leakage	currents.	

3.3	 LEAKAGE	 CURRENTS	 IN	 MOSFETS	 AT	 ROOM	
TEMPERATURE	

At	25	ºC,	the	Igate	of	a	low‐Vt	NMOS	transistor	is	198.9	×	
and	159.1	×	higher	than	the	Isubthreshold	of	the	high‐Vt	
NMOS	 and	 PMOS	 transistors,	 respectively.	 The	 Igate	
produced	by	the	pull‐down	network,	therefore,	dominates	
the	total	leakage	power	consumption	of	a	dual‐Vt	domino	
gate	 when	 the	 inputs	 are	 high	 (See	 Fig.	 2b).	 When	 the	
inputs	 are	 low,	 a	 portion	 of	 the	 total	 gate	 oxide	 leakage	
current	 is	 conducted	by	 the	high‐Vt	NMOS	 transistors	 in	
the	inverters.	The	Igate	of	a	high‐Vt	NMOS	transistor	is	2.0	
×and	 2.3	 ×	 higher	 than	 the	 Isubthreshold	 of	 the	 low‐Vt	
NMOS	 and	 PMOS	 transistors,	 respectively.	 The	 only	
significant	 gate	 tunneling	 current	 in	 the	 pull‐down	
network	 is	 through	 the	gate‐to‐drain	overlap	area	of	 the	
topmost	 transistor	 in	each	 transistor	stack,	as	 illustrated	
in	 Fig.	 2a.	 The	 gate‐to‐drain	 edge	 tunneling	 current	
through	 a	 low‐Vt	 NMOS	 transistor	 is	 similarto	 the	

Isubthreshold	 of	 the	 transistor	 (difference	 is	 less	 than	
5%).	 Therefore,	 the	 contribution	 of	 the	 edge	 tunneling	
current	 and	 Isubthreshold	 to	 the	 total	 leakage	 power	
consumption	 is	 similar	 in	 the	 pull‐down	 network.The	
Igate	of	a	low‐Vt	NMOS	transistor	is	2.5	×	and	3.0	×	higher	
than	 the	 Isubthreshold	 of	 the	 low‐Vt	 NMOS	 and	 PMOS	
transistors,	respectively.	In	a	high	fan‐in	domino	gate,	the	
leakage	 current	 produced	 by	 the	 pull‐down	 network	
dominates	 the	 total	 leakage	 power	 consumption.	 The	
Igate	 of	 the	 pull‐down	 transistors	 when	 the	 inputs	 are	
high	 is	 higher	 than	 the	 Isubthreshold	 and	 the	 edge	
tunneling	 current	 of	 the	 pull‐down	 transistors	when	 the	
inputs	 are	 low.	Maintaining	 the	 inputs	 low	 is,	 therefore,	
preferable	 to	 minimize	 the	 total	 leakage	 power	
consumption	in	a	wide	fan‐in	domino	gate.	Based	on	this	
result,	 new	 low	 leakage	 circuit	 design	 guidelines	
applicable	to	the	scaled	nanometer	CMOS	technologies	are	
offered	in	Section	D.	

	

3.4	 LEAKAGE	 POWER	 CHARACTERISTICS	 AT	 ROOM	
TEMPERATURE	

The	variation	of	 the	 total	 leakage	power	 consumption	of	
domino	 logic	 circuits	with	 the	 two	different	 input	 gating	
techniques	 at	 25	 ºC	 is	 shown	 in	 Fig.	 4.	 For	 the	 low‐Vt	
domino	 logic	 circuits,	 unlike	 the	 previously	 published	
results	for	an	older	technology	[2],	maintaining	the	sleep	
mode	 inputs	 low	 is	 preferable	 to	 minimize	 the	 total	
leakage	power	consumption	in	all	types	of	gates	since	the	
gate	 dielectric	 tunneling	 in	 NMOS	 transistors	 is	 the	
dominant	 leakage	 mechanism	 (see	 Section	 C).A	 high	
dynamic	 node	 voltage	 state	with	 low	 inputs	 reduces	 the	
total	 leakage	power	 consumption	by	23%	 (OR2)	 to	71%	
(AND4)	as	compared	to	a	low	dynamic	node	voltage	state	
with	 high	 inputs,	 as	 shown	 in	 Fig.	 4.	 For	 the	 dual‐Vt	
domino	 logic	 circuits,	 the	 preferable	 input	 vector	 and	
circuit	node	voltage	 state	 vary	with	 the	 circuit	 type.	The	
leakage	power	 consumed	by	 the	various	dual‐Vt	domino	
logic	 circuits	 with	 the	 two	 different	 techniques	 of	 input	
gating	are	listed	in	Table	II.	The	Isubthreshold	of	an	AND	
gate	 is	 reduced	 by	 the	 stack	 effect	 when	 the	 inputs	 are	
low.	 Alternatively,	 a	 high	 input	 vector	 places	 the	 pull‐
down	 network	 transistors	 into	 the	 highest	 gate	 oxide	
leakage	current	state.	The	total	 leakage	power	consumed	
by	 the	 domino	 logic	 circuits	 with	 stacked	 pull‐down	
transistors,	 therefore	 ,	 significantly	 increases	 provided	
that	 the	 inputs	 are	 high.	 The	 total	 leakage	 power	 is	
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reduced	 by	 29%	 and	 63%	 for	 the	 dual‐Vt	 AND2	 and	
AND4,	respectively,	at	a	high	dynamic	node	voltage	state	
(inputs	 maintained	 low)	 as	 compared	 to	 a	 low	 dynamic	
node	voltage	state	(inputs	maintained	high).	

	

As	listed	in	Table	II,	maintaining	the	inputs	high	in	an	idle	
dual‐Vt	circuit	 is	preferable	 to	reduce	the	 leakage	power	
only	 in	a	two	input	OR	gate	(12.7%	leakage	reduction	as	
compared	to	a	low	input	vector).	As	the	number	of	inputs	
increases,	the	Igate	produced	by	the	pull‐down	transistors	
dominates	the	total	leakage	power	consumption	when	the	
inputs	 are	 high.	 A	 high	 dynamic	 node	 voltage	 state	with	
low	inputs,	therefore,	offers	up	to	15.7%	(OR8)	reduction	
in	the	total	leakage	power	consumption	as	compared	to	a	
low	 dynamic	 node	 voltage	 state	 with	 high	 inputs	 in	 the	
high	fan‐in	dual‐Vt	OR	gates.	Similarly,	a	low	input	vector	
reduces	the	leakage	power	by	50%	as	compared	to	a	high	
input	 vector	 in	 MUX16.	 Previous	 dual‐Vt	 domino	 logic	
circuit	 techniques	 ([3]‐[7])	 based	 on	 maintaining	 the	
sleep	mode	inputs	high	are,	therefore,	no	longer	effective	
for	lowering	the	total	leakage	power	consumption	due	to	
the	 significance	 of	 the	 gate	 oxide	 leakage	 current	 in	 the	
sub‐90nm	 CMOS	 technologies.	 At	 the	 low	 die	
temperatures	 during	 long	 idle	 periods,	 the	 inputs	 to	 the	
high	fan‐in	OR	and	AND	type	dual‐Vt	and	all	types	of	low‐
Vt	 domino	 gates	 should	 be	maintained	 low	 for	 reducing	
the	total	leakage	power	consumption.	

4. CONCLUSIONS	

The	temperature	dependent	subthreshold	and	gate	oxide	
leakage	power	characteristics	of	domino	logic	circuits	are	
examined	in	this	paper.	The	leakage	power	characteristics	
of	 domino	 logic	 circuits	 shift	 due	 to	 the	 significant	
increase	in	the	gate	oxide	leakage	current	with	the	scaling	
of	technology.	

Previous	 dual‐Vt	 circuit	 techniques	 based	 on	 applying	
high	 inputs	 to	 an	 idle	 domino	 gate	 are	 ineffective	 for	

lowering	the	total	leakage	power	consumption	in	the	sub‐
90nm	 CMOS	 technologies.	 In	 a	 dual‐Vt	 domino	 gate,	 the	
Isubthreshold	 is	 minimized	 when	 the	 dynamic	 node	 is	
discharged	 by	 maintaining	 the	 inputs	 high.	 When	 the	
inputs	are	high,	however,	the	pull‐down	network	is	placed	
into	 the	 highest	 gate	 oxide	 leakage	 current	 state.	 The	
relative	 contributions	 of	 the	 Isubthreshold	 and	 Igate	 to	
the	total	leakage	power	consumption	vary	with	the	fan‐in,	
input	vectors,	structure	of	the	pull‐down	network,	and	the	
die	 temperature.	 At	 the	 room	 temperature,	 the	 Igate	
produced	 by	 the	 pull‐downnetwork	 dominates	 the	 total	
leakage	 power	 consumption	 in	 the	 high	 fan‐in	 OR	 and	
AND	type	domino	gates	when	the	inputs	are	high.	Dual‐Vt	
domino	logic	techniques	based	on	sleep	switches	or	input	
gating	 must,	 therefore,	 maintain	 the	 inputs	 low	 in	 the	
most	widely	used	 types	of	 the	domino	gates	 forlowering	
the	total	leakage	power	consumption.	Similarly,	a	charged	
dynamic	node	 voltage	 state	with	 low	 inputs	 is	 preferred	
for	 lowering	the	leakage	power	consumed	by	all	 types	of	
low‐Vt	domino	gates	 in	a	45nm	CMOS	technology.	At	 the	
low	 die	 temperatures,	 the	 leakage	 power	 savings	
provided	 by	 the	 dual‐Vt	 circuit	 technique	 is	 all	 together	
reduced	because	of	 the	significance	of	 the	gate	dielectric	
tunneling	 in	 the	 nanometer	 CMOS	 technologies.	 If	 the	
inputs	 aremaintained	 low	 in	 an	 idle	 domino	 gate	 as	
suggested	by	the	data	presented	in	this	paper,	the	leakage	
power	 savings	 provided	 by	 the	 dual‐Vt	 domino	 circuit	
technique	 as	 compared	 to	 the	 standard	 low‐Vt	 domino	
circuits	is	less	than	9%.	
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