IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 47, NO. 1, JANUARY 2000 113
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Hetero-Material Gate Field-Effect Transistors
(HMGFET’s) with Gate-Material Engineering
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Abstract—The novel characteristics of a new type of MOSFET, bias, resulting in DIBL and CLM. Unconventional MOSFET'’s
the hetero-mate.rial gate field-effect tr_ansistor (HMGFET), are  employing asymmetric structures have been proposed [1]-[6]
explored theoretically and compared with those of the compatible to overcome the bottleneck in transport efficiency and SCE's.
MOSFET. Two conceptual processes for realizing the HMG L . . . .
structure are proposed for integration into the existing silicon The principal idea _behmd the f'zlsymmetrlc MOSFET is to tune
technology. The two-dimensional (2-D) numerical simulations the channel electric-field profile such that, compared to the
reveal that the HMGFET demonstrates extended threshold symmetric MOSFET, itis larger at the source side to accelerate
voltage roll-off to much smaller length and shows simultaneous carriers and smaller at the drain side to reduce short-channel
transconductance enhancement and suppression of short-channeland hot-carrier effects. This can be achieved by asymmetric

effects (SCE'’s) [drain-induced barrier-lowering (DIBL) and . .
channel-length modulation (CLM)] and, more importantly, these channel doping [1], asymmetric halo source (HS-GOLD) [2],

unique features could be controlled by engineering the material asymmetric sidewall [3], asymmetric S/D implant [4], and
and length of the gate. This work demonstrates a new way of dual-material gate (DMGFET) [5], [6]. Unlike asymmetric

engineering ultrasmall transistqrs and provides the incentive and structures employing doping engineering [1]-[4] in which
guide for experimental exploration. the channel field distribution is continuous, gate-material
Index Terms—Asymmetric MOSFET, asymmetric spacer, engineering with different workfunctions [5], [6] introduces a
channel-length  modulation, drain-induced barrier-lowering, field discontinuity along the channel, resulting in simultaneous
gate-material engineering, hetero-material gate FET. transport enhancement and SCE suppression. The idea is

similar to what was achieved by applying different gate bias

|. INTRODUCTION in dual-gate [7] or split-gate [8], [9] structures. However, the
novel characteristics of the hetero-material gate field-effect

j THE bM.OS ULSI technology IS pu§hed |r!t0 tr_]l_etransistor (HMGFET), as demonstrated experimentally [5] and
4 eep-submicron era, two major questions arise. ' Bedicted theoretically [6], promise to have significant impact
first question is: How can the device performance for a giv

technol be | 42 Th d ton is: H Flit can be realized in existing silicon ULSI technologies.
echnology be Improvea: € second question IS: FOW Can, g paper, the unique features of the HMGFET are

the technology be scaled into smaller dimensions? Within t@?plored and its performance in terms 1f roll-off, DIBL

context of MOS Qevice physics, the major limiting factorin/_,()ﬂ’ and g, /g, are compared with those of the conven-
for M,OSFET scaling are the so-called short-channel ?ﬁecﬁ%nal single-material gate MOSFET (SMGFET). The purpose
(SCE's), notably, threshold voltag#”) roll-off at decreasing of the work is to propose a new way of engineering deep-sub-

gate length L,) as well as drain—induced barrie_r-loweri_ngmicron MOSFET's with the focus on uncovering the potential
(DIBL) and channel-length modulation (CLM) at increasing .\ otie of the HMGEET in the context of a “compatible”
drain voltaggVy,). For logic applications, the major figures of

merit are the drive current (on-state currefit,) and leakage
current (off-state current/,g). For analog circuits, voltage
gain is an important design parameter, given by the ratio of
the transconductance over the drain conductangéd,). The ~ The key conceptin the HMGFET is to introduce a step func-
basic challenges in MOSFET scaling and reliability/perfoion in the potential along the channel such that the electric-field
mance optimization are the tradeoffs g/ V,4, Ion/Ig, and distribution is enhanced at the source side to increase the car-
Gm/a- rier velocity while the drain-potential change will be screened
A conventional (i.e., symmetrical) MOS structure will evento reduce the SCE’s [9], [6]. In the HMGFET structure, the gate
tually reach its scaling limit since, at very short gate lengt§onsists of two materials in contact:
the device operation is asymmetrical even at very small drain1) a poly-gate of lengtfi,, and workfunctiori¥,, defined by
the technology feature length; and
2) a‘“source-gate” (“S-gate”) of length, and workfunction

process to realize the proposed HMGFET.

Il. HMGFET STRUCTURE AND CONCEPTUAL PROCESSES
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Gate definition l Gate definition 4) performance comparison with SMGFET.

The major target parameters for comparison are as follows. The
linear threshold voltageV{;;,) is based on the maximumy;,
method (linear extrapolation af;,—V,, to zero) atVy, =
0.05 V. The saturation threshold voltagg, ) is based on

a modified constant-current method 18f, = 3 V where the
critical current is defined as the drain current whén = Vi,
[13]. The saturation current(y,) is the drain current at,; =

Vis = 3 V. The leakage currentl () is the drain current at
Vgs = 0andVy, =3V (or Vg, = 0.05V, as stated). The
transconductanceyy,) is extracted from the slope df;, -V,
atV,; = Vg = 3 V. The drain conductancey) is extracted
from the slope of 4,V betweenVy, =2 and 3V and/,; =

3 V. The major variables of investigation are: poly-Si gate
length (,), S-gate lengthi(,), S-gate workfunctionl{’;), and
channel dopingX.;.). N-channel device structures are created
and simulated by the two—dimensional (2-D) device simulator
MEDICI [14] to emulate an 0.2pam CMOS technology [6]
with ¢,, = 50, A N, = 4 x 101"cm=3, z; = 70 nm, and
W, = 4.17 eV. All device parameters for the HMGFET are
equivalent to those for the SMGFET unless otherwise stated.

S-gate deposition

S-gate masking

Asymmetric etch

2
S-gate etch back

l & Strip photoresist l ®) CMP

A. Scaling Characteristics with FixeH,

Fig. 1. Two conceptual processes to realize the proposed HMGFET with . . . .
a length of L, (S-gate spacer thickness), which require five additional steps Transistor scaling characteristics (i.e., at reduced feature

inserted between gate definition and LDD formation of a conventional (SMdgngth, L) are studied for different (fixed) values of the S-gate

process with gate length of,. The S-gate could be formed by either anlength L., with all other parameters taking their nominal

asymmetric etch (left) or asymmetric lift-off (right) process. values. The workfunction of the HMGFET uses the default
W, = 4.17 eV for the polysilicon gate andV, = 4.63

workfunction differenceAW,, = W, — W, for the location eV for the tungsten S-gate. The first, and probably the most
and the magnitude of the potential step at the hetero-matefiginificant, improvement over the SMGFET{ = 0) is the
interface. extendedV; roll-off down to much shorter length, as shown

In order to realize the HMGFET in current MOS technologyn Fig. 2. By adding a “spacer” of thickneds = 70-80 nm
it is assumed that the S-gate could be formed by a self-aligri€dthe source side of a conventional SMG procéss,, will
asymmetric spacer process [6] with precise and uniform thicRot roll off until aroundL,; = 0.08 um. Of course, it is not
ness control. Two conceptual processes are proposed, as ilf@gsible to achieve the asymmetric spacer for the S-gate at
trated in Fig. 1. Each process requires five additional steps ik = 0.08 pum with lithographic means. However, this implies
serted after gate definition and before LDD formation of a coibat, assuming the S-gate length (spacer thicknesgjan be
ventional (SMG) process. One additional mask is needed for thkgcisely controlled, threshold voltage will not be sensitive to
asymmetric S-gate, which requires a resolution better than thg (Poly-gate) variations at the 0.2%n technology node, a
transistor gate lengthi(,). It has been achieved for an Qun desirable feature for deep-submicron technology. This is due
gate length within the error of 0.15m [3], and recently, for an to the fact that the S-gate of the HMGFET is the main control
0.35:m asymmetric LDD process using photolithography. Th@ate while the poly-gate serves as a screening gate [5]. Another
S-gate could be formed by either an asymmetric etch (Fig. Unique feature of HMGFET is that; roll-off and roll-up
left) or asymmetric lift-off (Fig. 1, right) process (similar to [3]).can be controlled (tuned) by the S-gate lendth which is
Choices of the S-gate material and thickness are important génilar to the reverse short-channel effect (RSCE) commonly
sign variables to be studied in the next section. The specific nitributed to the boron pileup due to the S/D implant damage
terials [10]-[12] and deposition/etching processes are left f5], but with a different mechanism. Thg roll-off extension,
experimental exploration. or roll-up, is due to decreaseli,/L, ratio (for fixed L,) at
decreasingL, since the portion of the larger workfunction
S-gate is increased ds, decreases [6]. This feature will be
fully investigated in Section IlI-B.

Four computer experiments are designed to explore the chara second major improvement is the greatly reduced DIBL
acteristics of the HMGFET with respect to those of a compatiblgitage ¢, = Viin—Visar) @s plotted against gate length

I1l. COMPUTEREXPERIMENTS AND DISCUSSIONS

SMGFET: [Fig. 3(a)] or channel length [Fig. 3(b)]. From a technology
1) scaling characteristics with fixeld,; point of view, adding an S-gate spacer would reduggs, to
2) effect ofL,/L, ratio at a fixedL,; below 0.1 V atL, = 0.2 um, as compared to 0.3 V for the

3) effect of AW, at a fixedL,; SMGFET (of course, partially because of the added channel
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Fig. 2. Linear threshold voltage against (a) gate length or (b) channel lengtly 3 p|BL voltage against (a) gate length or (b) channel length for different
for different values of S-gate length, compared to the SMGFET (dotted lin€)y 51 es of S-gate length, compared to the SMGFET (dotted line).

length for the HMGFET). From the device point of view, ~

DIBL effect can be minimized with HMGFET compared to the = ]8:2 1o e ] V=3V

SMGFET with the same channel length (at the expense 0 < g5 | | —e— Ls=sonm |

smaller feature lengtl,) (Fig. 4). 10 1| 27 3o
The In/l.g tradeoff is also improved for the HMGFET, 107 1| ¢ Ls8oom

which shows a “flattened” region whehy is plotted against

108 —a— Ls=90 nm
1, for the same devices with fixedl,. This behavior is related

—e— Ls=100 nm
109 |

10710,

Off-State Current, I (A/um

to the extended’; roll-off since I, continues to increase as 18;1;"

L, reduces whilel,g remains relatively unchanged befdrg 1013 R

rolls off. 10-14 . |
0 1 2

B. Effect ofL,/L, Ratio at a FixedL, Saturation Current, ., (MA/um)

At a fixed channel length., = L, + L,, the location
of the potential step can be tuned by different values of t
L,/L, ratio. (The workfunctions for the poly/tungsten gates
are still used.) This feature is investigated with ranging
from 0 (SMG) to 0.15um at a fixedL. = 0.25 um for the the HMG to minimize the DIBL effect. Further increaselof
target parameters &;in, Visar, Voiar, Lons lon, gm, 90, and (L, — L., L, — 0) theoretically leads to an SMGFET with a
gm/94, @S shown in Fig. 5. It is observed that Bsincreases larger workfunction W).

(L,/Ls decreases), threshold voltage increases but there existBlowever, ad., increasesk, /L, decreases), saturation cur-

an optimum point where the DIBL voltage is minimum, whichrent decreases [Fig. 5(b)] although leakage current is also de-
occurs whernl, = 80 nm (orL,/L, = 2,i.e.,L, = 2L, and creased. This is mainly due to the elevated threshold voltage at
L. = 3L,). This behavior (minimum¥per. for L, /L, = 2) increasingL,. On the other hand, simultaneous transconduc-
has been consistently observed for other fixed values.of tance enhancement and drain conductance reduction has been
This arises from the field redistribution as a result of thachieved with HMGFET [Fig. 5(c)], which results in improved
optimum location of the potential step (about one-third of theltage gain. This is another unique feature of the HMGFET
channel to the source side), which gives the most effectiwet easily achievable with doping engineering [1]. The reduced
screening of the drain bias. This feature, combined with tl@&d_M effect in HMGFET is a result of the screening effect by
insensitivel; with L, variation (Fig. 2), can be used to engineethe potential step, similar to DIBL reduction.

ig. 4. Leakage current/{;;) versus saturation currenf(,) for different
ues of S-gate length, compared to the SMGFET (dotted line).
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© cm—3) to obtain the samé/;, = 0.422 V as that of the

Fig. 5. (a) Linear and saturation threshold voltage and DIBL voltage, (§MGFET, the HMGFET (dashed lines) shows a redugged
saturation and leakage currents, and (c) transconductance, drain conductgi22%) with improvedg,,, (50% and 17% in linear and satura-
and voltage gain for different values 6f, at a fixedZ. = 0.25 ym. tion mode, respectively) and,, (22%). This improvement,

of course, is at the challenge of a much smaller gate length
I_(Lg = 0.17 um). However, on the other hand, the SMGFET
will not work at this L,. Complete performance comparison of
itge three devices is shown in Table I, in which the last column
compares the HMGFET (with the sam;,,) relative to the
SMGFET. A similar experiment witll.;, = 70 nm (L, = 0.18

m, N, = 3.17 x 107 cm™3) for the HMGFET has been
carried out, and the results are shown in Table II.

L. = 0.25 ym andN,;, = 4 x 1017 cm~2 (dotted lines).

It appears from Fig. 5(a) that the optimum condition for DIB
reduction occurs in a region whekg is most sensitive td.
variation, which is very undesirable. As a matter of fact, th
investigation is at fixed.. (i.e., decreasing., with increasing
L,). Judging from Fig. 2(a) and assuming is well controlled,
Vi — Ly is, in fact, much less sensitive o, variations in the
optimum region {,/L, = 2), which is a major feature of the
HMGFET. , , ,

The I4,-V,, and I,-Vy, characteristics of a particularc' Effect of Workfunction Difference at a Fixéd
HMGFET with L, = 80 nm andL. = 0.25 um (L, = 0.17 In this experiment, the HMGFET with fixed, = 80 nm,
pm) are shown in Fig. 6 (solid lines) and compared with th&. = 0.25 um, N.;, = 1.18 x 10" cm=2, and W, = 4.2
same SMGFET withl., = L, = 0.25 ym (dotted lines)g,, eV is taken to examine its performance parameters with varying
enhancement angl;, reduction are obvious from Fig. 6, bli,  S-gate workfunction values (from4.2to5eW, = 4.2eV, in-
is lower for the HMGFET. This is becausg is larger for the stead of 4.17 eV, is chosen for simplicity. The results are shown
HMGFET with the same channel doping/(;, = 4 x 10'7 in Fig. 7 as a function of the workfunction differencev’,,.
cm~?). However, the elevatel; in HMGFET provides more The AW,, = 0 case corresponds to the SMGFET with the
room for V; adjustment, such as reducing channel doping sameN,;, = 1.18 x 107 cm2. Like theL,/L,-ratio depen-
gate oxide thickness, to boost the driving ability. When th#gence, a minimumppr, also occurs, which happens to be at
HMGFET channel doping is reducedvg, = 1.18 x 1017 AW,, = 0.46 eV (i.e.,W, = 4.66 eV). (Previous experiments



ZHOU: EXPLORING NOVEL CHARACTERISTICS OF HMGFET'S 117

TABLE | —~ 08 150 S,
PERFORMANCE COMPARISON OF HMGFET > e vis=005v | W =4.2eV E
(L. =80 nm, L, = 0.25 um) WiITH SMGFET (L. = L, = 0.25 pum) < 07| yovas3v |1 =025um, L,=80nm "y g
- 06 . —m— DIBL voltage >~
S L 100 "
SMG HMG HMG £ 05 £
o >
> 04 - o

New(em™) | 4x10" 4x10"7 | 1.18x10" | -70.5% 3 03 150 D
e -~ =
[ (s]

Vitin (V) 0.422 0.531 0.422 0 s'_é’ 0.2 4 v z

= 01 . : . : . o

Vs (mV) 86 314 40.5 ~52.9% o
(@

Lo (Alpm) 1x107° | 2.3x107"2 | 1.17x107"° | +17% e
g 10° 4 v woazev] % =3

. . . +21.6% T =4.2¢e

Iy, (mA/ptm) 0.74 0.681 0.9 o z o v, L,=0.25 pm, L', = 80 nm £
= J -

Zm (US/um) 348.73 349.72 406.33 +16.5% - 095 -5
e 1074 =l
<]

g4 (uS/um) 69.63 4493 54.29 -22% = 10 g
o 090 O
[} -

gn/2a (VIV) 5 78 75 +50% T 1072 | o Ve vty s
(75} —s— Vds=3 V (lon) E

S, (mV/dec) 88.63 89.34 90.09 +1.6% “C:) 1013 : - ; : \' 0.85 %

]
(b)
TABLE 1l 420 . 75 9
PERFORMANCE COMPARISON OFHMGFET (L, = 70 nm, L. = 0.25 pzm) !
WITH SMGFET L. = L, = 0.25 um) L0, T o s &
415 | | —m— gmige ~ t
A 3 Lol >
SMG HMG HMG = r7 £
@ 410 4 &
N (em™) 4x10" 4x10"7 | 3.17x10"7 | —20.8% e )
o ©
405 |5 £
Viiin (V) 0.422 0.468 0.422 0 S
400 L 45 ‘ . , 4
Vpigr (mV) 86 39.8 40.7 -52.7% 0.0 0.2 04 0.6 0.8 1.0
Iy (Alpam) 1107 | 7.96x10-2 | 2.56x10°" | —74.4% Gate Workfunction Difference, W, - W, (eV)
(©
I, (mA/um) 0.74 0.7 0.75 +1.4%
Fig. 7. (a) Linear and saturation threshold voltage and DIBL voltage, (b)
S/ 348.73 351.38 366.11 +4.7% saturation and leakage currents, and (c) transconductance, drain conductance,
8n (uS/pm) ‘ and voltage gain for different values &F, at a fixedi¥, = 4.2 eV for the
o HMGFET with L. = 0.25 pm andL, = 80 nm. TheAW,, = 0 case

8a (1S/um) 69.63 4934 5271 —24.3% corresponds to the SMGFET with the safig, = 1.18 x 107 cm—3.

g/ga(VIV) 5 4.1 7 +40%

< mVid £8.63 563 24,56 6% are “optimized” in terms of minimumMppr,, with L, = 80

i (mV/dec) : : ' H7 nm andAW,, = 0.46 eV. The electric-field discontinuity at

one-third of the channel causes the overall channel field to be
“flattened” (increased at the source side), resulting in larger av-

eV.) The significant result of this investigation is the tunabilit rage velocity when the electrons enter into the channel from

of threshold voltage by “gate-workfunction engineering” (0.5- € source. The pqtential step (field discont.inu?ty) also force§
v, adjustment with a variation of the workfunction difference o«I;hannel field to redistribute mostly at the drain side as the drain

AW,, = 0.8 eV), which provides another degree of freedorﬂ_'as isincreased (from 1 to 3 V). This screening effect is respon-
(and supposed controllability) for transistor design.

sible for the observed reduction in DIBL and CLM. The above
On-/off-state currents also exhibit similar behavior as that

gﬁhaviors are more pronounced for the HMGFET with a lower
the L,/ L,-ratio variation [Fig. 7(b)] as a result of increasgéd ¢

annel doping (dashed lines), in which transport efficiency is
atincreasing\ W, ,. Increased\ IV, (i.e., larger potential step gnhanced as a result of enhanced electron mobility and velocity
at the hetero-material interface) also favgrs enhancement in most of the channel region.
andg, reduction and, thus, larger voltage gain [Fig. 7(c)]. , ,

To probe the physical mechanisms responsible for the ifd: Performance Comparison with SMGFET

proved performance of the HMGFET, surface electric-field and So far, the performance comparisons have been made be-
electron-velocity profiles across the channel for the three deveen the HMGFET and SMGFET with the sathg One may
vices used in Fig. 6 are shown in Fig. 8. The two HMGFET argue that this is not a fair comparison, since the HMGFET re-

for the HMGFET'’s also had\W,, = 4.63 — 4.17 = 0.46
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Fig. 8. (a) Electric field and (b) electron velocity along the surface of thkig. 9. Linear and saturation threshold voltage and DIBL voltage against (a)
channel for the three devices in Fig. 6. The two HMGFET’s hAve= 0.25  gate length or (b) channel length for the HMGFET with a fixed = 80 nm,

pm, L, = 80 nm, W, = 4.66 eV, W, = 4.2 eV, andN,;, = 4 x 10'7 (solid AW,, = 0.46 eV, andN,, = 1.18 x 10*7 cm~*, compared to the SMGFET
lines) orN.,, = 1.18 x 10'7 cm~3 (dashed lines), compared to the SMGFET(N., = 4 x 10'7 cm™?).

with L. = 0.25 pym andN..;,, = 4 x 10'7 cm~2 (dotted lines).

i i Itis quite obvious that HMGFET can effectively reduce DIBL
quires & much smaller feature length,(= 0.17 um) and is 504 CLM effects due to the screeningidf,. The major disad-
more difficult to implement. Of course, if we used the HMGFET/antage seems to be the lower drive current compared to the
with Ly = 0.25 pm (0L = 0.33 pm), Ion, Log, andVpisr.  SMGFET with the samé,,, due to the added,. The ultimate
would all be smaller; on the ot_her hand, the SMGFET W'tBerformance comparison in termskf, versusl.g is made, as
Ly = 0.17 pm would not work since itd; has already rolled shown in Fig. 11. For the two devices with the salye satura-
off. ) o tion ({.,) and leakagel(,r) currents (shown in the same symbol

Now we compare the scaling character_lsncs (varyfingy of pair for eachL,) are plotted: a) as a ratio againgg and b)
the performance parameters of two transistors: in pairs. The extension of constaht,/I.s ratio down to much

1) the “optimized” HMGFET (with fixedL, = 80 nm, smallerL, is a result of the extended roll-off. The HMGFET

W, = 4.66 eV, W, = 4.2 eV, andN,;, = 1.18 x 10'”  exhibits a unique log{s) versusl.,, behavior with an extended
cm~—?); and “flat” region, also due to the extendéd roll-off. At the de-

2) the conventional SMGFETN.;, = 4 x 107 cm™3). signed 0.254m technology node, the HMGFET can achieve
Both devices have the sam;;,, = 0.422 V atl. = 0.25 comparablel,, and I,z to those of the SMGFET (triangles),
um. There are two scenarios for the comparison: for the samnen with the added S-gate spackEr & 80 nm). Technology
technology nodelf(,), the HMG process is as if an asymmetri€L,) could be further scaled (down i, = 0.12 pm with Z.g
spacer is added to an existing SMG process; for device cerd.2 nAjum in this example) with HMGFET, at which time the
rent-voltage I-V) characteristics, however, the same chann8MGFET counterpart will no longer work.
length (L.) should be compared. Results of this comparison areFrom Fig. 9, one may have noticed that the improvement of
shown in Figs. 9-11. the HMGFET is, in fact, a result of th&, roll-up (“‘RSCE”")

It is observed that; roll-off can be compensated and tunedvhich is absent from the SMGFET. However, this roll-up is due
by the addition of the S-gate spacéf. roll-off has been ex- to a different mechanism than that of the normal RSCE, which
tended down to much smalldr, and, hence); will be less results from the halo-implant damage and channel boron pileup
sensitive tal, variations [Fig. 9(a)]. The DIBL voltage can beand, thus, is not well controllable. Moreover, it is speculated that
greatly reduced at comparable technology)(or device {.) such RSCE may be reduced in an HMGFET structure because
[Fig. 9(b)]. Screening of the electric field effectively reduces thef the added S-gate spacer and, hence Jihell-up could be
modulation of the effective channel length by the drain potemell controlled by engineering the length and workfunction of
tial, resulting in much reduced drain conductance and, hentes S-gate.
increased voltage gain at small gate sizes, even with sacrifice irDne natural question about the proposed HMG process
transconductance at the same technology nége(Fig. 10).  would be whether it is feasible and worthwhile to explore
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Fig. 10. Transconductance, drain conductance, and voltage gain against 10 ' ' i
gate length or (b) channel length for the same devices as in Fig. 9. -0.5 0.0 0.5 1.0 1.5
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at the current technology node and beyond. This work has ()

answered the two questions posed at the beginning of the PaRRM11. For the same devices as in Fig. 9, saturation and leakage currents
Device performance could be improved over a convention@hown in the same symbol pair for eakh) are plotted: (a) as a ratio against
SMG technology with the addition of the proposed HM@ate length and (b) in pairs.
process, which should be feasible with photolithography in
the sub-half-micron regime. Although not simulated, it is
speculated that the predicted benefits of the HMGFET should IV. CONCLUSIONS
still hold at sub-0.14m length. However, it will not be feasible
with the existing lithographic means unless a new process isThe novel properties of a hetero-material gate transistor have
invented for the HMG technology. The most recent technolodpeen explored in the context of potential integration into the
advancement [16] has demonstrated a 50-nm vertical MOSFEXisting silicon ULSI technology. The unique features of the
with lithography-independent gate length, which opens th#MGFET, which are not easily achievable in conventional MOS
door for realization of the proposed HMG technology. Theechnology, include: extension and controllability of threshold
controllable threshold voltage at affordable scaling (one of tweltage roll-off and roll-up,minimum DIBL effect controlled by
grand challenges of the SIA's National Technology Roadmaate-material engineering (thickness and workfunction), simul-
for Semiconductors) the HMGFET could offer should promiseneous transconductance enhancement and SCE suppression.
to be attractive. With a properly “engineered” HMGFET, it isAnd most of all, these benefits could in principle be well con-
possible to further scale the device beyond what is achievabielled by a new way of engineering the ultrasmall transistors.
with conventional scaling rules. This, of course, is based on the assumption that the S-gate length
Another complication for the HMGFET is the asymmetri@nd workfunction could be well controlled by a “spacer” rather
MOS structure, which, if realized, may require a paradigm shithan “lithography” process.
in the circuit design. However, asymmetric MOSFET’'s may be Most criticisms on a theoretical prediction of a new phe-
the ultimate solution for breaking the barrier of conventionalomenon are the lack of experimental support. It is difficult to
MOS scaling limit. On the other hand, the proposed HM@nagine having two gates side-by-side when making one gate
process may also be employed in symmetric structures, iis.getting more and more difficult as the technology is driven
adding a layer of material with different workfunction to botho its limit. However, today’s impossibility does not preclude
sides of the gate (like a LDD spacer). This would have an effécmorrow’s reality. The significance of this investigation lies
similiar to that of self-aligned tilted ion implantation [17] forbeyond the specific results obtained from the simulation. It is
controlling V; roll-up, in which pockets of high-doping regionshoped that this work will inspire incentive for experimental ex-
are created at the edge of the gate-controlled depletion regmaration of the HMGFET, and will provide a guide to further
[18]. research and experimental realization.
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