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Impact of Silicide Formation on the Resistance of
Common Source/Drain Region

Bing-Yue Tsuj Member, IEEEMing-Da Wu, and Tian-Choy Gan

Abstract—Silicide had been used to reduce the sheet resistance
of diffusion region for almost 20 years. However, as the silicided re-
gion becomes small, the contact resistance of silicide/silicon inter-

face becomes higher than the resistance of the Si diffusion region ¢ B : : I
such that current may not flow into the silicide layer. The effect of ~Mi vpiixi Xi- i S
silicide thickness and contact resistivity on the total resistance of Xi Lsp Ld Lsp

the silicided diffusion region was studied by two-dimensional sim-
ulation. It is observed that below a threshold length, the resistance W =AW —— VW W~ e
of silicided diffusion region is higher than the unsilicided diffusion Rac Rsi Rd  Rsi Rac
region if the silicon consumption during silicide formation is taken
into consideration. Thinner silicide and lower contact resistivity re-
duce total resistance and threshold length but the threshold length . Accumulation layer
is still much longer than the typical design rule of poly-Si to poly-Si
distance. Itis thus recommended to inhibit silicide formation at the Poly-Si

Silicide

common source/drain region at the metal-gate generation.
Fig. 1. Schematic cross-sectional view of the structure used for

two-dimensional simulation. Resistance components are also indicated.
I. INTRODUCTION R.. is accumulation layer resistance at the gate to source/drain overlap region.

. R,; consists of spreading resistance and diffusion resistance of diffusion region
ALICIDE technology had been used for all high—perforynger space, is the resistance of common diffusion region.

ance integrated circuit process [1]. Using salicide tech-

nology, the hlgh—re5|stan<.:e.dilffu5|on region and poly-Si gaf)eecomes interesting. In this work, two-dimensional (2—-D) sim-
are shunted by a low resistivity metal silicide layer. Becau

licide is f d by direct . ¢ metal with sili th%ﬁation was performed to study the impact of silicide thickness
sficide 1S formed Dy direct reaction of metal with silicon, nd contact resistivity on the resistance of CDR without metal
contact resistance of silicide-silicon interface is also reduced

. ntact. A brief discussion on the feasibility of unsilicided CDR
the cleaninterface and large contact area. The advantages of%l br ovided at last.
cide had been analytically analyzed by D.B. Scettal. [2]. It
was shown that the resistance of silicided diffusion region with
metal contact could be reduced effectively. However, this is not
the case at silicided diffusion region without metal contact, e.g.,Fig. 1 shows the cross-sectional view of the structure used
two MOSFETSs connected in serial with a common diffusion rdor simulation. Two MOSFETSs with typical drain structure are
gion (CDR). At this region, current flows in Si originally. Toconnected in serial through a CDR without metal contact. A
take the advantage of silicide, current must flow into silicideox shape is used for the junction. It had been reported that
at first and flow into Si again. As the length of CDR becomethe simplified box shape does not affect the validity of simu-
shorter and shorter, current does not flow into silicide becaulg&ion results of the diffusion region [4]. The carrier concentra-
of the high—contact resistance. tion is estimated by the Gaussian-distribution with peak concen-
In the previous work, the consumption of heavily doped $iation at surface. The lateral diffusion is assumed to be 70%
layer by silicide was not considered. With the progress of prof the vertical junction depth. The carrier concentration of the
cessing technology, the scale-down of silicide thickness lags leecumulation layer underneath the gate is assumed to be iden-
hind the scale-down of junction depth [3]. Therefore, the shetégal to the surface concentration of the heavily doped region
resistance of diffusion region under silicide may be increased flyx 10?° cm~2) and the thickness of this layer is 10 nm [5]. The
silicide formation apparently. The role of silicide layer at CDRulk concentration and the surface concentration of source/drain
extension region ig x 10*8 cm~3 and1 x 10'® cm~3, respec-
tively. The silicide thickness is assumed to be equal to the con-
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Fig. 2. Total resistancefy;) versus length of common diffusion regioh{)  Fig. 3. Total resistanceR(;) versus length of common diffusion regiof )
with M; of 25 nm, 35 nm, and 55 nm. The was kept at 10 ohrmpm?. with p. of 5, 10, 15, 20, and 50 ohsp:m?. The M, was kept at 35 nm.

as thelj, divided by the total current. It consists of all resistanc#at at unsilicided region because the high—concentration layer

components between the two accumulation layers as showmas consumed by the silicide. THg is then the result of two

Fig. 1. high—resistance paths in parallel and the sheet resistance of sili-
The effect of contact resistivityp() and silicide thickness cide layer plays minor role. Therefore, thicker silicide thickness

(M;) on the total resistance of silicided and unsilicided CDResults in highe, and longerLy,.

were simulated. The spacer length.() is assumed to be Fig. 3 shows the simulateft; as a function ofLy with p.

0.1 um. The junction depth of heavily doped region anéf 5, 10, 15, 20, and 5@ um?*. The M; was fixed at 35 nm.

source/drain extension region is 0.4t and 0.07:m, respec- The ;- L, relation of unsilicided CDR is also shown. Ti&

tively. The channel width is fixed at Am throughout the work. increases with the increase @f as expected. Again, thie, is
much longer than the typical design rule of poly-Si to poly-Si
distance.

. ) ) ) To prove the existence diyy,, test structures with two MOS-
Fig. 2 shows the simulate#l, as a function of the distance FgTs connected in serial were fabricated with standard @118
between spacerd.{) with M; of 25 nm, 35 nm, and 55 nm. ¢gpg|t-salicide CMOS technology. Only NMOS test structure

Thep, Was_fixed to be 10 th_nqu. The silicide thickness of |45 designed. The gate length is 0,8 and the spacer length
25-35 nm is generally used in the current Ou&8 or 0.13um s 0.1 ,,m. A set of test structures employed a silicide-blocking
technology, while the thickness of 55 nm is the upper limit Sugnask to inhibit silicide formation at the CDR. The other set of
gested by ITRS roadmap [3]. In the case of unsilicided CBR, test structures has typical salicide structure. These structures
decreases linearly with; as expected. In the case of silicideqyere measured at linear regiob,( = 0, Vas = 0.1 V and
CDR, nonlineark,— L, phenomenon is observed and it is Sury. . = 0 ~ 1.8 V). The difference of transconductancg,.(

prising that thickeV/; results in higherz; atall L. Cross point petween silicided and unsilicided test structures is defined as
of the R, — L, characteristics of unsilicided CDR and silicided

CDR s observed. The crosspoint is defined as the threshold 5, _ gm(silicided) —.gm.(unsmmde@ % 100%.
length (1) of the CDR. AsLy is longer thanL,;,, R, of the " gm(unsilicided

silicided CDR is lower than that of the unsilicided CDR and vic
versa. It should be noted that the;, (0.89um asi; = 55 nm

I1l. RESULTS AND DISCUSSION

Eig. 4 shows the measure¥y,,, as a function ofl;. A Ly, of

. .24m was observed. Below 0.24m, the silicided test struc-

L — =

and 0.6um asM; = 25 nm) is much longer than the genera ures show lowey,,, than the unsilicided test structure. This re-

design rule of poly-Si to poly-Si distance. : . 0
The simulated results can be understood by considering uelt confirms the existence @, The lowAg,, of 3% and the

L e .2 shortLy;, of 0.24 um arises from the unusual structure of deep
two current paths: silicide layer and diffusion layerZlf /2 is tion denth (0.25,m) and thin silicide thickness (28 nm
much longer than the transfer length ] of the silicide-silicon junc pth (0.25:m) ( )
contact interface [6], the contact resistance is lower than the dif-
fusion resistance and current prefers to flow through the silicide
layer. In this caseR, is composed of the sheet resistance of The impact of silicidation on the resistance of CDR was
silicide layer and contact resistance across silicide-silicon istudied using 2-D simulation. A threshold length, was ob-
terface. On the other hand, onég/2 becomes close td.;, served. As., is shorter tharl,y,, silicided CDR shows higher
the contact resistance is higher than the diffusion resistance aesistance than the unsilicided CDR. Thinner silicide layer
current tends to flow in the diffused layer. Unfortunately, thand lower contact resistivity can reduce thg,. However, the
sheet resistance of diffused layer under silicide is higher thasg, is still much longer than typical design rule of poly-Si to

IV. CONCLUSION
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Fig. 4. Measured transconductance differenceg.(,) versus length of
common diffusion length I{;) between test structures with silicided and
unsilicided common diffusion region.

poly-Si distance. The series resistance between the two devi
must not be estimated using the sheet resistance of silic
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process is seldom used in high—performance deep—submicron
products. Beyond 0.0Zm technology node, metal gate may
replace poly-Si gate. Then, silicide is only needed at diffusion
region but not at gate region. Inhibiting silicide formation at
CDR becomes easy. Itis, thus, recommended to neglect silicide
at CDR in the future metal-gate technology node.
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