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Double Pocket Architecture Using Indium and Boron
for Sub-100 nm MOSFETSs

Shinji OdanakaMember, IEEEAkira Hiroki, Kyoji Yamashita, Kentaro Nakanishi, and Taiji Noda

Abstract—A double pocket architecture for sub-100 nm 102
MOSFET's is proposed on the basis of indium pocket profiling
at higher dose than the amorphization threshold. At high dose, In 100 keV
the low-energy indium pockets realize the improvement of short 1020 || A extension n 150 keV
channel effects and shallow extension formation of highly doped
drain, maintaining the low junction leakage level. Double pocket
architecture using indium and boron is demonstrated in a 70 nm
gate length MOSFET with high drive currents and good control
of the short channel effects.
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|I. INTRODUCTION

: ; ; 1017
HE scaling dow_n of MOSFETS is a<_:ce_|erated into the 0 50 100 150 200
sub-100 nm regime to meet the continuing trend of low DEPTH [nm]
power consumption and high-speed device performance. The
pocket profiles in scaled devices have an impact on formati6ig. 1. SIMS profiles of indium pockets and arsenic source—drain extensions

of shallow source—drain extensions and nonuniform chanﬁ%;!.di“‘?re.m indium energies of 50 keV, 100 keV, 150 keV, and 200 keV.
Indium is implanted at tilted angle of 7or a high dose oft x 104 cm—2.

profiles and henc_e the pocket profiling, which _iS StrOhQ'Xu dopants are activated by a two-step RTA annealing at 960for 10 s
correlated to the diffusion mechanism of dopants, is a key issafter extension and pocket implantation, and at 10Q0for 10 s after deep

to achieving high device performance. source—drain implantation.
Indium was recommended for fabricating steep retrograde
channel profiles due to the heavy ion atom and the strong segll- L OW-ENERGY, HIGH DOSEINDIUM POCKET PROFILING

regation to oxide [1]-{3], and shallow source-drain extensionsrecent diffusion studies of indium indicate that indium dif-
with pre-amorphization for the dechanneling [4], [5]. For infysjon strongly depends on the implant damage and the damage
dium pocket profiling, two approaches, that is, low-dose tilteghofile after the indium implant [8], [9]. SIMS analysis of the
ion implantation [6] and high-dose ion implantation [7], havghaliow arsenic extensions and indium pocket profiles is shown
been explored. . ~_inFig. 1, indicating the energy dependence of indium implants
This paper describes double pocket architecture using indiging high dose on the pocket profile. Indium was implanted into
and boron for a sub-100 nm MOSFET structure on the basisgficon at tilted angle of 7 for a high dose ofl x 10'* cm~2
indium pocket proii:iing 32t higher dose than the amorphizatiq the range of the implant energy from 50 keV to 200 keV.
threshold ¢ 5 x 107cm™) [8], [9]. At high dose, the low-en- soyrce—drain extensions are formed by 8 keV arsenic implants
ergy indium pockets realize the improvement of short channgith a dose ofs x 10* cm2. All dopants are activated by a
effeCtS and Sha||OW eXtenSion f0rmati0n Of hlghly doped draiﬂNo_Step RTA annealing at 951C for 10 sec after extension
maintaining the low junction leakage level. Double pock&ind pocket implantation, and at 100Q for 10 s after deep
architecture using indium and boron is demonstrated in tBgyrce—drain implantation. The deep source—drain junction ex-
sub-100 nm regime with high drive currents and good contrglts around 100 nm and the shallow extension depth is estimated
of the short channel effects. to be 40 nm.
The indium pocket profiles for higher energy than 100 keV
have two peaks of indium profiles as shown in our previous
Manuscript received February 9, 2001; revised March 26, 2001. The reviW\prk [71. Th? deeper peaks of indium are de_eper than the ?‘S"m'
of this letter was arranged by Editor C.-P. Chang. planted projected range. In fact, the as-implanted projected
S. Odanaka was with the ULSI Process Technology Development Cenys%nges are estimated to be 30.5 nm. 48.5 nm. 70.3 nm. and 82.9
Matsushita Semiconductor Company, Kyoto 601-8413, Japan. He is now wit . L T '
Computer Assisted Science Division, Cybermedia Center, Osaka Universw,n’ fOI’. 50 key! 100 keV, 1SQ keV, and 200 keV, reSpeCtlver
Osaka 560-0043, Japan. o _ [10]. It is confirmed by TEM images that the locus of deeper
A. Hiroki, K. Yamashita, K. Nakanishi, and T. Noda are with the ULSkndium peaks corresponds to the initial amorphous/crystal

Process Technology Development Center, Matsushita Semiconductor Com-
pany, Kyoto, 601-8413 Japan. |H{erfacg at the depth of around 70 nm, 100 nm, 125 nm,
Publisher Item Identifier S 0741-3106(01)05417-9. respectively. The end-of-range dislocation loops during the
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Fig. 2. Junction leakage current versus indium pocket implant energy for tAg). 3. Linear and saturated threshold voltage roll-off characteristics for three

devices shown in Fig. 1. types of devices with single 50 ke¥x 103 cm—2 indium pockets and without
pockets, and with 20 ke\g x 10'* cm~2 indium and 10 keV3 x 10** cm—2
boron double pockets, respectively.

annealing are generated below the amorphous/crystal interface

and become the trap site of interstitials and dopants [8]. The 5

0 . . . L
keV indium implants had little impact on the formation of Eoate le'dte éhl(t:kllgzslf '\S/]}'S nrdn. Folgﬁt(hleotl:?anrlgl %ct)f”e' |rt1d|um
dislocation loops. The amorphous layer is re-crystallized py'Mmplanted at LU0 ke vilor a dose cm - Alter gate.
the annealing. As shown in Fig. 1, high dose indium implan ectrode formation, 20 keV indium and 10 keV boron are im-

H 13 —2
at 50 keV exhibit a significant difference of diffusion behavioﬂ; anltgg at t||_t2ed anglegf"?[or;qtagld%ses ngx 10 ctm and
indicating the different pocket profile formation. The indiu X cm =, respectively. Highly doped drain extensions are

. s . . Turther formed by 2 keV arsenic implants with a high dose of
segregates into the damage layer within the arsenic extensi HE, Lo
greg gefay 1014 cm~2, Also, 50 keV,8 x 10'3 cm™2 indium implants

i h . 8 X
It k profile of indium. : > .
resuiting in one peai profiie ot Indiim as performed for a single indium pocket device. All dopants

The junction leakage current characteristics were evalual : .
. . : . were activated by a two-step RTA annealing at 980for 10 s
in r re having alar nction ar k15 . . :
by using atest structure having alarge junction areaok 150 after extension and pocket implantation, and at 1006or 10 s

m? andaM ructure with a lon length gfrh. Th il )
pm-” and a MOS structure with a long gate length of e after deep source—drain implantation. The leakage current at the
reverse leakage current at the bottom of deep source—drain is CSensi : - : 1
ensions for a single indium pocket device wagt x 10

. . . . X
timated at 1.5 V bias by using the test structure having a Iarg? L -
junction area. The value of leakage current at the shallow ext & |m ;Vshrlwf)r\]/vlss ttr:]e?lfr:;na?i;nsc?;na?ulznzl dﬁg?ﬁ;goﬁ: eFIrQ(])'IIZ(')ff
sions including the edge of deep source—drain is extracted fro g. 2shol . . 9

the off-state leakage of MOSFET at 1.5 V bias by estimatirk aracteristics for three types of devices. It is found that no re-

the reverse leakage current at the bottom of deep source—drai pe s.r:rc])rt.ch?nnecileffect olfcturs fgr tﬁﬁ m;:llumkcrt}annel d.e'
in the MOSEET structure. vices with single indium pockets and without pockets even in

Fig. 2 shows the junction leakage current versus indium irH[lear t.hreshold voltage due to'thg deactivation at 'the eFjge of
plant energy characteristics for the devices shown in Fig. gxtensions [11]. However, the indium chann_el dev!ce without
The leakage current at the bottom of deep source—drain sigrg)lP—.Ckets. degrades the §hort Ch"%“”e' effect_, in pgru_cular, when
icantly decreases with the decrease of indium implantation ﬁg h.|ghly doped drain extensions. The single mc.“um. ppcket
ergy. Since the deep source—drain junction depth is around ICE IMproves t.he s.hort channel effect by 20.nm N minimum
nm, this is consistent with the results of indium depth. For te Ier?gth. Th!s '”.‘p"es that the low-energy, h|g.h dose |qd|um
§8§ket is effective in forming the shallow extensions of highly

keV energy case, the increase of junction leakage current i )
the shallow extension is further suppressed, indicating the ftipEd drain in the sub-100 nm regime. Moreover, the saturated

most same leakage current level as that of the device with Eeshol_d voltage can be adjusted by an assisted boron_ poc ket,
pockets. eliminating the reverse short channel effect at 1.5 V drain bias,

while the device exhibits the reverse short channel effect in the
linear threshold voltage at 0.1 V drain bias. Such a device ar-
lIl. DOUBLE POCKET ARCHITECTURE USING chitecture significantly improves the gate drive, which results
INDIUM AND BORON in high saturated drive current.
The |, versus }g characteristics for three types of devices
The low-energy, high dose indium pocket profiling allowst 1.5 V drain bias is shown in Fig. 4. At 2.5 nh off-current,
the shallow junction formation of highly doped drain extensionsominal |,,, of the single indium pocket device is increased from
and indium/boron double pocket architecture in the sub-100 r#0 pA/um to 820uA/m. The double pocket device further
regime. The sub-100 nm MOSFETs were fabricated with stegpproves the short-channel effect and hence the device achieves
retrograde indium channel, highly doped source—drain extehe higher drive current of 88pA/um at an off-current of 2.5
sions and indium/boron double pocket profiles. The physicah/im for a 70 nm gate length MOSFET.
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