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Electron Holography,
Molly McCartney, ASU

Electron Holography for 2-D Dopant Profiling

M. R. McCartney
Center for Solid State Science
Arizona State University , Tempe, AZ 85287-1704

Electron holography in the transmission electron microscope is a technique that provides
access to the 2-D electrostatic potential in semiconductor devices. The method is
quantitative with a precision on the order of 0.1V at a spatial resolution of better than
10nm. Potential measurements have been used to evaluate models for 2D simulator
software and to analyze dpant activation in novel doping schemes for ultra-shallow

junctions. Measurements
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Electron Holography,
Molly McCartney, ASU

Fig. 4. a) Electron holggraphic phase mage of 0.13pm pFET caiibrated in volis and false colored. b
20 =imulated maps of Si davice (4),
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Electron Holography
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Fig. 5 a) SIMS data for USJ produced by annealing high phosphorus content
spin-on glass at 850°C for 10s. b) Simulation of carrier concenirations !:-as_ad
on SIMS data ¢} Comparison of net charge from simulation and 2™ derivative

of holographic voitage profile
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Dopant Pileup
J. Fruehauf, Infineon/IMEC

CHARACTERIZATION OF THE B AND As PILE-UP AT THE Si-Si0;
INTERFACE

Jens Frishauf'
Infimecn technologies [afiliated to IMEC)
Kapeldreal 75, B-3001 Lauvan, BELGILIM

F. Lindsay, W. Vandervorsi, K. Masx
IMEL vaw
B-3001 Ledvan, BELGIUM

A Bergmaier, G. Dallinger, F, Koch
Technische Unnessital Mlnchen, Phyai-Departmant
CLBST4E Garching, GERMANY

ABSTRACT

During spike anneating of ulira-shallow junctions, large fractions of the dopants segregale
ta ha interface between silicon and the screaning oxide layer. creating a pile-up of
parfially actve dopants, In this paper, wa combine the resu!lz of 5I|:-.-'IS (Secondary lon
Mass Specirometry) and high-resolution ERD (Elastic Recoil Detection) measuremants
with sheel resistance measurements to invesbgate the behaviour of B and As dopanls
clase to the 8050, interface. Our resuits show that up to 6095 of the dopants that ramain
in the junction after anneal are actually segregated to the interface, depending on the
anneal and the type of oxide used. Only a small part of these dopants is active, Howsver
achive coneantraions abave 1-2621om” are oheerved, wall above solid solubility tor all
doparts. Fesults indicate that segregation lo fhe pile-up s strongly enhanced by
oxidation during annaal. Owide induced stress and interfacial trapping are beleved o
allaw active concenirations above bulk solid solubility
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Dopant Pileup
J. Fruehauf, In]‘_ineon/II\/IEC
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Dopant Pileup
J. Fruehauf, Infineon/IMEC
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Figure 2 — a) Pile-up dose as a function of implanted dose (Implanted through oxygen|.
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F Effect on B: RTP & fRTP
J. Jacques, UFlorida roLe oF FLUORINE IN RAPID THERMAL PROCESSING

METHODOLOGIES

J. M. Jacques and K. S. Jones
Dept. of Materials Science & Engineering
University of Florida
Gainesville, Florida 32611

D. Chan and S. Sinha
Advanced Micro Devices
Sunnyvale, California 84088

S. McCoy
Voriek Industries Ltd.
Vancouver, BC, V6P 677 Canada

Joe Bennett and Meredith Beebe
International SEMATECH
Austin, Texas 78741

ABSTRACT
The ability to form ultra-shallow junctions using conventional implant methodologies
coupled with Rapid Thermal Processing (RTP) is facing mounting challenges. In this
paper, we evaluate the applicability of flucrine within p-type junctions activated via Spike
Rapid Thermal Annealing (RTA) and Flash-Assist RTP™ (fRTP). Eight inch wafers were
pre-amorphized with 2.5 keV Si* at a dose of 1x10" atoms/cm?. lon implants of 1.1 keV
BF, followed at a dose of 1x10™ atoms/cm?, both with and without a 3 keV F* precursor
implant at a dose of 2x10' atoms/cm?. Samples processed via Spike RTA were exposed
to a peak temperature of 1110°C, while fRTP samples reached an intermediate
temperature of 800°C and a flash temperature of 1300°C. SIMS results confirmed that
fRTP generates shallower junctions than Spike RTA. Results comparing samples with
and without additional fluorine show that while fluorine reduces the junction depth after

” va UeS@ Uﬂ edu Spike RTA by 22%, the effect is much less (7%) after fRTP.
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Boron Concentration (aiomsiem’)

F Effect on B

. RTP & fRTP

J. Jacques, UFlorida
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Figure 3: Boron Concentration Profiles for As-
Implanted, Flash Annealed, and Spike Annaaha-::i
Conditions. Samples received a 2.5 kel 1815
Silicon PAI followed by 3 kel 2e15 Fluorine and
1.1 keV 1&15 BF, implants.
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Figure 4; Boron and Fluorine Conceantration
Profiles for As-implanted, Flash Annealed, and
Spike Annealed Conditions. Samples received
a 2 5 keV 1215 Silicon PAI followed by 3 kaV
2e15 Fluorine and 1.1 keV 1815 BF; implants.
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F Effect on B: RTP & fRTP
J. Jacques, UFlorida
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B Diffusion with Various PAI
H-J Li, Sematech/UT

B DIFFUSION IN SI WITH PRE-AMORPHIZATION OF DIFFERENT
SPECIES

Hong-Jyh Li, Todd Rhoad, Peter Zeitzoff, Robin Tichy, Larry Larson and Sanjay
Banerjee”
International SEMATECH, 2706 Montopolis Drive, Austin, TX 78741
*Microelectronics Research Center, 10100 Burnet Road, MER 1.108, R9900, University
of Texas at Austin, TX 78712

The formation of an amorphous layer is needed to prevent channeling effect of B in the
subseguent implant and hence, shallower as-implanted and annealed profiles could be
expected. B diffusion in the pre-amorphization (PAI) Si has been studied extensively by
many research groups and the diffusion has been explained by the interaction of B and
defects generated by the PAI and B implant processes. In our previous study, we found
that B diffusion can be affected by the incorporated species and therefore, B diffusion in
the PAI Si should be expected to be different with different PAl species. In this paper, we
reported different B diffusion behavior in bulk Si with respective to different PAl species.
The species include GeF,, Ge, F, BF,, and In.
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B Diffusion with Various PAI

H-J Li, Sematech/UT

TABLE 1

Experimental design and X/R, measurements. The X was evaluated at the depth of 10" cm”® and the R,
values in this table were the average values from 49 points measurement.

| 1015C | 1000 C
Split # Implant # 1 , implant #2 | Implant#3 | spike | /10s | Xj @ Rs
1 /A | B11:2->0.5keV /1E15 | N/A XXX | 410 425
2 N/A | Bt1: 2-->0.5keV / 1E15 N/A XXX [628] 341
3 Ge: 10 keV [ 1E15 | B11: 2-->0.5keV / 1E15 N/A XXX |606]| 316
4 in: 10 keV / 5E15 B11:2-»0.5keV /1E15 |  N/A XXX {477 662
[_ 5 F:1keV/2E15 B11: 2-->0.5keV / 1E15 N/A XXX | 577 348 |
6 - N/A BF2: 2.23keV / 1E15 N/A XXX [494 ) 521 |
7 N/A BF2: 2.23keV / 1E15 N/A XXX 321 623
8 Ge:5.0 keV /1E15 | B11: 2->0.5keV /1E15 | N/A XXX 625 370 |
9 Ge: 5.0 keV / 1E15 BF2: 2.23keV / 1E15 N/A XXX 284 | 874
10 Ge: 5.0 keV / 1E15 BF2: 2.23keV / 1E15 N/A XXX |464 | 645
11 N/A B11: 2-->0.5keV / 1E15 |F(6keV/1E15)| XXX 461 442
12 N/A B11: 2->0.5keV / 1E15 |F(6keV/1E15)| XXX |612] 388
13 N/A BF2: 2.23keV / 1E15 |F(6keV/1E15)] XXX 380 | 608
14 N/A BF2: 2.23keV / 1E15 |F(6keV/1E15) XXX |524| 574
15 | GeF2:5.0keV/1E15 | B11:2-->0.5keV /1E15 N/A K| 265 (1930
16 | GeF2:5.0keV/1E15 | B11:2-->0.5keV /1E15 N/A XXX | 4061380
| 17 | GeF2:5.0keV/1E15 | BF2:2.23keV/1E15 N/A XXX |339 12400
18 | GeF2:5.0 keV/1E15 | BF2:2.23keV/1E15 N/A XXX 230 3920/
19 | GeF2:5.0keV/1E15 | B11:2-->0.5keV /1EIS F(6keV/1E15)| XXX 33111790
20 | GeF2:5.0keV/1E15 | B11:2-->0.5keV / 1E15 [F(6keV/1E15) XXX | 4531650
21 GeF2: 5.0 keV / 1E15 | BF2:2.23keV /1E15 |F(6keV/E15) XXX 1406(3140
20 | GeF2:5.0keV/1E15 | BF2:2.23keV/1E15 [F(6keV/1E15)] XXX 329 (3009
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B Diffusion with Various PAI
Li, Sematech/UT

H-J

1. 0.5keV B, 1015 C spike

2. 0.5keV B, 1000 C/10 s
15. 5 keV GeF2,

0.5 keV B, 1015 C spike
16. 5 keV GeF2,

0.5 keV B, 1000 C/10 s
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B Diffusion with Various PAI
H-J Li, Sematech/UT

12. 0.5keV B, 6 keV F
1000 C/10 s

17. 5 keV GeF2, 2.2 keV BF2
1000 C/10 s

21. 5 keV GeF2, 2.2 keV BF2,
6 keV F
1000 C/10 s
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Fig. 4 F profiles in splité 12, 17 and 21, The amow stans from as-impianted protile to annealed
) pirofibe.
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B Diffusion with Various PAI
H-J LI, Sematech/UT
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Nitride/TEOS Spacer Effect on B
P. Kohli, UT

EFFECT OF NITRIDE SIDEWALL SPACER PROCESS ON BORON

DOSE LOSS IN ULTRA SHALLOW JUNCTION FORMATION
P. Kohli ', Amitabh Jain®, H. Bu’, S. Chakravarthi’, C. Machala®,
$.T. Dunham® and S.K. Banr:rjc-ﬂ'
"Microelectronics Research Center, University of Texas, Austin, TX 78758
“Silicon Technology Development, Texas Instruments, Dallas, TX 75243
“Department of Electrical Engineering, University of Washington, Seattle, WA DR195

ABSTRACT

A nitride spacer with an underlying deposited TEOS oxide, that behaves as a cnnvenia_nl atch
stop layer, is a popular choice for sidewall spacer in modern CMOS process flow. In this work
we have investigated the effect of the nitride spacer process on the B profile in Si and the
related dose loss of B from the Si into the oxide. We find that the nitride infiuences the
concentration of H in the oxide during the final source/drain anneal. The presence of H
enhances the diffusivity of B in the oxide and thereby results in a significant dose loss from the
Si into the oxide. In this work we have shown that by altering the nitride stoichiometry we can
affect the oxide so as to reduce the dose loss into the oxide.
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Nitride/TEOS Spacer Effect on B
P. Kohli, UT

Implant B 1.2E15 atom/cm’ @ 1.3keV through 50A screen oxide

950 Spike Anneal

Spacer Process | : TEOS Deposition

Spacer Process 1 : Nitride Deposition

Final S/D Anneal : 1050C Spike
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Nitride/TEOS Spacer Effect on B
P. Kohli, UT
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2-D Si Diffusion by SCM
F. Glannazzo, U Catania

INVESTIGATION OF TWO DIMENSIONAL DIFFUSION OF THE SELF-
INTERSTITIALS IN CRYSTALLINE Sl AT 800 °C AND AT ROOM
TEMPERATURE

F. Giannazzo, S. Mirabella, and F. Priolo
Department of Physics and Astronomy of the University of Catania,
Via S. Sofia, 64, 95125, Catania (ltaly)

D. Goghero and V. Raineri
CNR-IMM,
Stradale Primosole, 50, 95121, Catania (ltaly).

The two dimensional diffusion of self- interstitials in Si, both at room temperature and at
800 °C, has been studied by quantitative SCM measurements. The 2D / emission froma [
source laterally confined down to sub-micron dimensions, obtained by low-energy
implantation through an oxide mask, has been cbserved. At room temperature, / diffusion
was monitored by measuring the electrical deactivation of B corresponding to the diffusing
interstitial tail, while at 800 °C it was monitored by measuring the TED of B spikes due to
interstitial supersaturation produced during the annealing. In both cases, a dependence of
the / depth- penetration on the original source size has been shown.
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2-D Si Diffusion by SCM
F. Glannazzo, U Catania
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Fig. 2 Gomparison between the 1D carrier concentration vs. depth profiles in the oxide masked
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2-D Si Diffusion by SCM
F. Glannazzo, U Catania
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Fig. 3 Comparison between lhe 20 mapa of B concantration In two different vﬂrﬁuw upenin%z
regions (2.7 wm (&) and 0.7 um (b)) for the sample implanted with 20 keV 5 S=10 atoms/cm”,
and annealed al BOD °C, 5 minutes. The maps are reporied as gray scales with six different
oradations defined by six concentration levels.
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