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H(CAMECA

m Motivation

Outline

Wrong profile at the beginning

Initial Spike
Missing dose

Wrong depth scale:

_surface shift”

m Suggested solutions
Low energy
Capping
Corrections for oxide

m Correction of transient

® Summary
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B CAMECA Surface Shift and Dose Loss:

Minimized with Low Energy

Surface shift with different energies
1E+5 T | Impact Angle of
E — 11B 02 250eV 0.95nm
8E+4 |
- i — 11B 02 150eV 0.65nm
£ 7E+4 500eV: 1.3nm
> BE+4 |
2 " 250eV: 0.95nm
g SE+4 | \
§ 4E+4 | 150eV: 0.65nm
S 3E+4 :
2E+4 1 Significant reduction
1E+4 of surface shift
OE+0 . i . . with lower energy
depthinm] of primary ions

Example: Depth Profiling of B-implant 500eV
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MCAMECA Capping technique

Advantage: The transient falls into the cap layer

The sample is capped in a sputter coater* using a Si target
The layer thickness is controlled by a micro balance
Typical thickness: 4nm ... 8nm

Carbon can serve as a surface marker

surface contaminants:
Na, C, Cl, H,0, B ... a-Si
i i i i ) ) e e e e e e by
_\. native oxide S
: implant
Si P
= substrate Sj

* “sputter coater” can be plasma or ion beam based, e.g. Gatan PECS
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H(CAMECA L :
Variation of capping parameters

B 200eV
1E+6 —— cap 3keV
1E+5 ] ——cap 8keV
s L1E+4 / &
o
(&)
M 1E+3 i /
1E+2 8
1E+1 ‘
5 0 5 10
apparent depth / nm

CAUTION: different depth resolution with different Ar sputter gun energy
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SIMS conditions: 180,*, 250eV @ 20°
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B(CAMECA -
~ 7 Profiles from capped samples

[B] at/cm®
A capped sample measured
with different sputtering
conditions, tools, labs:

1E+22 ‘
—— B capped 7f 45°+ Ox flood.
—— B capped 4550 20°

— Bcapped 45500
with oxygen at 500eV Compped |

QUAD 4550, 0° il ]
QUAD 4550, 20° |
MAG 7f, 45°+ Ox flood |
|
|
|

Very close profile shape
1E+20

for profiles measured in two
different labs with two different

Dose values agree within 5% /
instrument types

1E+19 ‘ ‘
-10 -5 0 5

SCIENCE & METROLOGY SOLUTIONS
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G(CAMECA . . . . .
More information provided with capping

non capped samples, capped samples,
Ox. 500eV @ 20° Ox. 500eV @ 20°
1E+22
— A1BTS25 — A1BT1S12
— A1SBT1S12 & — A1BT1S25
1E+21 , 7167A u 1E+21 767A — 4E+4
— VB8S24 — VB8S24
— —VB8S24 C
_ 1E+20 5 7
™ = [&]
- S, =
S,
@ 1E+19 1E+19 2E+4
\ :
1E+18 5
2
5
(@]
LJ - :
1E+17 ‘ ‘ ‘ ‘ ‘ ‘ 1E+17 ‘ ‘ ‘ ‘ ‘ - OE+0 g
10 0 10 20 30 40 50 -10 0 10 20 30 40 50 3
depth[nm] depth[nm] %
Q
(7]
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B(CAMECA I

m Motivation

m Suggested solutions
Low energy
Capping — an easy to use sample preparation technique
for reliable measurement of profile shape, junction depth
and dose

m Corrections of oxide induced effects

m Correction of transient without capping

® Summary
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B(CAMECA : ' '
~77 4nm oxide vs. native oxide,

TRIM simulation predicts significant difference

B, 6/3eV

< 1.5nm oxide

< 4nm oxide
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4nm oxide vs. native oxide,

SIMS also measures a significant difference

B, 6/3eV

B [at/cm3]

Ox 250eV, 20° — 3kBF2 4E14
1 2E+21 nat. oxide
—3kBF2 4E14
1.0E+21 ) 4nm oxide
8.0E+20 {\
6.0E+20 -
4.0E+20
2.0E+20 K;
0.0E+0 ‘ ‘
0 10 20 30
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4nm oxide vs. native oxide,

SIMS profiles need correction

Ox 250eV, 20° — 3kBF2 4E14
1E+22 nat. oxide f)
1E+21 \ — 3kBF2 4E14 -
— ‘ /’\ Anm oxide
=
— 1E+
= 1E+19 3
1E+18 Ox 250eV, 20° — 3kBF2 4E14 nat.
1E+22 oxide
1E+17 ! —3kBF2 4E14
10 0 10 1E+21 ] 4nm oxide
apparentdepth| § 1E+20 \
= 2
S 1E+19 2
2 é
1E+18 >
S
1E+17 | | 2
-10 0 10 20 30 =
SIMS conditions: corrected depth / nm 2
O
180,*, 250eV @ 20° ’
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Correction of SIMS profiles in
Si samples with oxide layer

A simple approach based on following ideas, very similar to other
changes in matrix material (SiGe, HfO, SrTiO, AlGaAs):

1. In the oxide the erosion rate is increased -> the profile is too shallow.
2. With increased erosion rate the boron signal goes up in the same way.

3. Nice to have but not mandatory:

The sensitivity factor for boron should not change when moving from
oxide to pure Si. Then we could expect to measure the same dose for
an implant in Si and Si with a thin SiO,, layer, even without correction
of RSF. This is possible, if we work with ULE, under fully oxydized
conditions.

4. We must know where the oxide is to compensate increased erosion
rate and signal.
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... but how?
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Measurement of matrix signal in SIO ,/ Si

Some obvious possibilities:

1. Depth profiling with Cesium to locate the oxide layer
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Measurement of matrix signal in SIO ,/ Si

Some obvious possibilities:
1. Depth profiling with Cesium

-> reduced depth resolution, reduced sensitivity for B

=
m
+
N

(o]
O,, 500eV, 45 Cs, 500eV, 45°
BF, 3keV, 2E14at/cm? BF, 3keV, 2E14at/cm?2
1E+6 11 B+ 1E+7 — 39 SiB-
T — 44 SiO-
1E+6 N —180-
1E+5 —12C+ ’\_J \ —12C-
1E+5 b

intensity / cps
intensity / cps

= 1E+4 \
1E+3
= 1E+3
1E+2 - 1E+2 |
A - -

-10 0 10 20 30 -10 0 10 20 30
depth/nm depth/nm

1E+1
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Measurement of matrix signal in SIO ,/ Si

Some obvious possibilities:
1. Depth profiling with Cesium
-> reduced depth resolution, reduced sensitivity for B

-> we need two measurements

2. Depth profiling with oxygen at medium energy and shallow angles
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Measurement of matrix signal in SIO ,/ Si

Some obvious possibilities:
2. Depth profiling with oxygen at medium energy and shallow angles

-> |oss of depth resolution, roughening, changes in ER and RSF ...

Boron Delta Sample  —— 11B (Ox 750eV 609
1E+5 11B (Ox 500 eV 209

— 30Si (Ox 750eV 609
— 30Si (Ox 500eV 209

1T 3E+6
7
- 2E+6

\ 1E+6

1E+4 ‘ ‘ OE+0
0.0 10.0 depth 20.0 30.0

B/ cps
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Measurement of matrix signal in SIO , / Si

Some obvious possibilities:
1. Depth profiling with Cesium
-> reduced depth resolution, reduced sensitivity for B

-> we need two measurements

2. Depth profiling with oxygen at medium energy and shallow angles
-> creates roughening, unpredictable change in ER and RSF

-> we need two measurements

3. Depth profiling with 180 under fully oxidized conditions,
e.g. 250eV 0°... 45° take 160 or 44Si0O to measure the oxide
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Measurement of oxide layer with 180,

1. carbon peak = surface

B 200eV
1E+6 —11B
—12C

1E+5 ] — 44Si0
@ 1E+4 - + 3E+4 &
(&) O
0 3
n 1E+3 2E+4 5

1E+2 - 1E+4

1E+1 ‘ - OE+O

-5 0 5 10
apparent depth / nm

B carbon serves as an interface marker
m native oxide is visible very well
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SIMS conditions: 180,*, 250eV @ 20°
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Correction of SIMS profiles

8E15 BF2, 3kev = — 44SI0/30Si
native oxide
— 44Si0 / 30S;i
100% 4nm of oxide EXAMPLE:
2 :
3 co | Two §am_p|es with
2 identical implants.
£ 50% //A One sample with native
2504 oxide, the other one was
& prepared with 4nm TEOS
0% before implant

-5 0 5
apparent depth
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Correction of SIMS profiles

2. oxide concentration ~ erosion rate factor

8E15 BF2, 3key = —— 44SI0/30Si 8E15 BF2,3keV | — native oxide
native oxide 2EQY _
— 44Si0 / 30Si 0 — 4nm of oxide
100% 4nm of oxide
: A
g S 200%
2 75% . c /
g 2 anm-
£ 50% LA 5 f'”‘rb
= / . 0 .j/
o - 0% AN Y ‘\
25%
& 2nm
0% 100%

-5 0 5
-5 0 5
apparent depth (depth [nrD

The erosion rate in oxide is higher than in pure Si.
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Correction of SIMS profiles

3: devide the signal by the erosion rate factor

8E15 BFZ, 3keV —— 11 B nat ox 8E15 BFZ, 3keV | 11B cor. nat ox
1E+7 — 11 B 4nm ox 1E+7 — 11B cor. 4nm ox
1E+6 [\ 1E+6
1E+5 1E+5 7
n n
Q )
1E+4 1E+4
1E+3 1E+3
1E+2 ‘ ‘ 1E+2 | |
5 5 15 25 -5 5 15 25
apparent depth depth [nm]
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The procedure corrects peak position, shape and
junction depth.
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Correction of SIMS profiles

2E16at/cm? BF, 3keV

1E+23

1E+22 .

— SIMS as measured

1E+21

B [at/cm3]

1E+20

1E+19 / |
-5 S

\ I

15 25

depth [nm]

SIMS conditions:
180,*, 250eV @ 20°
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Correction of SIMS profiles

2E16at/cn? BF;, 3keV — SIMS as measured
1E+23
—corr. SIMS
1E+22 ]
g
E 1E+21 ]
aa)
1E+20
1E+19 | | |
5 5 15 25
depth [nm]

SIMS conditions:
180,*, 250eV @ 20°
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Correction of SIMS profiles

2E16at/cm? BF, 3keV — SIMS as measured
1E+23
—corr. SIMS
1E+22 - o HR-RBS
5
E 1E+21
m
1E+20
1E+19 \ \ 1 %
-5 5 15 25
depth [nm] 2
SIMS conditions: %
180,*, 250eV @ 20° HR-RBS made with Kobe Steel HRBS500 [
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Correction of SIMS profiles

2E16at/cm? BF, 3keV —SIMS B
1E+23 o HR-RBS B
—SIMS O
1E+22 -
— o —HR-RBS O
5
= 1E+21 50%
(qv] o
— ™
m @
1E+20 - 25%
1E+19 0% :
-5 5 15 25
depth [nm] 2
SIMS conditions: Dose SIMS @ 45°% 1.8E16 at/cm? %
180,*, 250eV Dose SIMS @ 20% 1.8E16 at/cm? :
Dose HR-RBS: 1.9E16 at/cm? Z
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Outline

m Motivation

m Suggested solutions
Low energy
Capping
Corrections of oxide induced effects —
can be done with 80 sputtering using 44Si0O signal.

m Correction of transient without capping

® Summary
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Transient effect with oxygen sputtering

The surface shift
and the initial
spike are caused
by an enhanced
Sputter yield in
the transient.

SIMS 500eV 02, 0°was used to prepare craters, sputt ered Si amount was determined with MEIS

Towards accuracy in shallow SIMS depth profiling, Ulrich Ehrke
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Mathematics to correct the profile

Boron as implanted

Oxygen 500eV, 0° The measured data differ

1E+22 from the expected profile.

The measured dose is to
low (depending on SIMS
Xs settings)

1E+21

The starting point (surface
1E+20 5 :
/ —— original data shift Xs) of the measured

concentration [at/cm”3

profile is repeatable for
similar samples and
LE+19 - analytical conditions.

0 1 2 3 4 5
depth [nm]

— "true’ profile

%)
z
o
'_
)
|
(@]
)
>
O]
o
|
o
x
'_
w
=
3
w
(@)
P
w
@]
)

Towards accuracy in shallow SIMS depth profiling, Ulrich Ehrke 28



Mathematics to correct the profile

corrective function

8 %
—e— < factor
—s— corrected
6 1 depth >
— — straight
line
4 -

0 1 2 3 4
apparent depthinm] ~ da

Towards accuracy in shallow SIMS depth profiling, Ulrich Ehrke

Introduce a mathematical
function f to correct the
transient effect, based on the
assumption of an exponential
decay:

f = (Xelda)®
Xc =da*f+d
lc =Im/f

lc : corrected intensity
Xc :corrected depth

Im : measured intensity
Xe :end of transient

da :apparent depth
c, d : empirical constants

29
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Mathematics to correct the profile

Boron as implanted The measured data differ
Oxygen 500eV, 0° from the capped profile.
1E+22
The corrected profile is very
N close to the expectations.
™
<§1E+21 -
g Data density (number of
S points) in the first 2nm is
£ quite low. Use fast mass
8 1E+20 —— original data | | switching or big crater!
S — 'true’ profile , Z
)4 In this case: 5
—&— corrected xe = 1.2, exponent ¢ = 0.52, d = 0.85 5
1E+19 ; ; ; ; §
0 1 5 3 4 5 CAUTION: the parameters are different E
depth [nm] for different SIMS conditions and W

kinds of sample (oxide thickness,
BF, vs. B implant, annealing ...)
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Summary

The initial spike at the beginning is a SIMS artefact

The easiest way to compensate the erosion rate change is to
apply a surface shift which depends on the analytical settings.
The correct junction depth will be calculated.

The surface shift is minimized with low Pl beam energy

With capping the SIMS protocols become robust against
changes in parameter settings. Dose, profile shape and
junction depth are determined more precisely.

Measuring oxide layers with 180 allows further corrections of
profile shape, important for unknown samples or changing
conditions.

More sophisticated mathematical methods can convert the
Initial spike into the expected round shape. This can be useful
on repeated measurements on similar samples.
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