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(P) SEMILAB_

Several non-contact techniques have been developed for monitoring of
plasma processing induced damage in both FEOL and BEOL applications.

Such approaches require no special test structures and allow for low cost,

fast turnaround measurements, making them well suited to real time production

monitoring. The following techniques will be discussed:

 Rapid non-contact technique for residual plasma charge mapping;
non-contact corona based technique for leakage & SILC measurements on

plasma CVD deposited dielectrics
* Near-field scanning microwave microscope for nondestructive characterization
of processing induced sidewall plasma damage in patterned low-k dielectrics.

The presentation will explain the basic theory behind the measurements, and
include example data of real production issues which have been observed.
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@ SEMILAB SDI Non-Contact Voltage Measurements

Vibrating electrode J (t)
and the wafer
form vibrating capacitor

C=C, cosmt

Vs

Contact —_— ) - Dielectric
otential V., (o ——
i e WAFER

difference
CHUCK

e Contact Potential Difference, V,,, and the bias V,
polarize vibrating capacitor inducing ac current
J (1) = (Ve V) dC/dt

®The bias feedback loop automatically searches for J=0:
then V_,=-V,

Si surface Dielectric
voltage

Metal semiconductor barrier
workfunction difference

—

Vepd = Dy + Vgg + Vy

Linear dependence on
Qc, #T
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QEEIEPE:D Plasma Damage Monitor (PDM)

residual charge mapping after plasma processing

SDI measurement approach:

¢ Non-contact / Non-destructive . l

¢ Preparation free |
¢ Provide Full Wafer Imaging

4

Give results in several minutes ; FEEEE o
Oxide

picture charge / balance

Silicon Wafer

Recommended Oxide thickness >1000A
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() SEMILAB  SDI

Comparison of ashers

CONTROL

R.F. BARREL ASHER

Oxide Thick: 1500 [a1]

Updn (U @ 10004 >
Avg.-0.265 StD.0.162
Min.-0.831 Max.0.469

ap [E11 q/cn~21
Avg.-0.570 StD.0.349
Min.-1.79 Max. 1.01

Norm.

TOTAL: 6159
Ringl[451 #45

60%

0.20 1

Semiconductor Diagnostics, Inc

Semiconductor Diagnostics, Inc

Comment: Comment:
Program: None Mode: Norm. Updmn(VU @1000a > Program: None Mode: Norm. Updn(VU @10004 >
Operator: ss [Fastl: Autonatic Operator: ss [Fastl: Autonatic
Date: 1996-09-16 14:33:12 Pattern: Map FastHD Date: 1996-09-16 14:38:22 Pattern: Map FastHD
File: Edge Exc.: None File: Edge Exc.: None
Sample: J16N2817 > TC: 100ms Sample: J16N3319 > TC: 100ms

Norm. Vpdm(v @1DDDA) Sensitivity: 100mU Norm. Vpdrn(V @1DDDA) Sensitivity: 300mU

Dia: 150mn Dia: 150mn

Oxide Thick: 1500 [al
Norm. Updn (U @ 10004 >
Avg.-0.9491 StD.0.769
Min.-2.39 Max. 1.50
Op [E11 q/cn"21
Avg.-2.02 StD. 1.65
Min.-5.14 Max. 3.23
TOTAL: 6159
Ring[451 #45
30%

-0.266V
1.3V

Average Vpdm:
(max - min) Vpdm:
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-0.941V
3.89V

Average Vpdm:
(max - min) Vpdm:
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() SEMILAB  SDI Power-Lift process

(Maps printed in the same scale)

Without Powerlift With 75W Powerlift
) | |

o [

No Comment No Comment i
Program: None Dia: 6" [150mm] Mode: Automatic Fast Program: None Dia: 6" [150mm] Mode: Automatic Fast
Operator: sdi Oxide Thickness: 634 [A] AutoTC NonContact Operator: sdi Oxide Thickness: 634 [A] AutoTC NonContact
Date: 2/22/99 5:44:37 PM Pattern: Map FastHD Date: 2/22/99 5:30:27 PM Eg"e'g- !-'a'g FastHD
Dir: Edge Exc: None Dir: ge Exc: None
il ' Vpdm [V @ 1000A]
—— Avg. 0.906 StD. 0.274 Avg. -3.074 StD. 8.609

Vpdm [V @ 10004] g

Min. -20.88 Max. 8.641
Vpdm [V @ 10004]

Avg. -4.848 StD. 13.58

Min. -32.93 Max. 13.63

Min. 0.320 Max. 1.619
Vpdm [V @ 1000A]

Avg. 1.430 StD. 0.432

Min. 0.504 Max. 2.553

<

Avg. -10.42 StD. 29.19

Avg. 3.074 StD. 0.929
i Min. -70.79 Max. 29.30

Min. 1.085 Max. 5.489

Mo. Pointz x100

Mo. Pointz x100

9 18 27 36 45 12 15
'
'
'

Semiconductor Diagnostics, Inc. Semiconductor Diagnostics, Inc.

Average Vpdm: 143V Average Vpdm: -4.85V
(max - min) Vpdm: 2.05V (max - min) Vpdm: 46.5V

~630A TEOS deposited on top of 1000A thermal oxide
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@ a0 B Plasma CVD example: PDM maps
Slots 1-3: chamber 1 / slots 4-6: chamber 2

T T T T T T T T T T
T T T T T 2 K -100 -50 0 50 100
-100 -50 0 50 100 100 30 2 0 100

Wafer SO1 — Vpdm Wafer S02 — Vpdm Wafer SO3 — Vpdm

100 A

100 100

50 4 50 4 50 “4

0 0 04

50 50 504

100 4 -100 A

T T T T T T T T T T
100 50 0 50 100 100 50 0 50 100 100 50 0 50 100

Wafer S04 — Vpdm Wafer SO05 — Vpdm Wafer S06 — Vpdm

-100

—> from residual charge measurements we can observe somewhat higher charging
at the wafer edges, but magnitude of differences are small.
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() SEMILAB  SDI

Corona Charging Technique

needle or

( horizontal wire
I

S A Ii=]-1;
—_— .. ~ ..1’3 w‘r“
Iy: : -
44__)_,\3
CHUCK +}7
CORONA FLUX Jo= NUMB;R 0:“ IONS
CORONA DOSE AQc=Jc-At = NUMBER OF IONS
cm
TOTAL CORONA CHARGE Qc =n+AQc

in n-doses
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¢

Polarity controlled by the polarity of
high voltage

— jons: CO;4 or (H,0) H*

Low kinetic energy ion deposition on
dielectric : non contact bias

Amount of charge controlled by:

1. Magnitude of high voltage

2. Distance of corona source to the
surface

3. Time of corona charge deposition

4. Coulombic interaction with the
charge on the wafer alters
deposition



P) SEMILAB  SDI

SASS I-V Technique

How to Measure Current Across a
Dielectric Without Touching the Wafer?
The Self Adjust Steady State I-V Technique

Water Analogy for Leakage

ﬁ(DOSE AQ)
 —

h(t)
J ~ S«(Ah/At)

Lj\
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Dielectric Leakage Measurement

Corona Pulse

I Je=dien=CoSY
: Q=CV
—_— J = dQ/dt
= Cox dV/dt
Voltage
" V(t) Voltage transient measured by cpd
t t2 ’ 1E-05
1
E 1E-06
% o Control
.%‘ 1E-07 m Process A
g Process B
|-V leakage curves | : / Process C
$ 1E-08
For 4ea 1000A | °
- - 1E-09
deposited oxides ; M M M %
©2009 Semilab ALL RIGHTS RESERVED Voltage, [V]




@ ey B Plasma CVD example: |-V / leakage
Slots 1-3: chamber 1 / slots 4-6: chamber 2

We observe 2-3 times larger leakage for slots 4-6 (chamber 2) as compared to slots 1-3,

as well as different within wafer characteristics.

Current Density

Cument D ensity at C onstant Cumment Density at Constant
Voltage (19 V) - 9 site average Voltage (19 V) - All sites
1.20E-07 age (19 V] wverag 1.80E-07 age (19 V) ———
100 1.60E-07 o
& 100807 || &% 140807 I Ef:ez
3 S.00E-08 — || & & 120807 o Site
; :;‘ 1.00E-07 O Site 4
o 6.00E-08 — 5 @ S.00E-08 m Site 5
B q00E-02 L || 3 ® G.00E-02 O Site 6
|_| 4.00E-08 - B Site 7
200E'C8 T T T T T ZOOE'CB n o Slte 8
S01 soz S03 sS04 S05 SO6 S01 S22 SOB S04 SO5 SO6 m Site @
e
Wafer Wafer

Chamber 1 & 2 were the same type / same manufacturer. The film was PMD
(pre-metal dielectric), and device data from chamber 2 was showing higher leakage
characteristics than from chamber 1.
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P) SEMILAB  SDI

SILC - stress induced leakage current
Resist stripping problem

»Production Fab experienced Q4 problem
»Splits run & tested on FAaST tool. Corona I-V / leakage was
measured before and after corona stressing of the oxide.

»Slot 17 shows 3-5X higher leakage, highlighting issue with the new
resist strip process
»|ssue fully verified and resolved in ~7-10 days

SILC [E-8 Alcm"2]
Lo T S L N T "N U T SN |

SILC (@ S.SMV/cm (Low stress)

l

l

Slot17

Slot19

LT

Slot2l

slot23

slot25

O center
M left
Obottom
Oright
BMtop

O tleft

M tright
Obnght
W bleft
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() SEMILAB  SSM

Near-field scanning microwave microscope
NeoMetriK™ for monitoring of plasma damage
during interconnect processing




Processing induced low-k damage (PIEIIIGEIESL

@ photo-resist WQ@ ¢ Patterning creates chemical and
strip (ash)  clean physical low-k damage leading to

. | | trench increase in k-value due to:
ield sidewall

damage damage * Doping depletion = skeleton k1
naisiE T * Moisture uptake into pores => pore k1
trench i ~
bottom A SINCE Kz 80 .
damage OW- Cu | lowk 1Cu ¢ Plasma damage may increase k-
value drastically, e.g. from 2 to 6
szszon.sronon gEEsEEERana: S

—> Iinterline capacitance increase

ITRS: Monitoring for etching plasma damage will be needed
in production after 32nm node. But now need to study at
R&D.
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What NeoMetriK does? P) SEMILAB  SSM

¢ NeoMetriK measures dielectric constant k of interconnect, which
influences interconnect response to electrical signal

/ Near-field microwave probe

Microwave
radiation

/ Non-contact
A
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NeoMetriK operating principle GEZIIEED

microwave probe
electronics => resonant =

frequency, F
50 Q coax \

coupling loop

«<«— Al enclosure
08 N tapered parglle_l
SF N & strip transmission
loop 5  «—F— line resonator @ 4
1 N \ f GHz
photo- laser
detector -

probe tip ~10um

xyz-stage
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—> Dielectric constant k

Probe frequency F(k) is
measured by microwave
electronics with ~0.1 ppm
precision

Software algorithm converts F
into k-value based on
calibration with oxide wafers
Probe-sample air-gap <100nm
is controlled by shear-force
closed method with <1nm
repeatability
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Probe-sample interaction (P) SEMILAB S5

Probe tip capacitance:

$OH2 ) jarz 0 _1/(0C 420

0 d of Al strips
paﬁgﬂeﬁgtr?p / Probe resonant frequency shift AF=F-F:
transmission low-k AF
line resonator @87 fi — = -2FZ,AC [k, ,f’h]
D . I
C F, probe frequency w/o sample ~4 GHz
h T T "2 Z,=1009Q transmission line characteristic
t | LK -E-I- =C impedance
backing Capacitance sensitivity :
samplin
5C,~10-8F=1aF | ~\S2mPling
D~10 ym
h<0.1 um

backing: low-p Si, Cu, Cu grid
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Probe design GEZIIIED

= Probe is a tapered parallel strip transmission line resonator @ 4 GHz

=Electrically open tip end creates well confined sampling E-field similar to
parallel plate capacitor fringe field

Al SiO, Al
E-field by FEM r‘—\t—*ﬂt-‘-\

@4 GHz

R

A2~25 mm

SEM image of probe tip
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Effective medium approach

() SEMILAB  SSM

parallel strip /

transmission line
resonator
D

orobe tip /

Al
quartz

patterned
trenches in
low-k stack

keff

backing

No Cu metallization

NCCAVS PAG August 2009

backing

No limitation on pitch! (e.g., 1 nm s Ok)

©2009 Semilab ALL RIGHTS RESERVED

Effective medium approach: probe size D >> pattern pitch
Existing structures can be used: comb, MF, OCD, CD-SEM, etc.

effective
medium

19



Lumped element model

———

O R

——
— B
k

! p

21, (k, - k,)

=k, +

Si backing

S

Where p is pristine low-K and d is damaged low-K

¢ Sensitivity to the damaged layer thickness t;is ~ 1 nm
¢ Analytic model accuracy was verified by finite element modeling

NCCAVS PAG August 2009
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Side-wall damage vs. strip recipe

=

€

Effective dielectric constant k

o 20s O, strip

3.5 © 30s H/N, strip

I I I I I I I I A 1os 0 strip
341 “o v s HelH, strip
3.3 t=43nm| — model @ k =7.6
3.2 (m]
31 t d=41nm o _
3.0 . w ’
29 -
28f Vg t77m ]

3 \vd o
27 M v ]
2.6 (0 ]
2_5 [ 1 1 1 1 1 1 1 1 1 ]

70 80 90 100 110 120 130 140 150 160 170

Half-pitch (nm)

¢ 50% pattern density for all structures

¢ Solid lines are the fits to the parallel plate capacitor model using
damaged layer thickness t; as a free parameter.

NCCAVS PAG August 2009
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Side-wall damage in MSQ () SEMILAB__SSM_

5 T T v T i ! !
f 3.0 o High damage ash B
c v o Low damage ash A
8 Model Kk
@ ;5| d
o)
O
O 26}
| -
3
3 24}
el
O 22}
N
E [ [ [ " [ " [
100 200 300 400 500
Interline spacing S (nm) ko
LK [
SEM
" x-sections
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S
siC

t, sensitivity
~1nm

after HF decoration
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dielectric constant

Side-wall damage in PLK vs. LK QEILEIED

3.8

3.4

3.0

2.6

22
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e LK
A PLK DPC

o PLK N,

t d=1 6nm

100 200 300 400 500 600 700
Interline spacing (nm)

Dielectric constant of remaining after
etch low-k dielectric extracted from
experimental data for non-porous (LK)
and porous (PLK) low-k materials.
Solid lines are the fits to an analytical
model for sidewall damage
contribution. LK exhibits minimal
processing induced damage, while
PLK damage depends on processing.
Dry preclean induces more damage
than N,O, ash.
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@ Conclusion

Semilab offers a wide range of non contact electrical characterization
techniques to monitor plasma damage:

¢

® & & o o

Residual charge measurements

Leakage current measurements

K measurement

Direct, quantitative electrical measurement

Non-contact, non-contaminating, non-invasive - Fab compatible
Real time measurement and data analysis = in-line monitoring

NeoMetriK :

¢
¢
¢

On blanket and patterned wafers, no special structures needed
10 um spatial resolution = fits into most test structures

The only technique for side-wall damage measurement before Cu = all patterning stages
can be characterized; plasma damage monitoring in production at/after 32 nm node

Accuracy, precision are similar to established area capacitor methods
unlike AFM, probe is not a consumable
No wafer contact = measurement at any metal level ”



