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Introduction ATLAS X ITk

Motivation:

u implement trap parameters in TCAD (geester contribution by C. Jessiman
U precise simulations of irradiated ITk sensors

measurements on MD8 diodes
- square 8mm x 8mm*n-p diodes
- produced as test structure on same wafers as main ITk Strip Sensors

tests performed on unirradiated and irradiated devices
- unirradiated halfmoons from batch with high current main sensors
b NBFTSNBYOS al YL Sa TNRBY Wy2NXIfQ
- irradiated samples with irradiation done at CYRIC with 70 MeV protons
- 3 different fluences (10% uncertainty) and annealed 80min@60

4.57el4n,/cm?  8.34eldn,/cm?  1.54el15n,/cm?

samples mounted on heatsinks and wire bonded contacts for implant and GR
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V scans ATLAS ¥ ITk
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E . L , 1.54e15 n_ fem®
mh ATLAS ITk Strips T = 204K i ATLAS ITk Strips L UPXAza10-Wes ]
_ . —— W153 —— W154 —— VPX32412-W45
100u b MD8 diode (unirrad.) —— W156 —— W178 I MD8 diode (irrad.)
HE |V scan (DLTS setup) ——W179 —— Wa418 12y - IV scan (QA setup) 7
_ : ——W420 w421 _ |
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Bias Voltage [V] Bias Voltage [-V]
IV curves taken at room temperature on DLTS setup - QA results

W153179 from a batch with high current main sensors; leakagecurrent shows clear scaling with fluence
W418421 for reference

- higher currents allow for use ofLTS, but can limit
incidentally W153, W418, W420 with highestrrent usefulness of capacitance transients
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CV scans

ATLAS

UNIRRADIATED

N ATLAS ITk Strips

s MDS diode (unirrad.)
°F CV scan (DLTS setup)

Bias Voltage [V]
0 N OO LR WN = O
T

1E14

1E13

Carrier Concentration [cm]

1E12 & E

0 10 20 30 40 50

Depletion Width [um]

CV scans did not show significant differences between-

samples

depletion width and doping concentration can be
derived from CV curves
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IRRADIATED

a0 | ATLAS ITk Strips

I MD8 diode (irrad.)

25| CV scan (QA setup)

20

15

C?[x10° pF?

10

4.57e14 n,_fem’
—— VPX32421-W371
—— VPX32423-W80366

8.34e14 n,_fcm’
—— VPA37915-W295
—— VPA37918-W371

2
1.54e15 noq/cm

N,=3.4e12 cm™ 7
N_=3.6e12cm® 4

N, =29e12cm® |
N,=2.9e12 cm™

—— VPX32410W98  N_=4.3e12cm® |
—— VPX32412-W45 N, =4.4e12 cm® ]

00 1 1 1 L 1 1 L 1 L 1 1 L 1
0 100 200 300 400 500 600 700

Bias Voltage [-V]

full depletion still present at highest irradiation level
limited acceptor removal, [\ similar to before irradiation

DLTS setup can only bias up to 10V,

low bias readings of irradiated samples not useful for
calculation of depletion width and carrier concentration
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Measurement methods: DLFBALTS ATLAS ¥ 1Tk

Electron trap - Hole trap -
high injection hole injection
1. Quiescent reverse bias V_ 1. Quiescent reverse bias V
C E(}
1. DUT is under constant reverse bias . o, .
n P readansnnios 3
2. filling pulse with specific voltage.®nd duration is E, E,
applled’ adJUSted to trap Sta'tes Of IntereSt 2. Saturating injection pulse (Vp,forward bias) 2. Majority carrier pulse VP
Vpas reduced reverse bids majority carrier traps (holes) i E, E,
V, slight forward biag) minority carrier traps (electrons), T & n* b
if capture rate much larger than competing majority traps ! S R EYY E
S— o E, oo,
3. b|as baCk to pr'or Ievel, measure tranS|entS 3. Thermal emission of carriers 3. Thermal emission of carriers
capacitance or current transients, depending on sample TN E %
T n” P
usually average O(100) transients per temperature point | ™ P g E,
T E, L1 e e,
. . N
plot nC orn is. temperature for fixed rate window o o
corresponding to emission rate v, |7 v, v,
Bias pulse
analysing spectrum for varying rate window, [tt] yields
Arrhenius plot of trap levels c IK e ©
R Capacitance "R
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Measurement methods: DLFBILTS ATLAS X 1Tk

temperature T

= tW
3t g Thignr =
b S A ig| 5]
z 8| ¥ ! ]
g = ! L f 3
. . = ' : &
1. DUT is under constant reverse bias 2§ —Vr e -:/ £
sE| b —
2. filling pulse with specific voltage.®nd duration is §‘§ j: - N > Ton z
. . ; Sl N ‘ 5
applied, adjusted to trap states of interest %é — ! \ g
Vpas reduced reverse bids majority carrier traps (holes) ga _|_E_ : \ - c;u
V; slight forward biasd, minority carrier traps (electrons), & Y y —> - L B
if capture rate much larger than competing majority traps 4 t. time  AC,=C(t) - C(t)
3. bias back to prior level, measure transients
0.030 T T T T T T T T T T T
capacitance or current transients, depending on sample i V,, = -1V, V, = 0V / 10ms
0.025 |- * Data g
usually average O(100) transients per temperature point - _?Qiiff%ausiian Fit Total {
0.020 - ’ -~ = 1st peak G-Fit B
) ) | - - - 1st peak G-Fit 2
plot nC om ks. temperature for fixed rate window oot ek FtTaal ]
corresponding to emission rate o - - - 2nd peak G-Fit 2
S oot0
<]
analysing spectrum for varying rate window, [tt] yields s
Arrhenius plot of trap levels '
0.000
-0.005 [

50 100 150 200 250 300
Temperature [K]
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& Unirradiated diodes: DLTS spectra ATLAS X ITk

T T T T T T T T T T T

DLTS measurements performed V, = 0V / 10ms

for different bias voltage and PRSI ey Rwzshz ATLAS ITk Strips -~
filling pulse settings W153 —— W154

) — \W156 —— W178 MD8 diode (unirrad.)
- .common trap at ~175K seen in all 10E-3F ——W179 —— w418 DLTS spectrum -
diodes

— W420 w421
- negative offset observed, mitigated
with GR at GND 5.0E-4

- peaks at ~100K not consistent
between different scan parameters; 0.0
no clear Arrhenius plot

H(225)

AC/C

-5.0E-4
u only true additional defect
observed for W153 at ~225K P R
U confirmed over multiple runs and 50 100 150 200 250 300
2 diode samples Temperature [K]
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: : : : ATLAS
Unirradiated diodes: DLTS spectra
H(225)
1.0E-3 — T T T T T T T
DLTS measurements performed Y —ov 1o
for different bias voltage and ATLAS [Tk Strips H(175) Vv RW Btz
filling pulse settings | 8.0E4 I \1ng diode (unirrad.) —— w3 i
- common trap at ~175K seen in all DLTS spectrum — MER
diodes —— w178
6.0E-4 ——W420 .

- negative offset observed, mitigate
with GR at GND

- peaks at ~100K not consistent
between different scan parameters
no clear Arrhenius plot

u only true additional defect
observed for W153 at ~225K

U confirmed over multiple runs anc
2 diode samples
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Unirradiated diodes: Arrhenius analysis
good trap saturation for - T . T T
10ms filling pulse J o ATLAS ITk Strips
: i 1000 | ! s ! il
flat relatlvtt? trap dicat E "lE MD8 diode (unirrad.)
concentration as indicator - il Arrhenius analysis
increased transient H(225) S T Y 4
H H Temperature [K] '
amplitude for larger bias _ >
N2 H(175)
- no changes to overall N ’
spectrum & ’
Arrhenius plots from rate - o g
window analysis P - W153
. Y $ ST e : ; V.. =-1V
- derive trap parameters from 100 ¢ V,, = 300mV / 10ms a
linear fits i %10 220 230 240 ,{ e defect 175K: 380meV
i Temperature [K] ./. e defect 225K: 443meV
/: 1 1 1 1 11. 1 1 L 1
50 55 60 65 70 75 80
Tmedian [K] E[meV]  [em?] 1/KT [eV']
175 (common) 310¢390 10'4¢10?t3
225 (W153 only) 443+6 7.5 x 105+ 1.4X ) " Ey
In(t,7°)=—In(c:} T, ,)+-——
( ¢ ) ( n.p n’p) kBT
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Measurement method®DLTS, Ca

nture Kinematics

ATLAS X ITk

DoublePulse DLTS (DDLTS) measured at temperature of observed trap

progressively increasing filling
pulse at fixed bias
t deep level trap profile

V2 Vs WVena Va1 Viiln

v _ 11

measure
|

I
capacitance
transient 13

L

Fermi level crosses trap level

\VA
fill 2 . ‘

" signal difference
~ " =trap concentration

in region %X,
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fixed pair of filling pulses at
iIncreasing measurement bias
t field strength dependencg
indicates acceptor/donor state

| 1 Venasours 2
! 1
capacitance ' v
sients

| amphoteric

acceptors donors

levels
t R T Ec
+ +
electron = ++ - 2}
traps o - 3
! s 5
Eog
[e) =
hole + 2
traps * o =
| _z ) 2
o] : ‘ EV
example: By VO; = B GO; TDD| Vv
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Unirradiated diodes: deep level profile & capture prof8ss'> ITk

- 175K trap has constant concentration
throughout depletion width

- 225K trap has decreased concentration close
to junction

- trap saturation plateaus for filling pulselms
- observed dependence indicates point defect
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