Carleton @

University g~

Evaluation of MOS and Gated

Diode Devices of the
ATLAS ITK Test Chip

Ezekiel Staats on behalf of the ITk Strip Sensor working group

Presented on: 2021-11-19



Overview Carleton (&

AI\/IOS and GCD devices implemented in the ATLAS test chip

A Investigated suitabllity of these devices for QA of ITk strip sensors
ADescription of device design and intended use/goals

ATest procedures along with results (large number of statistics for MOS device)
AGCD design discussion

AGamma Irradiated samples and samples with special processing
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The MOS Device Carleton Gg

ATwo MOS devices -> with and withoutp-st op niI mpl ant o

A Both have total gate area 0.556mm?
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£ B B

AAI gate material is the same as the readout strips in ITk sensor

A Same Si bulk as the ITk strip sensor: N,= 4x10%cm-3 =

A P-stop implant shares same doping profile as p-stop
Implemented in main sensor for strip isolation
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The GCD Device Carleton €&

ATWO GCD devices -> two different gate widths (areas):
0.183mm (0.988mm?) or 0.063mm (0.316mm?)
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AEach have 1.597mm? n* diode implant and surrounded by |~ S|
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Device Characteristics Carleton &2

|deal
A Extract the oxide capacitance and oxide thickness T MOS
from the MOS In strong accumulation; treating c
accumulated MOS like parallel plate capacitor: :
O O( C T[Xk)n O C") ”L|Lllll_f|1:lHIHH
R
A Use flatband capacitance method to extract pp—

flatband voltage:

’?’QUY
L I T L
O O O] \1” U p ,

. . . | . . |deal
A Extract surface recombination velocity and test [, Accumulation NG version GCD
sulitability for capacitive measurements: .
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Goals Carleton g

A Quality Assurance (QA) program Is already In place for ITk Strip Sensor production -> Monitor
consistency of sensor manufacturing and study effects of radiation without sacrificing main
Sensors

A Each device can be used in QA program:
A MOS -> oxide thickness should be consistent across many wafers

A MOS -> measured flatband voltage used to characterize surface damage due to ionizing
radiation le. Increased positive space charge in oxide

A GCD -> surface reco. velocity used to further characterize surface damage due to ionizing
radiation ie. increased fast surface states

A GCD -> can also be used for capacitive measurements similar to MOS (e.g. with diode and
guard ring floating)

A Should establish test procedures for each of these devices and threshold recommendations for
the QA program
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MOS Test Procedure Carleton g2

A Backplane held at ground, scan gate voltage from inversion to accumulation (+2V to -20V) in 0.1V steps

A LCR meter measures capacitance at each voltage step. RC modelled in series, sourcing 100mV, 10kHz
AC test signal

A Procedure adjusted for Gamma Irradiated samples (see slide 16)

ATLAS Test Chip - MOS Capacitor MOS Capacitor Frequency Dependence
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Entries

Statistics of the MOS Device

ATLAS18RX MOS Capacitors - t

ATLAS18RX MOS Capacitors - Cm
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ABatch-by-batch breakdown In following slides
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ATLAS18RX MOS Capacitors - Vfb
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by Batch

ATLAS18R0 MOS Capacitors VPX32468 - t
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thicker on right side of wafer

ATLAS18R0 MOS Capacitors VPX33426 - t ATLAS18R2 MOS Capacitors VPX32502 - t,
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Vi, by Batch
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space charge in right side of wafer

ATLAS18R0 MOS Capacitors VPX33426 - Vfb ATLAS18R2 MOS Capacitors VPX32502 - Vfb
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GCD Test Procedure Carleton (R

University g~

For the GCD IV

A Bias the diode to constant voltage

A Scan voltages on the gate from -10V to +10V In 0.2V steps, measure the current through the diode
(eg. via the bias SMU)

For the GCD CV:

A Again, constant diode bias

A Measure CV of the gate using same procedure as for the MOS device

é 220 Lo Sense LCR METER
ATLAS Chip
Backplane ATLF'-.E Chip "
Cutput
S Gate BIAS v
SMU (pA SMU @;D SMU @.9 — o 6»‘9
Lo
Lo: gate Lo Lo: gate |
(GRD) - ; contact (GND) AL - ¥ ttttttt @ C\D (L(‘;’m}
—— - e Hi =
I — - ——+ ——
i * Hi: + o Hi Return Hi: +
+5V _ -10 to 20V
n+ contact 1010 20V tact \Voltage .
100kQ2 | I Output
| |2.2uF Hi Sen
1MQ
2021-11-19
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IV and CV of the GCD Carleton (&

GCD IV - VPX32468-W037 GCD CV - VPX32468-W037
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Limitation of the GCD Design Carleton £

Al Top Metal
Induced Guard Ring Voltage for Constant Vbias = 5V Gate Metal Contact
6 v .
Poly Si,Gate Al Top Metal
5

A\

Inversion layer

~

N

Guard Ring Voltage (induced)
w

3.0 e

=

25 s

Gate Voltage

_______________________________________________________________

™
=

A Constant voltage at the diode, vary the voltage at the gate,
measure voltage at the GR

...............................................................

Current [A]
o

Vdiode=2V, guard ring float
Vbias=2V, diode+guard ring
Vguard ring=2V, diode float
Vback=-2V, guard ring float
Vdiode=4V, guard ring float ||
Vbias=4V, diode+guard ring
Vguard ring=4V, diode float
Vback=-4V, guard ring float

A Conducting channel in inversion brings potential of GR to
that of diode bias

A Current in inversion dominated by leakage from GR

00 | [ ] ]
-20 —-15 —10 =5 0 5 10 15 20

2021-11-19 Ezekiel Staats- Carleton University Gate voltage [V]



Comparing MOS and GCD Vg Carleton (&

ATLAS18 GCD - V,, ATLAS18RX MOS Capacitors - V_
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A Smaller sample of GCD CVs measured, but much lower variance in Vg

A GCD appears to provide a better handle on V,, measurement, probably due to guard ring
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Gamma Irradiations Carleton (&

ASampIe of test chips irradiated with gammas from Co-60 at UJP Praha as.,
Prague. 28.2 hours at dose rate 39krad/min for TID of 66Mrad

ASampIes annealed at 80C for 1 hour and stored at or below -20C

ATest chips mounted to custom PCB* and measured In a custom cold jig which
maintains -20C and <35% RH (see backup for more photos)

AExpect to see radiation induced surface damage -> increased positive space
charge In oxide; fast surface states give rise to larger s,

Al Enclosure TH Sensor Test Chip  Custom PCB

™~ /Ni Inlet
]
. ‘/Optlonal Vacuum
i ooler

Cu Chuck Coolant Inlet/Outlet

*Designed and supplied by University of Toronto
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Gamma Irradiated MOS Carleton (&

Irradiated MOS Capacitor VPX32416-W282 MOS Capacitor Frequency Dependence
T 351 —~ 351
& - Frequency (kHz) & | Mon-irradiated
@ - D B
E 30__ ! % 30— —e— \/ = .20V
e - = - -— B
E L é - K —— V=10V
ciju 25— \\"'-I,, 5 25— - . o Irradiated
15 . & 15— I
10 [P, o 10— X
51— o 5— ;
w”mwwﬂﬁnﬁﬂmwmﬁ##f 1000 N o --4---"""
0 L1 1 1 | L1 1 1 I L1 1 1 I L1 1 1 - .. I ] I I I | . I 1 I L1 1 | L1 1 1 | L1 1 1 I D _I | | ] ] ] L1 1 1.1 I ] | ] 1 /I | I ] ] ] ] L1 01 I
80 -70 60 50 -40 -30 -20 -10 0 10 : 10 102 10°
Voltage [V] Frequency(kHz)
A High bulk resistivity -> measured capacitance in accumulation decreases for high frequencies
A Vi, now shifted to ~-40V -> increase In trapped charges in the oxide 5
0 —
P 1 YO

2021-11-19 Ezekiel Staats- Carleton University 16



Gamma lrradiated GCD 1 CV Carleton (&

Gamma Irradiated ATLAS18 GCD IV Gamma Irradiated GCD VPX32502-W002

< 12 -19C ; <20% RH L —
c [ & _ —— Frequency (kHz)
c i ——— VPX32416-W282 Q50 mmsmm
Q) B R, o b
o B Vhias=10V c — Trm % :
3 10— I
O s — e VPX32502-W002 S .
S - V,, =10V S F
9 - 8 AQ v
O gl— —— VPX32586-W065 B ——5
- - —— 10
| VPX32586-W065 30—
vbja;=1 V L
6 | —=— 20
—8— B
| 20—
4 __ — Woodne| —s— 100
: :“’“’“— T i % L‘:‘ ““ ﬂﬂ. ,‘:j "“ d I P .:..:. -::=":'-::::II —+— 200
2 10—
- — & —+— 500
— : —— 1000
0 I 1 ' L ! ' I ! L ' | ! . ! | L . 1 I ' ' 0 T T U I T T T N M A Y S A A B B O B B A B A BB B BN AN AR
-80 60 40 20 0 20 °80 -70 60 -50 -40 -30 -20 -10 0 10
Gate Voltage (V) Voltage [V,

A IV cannot be used to extract s, as with the non-irradiated devices

A CV can still be used as another handle for V;, determination; again, Vy, shifted to ~-40V (1kHz)
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Split Process Watfers Carleton (2

AAttempt to mitigate humidity-induced effects (link)

AS types of special process wafers*:
AType A -> Special treatment for passivation, implemented In pre-pro sensors
ATypeB-> Type A + nSpeci al Maski ngo
ATypeC-> Type A + nThicker Passivationo

ATypeD(Iowandhigh)-> Type sdbrtayn Porocesso (|l ow an

*Processing information courtesy of ITk strips collaborator Xavi Fernandez-Tejero (SFU)
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SP Waters MOS and GCD

Special Processing MOS

g 30 m —— Type A W465-A1
Q B === = —e— Type A W465-A3
:::E B —— Type A W465-A4
E 25 __ Type B W485-A1
3] |
@) _ Type B W485-A3
20 __ Type B W485-A4
| Type Dlow W497-A1
_ Type Dlow W497-A3
15 - Type Dlow W497-A4
E —«— Type Dhigh W502-A1
10 - —e— Type Dhigh W502-A3
: —— Type Dhigh W502-A4
5 - —— Type C W505-A1
| —— Type C W505-A3
0:. el b b b b b b b Ly T TREOESA
5 -4 -3 -2 - 0 1 2 3 4 5
Gate Voltage (V)
A 1T Production Treatment
C 1 Thicker Pass.
Dhigh T P-spray high
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Special Processing GCD - Large Gate - Vdiode=5V
r,__“u ............. —— Type A W465
a —
__ Type B W485
:_ Type Dlow W497
— s
: - —— Type Dhigh W502
E —— Type C W505
L | _—
-10 -5 10
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A V;, changes for various treatments

A Can compare V;, from GCD CV

Gate Voltage (V)
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Conclusions Carleton §@

AStudy of MOS and GCD devices of the ATLAS test chip presented

AThe MOS can be used to extract parameters: oxide capacitance, oxide
thickness, flat band voltage -> useful to monitor manufacturing consistency and
radiation induced positive charge buildup

AThe gated diodes cannot be used to extract a surface recombination velocity, but
the CV can be used as another measure of the oxide thickness, Vi,

ALarge variation in MOS performance -> GCD Is more consistent

ASpeciaI split processes were also studied with a measurable effect in device
characteristics being observed
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‘/Passivation Opening
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Setup for the MOS Device

'/Passivation Silicon Dioxide

p++ substrate

Al backplane

2.2MQ

Lo Sense

ATLAS Chip
Backplana

Lo Return

Hi Return

MOS Metal
(Pad #3)

Voltage
Output

Hi Sense

2.2uF
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Setup for the GCD Carleton (&

Al Top Metal
JGate Metal Contact

Poly Si Gate Al Top Metal
5

Passivation
v/ Silicon Dioxide

n* Implant

Current Measurement Capacitive Measurement
g 2.2MQ Lo Sense LCR METER '
ATLAS Chi . =}
sackpire Backplane. AC sl
BIAS Output ———m—a
Gate BIAS Gate _
S M U A s“ U A \\.\K\\\\\\\\l\
P SMU (pA P Lo Return . smu (pA —_——
Lo: gate : Lo: gate . W‘*}* \-.-.“uu““\““u““x'_
(GND) _ ¥ contact EI;ID) (GND) _ ¥ contact @ Hi(\f) ;_(gfdﬂl _',: % ! %
- - = | NI
Hi: Hi: + Hi Return Hi: s . | S S
el ; -10 to 20V s — IS4 5 !
n+ contact 10t0 20V T+ contact Voltage - met | % %
100k | I Output ———= = =
W I I 2.2uF Hi Sense ___.-_._._._._._.__.__;__._.;_
',; R T L U P T B LT LT I T e T S e -
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C,, by Batch

ATLAS18R0 MOS Capacitors VPX32468 - C_

NLddrti ght & Oxideasmgeherally
thinner on right side of wafer
ATLAS18R0 MOS Capacitors VPX33426 - C_
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- A
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ATLAS18R2 MOS Capacitors VPX32502 - C_

Entries 20
Mean 29.79
Sid Dev 0.2197
Bl H2
B H1

H2 RO Main

275 28 285 29 295 30 305

Oxide Capacitance (pF)

- Approximate location
H3 :
of device on wafer

3 -
Wader coordinate



A

Setup 1 Cold Jig Carleton G

Al Enclosure TH Sensor Mini Sensor Sensor PCB

\ Ni Inlet

Optional Vacuum

ACarIeton cold jig can go
tO <-20C W|th RH <15% Peltier Cooler —

Cu Chuck Coolant Inlet/Outlet

2021-11-19 Ezekiel Staats- Carleton University



