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L

MPV : 24.97+£0.08 mV
99.98%DAREZNZR T

J A XL— k10

Pulse Height [V]
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Strip sensor

20X b—2iEqEE ﬂ
CEELEh 1 /elCiR D EEEE)
"B 82._68_i0.06um

Pulse Height Ratio to Leading strip

L1 L1 L1 L1 L1l | L1 | L 11 L1
2 4 6 8 10 12 14
distance from leading strip [Strip]

BHEEHBIEUZE-bY1T
(Rimp. CcpXH>T)L)
>+RCESK.

20X =D

crosstalk == = = =p



Strip sensor

> 1= 0)7(%2-_‘7
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Pulse Height [V]

2/20/2022 28th ICEPPsymposium



beta-ray
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Strip sensor

I\AF A U THEDAREN S » %ﬁrajé/%?%um I\Eu:\:/j‘ L — % .
— . - = 00da tracks
> ELPHZA I\_I: L@FIAEX S f. m o) : & CDtelescope EROIICE Y
Telescope Telesco e ROl HScmtl H . X2/NDF : < 18 (X,y)
e-_I_i T » v LGAD hit : > 14mV
|_| |_| |_| (95%efficiency)
n 160 | [ L L L R B R
Pixel sensor T 140‘ + Ch13 J
(25x500um) 9 Residual distribution for + + Chii Sum
O 120—each channel 1
Pixel sensor - -~ (gaus fit) E — ADNIB S AREE
(50x250um) 109562 +- 1.4 um (Error func. fit) -
Specify region 80— 52.4 +- 2.9 um—
v 800MeVEFE—A 50l 1 =
v' beam rate : 200 ~ 400 Hz waverunner 8208HD- = }'l'/ -
: 2GHz, 8ch, 10GS/s, 12bit 40 \ —
v' beam current : 14.38mA 20F- | B
v > Y —: Strip E-b (E&X) 0 Bbe e mcess 1o e e
-0.8 -0.6 0 0.2

v Number of events : 600,000
v’ Bias voltage : 170V

Track position [mm]

| RIBOIREE : 20.3+- 3.2um D HEFEUIELVEIBDREE |
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Strip sensor

Signal size and crosstalk measurement

To check new prototypes = Tested using °Sr beta-ray source
Distance of 1/e pulse

» Signal size measurement » Crosstalk measurement height from leading strip
Signal size : MPV of pulse height distribution Compare crosstalk size : “crosstalk distance”
in the highest signal channel.

= 0.05g = ST T E £ 300 Q12‘...‘.‘..‘...‘....‘...‘..‘.‘.l
gooas- 4 o TR =k E . .
S oonr +§§.‘3215 ~N e Signal MPV gzso_i 118, Crosstalk distance :
50.0857- = : B 0 g
o3} . 10 semy = 0 V| 208

0.025F C2 type 3 102 g 150 s . ] -t.% 05

0'02; E 10 © C * i ; .

0015 14 ey | ' =) | fos

0'01;_ _; 1 505 o 615 o0z |H||i||| 501 : g::i:s B E

0'0053 N |\|\|||_: - - - Pulse Height [V] E L x 0%

T R B AR B
8 10 12 14

:\||||||\||||||\|||\||||||\||||||\||||||\|||||||||:
00 5 10 15 20 25 30 35 40 45 50

Signal clearly separated from noise !!!

00"(').5/1 §572"55 3 35 4 45 5

implant resistivity multiplication Implant resistivity multiplication . . . .
— Noise efficiency at 99% of signal efficiency Fit with function distance from leading strip [Strip]
“Zt¥ Signal MPV ;m‘ """""""" ] B x 50% of crosstalk to next strip
- 8 o ] y=Aexp\——)+B
0.6 (C2) ='~ T .
10° o £ ° crosstalk distance
o Rimp X 4 m_é 3 -
P L Copx15 : | Largest R;,,, and C, sample (E-b type) is the best sensor type
C O ik e 103(E-b) 7 q v’ Signal size > clearly separated from noise
. e 2 R b v" Crosstalk - suppressed enough
Signal not clearly separated from noise ... R o PP J
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Pixel sensor measurement

To reduce pile up effect, developing pixel sensor !
» E-b type (high resistivity, high coupling capacitance)

50um pitch pixel sensor
(42 um x 42 um)

PJ_\F

- e Y e W

-

] ACLG-PIX42

Pulse shape

4x4 matrix pixels has
been wirebonded

0.04

0.02

0

Pulse height [V]

-0.02

AR i b )“ i (%
e .JI wqw!*

104

10°

To make larger signal size : larger R,

105 =

102 g_

104

Signal size distribution

noise

0.1

015 02 025

Signal size is too small |
to separate signal from 3

03

Pulse Height [V]

Need further improvement for
pixel sensors

- Make signal size larger

(or, allow larger pixel size and take
charge division for better spatial
resolution)

and C,,

imp

v Rinp - NOt possible to make higher (limitation of Foundry process)

-0.04

v C,p, : possible to make larger

-0.06

Sensor

signal'was

-0.08
-0.1

served f

irst time

> 11

-0.12

2/20/2022
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time [ns]

- Next prototype

Make oxide thickness thinner (make Ccp larger)

IEEE 2021



Testbeam at ELPH

» Purpose
v’ evaluate efficiency and timing resolution
v check position resolution (and crosstalk)

» Research center for ELectron PHoton science in Tohoku university (July 5th-9th)

C target STB ring
(converte” to gamma-ray) | ELPH facility

Zi S . 2N

beam energy vs rate of Au,
W, brass and empty target

7000

rate

s000 — — AN N, 4 " o —

o .'-",,_uuuuu. _
o LK8Y - ~ Metal foil target

oo m e - o (convert gammato e and e¥)

181 (accelerate to 90MeV)
beam energy - g

= 48

Metal foil : Brass
v" radiation length = 0.6 X,
v" highest beam rate but

various energies

lead collimator

GeV gamma
irradiation room

2/20/2022 USJapan meeting



Strip sensor

Efficiency (testbeam)

To check expected 100% of efficiency > threshold 14mV

» Testbeam at ELPH (Tohoku University) v 2D track map

v Sensor : Strip E-b LGADAhit track
: _ Efficiency estimation from T
¥ Bias voltage : 170V pulse height distribution

— s
E —1of
I>__.-|2:

] ] N
v' channel : 9~15ch JPE | |
Efficiency vs threshold wl ] I I
> B T I T TT | TTTT | T TT | T TT | T TT | LI | TT E | _2_%_ ~ i ~ L
* 7 2 0 02 04 06 08 1 12 14 16 18 . . . X . 1.2 14 16 1.8 2 0 02 04 06 08 1 12 14 16 18
% 0.98 + 1 o 3 X [mm] X [mm] X [mm]
2 i ' 1 ; v’ projection X (y=-12~-17 mm)
L 0.96- 7] ; : LGADNit track Efficiency
= 0 002 004 006 008 04 o2 514 E"‘"‘I“‘\"'\"‘I"‘\"'\‘“I"‘\“'E e e A A A A
004k b pulse height [V] %0 ] i
i ? 1 ; — . 50 : 08
_ 09 - i ] :
0.92F . . 4 | B os £ i ; o8t
- fit top region of i £ o7 3 30 E i
- projection plot ; 06 E 2ok E o
9 - 2D o5 = g ] i
i 945 +-0.6 % + S o4 E 10F E 0.2:—
. '1|2' ' '1'é 35' ! '1|3' ' '1'3| 35' ' '1|4: ' '1'41 35' ' '1|5' : ‘_CG E:Z : 820 02040608 1 1.21416 1.8 Y0 62040608 1121416718 g e Ta e s
threshold voltage [mV] | & o E X [mm] X [mm] X fmm]
istent t timation f o oo 00z 003 —
consistent 1o estimation from threshold voltage [V] I EfflClency was 94.5+-0.6% at 14mV threshold I
pulse height distribution
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Efficiency (Pad E-b type)

> Efficiency Efficiency map
v’ Bias voltage : 140~170V upstream downstream
T \ E‘ —115-"'|""|'"'|'"'|""|""|""I"". E S L L L R R B R R
v' ch0~3 (2layers) £ -115F - E 1isf |
_ \ > —12F - >  _isE |
v Event : ~240,000 125 | 125F - |
v Event selection 1"3'25 h 3 -
v' Good tracks B : g a3 "~ N
v" have hits for all tel and ROI B - il . A
v' X2INDF : < 18 (x,y) ;N 1asE oL
v LGAD hit : > 18mV : oE ;
projectionX R B e e
Trackmap at LGAD Z position X [mm] X [mm]
— 11 L —
£ -us LGAD region o LGAD region
> e LGAD dector is 1sf E : center of 1mm region by projection X/Y plot —

3 sigma of pointing resolution of beam

AR R el L

. located at the edge of

-135 . 1oL N
-14f ROl region : 1 Efficiency : Efficiency average in LGAD region
3 I i 1 > 97.9+- 0.9 %
A55E | w e NE P ) . i ] i
s e less event in left o ¢ v b . (up and down stream conbined)
X [mm] side of sensor 3725 2 16 T 05 005 1 —
X [mm] Efficiency of pad sensor was expected value
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Radiation tolerance (TID)

Strip sensor

> Irradlatlon at facility in Takasaki
' ! Radiation damage
v" NIEL : Bulk damage

S

DCring AC elec.

@¥€ogammaray

e

TID damage

> |V curve of E-b strip @ OdegC

Current [UA]
. o
:\
<
0]
< -

gain voltage

o > getting higher in

10 : ﬂp‘"’ 100kGy $ @®  strip/E-b/non-irrad/0degC/ radla’tlpn |eve|

10° B3, o (not big issue)
¢+ ¢ non-irradiation

@  sirip/E-b/100kGy/0degC/

stri piE b/lMGvOdcuc

e [TTH

[ S IR IARUN IAPRUN RN R B .
20 40 60 80 100 120 140 160 180 200 220

Bias Voltage [V]

&
+

2/20/2022

v' TID : Surface damage € Gamma irradiation
v'acceptor removal (decrease pAkldog)lng conc)

+
(positive trapping charge) Pbulk

» Signal size and crosstalk

v" non-irradiation

v 1MGy

signal size
larger in irradiated
sample

i

xtalk distance
:96.0um

-y

o
@

o
o

o
'S

Pulse Height Ratio to Leading strip

o
i

o

1 1
8 10 12 14

1
2 4 6
distance from leading strip [Strip] |

Before TID >
AC elec.[ —— c

cp
N+| <[ 1= | |
signal —> Kimp V17 Rimp

crosstalk =
Rimp
Q =

Q
Zcep + ZRimy o <

IEEE 2021

2 4 6

8 10 12 14

distance from leading strip [Strip]

After TID

ELd

crosstalk
smaller by radiation
level

Gamma irradiation
makes sensor
performance better

| —E

B+ |

R;

Q' =

me

! Rl{mp > Rimp)

ZR{

mp QO

ZCCp+Z /

imp




Lab measurement setup and sensors

» Setup » Sensors o
IaS ring . bias-ring .
HV LV U Pad DC- rlng O Strip / DCring Poly-Si
i /
Thermostat (20degC) ‘ = / / /
e : N
e Mirebond |
e — —
FNAL 16 ch amp
| Scinti. MPPC |
HV LV

» Wirebond channel
U Pad

. 45um = 40um

—45um W|dth ,j:; —

(T soumwidth | .
Al elec,| 40um wi — expansion
sumwidth=— =l
h —40um width : ~ wirebond
H45um width | = pad
Poly-Si —— NS Riacri
S elec(] ~35um width bias-ring

2/20/2022
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Signal size analysis

» Analysis _ _
» How to define operation voltage
1 Noise v' Example : E-b strip voltage scan
v" Fit Off-timing pulse distribution by asymmetric gaussian
function :
_ bias voltage
Q4 Signal v' larger signal

v Fit On-timing pulse height distribution by Gaussian v" smaller crosstalk

convoluted Landau function plus function of noise

v Signal MPV will be used to compare the signal pulse EE;M b 0.l e
) . . C_U C

height size. S ) 00f E

—a— Signal MPV

. ] e 7

::?(\ % $0.08 =

| o E  —#— Pedestal mean + 3

ht ch | ' T S007F E

max pulse height channe max pulse height distribution : 0080 , _ 3
and arrival time delay from trigger at on-timing ? S % %0055_ Bias volt : 170V E

= 05— @ E » ]
T oas 50.04 ¢ 3
£ ooes " o003k L, e " =
8 o355 _ On-timing 10° e * ]
< ost > 0.02F ® =
E T Off-timing > E * 0o * 3
0:25¢ 10 0.01 =
0.2 E 3
0 15; 10 O_I I IR I A A I
py3 150 160 170 180 190 200 210
005F- ] R T L ik b Bias Voltage [V]
02'0 - 2 ._.__..__..._......... 0O 002 004 006 008 0.1 012 014 016 0.18 0.

Pulse Height [V]
Arrival time delay from trigger [ns]
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Testbheam @ FNAL

» Fermilab Test Beam Facility (FTBF) » Efficiency of C2 [ o
: 120GeV proton beam
90mYV threshold 45mV threshold 20mV threshold

Entries h 175207 . Entries 175207
Mean x -5.727 Mean x -5.727
Mean y 10.5 § Mean y 10.5
Std Devx 0.7164 StdDevx 0.7164
Std Devy 0.5778 Std Devy 0.5778

h
Entiies 175207
Meanx  -5.727
Meany 10.5

StdDevx 0.7164
Std Devy 0.5778

-7 6.5 -6 -5.5 -5 45 -4

» timing resolution of C2 pad

htime

L= 180V e
PHOTEK - 0=37ps
MCP photomultipliers 1000 — .
(PMT140) a0l Timing resolution : ~37ps
450ps FWHM with 5e3 Gain b
e ~5ps timing resolution =
ssesveesak (SPEC: Multi-photon ~ “’F v’ Efficiency : 100%
LeCroy IUI jitter below 10 ps) 2001 o _
WR8208HD scope } e e S v" Timing resolution : 37ps
12bit, 10GSa/s, 2GHz 8 channel AT (leading pad, MCP) [ns]
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» Investigation of bias resister issue (non-irradiation)
What is the signal leak from the other side of strips?

—
ro

The tail ...

v’ C2, C2-b, D-a, D-b and
E-b (much less pronanced
E-b type)

Pulse Height Ratio to Leading strip

v Getting smaller by highest
resistivity samples

el b b b b b L
2 4 6 8 10 12 14
distance from leading strip [Strip]

O Hypothesis

I
Edge of sensor /q :
m—, n+ Leading
_ i

v" MIP particle inject edge strip

5i0, Poly-Si cfbsstallk

v Poly silicon resistance > Rimp resistance

DCring
—>charge cannot escape to GND

/

./.
/
' 4
4
s
\
\

> Sparked sensor (irradiated) \ %
GND(0V) %
_AC elec
Poly-Si I
f Al sio,
| I |_| DC ring AC elec.
—
- L L L
n+* ntt nt+

-20V

Voltage drop
2MOhm x 10uA = 20V

Next sample
: sample with a little far
distance between AC elec.

1. High voltage and DC ring

Hypothesis

2. Voltage drop by Poly-Silicon resistivity

3. Voltage difference between AC elec. and n++ ring (DC ring)
- Spark
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TCAD Simulation and Actual Measurement

Readout MIP particle
> Signal Size (repost) : Changing Rimp and Ccp slectroden~

T T T T 1 (0T T

O Simulation

imp .
-12 v
o 085y
[} E 7
S 07 I %107 2
Iy E 3 =) IR AR AR RARAE AR AR LA i
O 08 + = g 0.46— ]
0.5~ 3 -] F 1
04; +¢++ 3 S 044 + ]
E e ] E B .
0.3 - 0.42— .
-+ ] C ]
0.2~ — L ]
: ] 04 M 3
0.1 —
GEH‘.\H‘.mu.\u‘.mu.mu.\u‘.murx13 0‘387 5
0 500 1000 1500 2000 2500 3000 3500 4000 L 1
Implant Resistance [Q] 0.36— -
R D B D S R B 4 [+ B
6 7 8 9 10 11 12 13 14
Q Actual measurement credtanee
o ¢ — ¢
= o1 E__.f :
= T F ' ] %) o 2950 =
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