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Over Voltage




JAOA—=7 - TT7X2—/NILR

LEDZRAWT., ZJARPM—ZETI7R—NILADEXE2RD 3B,

INODHFEETESHIBIEBSNSLLRTPDEZRHIET %, KAﬂ
. Raw waveform > 80% ' SO bF—2+ \‘
E ; PG TPy SO TS c;; 70% 77 9 _l\o}[/}
3 5
= L 60% ~sORF—+ o .
- Q —_ |
= 2 500 —739 dlide o =
= 40% - [ -
- e [ A
30% ° R
[
20% ® A
N
10% A ATT7R=1LZR
A A
O% | | | |
0 1 2 3 4 5

: — Over Voltage
ViRFED LNV ADERE TS 2KH S

T 7R =N ZDERIFMEOEMREFMPPCERFNZA b TWB,
RIREERICIE/70XR F—7iF0EELENT 5 FE,

BAYMET S £ 6 9EFXRE



25%

PDE

20%

15%

10%

5%

0%

PDEGEFEHE%E) IIKEIA R E L. JBEHPRS, LERFIBLZDHL LBV,
J-1-J)-2¢K-1:K-20ZEIFHERDIEELERONS,
7024 7HDO600@IZKE L RAFED 7 AL RTEET 3,

¢J-1 AJ2
| *K-1 AK-2
eL-1 AL-2
mG-C [-2 +
0 1 2

BAYEFS

69 EFERAE

Over Voltage [V]
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Waveform 15

e E

- VIR AL VI ]20 [25 [30
E a 9.2V = Rise time 067 1063 1060
Fall time | .5 o | 555 | 256
: [ns]

| Result of waveform fitting
1401J-1 = for J-1 type sample
602V 3

L
=300 -200 =100

T%

i
i : i
!
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§
8

No significant difference is seen in
different samples.
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Adhesive Test Samples

GRUED quartz  Quartz window is going to be glued on

1 ceramic base.

: Stabili’ty against thermal CyCI'e
- Contamination to LXe
' ' are OK?

AN

ceramic

4,00
S F

Current Design of MPPC

3 types (X2 each) of -
samples were produced.

. Silicone type A
- Silicone type B
- Conductive epoxy
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MPPCEfFEMR DE%Et. PSIORME & DB HIC &
MPPC Carrier Board

— ] 1508 e ——

Top spacer

. MPPC MPPC

|
Assambly PC / / \
Bottom spacer Socket pin Circuitry on PCB
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How current flows

AT D=
——¢

AV=Is(Ra+ Rs)

Is [Sl %é—: !
P s —t
PR & APOOIR 0, y o — !
K %
S(AV) S IS
]Sl AN =/Is(Ra+4Rs) XD—:'—‘
AV
VAN =/Is(Ra/4 +Rs) AV
=4[sRa+ [s(Rs +FRh)
=4/s(Ra+ (Rs+Fkh) /4)
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Time dependent voltage drop 1 19

SPX Template Wawveforrm O00 @ 12003 pulses used

hspxtemplateOOO0O
Entries 921
Mear -3.61e-06
RMS 4. 075e-06

In order to see the El
time-dependent o5
effect, we used o
correlated LED1 & o0z

LED2 with different o
delay time. o

0ns Black : raw data

Red : LED?2 template
Blue : Extracted LED]1

=

_WH ITTTTTTTTITT I\I\|H\I‘IIII‘HI

. , 1 , , , 1 , \ \ 1 , , , 1 , , , 1 , . , 1 =107
SPX Template Waveforrm 000 @ 12016 pulses used
hspxtemplate OOO0O
E ] — Entries [=3=E1
= oa e MMean -3.61e-06
- RMS 4 .07 Se-06
oo 200 ns
o.a
0.3 —
o.2 —
o1
o
-0 L . M L . L1 L . L L [ . L L 10"
o 0.2 .1 o.6 o.8 1 1.2
[saec]
SPX Template Wawveforrm O00 @ 13359 pulses used
hspxtemplate OOO O
= — Entries 921
= oa e rMean -3.61e-06
- RMS 4. 0OT7T6e-06
oTE 300 ns
o.a
o.3
oz
o.1 =
o
e il e . 1 . R L, . . 1 . . . L L. 1 . . . 1 107"
[=] o.z O.a o6 o.& 1 1.2
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2ODLEDZFRX S5, —H=HER
DALY, BI—HENVYI7777F

R&T 3%,

PUH—IALVDOFEXLFEBLEES
ZHW3E, TNWEFho77o av
Tzl —2—D424 I 7I3IERER,

AIETT i

‘ Non UV sensitive,
4 X 6mm X 6mm MPPC

function
generator 1

LED 1

function
generator 2

@

SHhD 2
BG

MPPC

waveform
digitizer

AAVLEDNNIVZADERER., BGHDBE., BEZZZ LN AT

5 2Gs
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MPPC model & parameters

Understanding of inside circuit parameter is needed to simulate
our package design and connection.

| Circuit parameter

Quench measurement with LCR meter
resistance (HIOKI 3532-50)
R
1 el OF 1+ w?(Cd + Cq)*Rq?
Cd = - G,
p_n w Npiqu
junction @ parasitic W2CERZN,;, (Cq + C,)
: | capacitance Cg = Cop — NpixCq + g qz = -
1+ R2(Cy + Cy)
pixel (Apix)
equivalent circuit used equations to reconstruct inside

model of MPPC

Stefan Seifert et al, IEEE transactions on nuclear science
VOL. 56, NO. 6, December 2009

parameter from measurement
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Results of measurement

Result of 16 X 3mm, 50um pitch, monolithic array MPPC

10000

c'9000 -
© 8000 -
§7ooo - .
%6000 |
@ 5000 - ¢
IS
¥ 4000
3000 .
2000 | .o

1 sector, 1MHz

[ | [ | [ | [ |
@ 1sector 10kHz
M 1sector 1IMHz

4
1000 : gu®
0 1

20 30 50

.40
Bias Voltage

¢ Capacitance
m Resistance ¢ L4

|
1 1 O

10 15 20
Number of sectors

Resistance [k Q]

BAYEZS

1.4
1.2

Capacitance [nF]

o o o o
o N B O 00

@ 1sector 10kHz

m M 1sector 1IMHz

m ¢ & o o
I.”

0

69 RIEXKRE

.
. 1 1 1
10 20 30 40 50
Bias Voltage
" 140
* * * * a
i 120 =
L ¢ Capacitance 100 o
O
i m Resistance 30 §
A2
L 60 wn
| O
i 4 sectors 4
| ] 20
L [ I 0
500 10 1500
?—lgequency ﬁ(Hz]



Parameter Estimation from Results

Parameters for 50pum, 6mm square MPPC

Param |Cw Rw Cd + Cq | Rq Cd Cq Cg
Value 1254 1.236 102 132 104 -2 (?) 380
pF kQ fF kQ fF fF pF

Estimated parameters are used in SPICE simulations.
Only Cq (parralel C to quench resistance) shows strange
value. | use a value in another paper (2fF).

Cathod MppcK
Jiﬂ 1 é RT c1o RS
{rpix/nfire} {rpix/(npix*nmppc-nfire)}
—Eﬂﬁ re*cpixpar} —Ecpixpa r{npix*nmppctnfire)}

|c12 [ Vdiode

T4cgparnmp iz s §::;k} c9
47 = & i no MppcA

HAYET = 26 9 R[FXRE




SPICE simulation of a MPPC

s Single.raw [=fe
0.8mV Vi

~ Sam ple

waveform
100 ns o
5(%1(] 1EJID_D 1500
Simulated waveform is Stray capacitance Cg [pF]
3 9.0E-8
consistent to measurement. T8 0E-3
{1} B [ ]
%?_DE-ES .
Leading time = 2ns E60E8 ym =
Falling time = 50 ns 5 5063 |
ELUJE-B
J.0E-8
: : ; 20E-8 +
Now extending this to series 10E8 |
o 0.0E+0 L L
connection. 0 500 1000 1500
Stray capacitance Cg [pF]




Time dependent voltage drop 25

charge

+{,{,{.§§§A

* L *en? .{.'-+q

|

1 sec

ha
n
_IIII|IIII|IIII|IIII|IIIP‘F|"III|IIII|IIII|IIII
H
H
-
-

| | |
10200

1 | | | |
10400

| 1 | | |
10600

| | |
0800

| | | |
11000

1 | | |
11200

11400
time

BG switch on

No significant slow (sec~min scale) response were
seen.
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simulation

I(R20)

6.992u.
6.991uA=
6.990uA—]
6.969uA—]
6.965uA=
6.967uA—]
6.966uA=
6.985uA-]
6.984uA=
6.953uA=
6.962uA-]
6.951u.

Ous

TR0
5.994u RT9)

6.993uA-]
6.992uA=
6.991uA-
6.990uA-
6.9859uA-
6.958uA=
6.95Tul=
6.986uA-]
6.985uA-
6.984uA-
6.983ul-
6.982uA-
6.981uA-
6.950uA=
6.979u.

Ous

5.967 IR21)

-6 968U/ =
-6 969U =
-6.970u =
-6.971ul=
-6 972u =
-6.973uA—
-6.974uA—
-6.975uA=
-6 976U/
-6 97TuA]
-6.976uA=
-6.979uA=
696 0u/=
-6.981ul=
-6.962u/ =
-6.98

Ous




bias voltage correction

0.28
©
A
20275 1 =
5 * '.-l
027 '+ mee & @ .
+ r
} ™
0.265 oy A . e
026 - + N
*
0.255 +MNO corr +
mdi 4
025 + L4 ¢
®7.15 cormr
[J-E_q_ﬁ_ | | | | 1
0 5 10 15 20 25 30
Current [uA]
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