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MPPC OPERATION PRINCIPLE
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MPPC BIASING ISSUE

Many MPPCs connected together on the sides of hodoscope scintillator

-> Should have to choose MPPC biasing method which is suitable in our system.
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HYBRID CONNECTION

aie Hybrid” : @® Additional Amplifier
(signal: series, bias: parallel) |- outPuT
C?\axial cablg o ‘ VIPPCH 1K §
z \J :
MPPC  PCB - -+ ' MY ® II D%
A I i L 2.2 UF
&F‘:_’ +HV . W 1K
g ' e
MPPC2 FIETE.
. W
Zfo—'ﬁ:n:l p CK D
Hasegawa-san’s suggestion Equivalent circuit(for 2 MPPC ver.)

(Additional amplifier should be connected in serial )
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WORKING PRINCIPLE
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Single-unit diagram

<4————yp DC line(for HV biasing)

<= AC line(Way of MPPC photocurrent)
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Equivalent circuit(for 2 MPPC ver.)
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CIRCUIT MODIFICATION

1K
ww—| oy

MPPCH m——
MPPCH > 2 UF
AWV - I 0z XD

b 2.2 UF
o1 1K
I\
[T
MPPCQ +HV

AWV -8
o

OLUTFEUT
@Amplifier

In Hasegawa-san’s suggestion, signal has a negative polarity.

But, common amplifiers working as an inverter. So final output has a positive polarity.

=> Modified circuit to have a positive output.
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TEST STEPS

LED test for signal shape study

+HV
1. Single MPPC test VPPC
>4—MWW—
O I
1K
7. Hybrid connection test M +HV
MPPCH —
_ with 1 MPPC ?2 uF
L chD
- with 2 MPPCs
NPPC2
cho =
@LITELUT
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TEST MATERIALS AND CONDITIONS

Function generator’s output

(Repetition rate : 1 kHz)

®) M /\N\i O .............. 34V
2
OJ _ P 24V
1 k(2 <>
200 ns
MPPC(S13360-1350CS)
: Effective photosensitive :
Pixel . Fill facto
w(epnpi)tch (?nrer:) Number of pixels Package ! (%) !
S13360-135IKS ) ; . Cerame ¥ ° —
513360 13507 el o Surface mount type MPPC’s capacitance = 60 pF
513360-3050CS i Caramic
$13360-3050PF 0 il X 3.0 $600 Surface mount fype 4
513360 6050CS Coramic
513360-G0SOPE 6.0%6.0 14400 Surface mount type
Mn " [ ) [ ]
Measure- risponsle se::i?;:lty ga?& e Terming - %r::;- Cressak | operating mz TESt COHdlthH
Typ2no. | ment range |wavelergth| PDE* @peditarce Gﬂn voltage prodadilty | voltage reccmmened
woncitizns AD A=A | Tyo. | Max. Ct Vag Vop Wﬂmgﬂ V _ 5 6 V
(nm) (nm) (%) | (xcps) | (keps) | (pF) M (%) ) (mv/eC) MPPC
S13350-1350.8 . 00 2D 20 270 50
e LED and MPPC adjoin each other
S1335030509F | \:o;:- ﬁ ) 40 500 | 1500 320 L7x1Ff 534K 3 VBR + 3 54
513350605035 [ 27010220 . .
513350 6050 | 320 1o 200 2000 | Gooo 1280
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SINGLE MPPC TEST

H1 +HY
Single MPPC'’s signal shape study —\WW NW‘—I
Z#MPPm o 220F
=MW
O R2 _ 4 GND
. 0.1 uF
Expectation
QUTPUT
» Rise time is strongly related to MPPC’s own resistance and capacitance.
-> So, rise time will not become different.
» R1+R2related to quenching.
-> if R1+R2 become bigger, signal tail become longer
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Trise : signal’s rise time

SINGLE MPPC TEST Tsig : signal full width

R1 : O(jumper)

R2:10 kQ R2:100 Q
17.6 mV< V,, <20 mV 4.21 mV< V., <6.25 mV

Trise = 210 l‘lS, TSlg ~ 500 ns

Eroons 120, 000ns

ana TuW 997 . tpV= O ) B4 ToVe (K el
2. 115nVs 2. 196nVeOeax) 12 Sovs(Nin) . oy N SR b b
15 IaN 17, GV (las) S TPVN i)

Signal become smaller and there is a quenching problem.
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Trise : signal’s rise time

SINGLE MPPC TEST Tsig : signal full width

R1 : O(jumper) R1:10 kQ

R2:10 kQ R2:10 kQ

17.6 mV< V., <20 mV 4.21 mV< V,,<6.25 mV
Trise = 210 ns, Tsig ~ 500 ns Trise = 210 ns, Tsig ~ 600 ns

2. 115085 2. 196nVe (i) <12 Shovs(Nir
1 17, Gl (las)

S IaN

Signal become smaller and longer, but tail’s length is not proportional to R1+R2.
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HYBRID CONNECTION TEST

1. Checking MPPC signal shape’s distortion 2 Checking MPPC signal shape’s distortion

through R3,R4 and coupling capacitor not only through R3,R4 and coupling capacitor
but also the other MPPC
1K 1K
‘vW\«—I +HV W] v
2& MPPCH1 — is MPPC1 _
- 10 K 2.2 UF - 10 K 2.2 UF
—NWW\— =—VWW— v
& | 01w X & L 0.1 uF XD
—MWW— WY
R3 MPPC2 Zii RS
R4
% R4 0 1 AAAA
& _— 1 uE < = 0.1UF
OUTPUT QUTRUT

12 °hm\|IV

Hodion & Nveleas Phyries Lab



HYBRID CONNECTION TEST

1. Checking MPPC signal shape’s distortion

1K
through R3,R4 and coupling capacitor WW—I +HV
7 MPPC =
2 U
% 10 K il
O — AV | Ul GND
WA
R3
- R4
z—WA
Expectation = 0.1UuF
QUTPUT

Coupling capacitor and R3 make high pass filter
(cutoff frequency = 1/2xRC)
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Trise : signal’s rise time

Tsig : signal full width

HYBRID CONNECTION TEST £.: cutoff frequency

R3:10 kQ R3:10 kQ R3:10 kQ

R4 :10 kQ R4 : 50 kQ R4:1MQ

f. ~159 hz f.~32hz fc~2hz

4.37 mV< Vp, <5.78 mV 17.5 mV< Vp, <19.0 mV 150 mV< Vpp <17.6 mV
Trise = 210 ns, Tsig ~ 600 ns Trise = 210 ns, Tsig ~ 600 ns Trise = 210 ns, Tsig ~ 600 ns

B 130, Dus

1 ] ! = ! : A vl : [T T W CTITE ) PTSR  TPT)
nheer e Vs !‘5: T‘"‘::x_' SH DU v T~ A ningra LIvAN:  AEES D\’SM{ B T'Jl?l‘hi N : " Pok-Meac "o 10, t¥ Man! 15 DN )
Yeak: Tode £, T a M) Jhvxin - y ) ek -PAak AT TH. el (i 1L Sard (M) (= r

TN
B0 s 235 e v RICIELAS/ED 16702 10

Condition of low cutoff frequency is needed.
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HYBRID CONNECTION TEST

2. Checking MPPC signal shape’s distortion not 1K
only through R3,R4 and coupling capacitor but W\l\/‘l +HV
also the other MPPC ZS VPPC1 =2 e
o, 10K <
53 i 0.1 UF XD
—_—
R3
MPFC2 —
i
: R4
Expectation - A
© = 0.1 UuF
OUTPUT

1. Coupling capacitor and R3 make high pass filter
(cutoff frequency = 1/27RC)
2. Second MPPC and R4 also make high pass filter(=passive differentiator)

Because of small capacitance of MPPC(order of 10 pf), there is a signal distortion.

-> Under shoot!
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Trise : signal’s rise time

Tsig : signal full width

HYBRID CONNECTION TEST f. : cutoff frequency

R3:10 kQ R3:10 kQ

R4:1 MQ R4:1 MQ

15.0 mV< V,, <17.6 mV Vpos ~ 7.18 mV

Trise = 210 ns, Tsig ~ 600 ns Trise <210 ns, Tsig > 1 us

G500ns 430, 000nS . E@voona 130, 000ns

Tyne

e

Timme
I & Amplitude

| kmc
Shoo |l i ncde

LA 1. GIIONSOR) 1 andiis D) oy - o w5 (0 1)
T - o . . L0MaNs L 1IeVs(Mx) DL BEYELR N
I o 7. uY (e | e 9 fGe?  RUEMIORX 6. 8w Nin)

[ T 106V

g ' he ' 1 | ot-2i0ms  1/6ted, THMHz o i
. : | . ‘ ...
<, - (A ) & 3
: - y : : RO DCHUL 500
- : * - ‘T\-'I[ﬁ'u 4 VEw v 1. 4%

| t : . e
RTB:2017005/23 20°43°55 4 B —rgm Rz TONS B00 peinis  RTGIPOIPAOS/ZE 21°2:L

Without second MPPC With second MPPC

Because of second MPPC, signal become bipolar and smaller.
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Trise : signal’s rise time

Tsig : signal full width

HYBRID CONNECTION TEST f. : cutoff frequency

R3:1 kQ R3:1 kQ

R4:1 MQ R4:1 MQ

10.0 mV< V,, <125 mV Vpos ~ 4.37 mV

Trise = 210 ns, Tsig ~ 600 ns Trise ~ 150 ns, Tsig > 1 us

| Tinz
: ’ SARE | | tudk

2.2840VE  2.4207¥: (b)) 2 VS (Hin) - :
1L TV 2 3av () T0. OaV{Min) : ; e £5 Fo¥s W ¥sOaw 71 SAS M
: v ale Pook S Tw/ 6 DaVORX) L7V i

1. 06V : B SR : i -
% ’ - | 1ateE eme el o3
I ; B 008 0 neee?

f TOONE: BU0 painis ATC:201 208423 215 14:08 _ o A TV ,—_;}‘.:E"E-f?'nas %30 paliils RICIZUTI/US/23 20270120

- 5 )
DG,

DCHOL G0
o A, eV oty wsad

Without second MPPC With second MPPC

To see the effect of additional MPPC clearly, chosen small value of R3
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PARALLEL CONNECTION TEST

7K MPPCH —
RO 2.2 UF
SH—VWW\— v
5 | 0.1 uF AND
OUTPUT 1
) Nvppco
Dq AAA
O — IR
OUTPUT 2
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PARALLEL CONNECTION TEST

R2=R4=10 kQ
23.5 mV< Vp.p < 26.2 mV
Trise = 210 IlS, TSlg ~ 500 ns

EEOCm: 420. C00ms

PO COAE  T00NS O BOINE RICI20TI/US/23 22313: 11

In parallel connection, there is no worry about signal distortion through MPPCs
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SUMMARY

In hybrid connection, coupling capacitors and resistors make high pass filter, also MPPC
makes high pass filter(passive differentiator)

2. Because of high pass filter, low frequency signal distortion is occur.

3. Through passive differentiator chain which composed with MPPC, signal become
bipolar(under shoot)

4. MPPC’s capacitance has order of 10 ~100 pf, because of small capacitance of MPPC, it is
hard to adjust RC value.

5. Hybrid connection has above problems, So Parallel connection can be one relatively good
option.
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