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Main topic

The selection of rad-hard parts is more
difficult and harder than | thought.

- The cost of rad-hard part is generally 10 ~ 100
times higher than normal one.
- Reqgulator : ~T0 /A
- FPGA : ~100 5
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Outline

Introduction
. COMET Phase-|

- Radiation Issue

Gamma Ray Irradiation Test

- Radiation effect
- Setup

- Result

summary
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COMET Phase-|

P10n Capture Section

Detector Section

- Pion Production Target

N \

Collimator_

Pion-Decay and
Muon-Transport Section

- @J-PARC in JFY2018/2019
15
- S.ES.~3 x 10 for 200 days

Detector system : Cylindrical Detector System & StrEcal

Signal : ~105 MeV/c electron for an aluminum target

Background : Decay-In-Orbit electron & Beam related BG _ N\
(muon three body decay) S StrEcal
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Cylindrical Detector System

Cylindrical Drift Chamber - 1.67 m
Momentum measurement m— 2 s o
Resolution : < 200 keV/c for 105 MeV electrons

Readout : Readout Electronics for the Central drift
chamber of the BElle |l detector (RECBE)
Developed by the Belle-Il CDC group

Waveform and Timing information
<

A l,.

-

10109UU0)

¢ N3

e SFP slot
Regulator + & =
S RJ4S a (Test Board)
200 mm Socket ‘

i .
penit
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Cylindrical Detector System

Cylindrical Trigger Hodoscope

Counter —
Scintillator : High momentum particle s ’ AI target
Cherenkov : Electron 1 5 &

Photo sensor : Fine-mesh PMT |

Readout | ‘A

Front-end Board : Single-end to Differential

ﬁ Trigger counter

COTTRI : CTH signal processing. Trigger decision

Cylindrical Trigger Hodoscope
COmeT TRIgger
‘ o InfiniBand t f Upstream
- | “Tsemm Cerenkov radiator
90 mm Downstream —

S

300 mm 458 mm

Front-end Board
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StrECAL

Straw Tube Tracker
Momentum measurement
Resolution : < 200 keV/c for 105 MeV electrons

Readout : Read Out Electronics for Straw Tube
Instrument (ROESTI)

Developed by the COMET StrECAL group ECAL
Electron Calorimeter

Crystal : LYSO Straw Tube Tracker

- Particle identification (e/u/ )

Readout : ROESTI Straw Tube Tracker Electron Calorimeter

&)eni‘t ROESTI version 3

{& COMET ROEST! V3
Y L BRKYUSHU U. KEK
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PHITS Simulation

RadiatiOn Ievel for COMET Phase-l

N=I0idge] gl-=" 1eV - 8GeV |

10”

Ll Gamma ray iy
4 10° r— ~ | :y,_ 1_ \‘ .-‘

10°
10’
o 10°
d b o 10°
10°
10° |
10°
10 -
SARE o 10° -1000P
%Y o 107 i
GragM e vy P 107 S /
o't ” = 3 -
a3l M- -1500—

S 10°%

il

X [cm
o

flux [n/em?/sec)
|
(&)
o
o

flux [vem?/sec)

N S O e e £ Y A i Vo Bida Wig by N
-1000 0 1000 z [cm 1000 z [cm]

Requirement for 200 days ) safety factor: 10

> Gamma ray : ~2 kGy
> Neutron : ~10'2 neutrons/cm? (1 MeVeq.)

(

3-filed : 1 T)

The parts selection for the readout electronics is ongoing!!
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Gamma Ray Irradiation Test
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Radiation effect of gamma ray

Conceptual diagram of TID
Deterioration of semiconductor device Incident @ Oxide Film

particle Holes having smaller
mobility stay and
make fixed charge

+
Source B Drain

- Total lonizing Dose (TID)

- Due to many radiations, ionizing effects
occur and fixed charge is generated.

- Degradation of specific and permanent
damage

. Displacement Damage Dose (DDD) Evaluation item (Regulator)
Positive Negative

- Due to a radiation, an atom of : : : _
semiconductor is displaced. Linear Switching Linear

o LT1963 |LMZ10503| MC7905
Gamma ray Irradiation Test (2017)  [T1963-3.3| LTM4620 | LM337

- 4 irradiation tests were done. LT1963-2.5| LTM4644 L79
. SFP (AFBR57D9AMZ) LT1963-1.8 TC59
el LT3070 MIC5271
- Regulators LT1764A NJM2828
- The RECBE board was already studied MAX8556 ADP7182
by the Belle-Il group. (~1 kGy) LTC3026

(k) Total : 18 types
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Setup

Institute
- The Institute of Scientific and Industrial Research @Osaka Univ. (1000 ¥/hour)

- Tokyo Institute of Technology Radioisotope Research Center (free)

Source : 60Co Regulator Test Board

Energy : 1.17 MeV, 1.33 MeV

SFP Test Board

Data Logger

Cables for monitor

LV Cabl
Regulator = LV Power Supply

A —
(with taking data from RECBE)

Year-End Presentation 2017 @Osaka Univ. (2017.12.28) Yu Nakazawa



_t - - Dose rate : 200 Gy/h
I st Irradiation Test . oocs univ
Motivation : SFP test for RECBE

Target : SFP with RECBE (test board)x?2

Result : All LT3070s & LT1963-3.3 seemed to be dead after power cycle.

Study : When the BIAS pins of LT3070s were applied 3.3 V, the RECBE boards worked.
. The LT1963-3.3 chip applies 3.3 V to all LT3070s. — L.T1963-3.3s were dead.

.- The SFP was survive. — We could not achieve our goal.

power cycle

) 1 hour : 200 Gy *
2 ———

<D
»

power cycle

¥ oo
¥ LT1963 [ LT1963-3.3

LT1963-2.5

(.

(o1}

e | T3070 (
_______________________ b o) o LT3070 (
LT3070 (
LT3070 (
(
(

N
[Tfr rrprrrd

IS
l

_______________________ |} reesias | - LTaon0
------------------ o] [ @ LT3070

— — — — — —]

N
|
N
|II

I

: Zoom

—

—

<]T]l.‘

1 l 1 ! 1 1 i l 1 1 1 l 1 " N |
02/08 12:20 02/08 12:40 02/08 13:00 02/08 13:20 02/08 13:26 02/08 13:27

Date/Time Date/Time

o

o

Output voltage of regulators [V]
| (‘]') |
Output voltage of regulators [V]
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Dose rate : 200 Gy/h

Z2nd Irradiation Test . &4 eome o

LT1963-3.3

- Motivation : Regulator test

w
o

@ Chip0
® Chipl
@ Chip2
| | | | "l ® chip3
e chipa

Result - Survive
Target Tolerance [kGy] S50 T T T N T
1T1963 > 2.4 NN
LT1963-3.3 > 3.4 005' - 5(|)o | 1o|oo | 15|oo | zo'oo 25|oo 3o'oo 35|oo
LT1963-2.5 > 3.4 LT3070
LT1963-1.8 > 3.4

LT3070 1.4
LT1764A 0.6 7
MAX8556 0.4
LMZ10503 0.4
LTM4620 0.3

LTM4644 1.7 AR

1 1
00 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
total dose [Gy]

Many regulators couldn't satisfy the requirement.

w
I|III

- Target : 10 types of regulators

output voltage [V]

N
(4
1T

- Power cycle : every 200 Gy

N
T

—_
(6]
I

—
|||

—_
[\
I

z z - z @® ChipO
=" e
A e chip
S WA W N N S S — | @ cnips

® Chip4

(Increase of output V |

—
T T T

output voltage [V]

o
o)

o
)
b

o
N
| T T

o
N
T
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Dose rate : 200 Gy/h

Z2nd Irradiation Test . &4 eome o

Target : RECBEx1, SFP (AFBR-57D9AMZ)x 1

@DC is 0000~

Power cycle : every 200 Gy T
Result Y S S S s ) PP
2. °[ : : : = | e LT1963-33
- SFP : Dead (0.8 kGy) O r | LT1963-25
. . @& L ; ; ; ; - | LT3070 (1.8)
- Regulators : the same result as chip tests 2 : : : : N pbeds ﬂg;
- ADC : Strange waveform data (~0.85 kGy) §_3—_ ______________________________________________________________________________________________________________ g ______________________ LT3070 (1.0)
Study 3 T "l LT3070 (1.2)
- VCCINT of FPGA is applied T V S S TS A W U S S SUUU S
5 e ——
(LT3070) S | | | P
. VCCINT : Internal power supply of FPGA | J — S SO W
. Absolute Maximum Rating : -0.5~ 1.1V [
- After 800 Gy, the FPGA might be S — 2(i)o' | '4(i)o' | |6(i)OI - 8(i)0.| — 00200

unstable due to high applied
voltage. [After power cycle, connection error was happened.]
)

T total dose [Gy]

- The ADC data became correct By replacing SFP, this problem was solved. (0.8 kGy
after replacing LT3070.

This result was different with the previous one.
Lot dependence??
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Dose rate dependence ?

Gamma irradiation results for the Linear Technologies
LTM4619. The results are arranged in descending order
by dose rate, and enhanced tolerance to ionizing radiation

IS evident at lower rates anne _
Sample Rate  Dose at Failure all n g ?
(Gray/Hr) (Gray)
1 50 300!
2 22 18002
3 22 23007
4 16 2000
5 5 > 40007
2 ENEA Calliope

1 Brookhaven SSIF
ref. “Radiation-hard power electronics for the ATLAS New Small Wheel”,
TOPICAL WORKSHOP ON ELECTRONICS FOR PARTICLE PHYSICS 2014

Dose rate in COMET Phase-| : ~0.04 Gy/h
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- - Dose rate : 40 Gy/h
3rd lrradiation Test 7 5/23 eowka univ
Motivation : Dose rate dependence

Target : RECBEx3, SFP (AFBR5D9AMYZ)x3, LT3070x5, LMZ10503x5

Result : After 700 Gy irradiation, the outputs of LT3070s were sightly increased.
LMZ10503s were dead after 0.8 kGy irradiation.

- Doe to the instantaneous power failure with good timing, this result could not
be really compared with other results.

Instantaneous power failure Power on
vV V¥ LT3070

= sf 5 5 : LT1963 =
R e——————————————— e mm—— e ST TP e o . -
o - : : : o L i
g [ f f ° 1T1963-3.3 g @ Chipo
S T | | | LT1963-2.5 S 1h ® Chip]
*g_ 4__ ................... ....................... ............................................. ..................... e [ T3070 (1.8) é_ N | | Chip2
3 L : : : LT3070 (1.8) S I S S S — S— ® Chip3
= . LT3070 (1.0) i 5 : Chip4
Sl ....................... .............................................. ..................... |_T307O ('[ 2) B
: : : : L—|—307O (-IO) 06__ ........................................................................................................................................
B e LT3070 (1.2) -
21— """"" 0.4 e bbb
1 — ——; ________ N _______________________ ....................... ...................... ........................ ........
: O_ 1 1 1 | 1 1 1 | 1 1 1 | 1 I/ L L L | 1 J/ | 1
: : : : - 0 200 400 600 800 1000 1200
D — S SS——— -.SFP.:|Dead CE

0o 'ai)' | '4<i)o' | |6(i)0| 800 Hi(%%'tallm)';gl?g;] ChlpO wWas Only dead at 0.7 kGy

power cycle power cycle The cause is unknown.
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4th Irradiation Test ?i’f;{a"ﬁggégj?

> Motivation : We hoped to conclude the Rad-hard study. ar y
- Dose rate dependence Result
- Target : RECBEx]1, Target Tolerance [kGy]
SFP (AFBR5D9AMZ) x5, 1T1963-1.8 > 2.0

12 types of regulators (xb) LT3070 > 2.0
- Power cycle : every 200 Gy LTC3026 > 2.0 ?7?
- Result : SFPs were dead at ~1.1 kGy LMZ10503 0.8
LTM4644 < 1.1
MC7905 >2.0
LM337 0.4
L79 > 2.0
TCH9 < 0.1
MIC5271 <0.]
NJM2828 >2.077?
-005' | 260 | 450 | séo | séo | aééoa | azioa | ajoa | aeioa | asioa | éo%od | '22505 ADP7182 2.0

total dose [Gy]

LTM4644 (4 outputs regulator)

output voltage [V]

Year-End Presentation 2017 @Osaka Univ. (2017.12.28) Yu Nakazawa



4th Irradiation Test |7 Beapont

Target : RECBE (LT3070)

output voltage [V]

Power cycle : every 200 Gy

Result : Dead at 1.8 kGy power cycle
- The data from RECBE was correct until 1.8 kGy.

- This result is better than the previous one.

3.5

e [ T3070 (1
* LT3070 (1.0)
LT3070 (1

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

output voltage [V]
w

......... e e e | @ LTBOT0 (1.8)
: : : : : : : LT3070 (1.8)

I|IIII|IIII TTFT
~)
°
-
O
(o))
@
w
w

5 5 rCannot connect with
. / ...... ............. ............. ....... thlS RECBE board
............................................................................................................................................ L(AMR of FPGA < ]_]V) )

0 1 | I 1 1 1 I 1 1 1 I 1 1 | I 11 | I 11 | I 11 | I 1 1 | I 1 1 1 I 1 1 1 I 11 | | AMR : AbSOlu-te MaXimum Rating

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
total dose [Gy]
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Ath Irradiation Test  1ur ians om

We found 2 candidates for negative regulators.

2 KGy : pass

102 n/cm? : pass

B-field : pass for COMET .

@ Chip0

’ Chlpo - : : : : : : : : :
A N e A e A o | ® cChip1

I O S o S T S SR N S o i] @ Chip

output voltage [V]
output voltage [V]

w
w

_ _____________ _____________ SUI"VIVG _____________ _____________

_ _____________ _____________ ________ SUI"VIVG _____________ _____________

_6 B 11 1 | 111 | 11 1 | 111 | 11 1 | 111 | 111 | 111 | 111 | 11 1 | 111 | 1 _6 _I 11 | 11 1 | 111 | 11 1 | 11 1 | 11 1 | 111 | 111 | 111 | 11 1 | 111 | 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
total dose [Gy] total dose [Gy]
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Summary

- The radiation environment of COMET Phase-l is very severe.

> The method of rad-hard study is very simple, but it is so hard.

- Result
- The dose rate dependence seems to be observed only for regulator.

- (I hope) RECBE might be survive after 2.0 kGy irradiation with 0.04 Gy/h.
- y-ray tolerance with 4.5 Gy/h : 1.8 kGy
- 2 candidates of negative regulators which passed all of tests were found.

- The rad-hard study is still continued :-( ~ RBERRENGRTORTFIL

f£%: New Project Proposer — ¥ E W 20174105038 078295 — WM

B®
We start up a hew project for sharing . ., . v.cucscns

" BEHBRRENBENPENICHETIA I T KEOVWTHERBEET S,
A )\—
& EH% 1L, Yoshida Hisataka (XBRX)

information of rad hard studly. PR o WA

« WA A, Uchida Tomohisa (KEK IPNS)

Mnlt ke o eCt/RADHARD ’ :Zi:-:ﬁﬂ‘?Masahiro.(KEKIPNS)
 FEEFIEM, Shoji Masayoshi (KEK IPNS)
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Summary lable

Unit : kGy
* Including chips mounted on RECBEs

Positive

Negative

Linear

Regulator

LT1963

LT1963 - 3.3
LT1963 - 2.5
LT1963 - 1.8

LT3070
LT1764A

MAX8556
LTC3026

LMZ10503

LTM4620
LTM4644

MC7905
LM337
L79
TCH59
MIC5271
NJM2828
ADP7182

Output 1st test 2nd test 3rd test 4th test
Vout [V] Ilout [A] 200Gy/h 200 Gy/h 40 Gy/h 4.5 Gy/h
1.5 0.73 > 0.2 (2/2)* | >2.4 (5/5) > 1.1 (3/3) no monitor
3.3 0.76 0.2 (2/2)* > 3.4 (5/5) > 1.1 (3/3) > 2.0 (1/1)*
2.5 0.75 > 0.2 (2/2)* | > 3.4 (5/5) > 1.1 (3/3) no monitor
1.8 0.72 > 3.4 (5/5)
1.2 1.88 > 0.2 1.4 (5/5) 0.7 (1/23)* >2.07
1.5 1.50 0.6 ? (5/5)
1.0 1.88 0.4 (1/5)
1.2 ? > 2.0 (1/1)
1.2 1.33 0.4 (5/5) 0.8 (5/5) 0.8 (5/5)
1.0,25 | 1.25,0.50 0.3 (3/5)
1.0, 1.2, | 1.25, 0.80, 17 (/5 <1.1 (5/5)
1.5,1.8 | 1.00, 0.58
-5.0 ? > 2.0 (2/2)
-5.0 ? 0.4 (2/2)
-5.0 ? > 2.0 (2/2)
-5.0 ? < 0.1 (2/2)
-5.0 ? < 0.1 (2/2)
-5.0 ? >2.07 (2/2)
-5.0 ? 2.0 (2/2)
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Backup
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Radiation Tolerance of Readout Electronics
for COMET Phase-]|

Year-End Presentation 2017

2017.12.28
Yu Nakazawa
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Muon to electron conversion

Fermi particle

U C t
CKM Matrix

Muonic atom

7

Nucleus ¥

1s orbit e

M-€ conversion
(Charged Lepton Flavor Violation)

Branching ratio
Standard Model : O (10°4)

Neutrino Oscillation Beyond the SM : O (10~1% ~ —17)

Observation of y-e conversion would indicate new physics
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Trigger schematic : CyDet

Accelerator clock

B e <-T@y monitor trigger system

—> Cosmic trigger system

CDC FC Interface

FanIn/Out

—’ I
—
x4
x1-2

COTTRI system

COTTRI
FE
(x18)

odoscope

COTTRI 256 ch
FE

(x8-16)

= =7 %

Year-End Presentation 2017 @Osaka Univ. (2017.12.28) Yu Nakazawa



Trigger schematic : StrEcal

Accelerator clock

- a4 X-ray monitor trigger system

— Cosmic trigger system

EROS(x128)

ECal
Pretrigger

x10

% ' Trigger I/F
<1
]

)

ROESTI (x150)

Straw detector
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