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How can I tell the story of my past ten years? Let’s start with a pulse
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90Sr source

| Particle physics
(A question for Jesus, the Buddha, or perhaps nature itself)

: PMT(% 55 %), Gas detectors
I Semiconductor detectors (today’s seminar) +«— 2. How can we observe it?
I Low Temperature Detector



My Journey



Research Background
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Brief Introduction of Semiconductor Detectors
(Silicon as an Example)



Basic principles of silicon detector

Photons or high energy —D>
particles
+
e e e e e e e e e T Zp
O electrons
® holes
Depleted Z
regions
g n-type bulk
B oy, T
>n*
Metallurgical Grade Silicon
(MGS) Single-crystal silicon \
V.

1.Czochralski method

Collectin
2.Float zone method Ao’ N
3.Epitaxial method v, Anpier - =

|

Table 2.1: Impurities information (Epitaxial wafer is growth on Czochralski)
Growth Techniques  Czochralski (Cz) Float Zone (FZ) Epitaxial (EPI) 52
Oxygen [05] (cm™2) 1% 10 5 x 1015 1 % 10%7 Pixel detector Silicon drift detector
Carbon [C;] (cm™) 1 x 10 5% 101 2 x 101

Back Contact




Journey of TCAD Simulation
(Silicon and wideband—gap semiconductor)



TCAD simulation (Silicon)

Arraying strategy for pixel detectors

- Klectrode s INg A(X) p_ . ~ )
Electr acing A (y) Px P-type Si bulk / T
? y ‘l. ‘entral electrode length is lp+ p.n:/ /=% ] n* Trench electrode
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| nt thickness | p* thickness
- T is 10pm Tis 1j0pm
; Detector
j height cyli
i| | Electrode height =300~500pm
| | d=80%~90%D
+’7 — n+ trench p+ column p-type bulk
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( / / V4 same at two regions:
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TCAD simulation

14 (b))V=120v|

12 (a,) V=0.5v

12
1° 3 after @,,=10"% n/cm’
N,=10' cm?

A=45pum] N,;=1X 1012cm3
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(b,)V=130v|
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(a)) V=1.5v

olet€
= 2 (a;) V=2.5v
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0 A.=60um
=1 X]107%
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V= 1.5~2.5V Hole concentration V= 130~140V



—u— Qe —O0—Qe(d=1 Omneq/ cmz)

TCAD simulation (radiation damage) —=—on ——Ono-10"egem)

—m— total charge collected —0O— total charge collected(d=10""neg/em?)
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How does the defect affect charge collection efficiency? : Q =24000
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TCAD simulation procedure (wide-bandgap semiconductor GaN)

1. Device structure establish 2. Material parameter input 3. Simulation methods:
o1 Tonization { « IV
Species("pMagnesiumActiveConcentration") - C-V:
*lps n+(block) n { . : :
, | Type = Acceptor * Pulse simulation: heavy ions,
1 = E 0 =0.17 light injection
e nbulk - alpha Z - heavy ions:
a - g =
3.0E-05
N Xsec = 1.0e-13
: : : : h 2 5E-05 N ——nblack=4e17
’ ’ v " ? { nblock=5e17
Species("nSiliconActiveConcentration") { 5 OF-05 ——nblock=6e17
Type = Donor T \ PIN
E 0 =0.02 =
— 1.5E-05
alpha = 0.0 g
g =2 “ 1.0£-05
Xsec = 1.0e-13 '
b
5.0E-06 .
§ J \ Vbias = 500V
0.0E+00 - S| | |
0 1E-10 2E-10 3E-10 4E-10
time (s)



TCAD simulation (essential model for simulation)

Physics { —» DefaultParametersFromFile: Read all material parameters from given file
DefaultParametersFromFile == — AreaFactor: Multiplies terminal current
AreaFactor = 10000

o L Ey — Ef Er — E¢
TempemtlJm:goo/* Fermi—Dirac statistics p = NyFy ), T ,n=NcFy ), T
Fermi

Computes n; using the material parameters (ignore heavy-doping bandgap
i E
narrowing). n; = \/Wexp (_ g >

EffectivelntrinsicDensity(NoBandGapNarrowing) —_—

Mobility( kT
DopingDependence N y s
HighFieldSaturation Mobility: u(N) = p iy, + —2E—00
N
| 1+<Nref>
Thermionic

np—nf

Recombination(  ' The SRH recombalnatlon:RSRH = Tp(n+n1)+rn(p+p1)
SRH

— Radiative: R,4q = B(np — nl-z), important for LED or laser emission

Radiative
Auger —_

_, Auger: Ryyger = (Cnn + Cp'p)(np — niz), for high carrier's density case

Avalanche
(forward bias)
) Jp

. . e e . J
One carrier creates more carriers: Impact ionization G, = ap, ;" + a, v
Incompletelonization

} ~— lonized dopant fraction: f =

1

1+g exp(%)




Defects in Simulation

Physics (Region="Ndrift") {
Traps(

)

* Defect 1: midgap trap, mainly SRH low-bias generation

(

)

* Defect 2: shallow trap, mainly PF/TAT field-assisted leakage

(

)

Donor Uniform fromMidBandGap

EnergyMid =0
EnergySig =0.01
Conc = @conc_mid@

eXsection = @eXsec_mid@

A A 4

hXsection = @hXsec_mid@
PooleFrenkel

Donor Uniform fromMidBandGap

EnergyMid = @traplevel@

EnergySig = @DE@

Conc = @conc@

eXsection = @eXsec@

hXsection = @hXsec@

TrapVolume =6e-4

HuangRhys =10

PhononEnergy = 0.0912

eBarrierTunneling(
Nonlocal="TAT from_n"
Nonlocal="TAT from_p"

)

hBarrierTunneling(
Nonlocal="TAT from_p"
Nonlocal="TAT from_n"

)

PooleFrenkel

Carrier’s lifetime is affected by deep defect:

T = 1 Leakage current:
" opvm N 1
1 Ileak 0.6 ; 0.6 O'Nt
T, =———
p

Poole Frenkel effect (lower the barrier of conduction/valence band):

. . q3E
Barrier lowering: AEpr = —
. AEpp
Increases emission rate: e(F) = e(0) exp pre

TAT is a tunneling model, main describe the high field effect (close to
breakdown field)



Journey of Defects
(Surface)
(Bulk)



Surface damage

Mobile lonic Charge,
affected early stage MOS
| Structures, not an issue today |

\

é Oxide Trapped Charge,
due to defects in the SiO,

network, negligible in fresh oxide,
\_but can be degraded by radiation /

(" Fixed Oxide Charge (N ), )

due to ionic Si and uncompensated
Si-Si or Si-O bonds (within ~nm fro
\.interface, highly disordered re_qionrD

f

Interface Trap (N;y),

due to dangling silicon bonds at
the interface, with new energy
\____levels in the forbidden band

W

-

fva) Moblle lonic Charge (®)
© &

(-» +
—~ x  Oxide Trapped Charge

Interface Trap

Sio,

SiO,

Si



Surface damage

. n* GR n* guard ring (GR) n* GR n* GR
My journey 4 A A
v
p-stop 4 um -stop 4 um -spra n* pad -spra
S bulk 156 am (sz) 'l PSPTY o bk 150 um (F2) P

P P 5o umce I - 50 um C:

(¢) (d)
mE pimplantation s Aluminium Keithley 6517B
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I-A-. Keithley 65178 (I-V)

. : IV, CV, TSC B 280A LCR meter (C.V) Surface state measurements setup

L Y

(e)

()
-4
3 ' ! =10 = 10 ; ‘
= — F150P-1, 94 kGy < L& < -$- p-stop, 924 kGy
£ B[ . Fis0P4, 189 kGy (‘;' ___________ Rl i R < - p-stop, 1861 kGy
g —.- F150P-5 924 kGy B ° _.’ 3 —k- p-spray, 1861 kGy
3 all == F150p-9, 1861 kay s ° H & 107
._-‘:/‘ P ..‘E -5 l’ g jr’»F"""'—-.- = o =
AL e g 10 _" = »
2 Sl S 5 ¥
,.;?;'f,/ 5 o &!by\‘
7l o 10 »
0 . k.
L F b * f**xb*
e 107 i ir* v
S e 1
B T **] 107° LA
rs /".
e $| ¥
-4 4 psiop Vol
- 1
, k- p-spray A T
20 15 -0 05 00 05 10 15 20 10 TS st 05055 153017503000 10 g 50 100 150 200 250 300 350
Bias voltage [V]

Dose [kGy] Tann [ C]



Bulk Defects
n V s
— G Frenkel pair Compton V
(1 MeV) S v » Si e Sig ——— \Q{el pair

Recoils Si’. (1 MeV)
(133 keV, Recoils S,".
Cascade with (150 eV)
many interactions
5 keV threshold . VR L V.'O
25 eV thireshold Mainly etc., single
Defect clusters Defects only
Vt-V, V,'OI Disordered (no clusters)
etc., single reaions
defects g
\
o o o o o o o
\ Conduction
Vacanc S
o o @) o o o V. (E.-0.235) VO™ (E_-0.16)
I , BO® (E_0.27) S - - -
N V. (E,-0.359) Macroscopic behaviour:
° ° ®si, ° ° ° VT E042) — V.0 E055 |+ Increase of Ieakqge current (dark currept)
.“\ si Hlf O DANG QAP = == === = - == mm e m e e mmmmmmmen N e Al »  Change of effective space charge density
b b 'BO+ e ©® o o « Decrease of charge collection efficiency
%' ” f « Decrease of gain value in LGADs
e o o o o o o CO™ (B+039) i N
| R V.o (E.+0196) Vi (E,+0.106) B
G0, Valence Y ! —
o o o o o o o
[} [} [} [} [} [} e |
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Defect properties identification (different particles)

— 4.0r . . . . = 20
c : ~¥- EPI-3, ®cq = 3.98 x 1013 cm 2 < | ;
-&‘i 3.5 =¥ EPI-7, ®oq=1.59 x 10 cm2 c | F150P-5 924 kG?’
E i -%¥- EPI-9, ®.,=2.39 %X 10" cm™? 9 5+ i E e ———————
= 3.0F ) 5 |
R | ~k- Cz-3, §eq=3.98x 10 cm ™2 S
>l k- Cz-7, ®oq=1.59 X 104 cm 2 ] _ ° As-irrad
ol ) ) o
2 I ~¢ EPI, 23 GeV p, ®eq=4.28 X 102 cm 2 AQ [ A1 T 10min@80 ©
@ 2.0} "’;;1:- S —— — e -e- 30min@80°C
_ - '-.,“_._-- —_ . o]
= L5 *"*:-"*4“:_5_ :_:.::::1_;_:’-*___ L o, 90min@80 C
E - e _'________if:-f:____ 5 Y “f : = 1 —=- 240mi 8ODC
= - : e ’ i :“ min@
: .
S 10kl T 480min@80°C
@ [ L T ') : 0
5 1 | | | | | - —&- 1920min@80°C
> F ; ; ; : : o
< A N U N NN R P R =»-- 3840min@80 C
0.0 0 20 40 60 80 100 120 140 @

Annealing time 80° C [min] '51-’00 10 102 10°
Bias voltage [V]

Particle irradiation 0Co gamma-ray
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Defects engineering

——

i Sample holder, temperature
,,,,7-77————”***""5 sensor and heater

i Temperature
i controller

Electrometer or
' LCR meter
. (TSC/TS-Cap)

‘ S —— |

S ——— . —— :
i Switch box for PC control of He i Cooling, system

: compressor and power supply for light :
! injection

Measurements:  sww | i o om0 0 3
"E 7.0%10 ---- EP1-9 (300V) ‘br(““iﬁé x 10" 20100 et Et’ Nt, Ge h
a | eee- CZ-3 (20V) @ (em?)=1 x 10" a  Bo— b
E B.0x107 4t &7 (Imv)ﬂ:'(m:)ﬂ 0 ‘E —EFI-S{EI)V; ‘m(cm’]:I x 10
L TSC o s oc 0 TS-Cap By studying the defects formed by different elements,
D 4.0x107 P CEIAV) & fem el X |0': . . .
2 w0 > i o e the detector fabrication process can be improved.
i 2.0x10 E .01
g R B Fotsy/ Y om0 S L . . . ..
e === € Variation in doping elements, radiation type, and dose
T (K)

12



Defect properties identification (Space charge density or effective doping)

4

™ 10 F - . 1016 :

2 ~—- EPI01-73,[B,]=1.37x 10" om e

Q 14 -3 O, i . : : :

O —%- EPI06-71,[B,]=1.97 x 10" cm ; ; | | _:
u: 15 H H ' H r

© 13 3 © 10 E__..._.__._._.__.é_.... ...................... ................................. R —— _ .........

= D EPI 09-73, [B_] =4.53 x 10" cm z : :

4y) 3 = - -

2 10 FPeq 743 XI0 M) EPI12.74,[B ] =6.24 % 10 cm ™ [ : : :

O - ; : 1014 :_,*_,__*.*.W.ﬂ.n*m.-*n*.-*h;*..*.*.*..*.*.*.;****

13 ..... ;
1 0 E____,..----:""" ................... E......-..-u-u-u-..-.e.-.. .............. ................................. ............ ;
T, VOSSR SN N T - o
12 - \\ __/'/—_-?—' --- EPI01-73
10 E_. ......... \--—_-H_-l—-‘ ................................ .................... _*.- EPI 06_71 -

----- EPI 09-73
—.- EPI12-74

10' 5 '1 '2 — ml
10 10 10 10 10 ¢ 70 20 30 40 50

Bias voltage [V] Depleted Depth [um]

C-V. Measurement parameter: T=20 °C, Freq = 10 kHz Neff profile extracted from the figure shown on the left
Neff extracted from C-V: Depleted depth W(V):
2
Neff = SOETA
d(1/c? =
g0&rA2qy (d/V ) W(V) C(V)
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Defect properties identification (Defect information extraction)

* TSC signal
{| == Calculation

_db_43x10 Cm .............. ...................................... .....................

< | EPIO6- 71 Neﬁ0-1 97 x1o cm
O
wn
_

ItsczéqudNte exp (— qu

T

N, is defect concentration; B3 is heating rate; ¢, is capture cross

section; E_ is activation energy; A is diodes area; d depleted
thickness; [1, 2]

150 175 200
Temperature [K]

5, = 1.05 x 10715 cm? 125
E.=0.25eV

Nt =3.5x 103 cm3

Example of calculated BiOi peak

. - 2 [ Lyge(T)dT
=nNn i) Or i

[1] C. T. Sah et al., Solid State Electron, vol. 13, no. 6, pp. 759-788, 1970. Nt t( hll) p t( I Z”) 0 Ad

[2] M. G. Buehler, vol. 15, no. 1, pp. 69-79, 1972.
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Defect property identification (identifying point defect — Poole Frenkel effect)

2.0%10"!
b) —Fit_ 100V
1.8%10" » Data_100V / i /) s W
BO, i / . 7
oole Frenkel effec e a4, . %//4/’/4,////’/
ST < f)l;j Og)agv %E%'T*g
— el ﬁ/é/ﬁ/ﬁ/’////// __
L.2x10" Bias voltage | ////////37/’/ BAND ’
:E 1.0x 10" y
j 0.8X 10" | ‘ T
0.6X10" |
0.4x10" | J
TRAP GROUND STATE
0.2x10" ] / S %I
0 _ A . . |
70 75 80 85 90 95 100 105 110 115 120
T (K)

« Shift of peak maximum with V... — Poole Frenkel effect [1]

. Peak amplitude increases with bias voltage due to increase of
depleted volume [2]

bias « The extracted zero field Ea — Eao = 0.27-0.275 eV [2]

TSC spectra with forward bias filling (10 V) and T, = 10 K
different V

[1] J. L. Hartke, J. Appl. Phys. 39, 4871 (1968).
[2] C. Liao et al., IEEE Trans. Nucl. Sci, vol. 69, no. 3, pp. 576-586, 2022.
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Defect properties identification (defects analysis)

Isothermal Annealing (different time) Isochronal Annealing (different temperature)

1.6X 10"
Loxios I~ T $ """"""" v v v v [y 7 )
1.4%10" ] L
& 12x10m | i ¢
1.0X10% | O, S *
___________________________________ = 1.0x10% | TR S S S
— S
T‘E g + N
S Loxion | . > > > > > jéi 0.8X 10" eff
= o - 5 x BO;
Z“’ < g 0.6X10" |
« 4 <« « <« < )
Lox 10 0.4X10% |
' ' v 10 Qcm 50 Qcm p 250 Qcm < 2 kQcm X X X X X X X 5
N, Ny N, Ny 0.2x10" | X
_____ IEREN =] = X
ol e e ) (¥, ;
' o1 ™ 00 000 80 100 120 140 160 180 200
- . ° - .
Annealing time at 80 “C [min] Annealing temperature [°C]

Net i given by average value of Net profile in the bulk Netf and BiO; concentration vs. Tann measured on 50 Qcm diodes

. IfT,,> 150 °C, BiOi concentration decrease

 Nef stable
« AN =2 X AN, (B,O,) as expected from B (-) — B,O, (+)
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Journey of Detector Readout



Fast readout for 3D silicon detector

C1 Zoomed (60-70 ns) — y7/-10L,0,0/30v

Electrode spacing ¢ o P e I 7\ e B —— C1 (Detector §
e o o 0.000 4

230 o o ]
qmTT ~0.025
J ° ° ~0.050
® p*(N, >10%° cm3) p bulk(N.¢ ~102 cm-3) * E ]
® n**(N, >10%° cm3) Aluminum ° ° 2 ~0-0751
g _
g ~0.100 1
~0.125 1
~0.150 1
-0.175

6.0 62 i 6.4 6.6 6.8 7.0

0 5 ns Time [s] le—-8

3D detector(depends on the design): 3D detector IR laser test results

« Tiny current: 0.1-1 pA
« Fast ramp up: 200-400 ps
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BJT based Transimpedance amplifier

+VCC Iﬁleuszii(iet’l?—{riae?:rchy View Simulate Tools Window Help - ? 8

CACHESP ITEBQAAVUGE LSO I3 ¥R=t 1O 711 )
« Draftl E Draftl
= = 4( Draft1 =

R2 = V(n004) — R

§ L1
R1
—AA 2,

|| O V_out

R10
R1
| 1 & gsn

R11 600 ]

1000 C\Il “ 0.003
o ]

3n NPN

PULSE(0 0.000001 5n 0.2n 0.8n)

p(base) J n*(collector)

I_In O_l I @) .tran 10n 4
c1 / n(emitter)
bipolar junction transistor - LTspice simulation of the default NPN transistor (For
(BJT) l Positive Vcc on p-base(~0.7 V): details, please refer to the backup)
reversed If:

p(base) «—— n+(collector) |f"p" is thin
p(base) I n+(collector) forward —> enough, it

n(emitter) p(base) «—— n(emitter) will short

Cons S 0

~ ¥ 3
Ry >> R1 V_out = R1*L_In

18



Darlington chip

+VCC
©  (power on the NPN diodes)

3-D detector
Isolation Capacitor Inductor
[ (Cutoff DC) (block AC) %
—{
—{ v RF-OUT and DC-IN
i | RF IN
g : 1 | | e Output
>| —{ o I
' — o § Isolation Capacitor
— _ (Cutoff DC) =4
3-D detector —l— 4%50 MV ~mV
GROUND §"

beta (€7) p—op—ns

o —> Grounded

|

Darlington chip t (s)
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Detector Readout design

CAGHESL I TERAQGIB LSO =3 st 10,1008

: Ltspice simulation Radiation test

Oscilloscope 2 stage amplifier
MS08064/600Mhz A

Adjust and feedbackt‘

(S EE NN NN NN NN EEEE SN NN NN NSNS E SN NN NN NN EES NN NN NN NSNS E SN SN NN NN NSNS EEEEENENNNEEEEEEEEEEEEEEEEER
- -

P e S
roape o 4 j—

Il Adjust and feedback

Pre-amplifier <«

e -

: 20Sr source
 (perpendicular to the detector) Power supply

AC signal test

o Pulse generator 20



MIP test with readout

3D sensors from CNM

r— Pulses used for final analysis\n(total waveforms: 35858)
> —+— Data
= @ 200 T Gaussanfit
5 i Landau fit ]
—_ 8 1 50:— Gaussian + Landau —:
Q 90 - Landau MPV = 2.848e-11 V- s
Xo) S.r results 100 #INDF = 237.04/79 = 3.00
S5 —100+ Vbias=-50\/
)
mim— 50J
Q- 0:.\-2?-\ TSI WO .52 X10_g
E | | 0 0.05 0.1 0.15
<< — 200 — Integration [V- s]
Time [ns]
Front-end readout system
+VCC1 (power Gali-66s+) +VCC2 (power GVA-84+) M PV
{1 Biasing cir{r;lg;(;rS—Dsensors ;(2) Designed RF amplifier (PCB) :: (8) Mini-Ciruis E'—z ;;fg:) c?sii’?f?c'fﬂiﬂpﬂm“"i Collected charge: Q= 13-R,- 1.6 x 1 0-19
5 i i Il 0
g R ; : b TSR, s For all sensors: Q =~ 18000 e
> T ‘ \ : ¥ i
i ' : : h :; ——C, : |
| ' 3Dsensors | ! i ; ! The expected value is around 17000 electrons from Bethe.
4 : : !
L DD oo RN dommm Sl Lo !
. Noise &: ~4 mV
. Bandwidth: > 4 GHz
. Voltage gain: 200 times larger
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Laser setup

1064 nm IR laser system: Infrared fiber (connecting the picosecond laser) Visible laser (indicates
' the position of the

infrared laser)

____________________________

NTK photonics,
Katana LP
(picosecond
laser , 1064 nm)

/ AAANAMANENNNNN

AR
‘ AAAAANAMANNNNNN,

N

QL
LR
\ W

S A

JUSy
o

Q

.
/ =3
{ &

\
i

Focusing optical path tube
(spot size down to 2 microns)

_______________________________________________
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Results for position depends timing resolution Ct ol Wovetom — y11/100.05301

0.02 1 —I C1 (Detector)
1064 nm IR laser results:
Marked o |
position s
E —-0.04 >
At at a certain threshold,
0 -0.06
for example 30%
—0.08
-0.10
Position Scan: ; ; 7 ; ;
Time Resolution Map — 30v Time [s] le-8
Vbias = -50V
- 40
At Gaussian Fit at 30% Threshold
N\ Gaussian fit (30%)
l 175 A — U=6.27e-08 + 3.8e-13
) 0=2.14e-11 + 3.8e-13
3 150
g " 2
£ ¢ S 125 -
- Z . :
5 100 - Timing resolution &
3
E 751
3
=
50 A
25 A
’ - 0 T Ll T T T 1 T
250 20, 1t 10, 6.2600 6.2625 6.2650 6.2675 6.2700 6.2725 6.2750 6.2775 6.2800
X (micron) At (s) le-8
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Results for the uniformity

(L@ ]

; 5.0E-01 -
Square 30pum j

i 4.0E-01 E ~e-Hex 30 micron

| . —-Square 30 micron

Q&OE-Ol : ——Hex 50 micron
¢ §2.0E-01 ]
hexagonal 30pm ) )
' 1.0E-01 -

0.0E+00 +——7F—"—"—T——T———

Uniformity : Vo /@ ,Vo = Y (0i=9)* 0 20 40

A Bias (V)

hexagonal 50um

24



Multi-channel readout

ADC output

O
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= o <
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0000 :
g' 0000 B 2
R 0000 e, 1 O
@ 000 5) ey yiesies (ML
0000 Mem T A3335351%
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3 1+ TN
o
Q- o™= ‘lrJ, F O
e MIQAN VAR o 2
|0_J KOBE U. T =
wn
C
©
©
<

FPGA digital analysis
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Multi-channel readout

migan_20230302 - [D:/CIGS_project/FW/migan_20230302/migan_20230302.xpr] - Vivado 2025.1 COd e text — a X
File  Edit Flow Tools Reports Window Llayout View Help Q- Quick Access Initializing Design Cancel 7
G‘ B b 4 P‘ o = )3 COd e m d U Ies = Default Layout v
Flow Navigator ? PROJECT MANAGER - migan_20230302 I ? X
All the code used can be found in
) sl PROJECT MANAGER . )
the prOJect manager Sources ?7 00X Project Summary % ifigan_const.xde % MIQAN_DAQ.v % 200
> IP INTEGRATOR Q = s + @ 3 o igan_20230302/migan_20p30302.srcs/sources_1/imports/MIQAN_FW/MIQAN_DAQ.v *
> Non-maodule Files (1) A
H Q
~ SIMULATION > @ - zynq7000_preset_wrapper (zynq/000_preset_wrapper.v) (1) Q i & b X[/ = o
. N |
: ) > @ MIQAN_DAQ (MIQAN_DAQW) (2) v T
Run Simulation < 3 2 ! “timescale 1 hs / 1 ps
""""""""""""""""""""""""""""""""""""""" 3
Hierarchy  IP Sources Libraries Compile Order 4O module MIQAN‘AQ £
v RTL ANALYSIS s -
. - c 6 ! // Users to add parameters here
P Run Linter Source File Properties ?7 00 X o .
T parameter integer ADC DEPTH = 2048,
> Open Elaborated Design T clk_wiz_Oxci - .3 8 parameter integer ADC_BUS = 8,
9 parameter integer ADC_SERIAL = 8§,
. i & 10 parameter integer ADC_CHANNEL = ADC BUS * ADC_SERIATL,
~ SYNTHESIS IP name Clocklng Wizard 11 parameter integer ADC_WORD_SIZE = 12,
R N % 12 1
. . . . - > Run Synthesis - - T S ¢
Time Constraints, Logic Generation.... Y Erzel | Fopmie R < 3
> Open Synthesized Design
Tcl Console | Messages Log Reports | Design Runs X ? 00
~  IMPLEMENTATION Q|| = + %
g P Run Implementation Name Constraints Status WNS TNS WHS THS WBSS TPWS Total Power Methodology Failed Routes
> Open Implemented Design v« synth_1 (active) constrs_1 synth_design Complete! N
T impl_1 constrs_1 Running Design Initialization...
v PROGRAM AND DEBUG synth_1_copy_1 constrs_1 Not started
. . . v Out-of-Context Module Runs
Bistream file for run FPGA == | Cenerate Silslicam
> &/ zynq7000_preset Submodule Runs Complete
Open Hardware Manager . . .
+/ fifo_generator_0_synth_1  fifo_generator 0  synth_design Complete!
Connect and control FPGA 2 >

DAO Frame: Select data calculate data transfer data store data
26



Multi-channel readout

To solve the "insufficient memory" issue shown in Vivado, add an

FPGA memory matrix
SD card to communicate with the FPGA board

DDR €—— FIFO <——— BRA

R

1 o
QPIX-ASIC &
T S
i
QR :
Test pulse Q° !

1
1
1
1
1
1
I = Elements (F;) X SD _card X +
1
< > ™ (@] J > ThisPC > SSD(CIGS)(E) > SD_card
1
1
: @ New v N sort - = View v
1 30v [ Name Date modified
1
1 FPGA-CIGS project D BOOT.BIN 1/20/2026 7:36 PM
: boot 1/20/2026 4:26 PM
: « [ This PC D image.ub 1/20/2026 7:30 PM
1 > & Windows (C)
1
1



Multi-channel readout

Ethernet cable for communication with the FPGA

SD Linux (Tera Term)

M COMS3 - Tera Term VT = O X

Setup Control Window Help

t

] Created slice system-getty.slice

] Started Getty on ttyl

] Reached target Login Prompts

] Started System Logging Service

] Started Login Service

] Started OpenBSD Secure Shell server.

1 Started Dispatcher daemon for systemd-networkd

] Reached target Multi-User System

1 Reached target Graphical Interface
Starting Update UTMP about System Runlevel Changes. .
Finished Update UTMP about System Runlevel Changes

buntu 20.04 LTS liaochuan-Precision-3660 ttyPS0

| iaochuan—Precision-3660 login: root
Password:
elcome to Ubuntu 20.04 LTS (GNU/Linux 5.15.36-xilinx-v2022.2 armv7l)

* Documentation: https://help. ubuntu. com
* Management: nttps://landscape. canonical. com
* Support: https://ubuntu. com/advantage

ast login: Sun Dec 28 09:42:41#ugc 2025 on ttyPSO

00t@| i aochuan-Precision-3660 usybox devmem 0x40400034 32

Ultra USB controls the SD card under Linux
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Multi-channel readout

100 Hz pulse signal input, readout
results from 64 channels

EEEEEEE
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FEEERERE

HERHHERR

LEEEEERE
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Perspectives on Future Detector Technologies



Low temperature detector (“quantum sensors”, I don’t like this name!)

TES: Transition Edge Sensor

(" A Resistance T
it \ g
Particle \ ¥,
. SQUID W
?LLQE&M room-temperature -.\
electronics Absorber AT
C : Heat
capacity g
Transition Temperature Y
SQUID §
arrayvs p 4
‘ Heat sink ~ 100 mK AEpyum < VTCla
Acquisition
SQUID system 57Fe (Absorber) TES(Au/Ti)
Sensors l
TES k:
detectors I 53 I
) Thermal strap (Au) Nb wire
Y.Yagi+2023
405nm/520nm v 64 pixels TES were fabricated at ISAS/JAXA 00
Pigtailed . ) 01
Laser diode and Riken (Y.Yagi+2023) s 02
Bluefors XLD400 203
Dilul:ie(,(:rioﬁmmor v The TES and Fe absorber are separated §.04
) . 05
v Successfully demonstrated operation witha = _] 4.4 keV
i i 0123:45678910
single pixel Time imsec)
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  i = Q ∙    E w → ∙  v →


  Q =  Q 0 ∙ exp ⁡ (   − t / 𝜏 )


   n i


  p =  N V  F  1 / 2    (    E V −  E F  k T ) ,   n =  N C  F  1 / 2    (    E F −  E C  k T )


   n i =   N C  N V  exp ⁡   ( −    E g  2 k T )


  𝜇  ( N ) =  𝜇  m i n +    𝜇  m a x −  𝜇  m i n  1 +    (  N   N  r e f ) 𝛼


   R  S R H =   n p −  n i 2   𝜏 p  ( n +  n 1 ) +  𝜏 n  ( p +  p 1 )


   R  r a d = B  ( n p −  n i 2 )


   R  A u g e r =  (  C n n +  C p p )  ( n p −  n i 2 )


   G  a v a =  𝛼 n    J n q +  𝛼 p    J p q


  f =  1  1 + g  exp ⁡   (    E A −  E F  k T )


  ⁣


   𝜏 n =  1   𝜎 n  v  t h  N t


   𝜏 p =  1     𝜎 p v  t h  N t


   E t


   𝜎 n


   𝜎 p


   I  l e a k ∝  1 𝜏 ∝ 𝜎  N t


  Δ  E  P F =     q 3 E  𝜋 𝜀


  e  ( F ) = e  ( 0 )  exp ⁡   (   Δ  E  P F  k T )


   N t


   N  e f f =  2   𝜀 0  𝜀 r  A 2  q 0   d  (  1 /   C 2 )  d V


  W  ( V ) =    𝜀 0  𝜀 r A  C  ( V )


  Q =   M P V    13 ∙ R 2 ∙ 1 . 6 ×  10  − 19


  Q ≈ 18000   e


    𝜵 𝝈 /   𝝈 - , ∇ 𝜎 =   ∑  i = 0 N       ( 𝜎 i −  𝜎 -  ) 2 N

