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Large Area Radiation Detectors

— Why thin-film devices
— Large area neutron detector project
Current state of thin-film semiconductor devices

— Transistors
— Memory
— CMOS

— Circuits
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@DALLAS Why large area detectors?

Large area neutron detector

| /

2” 3He tube LD

Neutron Source

8 ft 8 ft

0

Probability of neutron hitting 2” tube ~ 1 part in 36000
Probability of neutron hitting large area detector ~ 1 partin 3



Future Flexible Electronics

Throughput vs cost/cm?

Throughput vs. Feature Size for Typical Production Processes
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Thanks to Dr. Eric Forsythe — Army Research Laboratory




@DALLAS Large Area Sensor Arrays: The Concept with ASU
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AI LAS Very large area, flexible, low power

CHARGE BLOCKING LAYER

CHARGE GENERATION
LAYER

AS Ak S A, A A Ay Al
ALy [/ AT SAY Ay AT

|
Flexible active matrix backplanes DRI: THICK SENSING DIODE

Three main pieces
- energy conversion layer
- sensing diode
- backplane electronics



@DALLAS Neutron conversion layer strategies

. Thermal o Charged particles

Isotope Reaction .
(barns) and energies (keV)

3He 3He(n,p)3H 5333 p: 573, 3H: 191
6Lj 6Li(n,a)3H 940 3H: 2727, a: 2055
10 10B(n,at)7Li 3835 a: 1472, 7Li: 480
natGd natGd(n,y) 49700 Conversion e-: 29-191
157Gd 17Gd(n,y) 259000 Conversion e-: 29-182
2351 235U(n,f) 681 Various fission products

Converter-on-diode Converter-in-diode

. . . 6] ; i 10
5Li 19B nanoparticle composite Li nanoparticles B

Au (100nm) Au (100 nm)
Sensing diode Sensing diode
Al (100 nm) Al (100 nm)

m




Neutron Detector Modeling in

MCNPX and MATLAB

Detector Layers simulated in MCNPX: T
Weapons Grade Plutonium g g LEREE T “ v i
> 2 1.00E-04 + x- ~ Bum
@ i i g o) | §8  soas = = Example neutron
y \N e i (150m) £ Q:' 600605 ) m24H . |
lN - R =un CONVersion layer
Intrinsic Si (2.4um) %H WS T - 32um optimizations result in

< 0.00E+00 += - e 3 <3 00E-03 & ABum 10 .

6cm % Moderator (polyethylene} uf £ ¢ ‘°°°@°.;\ 2.6um B thICkneSS

N+ Si PIN diode (100nm) ; N Q°

ied 10g ¢, ion L.
varie onversion Layer Molybdenum (100nm) Conversion Layer
Detection Layer PEN + ILD D modeled as Thickness [um]
Polyethylene (127um
6cm I Moderator (polyethylene) PR { ) Total measurable alpha current with respect to !°B Conversion
Layer Thickness

7.00€-04
* Front end captures Neutron and emits charged alpha particle,
L] 5.006-04

Alpha detected with PIN diode and active pixel sensor circuit
MCNPX used to model and optimize detector front-end layers
Detector layers capable of being fabricated with FDC process

4,006-08

Maximum total effeiciency is

MATLAB model of arrayed pixel sensors with
simulated alpha particle exposure (Red Boxes): domee

Conversion Layer Thickness [um]

Array Response before CDS

| T 4000
i ]
- m o
HH With Correlated Double

o A Sampling applied:

2500
2000 a

Array Response after COS

"« Each cell represents an active pixel sensor
* Sensors modeled to reflect FDC process
variations.

e CDS dramatically improves ability for

B m
= detector to resolve alpha particle strikes
:H 1000
H 500

n



@DALLAS Thin-film diode optimization - MCNPX

(2) (b)
Gamma response for "B & Si detector stack Gamma response for "B & CdTe detector siack
10’
10°
Normally incident thermal neutrons B 5 H
o £ o H
! -
£ E
3 3
2 £
L ® i 3
10 £ £
B Converter Iayer Skcapturelabsorption
A

N
A

Semiconductor diode 8%

Gamma Energy [MeV] Diode Thickness fum] Gamma Energy [MeV] Diode Thickness [um]

TABLE II. Intrinsic gamma efficiencies for selected thicknesses and gamma
energies. (LLD = 300keV and a 2.8 um 1°B conversion layer)

.Pulse total (no LLD) e
0.06
Thickness 7Enersy  si CdTe GaAs Zno
2 0.05) ] (um) (keV)
g 00 Y ——
é 0.04} = Pulse total 1 3 511 0 0 0 0
E s 1460 0 9x1014 0 8x1014
] i
£003) o 10 511 0 6x1013 0 1x1012
- IUURE 140 | Ldom 9dot | 2de 8o
ool 30 511 6x10-1 6x107 1x107 3x107
| 1460 1x10-10 2x107 6x108 2x107
D 511 3x10°  4x10%  2x104  2x10%
Diode thickness (um) 100 1460 2)(10'6 1X10'4 6X10'5 9x10_5
4 -3 3 3
300 511 3x10 4x10 2x10 2x10




@DALL AS Sensing Diode Optimization: Schottky vs. MIS

‘- Aluminum - 100 nm

1 cm diam MIS on FZ Si

: — 50 Ly .- L I
& ~ m m JMO72611-2, MCA 1 - pule aIOxposbl bOV PoElOufSlmm Emlncount
it Silicon ® @ JMO72611-2, MCA 2 - palOx, alOxposbi, b5V, Po210at51mm, 2mincount
— 4 a4 JMO72611-2, MCA 3 - palOx, alOxposbi, b20V, Po210at51mm, 2mincount
40|¢ ¢ TMO72611-2, MCA 4 - palOx, alOxposbi, b100V, Po210at51mm, 2mincount |

Aluminum silicide - 200 nm

Integrating over channels for peak

3
Detector bias (V) ov >V 20V
Particles
detected 562 595 651
Measured sourceé 1938 1954 594
strength ' ¢ 2 1245
Efficiency 60% 60% 69%

Aluminum - 100 nm
lem diam Sghoﬁky diode on FZ Si

T

; m JMO72611-6, MCA 1 - palOx, al0Oxposbi, bOV, Po210at51mm, 2mincount
7le o JTMO72611-6, MCA 2 - palOx, alOxposbi, b5V, Po210at51mm, 2mincount ]
A a JMO72611-6, MCA 3 - palOx, alOxposbi, b20V, Po210at51mm, 2mincount
Aluminum silicide - 200 nm 60 ¢ JMO72611-6, MCA 4 - palOx, alOxposbi, b100V, Po210at51mm, 2mincount
* « JMO72611-6, MCA 5 - palOx, alOxposbi, b200V, Po210at51mm, p2mincount
Integrating over channels 100-450

Detector | oV 5V 20V - 100V

bias (V) ] : : :

Particles

785 : 772 : 752 : 869

detected g

Measured z 5

source 2,486 2,445 2382 . 2,752 " ‘

strength : % : 100 200 300 400

efficency  77%  76%  74%  85% Channel




@DALLAS Radiation measurement setup

xa Preamp

Oscilloscope

S Y. T Y

chamber




TFT-based Active Pixel Sensors

Single Stage Pixel Readout Circuit : Auto-Zeroed 2-Stage Pixel Readout Circuit
——————————————— 9 r——— - — —— — = -]
§ Col F -
Voo i | | VDD, (Ne-Auto Zero) VD2 Vob2  Column |
| | Row : ) l I
E ™~ S
I 5 H |
.
l l Reset : M: |
| : L : I
| ] :
M | | M M I
" L |
| | 1ncident Photons x M: |
ey
Ma | I I
- urrent Searved
______________ IR |

PreYu

The detection of two alpha particle
strikes on a commercial diode and
amplified with the two stage low noise
thin film transistor amplifier.




Flexible CMOS

NMOS PMOS

Parylens
encapsulation

Parylene

Why CMOS

— Dramatically reduced
12 power consumption
FDC 180 °C 10 | W= A0okm/Tum Ves =20V . .
30 a-Si proces-s ////—— - AnalOg CerU|try
8 7 .
g N . possible
= P —Sensor applications
o it
2] _///II///’— VGs = -5V
0 A p— S ‘
0 4 8 12 16 20 ’ o 5 10 -5 20 25 -30 How to do F-CMOS
Vos (V] Vs (Volts) .
102 5410° —Combine Processes
WI/L = 400pm/7pm .
10t 4 Vo =-25v w100 * N-Type a-Si:H TFTs
< 100 - o ;i * N-Type inorganic TFTs
= 3 F3x10° 3 ,
2 10 - AN 2 * P-Type Organic TFTs
= - 2x10° T
2 102 " 5 —Standard Cell Approach
10.3 | - 1x103
10 ZAN : 0
10 0 -10 -20 -30

Vg (Volts)




a-Si / pentacene CMOS Devices — with ASU

NAND Gates NOR Gates

&
-%;
16 25 ‘ 25
20 1 +—— = 20 1B pmmm r s L= S——— R p—
15 - _ i
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H 5 10 = i
15 | 12 é‘ § 10
5 A A - 5
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|_ - —
) 10 VDD [ 8 E 25 25
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S 5 2
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0 5 10 15 20 0
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@DALLAS Technology Comparison

3 1022
Chalcogenides — —
S, 21 | N
Mobility R 10 \
Semiconductor | (cm2/V-s) o £ 10% 4 N N f
) o 3 T\. 1 g \
T 1019 ‘NF\N ﬁ\ /
— g \< \#
cds 250 S S o /\ . \
CdSe 650 s £ 1017 );/F\ F Y/ \ /
O
ZnSe 600 = 2 - / N \4
w g 1016 / \
SnSe, 27 O 1o F/ AENEEY
InS 50 1014 : : :
O Y «@ G) e e gV ’1/ oV ‘L ‘L
SnS, 18 A8 S Og\ ,\5\/\/% & /\5(\\0 0%&0 V\Q’cg%g
CuGas, 20 ¢ TP
CulnS 15 . . 1 o=
2 Organic semiconductors p~ 6x1072 to 1 cm2V-1 s
ZnTe 100
PbS 5 Amorphous silicon: pi~ 0.01 to 1 cm? V- 5™
Cu,S 10

Inorganic semiconductors: 1 >100 cm? V-1 ¢
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CBD CdS/ Evaporated Pentacene Inverters

1IO
v, ]

T
15

T
20

100

- 80

- 60

GAIN

40

- 20

Parylene Hard Mask
cds — Parylene ILD | Pentacene —

 Optimized pentacene and
CBD CdS deposition

* Inverters yield gains of
about 80



Ferroelectric-based organic Memory (FeRAM)

PVDF - TrFe

| no annealing
8 {|—— 118 degree C
1——133 degree C
64— 144 degree C
1—— 156 degree C

P (uClem?)

-30 -20 -10 0 10 20 30

MFM Capacitor — 1T-1C memory cell
- relatively easy to fabricate Ferro-

- destructive read electric
- complicated read / write circuitry




Fully integrated TFT used for 1T1C

Substrate

— S-D Electrodes

HfO2 -

120.0u

100.0p

80.0p -

60.0p 1

o [A]

40.0u

20.0u4 |

T T T
—&-VG=0V

1 —@—VG=25V

—A—\VG=5V
¥ VG=75V
—-VG=10V

0.0 1

CBD CdS as the semiconductor
ALD HfO, as the gate dielectric
Parylene as ILD

Low temperature process,
maximum temperature is 100 °C

Ve VI

| | | , 1E-3
0.016 1 :
| —=—SQRTI, A 1E-4
00144 —ABSI; E
_ & J1ES
0.012 1 o :
— W = 160 um 2 il
& 0.010 ~ Ia ]
e L=5um - {1E7 _
& 0.008- _ 2 a ; =
:‘3 - 1.5 cm/V-s /./ 3 1E-8 >
X 00064 V.=55V ;
T 1 Vs J1E9
? 0.004] ]
. J1E10
) Saturation
0.002 J1E11
o . V =15V
. —I....,....T....,....I | i lE-lZ
5 0 5 10 15



2T2C FRAM Characterization

BAL
DWL SL
WE GND
DWL RN SR
co RIS
CL1 T L EE ) L e WLO
cL2 1 L 0 g L WL1
CL3 WL2
CL4 WL3
CL5 WL4
CL6 WL5

CL7 GNDWL7 WL6
64-bit FRAM layout




In-pixel charge amplifier — Ramirez design

Prototype neutron detector

* The output signal from the sensor element is a low voltage pulse with 10’s ns width,
with very high impedance due to the capacitive nature of the device.

e Charge amplifiers provide very high input impedance - they integrate weak charge
pulses to convert them into voltage pulses with low impedance.

+65 VO +12V

Detector ZS Id

OUTPUT
TEST lo

INPUT Ct

Vi 0.1pF Qi 1 !
Rt 0 <0

E——
Qsignal 0.045 pF

[1] F. J. Ramirez-Jimenez et al., Nuclear Instruments and Methods in Physics
Research A, 497, (2003), 577-583.

[2] Bernd J. Pichler et al., IEEE Transactions on Nuclear Science, 48(6), (2001),
2370-2374.

[3] HAMAMATSU, model H4083.




@DALLAS

Potential Advantages

Very large aperture at moderate cost based on AMLCD

In-pixel electronics provide low capacitance for pixelated array
Potential for high y-ray rejection rate due to TFT array electronics
Potential for fission neutron multiplicity measurements

Potential for determination of directionality of the neutron source

/ENERGY CONVERSION LAYER

Ay, # > A TS A A A
> 7 7 A A Ay S AY

(

Flexible active matrix backplanes

CHARGE BLOCKING LAYER

CHARGE GENERATION
LAYER

DRI: THICK SENSING DIODE



Thank You!




