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pn-junction as a semiconductor-detector
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,f}.,(’ Principle of solid state detectors
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hv
N = 5

E : Energy for e-h pair
N : number of e-h pair

Q= eN
Q : Charge at input of PA
_ _Q _ eN
V= C cC

V : Voltage at input of P.A
C : capacitance at input of P.A

eN eN

V=——=Tcg hv
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Tf}..{) Capacitance of Detector

eN
Output V= <
V «— to large
C «— to small
P ; C is reduce ;
—
0 —
> " >
T 1
pn- Junction Detector Silicon Drift Detector
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Electron Potential fot pn-Junction Detector

Techno

Electron potential shows a
minimum parallel to the surface

].‘io"

Charge collection

® holes move to the p+ electrodes
® glectrons assemble in the center of the wafer

= uncontrolled charge diffusion to the anode

Apply horizontal electric field, to drift electrons to the anode
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Full depletion of the bulk under reverse bias
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Principle SDD
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Electron potential
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* Homogeneous entrance window
uniform sensitivity for x-rays

® Drift electrodes only at one side
simpler technology

= Sloped potential valley

Position measurement possible by hole signals from structured rear side
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m*“ Silicon Drift Detector with Circular Geometry

GND Uor Driftfield U, Anode D;

Al
Si0,
n*Si

n- Si

p* Si

T

UHACH - .
Homogeneous thin entrance window
Small size of output capacitance Low leakage current level
= high energy resolution = pperation at moderate cooling
= high count rate capability ® no liquid nitrogen necessary
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General Requirements of SDD Electronics
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Spectrum of 10 mm2 KETEK Vitus SDD
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Absorption curve for 450 4 m SDDs

Absorption in 450 um SDD
with 8 um Be-window

1.0 T =S | T 1 1?' 1 1 |
rd i - ywed
/ i W L
0.8 = ‘|| u% :(,'] P -: —
| - | 4
4 | nz / lr 14
" P/ — AP 1.3 :
0.6 — | = = o TN
|
- I -
|
0.4 | =
| Transmission 8 um Be "
1 ) I
0.2 |' _ 2
4| Absorption 450 um Si
|
0.0 4+ T T T T |
0 5000 10000 15000 20000 25000 30000

Energy (eV)

Techno X Co.,Ltd.



éﬁ, Large Area Silicon Detectors

300

eV

250

FWHM @ 5.9 keV
A
o
o

0 25 50 75 mm? 100
sensitive area
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Properties of Silicon pn-Junction Detectors
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Depletion layer thickness w: ]

w(cm)=05x 104 (p U)v2 _p(Qcm) resistivity
LU (V) bias voltage |

Capacitance C: radiation

C(pF)=2x 10+ A(p U)¥2 | Alcm®) junction area Al \ . +— 11—

Reverse current ip:

; : : ip diffusion current
g (A) =g +i5 + g is surface leakage c.
i generation current

For deep depletion layer :
i,=ie=qgV=q(n/t)A05x 104 (p U)2

Ly n, 1.45x10" cm™ ) _
g ~ It intrinsic carrier cor Noise sources:

lifetime 3
; 16x10"% A s * capacitance
* reverse current
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Schematic Overview of Electronics for Detector
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Digital Pulse Processor

Preamplifier

A A A
Temperature ' 'Ring and FET
Regulation | Biasing

Power Regulated Linear Regulated

Peltier Supply Power Supplies

Techno X Co.,Ltd.



Tf}e..{f; Types of Preampfilter

é L % i % 1
= v Vo 1l 2 Y9
@ R >__, | >———
=) =3 Vo — =
= p T = b~ =
| > ® : ¢
s 1! 1 1 7 7 w
_, R+Rf _Q
Vo = Rf+ls Vo= (== )V Vo="¢
a) current sensitive b) VO leage sensitive c) Charge sensitive
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é,,{f; RC type & Reset type

10 -

RC type a) b) E"“*T

0 4
G ;
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V

X

-20 |
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% X

0

<
2
oA

Preamp Output [mV)

.m:.

o B0 00 150 206 0
Time [us]

a)RC-type charge sensitive preamplifier with a positively biased detector;

b) Output on absorption of an x-ray. Note that the step has a falling edge, thus the signal

polarity is neaqative.

O
a) b) i

Reset type S o
A E |
S =
“Cf % -25 JG j
X-ray D I g_ = 3 |
a a5 .j
-HV .40 2 . A j
50 0 0 100 1450

Time [us]
a) Reset-type charge sensitive preamplifier with a negatively biased detector;
b) Output on absorption of x-ray rays. Note that the steps have a rising edge, so that the
signal polarity is positive.

Techno X Co.,Ltd.



2. Reset type Preampfilter

¢/ FBL  lReset _pmin

/ [ 2 Pulsed Preamp:
O v/  FET - High stability
1_ 2g I; Bukl - No count rate dependency
\o FET >
| Source
Charge Sensitive Pre-Amplifier
= i — ™
¢ Anode e l T
— C, T /_,>_‘: +j\’_’_ Schmitt-Trigger
| sDpD e =
0 >4 / N /
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Principle of Signal Processing
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Peak hold
. ADC V— | ADC
. [ ) : o ° [ ) . ;
—
. V |ADC
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,:X.f Principle of Analogue Signal Shaping

Sensor Charge Sensitive Preamp Analogue Shaping Amplifier
.Current Integrator”
High-Pass Filter Low-Pass Filter
Differentiator” +Integrator”
Rz

NONR Additional CR Network
VvV VT for higher Count Rates

. WASA
— L 1| pee———
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Digital Signal Processing — Principle of Operation

Sensor Charge Sensitive Signal Digital Shaping Amplifier
Preamp Conditioner| Digital Signal, Pulse, X-Ray Processing
~Current

Integrator”

to USB Host

ADC FPGA MCA

|

=Pulse Forming
(Fitering))
=l I -BLR
= -Peak Detection
-PUR
-Gain

Techno X Co.,Ltd.
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f}..é DSPD 7 A IERKX

digital Filter, Pulse detector

: Analog Signal Conditioner (ASC)
: and Pileup Inspector (FiPPI) GATE

L
1+
x
%I
O
N

INPUT Low 12 P -
i
i Pass N/_,\,.J —ADC | AUX
! Filter A A fast
: : B N €
! Sawtooth | reset : 1 | good
! Function [ % i T
' Generator '
: — Gain DAC [ '
' . Digital Signal Processor (DSP
: T <Slope DAC [Ev— § 9 9 )| DMA
i ! § Seweewi Peak measure SPORT
e e c S e ———————— ~ MCA binning
ol ASC control } \ A
FLASH FiPPI config.
.
Memory 1 ‘g‘
12C PIC MicroController
Memory System {DSP) boot procedures
Acquisition routine control E
12C Firmware loader RS-232 °
Temperature Power-down mode control 12C :
Sensor I°C and RS-232 communications
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Digital signal data processing
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_'o " a - - S S 4 | | | |
S‘ ; . PO -
E = 23 Length T
3 5 -
> Q
- "5 0 —{ (—Gap s
O o)
3 £ il r
Q Length
B2}, -
0 > 0%
Digitized Step 960219
-4 I I I I
20 22 24 26 28 30
Time ( ps)
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,;%, Signal Conditioning for Digital Processing

L\

B.L

‘NWW IADC

VK
& S
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XIA
Analog Signal Conditioner (ASC):

— Subtraction of a Saw Tooth Function from the ramped Preamplifier
Output Signal

— Amplification and Offset of the Difference Signal to fit the ADC input
range

KETEK
Analog Signal Conversion

— Conversion of the ramped Preamplifier Output Signal to an
exponential Output

Signal by differentiating with a High Pass Filter of maximum 6us
Decay Time

— Amplification and Offset of the differentiated Signal to fit the
ADC input range

Oxford Instruments

High Frequency Reset triggered by the DSP to keep the ramped
Preamplifier

Output Signal in the ADC input range




2. Digital Filtering

E‘. A TN T N TN N A T N NN TN TN T N TN TN AR N N NN A N N NN A A AN B A
Filtered Step L.kfig 9605920

Ja
| | | | | 1

Qutput (mV)
o
I .
.8
e .

o Filter Output (mV)
—4 III-IIIIIIIIIIIIIIIIII-IIIIIIIIIII'III

5 10 15 20 25 30 35 40 45
Time { ns)

Displayed over a longer time period to show baseline noise.
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é..{f; Fast & Slow

I W I h _1 ex 7 photon

/\ In \ ICR 6 photon

OCR 4 photon

pile up sumpeak

<>

Dead time
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Tf}..{) Throughput Curves

ARAZ-Y Throughput

250

200
o
),
O s
0.15 1%
—.25 e
TR e () G0 198
—1.00 s
—_— 0 s
B A00 s
o ' J T | . r . 1 7 | D D T L | D
i} 100 200 200 400 Bl = 0] 700 SO0 w00 1000

ICR
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Tf}..;? True time &Live time

ruetime | L [ [ [ [ [ L L L[ ]]

ADCB E

ive time | | | | L

Live Dead
Time Time

A
A\ 4

1 , 1 !
1 1

inhibit pile up True Time
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Dead Time versus Input Count Rate
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100 I /q A
A L
9 / e
P / // ——044 5
/ / / 070 s
i B 4 1.00 us
QE) % // / - 1‘1"‘5
= 2 / I / § it 2 () s
-C% 4 1/ 74 / 3.10ps
¥ / // | /// 4 50 s
Y 50 s
1]

ICR(c/s)

Techno X Co.,Ltd.




,,_iX..,.’, Shaping time & Peaking time

VAN

—] E_A A A AD_L - >
: '7;7 ts = Shaping time

= Tome constant

for Filter

i

™S

L~

tp=tXxn
rrrsrs ) t = time of sampling
HH n = number of sampling
t forex. 16MHz t=62.5nsec
\! n=24

o tXn=62.5nsecx24 =1.5usec
tp = Peaking time
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} G —

44—

P.T

S.T

Relation between Shaping time & Peaking time

photon coming to detector

charge increase at preamplifier

short shaping time

long shaping time

PT>2 X S.T
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X Noise Sources of a SDD

Serial Noise

- Determined by capacitance of complete setup:

anode capacitance + input capacitance of FET + stray capacitance
(bond wire + mounting technique)

- Dependent on transconductance of the FET

-Slightly temperature dependent

Influences short shaping times (high count rates applications)
reducing serial noise — high count rates with very good FWHM

O parallel noise
Q) 1/f Noise
@) : - Dependent on mounting technique
noise ,
> R4 - Noise of FET
Ll . _ -Dependent on capacitance
signal noise

Independent of shaping time;
reducing the 1/f noise improves the energy resolution for all shaping times

Shaping time

Parallel Noise
- Dependent on leakage current of SDD (therefore strong dependency on
operating temperature — cooling by approx. 7° C halves leakage current)

Influences long shaping times; can be reduced by lower operating
temperatures

Reducing parallel noise is important for large area detectors and for operating
conditions under high ambient temperatures

Techno X Co.,Ltd.




,:}.;{’ Noise plot of a 10 mm?2 Vitus SDD

30
25
~ - e XNO172
senal noise
1/f noise
parallel noise
—— overall noise
ra— - g
5 —
O 1 1 1 1 | 1
C 2 4 6 8 10 12

Shaping time (us)
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Noise plot of a 100 mm? Vitus SDD

250
240
230
220
210
200
190
180
170
160
150
140
130

FWHM [eV]

—— Theory

B Vitus 100 mmé @ -35°C

Shaping time [ps]
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Charge
Collection:

Event 1 signal 1

Event2  signal 2

Event 3  signal 3

tl:lrif[:]

Time
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MCX.,?“ Information of Energy & Position

Particle +U, Electronics

-U,
Si0; (0,2 um) &=

‘ |
- : '. / "~ n+ (0,1 pm)
" PM _-
§ £ nsi ; ) j>>- ——————— 7
I ' _ p+(0,2 pm)
+ |- 1

Al (1 pm) U, U,
10 kQ 150 pm
Horizontal electric field by Charge collection
= division of electrodes into strips = electrons are drifting to readout anode
= applying of increasing bias at strips = |ow noise amplification of signal at anode

sighal height = energy of radiation

drift time = position of radiation

Techno X Co.,Ltd.



Techno

NOTE: The DXP's peaking
time is twice as long as the

analog system peaking time
in this comparison, and yet
the throughput is nearly the
same.

Techno X Co.,Ltd.

Comparison of Analog & Degqital

Output Count Rate (kcps)

200

150

100

&
o

—a— DXP OCR I
—= -DXPICR,_ e
----- Analog OCR ot |

= = == = Analog ICR_

ii‘.-'
mmmmmme=e True EGHt - m u "-) 7

SRR Piot kg 350822 7
']

50 100 150 200
Input Count Rate (keps)

Curves of ICEy and OCR for the DXP using 2 ps peaking time,

compared to a common analog SCA system nsing 1 ps peakmg
time.
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Thank you for you attention
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