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HPGe detector: p*/n* contact and lateral surface passivation

/ layer 0.3mm

B doped NI Umicore:
e Charge carrier density:
p contact 1010 cm-3
Surface passivation. ————
. o et HPGe —i =
- Chemlcal pas-s,lva.tlon R— S —_
- Eletrical passivation
n contact

Li doped

- Methanol termination

- Sulphide termination

- Low Hydride termination (10% HF)
- High Hidride termination (50% HF)

G. Maggioni et al. Eur. Phys. J. A
(2015) 51: 141

N

layer 0.7 - 0.9mm

Diameter: 40mm
Height: 20mm
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n* contact on HPGe — LTA technology

pulse < 100 ns
Sb sputter deposition ¢ ' 4

( ([ (1
® e @ Doping layer vy \Laser depth < 200 nm Doped layer

y i i F J
¥ ¥ ¥ ¥ ¥

— 1 —————— |
[ Ugud | Regrowniayer

Pulsed Laser @ LNL-INFN

Nd:YAG (Quantel YG980)

A=355 nm (third harmonic generator)
7=7 ns; P=6,5 mm; Rate = 10Hz
Radiant power ~1500 mW

Fluence ~300-400 mJ/cm?
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n* contact on HPGe — LTA (laser thermal annealing) technology

Advantages:

Melting temperature is reached and maintained for a very short time (<100 ns)
Only the surface (< 200 nm) is melted, the bulk is at room temperature

High dopant concentrations with very sharp dopant profile

Doping with heavy elements without crystal damage

Very clean process suitable for preserving the Ge hyperpurity

Suitable for complex contact geometries (segmentation)

INFN
W. Raniero (LNL-INFN) PSeGe 2018 '

Istituto Nazionale di Fisica Nucleare



Contamination of HPGe — LTA technology

Four-wire resistance and Hall measurement

(10x10x2)mm?3

Van der Pauw method
Rsheet

Hall-effect method
Carrier type

[From V. Boldrini et al., Journal of Physics D: Applied

Physics (2018), submitted]

Contamination after laser treatment

Charge carrier density (cm?3)

T(K)
332 179 122
10 Oapa A A A A ] m 2)p-type as-cut
F ‘oA oo ° o & { o 1)n-type as-cut
[ { * i ted
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1/ksT (€V2)

Carrier density within the specifications (10'° cm-3)
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LTA (laser thermal annealing) technology : out of equilibrium diffusion

Treatment time 1 Treatment temperature I

At melting temperature, dopants diffuse orders of magnitude faster \

L Treatment times can be drastically reduced Q}
. . . Pulsed
At melting temperature, contaminants diffuse faster too laser
ds
L Contamination can drastically increase o annealing

Melting can be limited to a thin, surface layer of HPGe

.
{ & O

L Bulk contamination is prevented ~ /
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p* contact on HPGe

1B lonic Implantation IMM (Institute for Microelectronics and Microsystem) - Bologna

HPGe wafer cut and cleaning Energy = 23KeV
(isopropanol 80°C and DW Dose =1 x 101> atoms/cm?
80°C) (pressure = 3.8 x 107 torr)

HPGe
(10x10x2) mm3 INFN
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Prototype HPGe by LTA technology @LNL-INFN

Sb deposition @=5mm SIMS profile of Sb diffusion
107 5 : | : .
(2x10x10)mm? < 1
§ 1075 3
5 - f
B implantation Methanol IS Thin contact ;
(10x10)mm? passivation = <100nm
2 104 -
(®]
No guard ring 5:;
10" : . : , .
0 50 100 150

Depth [nm]

LTA laser spot
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Test of small HPGe prototype: |-V diode configuration

|-V characteristic curve

Zluminum
mounting cup T T T T T T T I !
LN2 cold 10_5 [ J
finger T | 3
direct current 1
PTFE support
. —_— E
oy — 107 :
<« foil ;
E
PTFE support $ . . .E
- 10 | =
[ | 3
| 3
. -
Aluminum ] n 3
contact 5 B E
=] ]
10 s " " 3
n " :
. ]
Aluminum 15
end cup \ :
T v T v T v T v T T T j T ) !
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V (V)

Depletion voltage: between 20V and 35V > Low leakeage current

» p-njunction is obtained

[G. Maggioni at al. Eur. Phys. J. A (2018)]
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Counts

Test of small HPGe prototype: detector configuration

E = 59.54 keV
FWHM = 0.62 keV

1000 4

Sources: 2*1Am, 1>2Eu and 133Ba

241
Am ] E =121.78 keV Wogn

FWHM = 0.76 keV

1000

E = 344.27 keV
E =244.69 keV FWHM = 1.02 keV
FWHM = 1.10 keV

100 - &2 100
] 5 ]
C
133
. E=81.00 keV .
105 1 FWHM =0.72 keV 10
' 1080 E = 356.01 keV :
bl w11 sy o Sty
120 ! 4’0 i 610 ! 8 160 j 150 i 14'.0 FWHM = 0.77 keV 1r— "
" _— E = 276.4 keV ) 50 100 150 200 250 300 350 400
Energy (keV) e E FWHM = 0.96 keV E = 383.86 keV Energy (keV)
g ] FWHM = 1.05 keV
(&)
10 -
1 T T T T T T T T T T T T
50 100 150 200 250 300 350 400
Energy (keV)
Good energy resolution all the energy range up to 400KeV C
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Test of small HPGe prototype: detector configuration

Depletion Voltage - Energy resolution

10 | | | |} | I | | | 14
9 241Am -
- - 1.2
L e
B B =
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0.4

Bias V (V)
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0.62 keV @ 59.54 keV (**1Am)

Detector not fully depleted when
energy resolution worsens
(contact geometry is not optimal)
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Prototype HPGe by LTA technology @LNL-INFN

Laser thermal annealing

with 9 laser spots (4x4)mm? all the Sb

Deposition of gold surface (10x10)mm? was annealed
<100nm 07
Central contact —— T
/ Guard ring
/

Sb deposition all
the surface |:|I> gl
(10x10)mm? T

/

v
B implantation Methangl
(10x10)mm? Passivation surface
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1(A)

Test of small HPGe prototype: |-V diode configuration

3D cryostat design

| . I ! 1 ' | 4 I ' | E | ! | i | ' | 1 nitrogen
1E-8 = central contact with guard ring . _—
= central contact without guard ring cooling ™~
= current on the guard ring
1E-9 3
i :
1E-10 é
r :
1E-11 ] HPGe __ |
n diode
|
1E-12
] - u M I 3
af g 1l -
N e I CH UL TR T L T EHLLE
I - n " [ ] . E
| | | -
n
1E-14 - T 1~ T T 1 T T °1

I
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V(V)

Central contact low level of
leakeage current, 1pA @ 80V
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Counts

Test of small HPGe prototype: detector configuration

Sources: 2*1Am, 1°2Eu and 133Ba

E= 81KeV 45
E= 59.54 keV s FWHM= 0.71KeV Ba
241 .
FWHM= 0.68 E
1000 Am 3
| E= 356.01KeV
u J FWHM= 1.00KeV
E= 302.86KeV
100 4 FWHM= 0.95KeV
100 4 ER N
3 @ ] E= 276.4KeV
] £ ] FWHM= 0.88KeV
g | E= 383.86KeV
e AR 8 | ' ‘ FWHM= 0.94KeV
= 152
FWHM= 0.75 keV Eu
10 4 1000 10 5 !
. 1 : 1 | E= 344.27 KeV il i
‘ E=24469KeV  FWHM= 1.02KeV ‘ ‘” | M i | l \ ‘ | |
1 — : : ‘ : ’ 100 4 FWHM= 0.89 KeV 77—
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] Energy (KeV)

Energy (KeV)

Counts
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T T T T T T T T T 1
200 250 300 350 400
Energy (KeV)

Good energy resolution all the energy range up to 400KeV
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Test of small HPGe prototype: detector configuration

Depletion Voltage - Energy resolution
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Bias V (V)

S

(]

x

= central contact

= 0.68 keV @ 59.54 keV (2*1Am)

LL

» detector fully depleted

(plateau of normalize
integral)

» very good energy resolution
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Summary

- We have shown that LTA is a good technology to perform contacts in HPGe detectors.

- With this technology we have substituted Li with Sb for the n* contact.

- Our first detector has a good resolution 0.62KeV @ 59.5KeV, also if it is not fully depleted

- With the second prototype we have verified that the LTA technology can be scaled up to a
larger surface. The detector is fully depleted and it has a good resolution 0.68KeV @ 59.5KeV

Work in progress

- Development of the bigger HPGe planar detector with laser annealed Sb contact

- Development of p* and n* contacts on HPGe with other materials by LTA
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Relative counting rate (%)

Crystal efficiency (%)

HPGe Passivation: lateral scan ?**Am on passivated surface
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G. Maggioni et al. Eur. Phys. J.

A (2015) 51: 141
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1
Rsheet - e d Tl(T) ,LL(T)

extrinsic
saturation
regime

/

/

intrinsic regime,
thermal carriers

4

... theory...

d = sample thickness
W(T) = carrier mobility

n(T) = carrier density

[ 2x10% cm3
log n

intrinsic regime,
/ thermal carriers

“ extrinsic
saturation
regime
n=Nyg Ve
freeze-out
<
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Sheet resistance: experimental results

Sheet resistance (€)/sq.)
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2) p-type as-cut

1) n-type as-cut

3) B implanted

16) SbLTA

4) SOD 611°C 156 s
10)611°C 150 s etched
9)611°C 150 s

5) SOD 608°C 621 s
12)610°C 631s
11)F2609°C 552 s
13)618°C 1800 s

7) Sb diffused
14)624°C 1800 s

8) SiO2 614°C 1801 s
15) 800°C 666 s

6) SOD 810°C 766 s
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Charge carrier density (cm™)

Charge carrier density: experimental results

332

SOD 810°C 766 s
800°C 666 s
Si0, 614°C 1801 s

624°C 1800 s

Sb diffused
618°C 1800 s
(F2) 609°C 552 s
610°C 631 s
SOD 608°C 621 s
611°C 150 s
611°C 150 s etched
SOD 611°C 156 s
B implanted

p Umicore

n Umicore

1E14

Ve ¢0)

1E13

1E12

1E11

1E10

OE x4 %004 @

35 0 65 8 95
1/KT (eV™) [From V. Boldrini et al., Mater. Sci. Semicond.

.. . Proc. (2018), submitted]
Intrinsic regime

thermal carriers Extrinsic saturation regime

Impurity concentration
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Theoretical model: contaminant density and thermal budget

An Arrhenius relation exists between contaminant density and temperature,
with further dependence on time

For very long treatment times (hours or days) For short treatments (< 30 min)
(Neg >>n)
E t dn Ea,ct

_ _ Lhac 1 o . (3)

Neq ngea:p( k‘BT> (1) 7 o e:z:p( kBT(t)>
B

dﬂ Ea,ct

— = — dt )(4
= T(Neqg — M) (2) ne=rho B‘TP( kBT(t)) )
[From V. Boldrini et al., Journal of Physics D: ln(n) — lﬂ(?" ﬂ[}) —|— ln(TB)

Applied Physics (2018), submitted)] C
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Fit results

Best linear fit between In(n) and In(TB) is found through the minimization of the

reduced chi squared.
Best fit results:

10" A @= z.1¢0.1@
10"} . r ng = 2x10%* cm3st
" |_- ]
& m i, - p-type contamination
Sio2l a7 _: - fast diffusion
& § m.’ ] - literature (E.E. Haller et al.
: o ) (1980),...)
10"t m.” m furnace F1 5 ‘
- A  furnace F2 ;
u - - = In(y)=In(m)+In(x) ] Cu
1070 107 107 107 ECu ~16el
a) Thermal budget (s) act '
(H. Bracht, MISSP (2004)

[From V. Boldrini et al., Mater. Sci. Semicond. Proc. (2018), submitted] | N FN
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Thermal process window for standard annealing?

Contamination threshold (constant T): T(°C)
887 694 556 452

Ne = N mp(_Ea.ct/(kBT)) < thhr

N E
lﬂ(t)ﬁ( Cth*r) 4 act

No kT

i —n_=2x10" cm®

Ncg =2 X 101%m =3 10° E——

[f:

10 11 12 1.3 14 15 16 17
1/KT (eV™)
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Thermal process window

Contamination threshold (constant T): If:
Ncyy, = 2% 101%m =3
Ne = NO t egf'p(_Eact/(kBT)) S thhr Eact =2.1eV
T (°C)
Ncipr Eoct
In(t) < ( N ) + P o 8?7 | 6'94 | 5I56 ' zltsz

Dopant diffusion threshold (P and Sb):

L = dopant diffusion length

L., =200 nm

L*=1L mp(_Eact/(kBT)) < Ltzh'r
10 10 1H 12 15 14 16 16 17

7.2 ) . E.., 1/kT (eV™")

thr
In(t) < (LO s | INFN
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Thermal process window

Contamination threshold (constant T): If:
Ncg, =2 % 101%m ™3
Ne = NO t emp(_Eact/(kBT)) < thhr Eact =2.1eV
thh*r) Eact T (°
In(t) < + (°C)
t) ( No kT 7 387 694 556 452
10: T T T T Sbl '
Dopant diffusion threshold (P and Sb): o .v she
10° I

L = dopant diffusion le

In-equilibrium processeso

L, =200nm cannot be used:m‘

10:2 ——n_=2x10" cm®
18_5 ---L,=200nm
sF Ry .- L..=200 nm
L*=1L mp(_Eact/(kBT)) < Ltzh'r ]87 )
10°
10° B - ' ' : : '

10 11 12 13 14 15 16 17

In(t) < Lin\ , Eact 1KT (V')
—\ Lo kT , INFN
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