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Background and motivation :

PMOS as dosimeter

Electronic and Chemical
sensing solutions

= Oxide charge build-up by ionizing radiation: V, shift
= Main dosimetric parameter: V, of pPMOSFETS

= MOSFET used in dosimetry systems are the so-called RADiation ¢ |
sensitive Field —Effect Transistors (RADFETS): fabricated for high °
sensitivity to radiation.

= Readout of V, at constant drain current in saturation regime

(Voo = 0) Gi °

'D=—§(IVGS|—|Vt|)2 prcte = AV =ANs|=AVgy ]
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Background and motivation :

RADFETs challenges

Electronic and Chemical
sensing solutions

= High sensitivity to radiation - Unstable oxide charges

- High dose of pre-irradiation
- Thick and post-processed gate oxide

- Biasing during irradiation periods - Shortening of dose range

- Stacking individual devices _
- Read-out complexity

= Easy calibration: high linearity

behaviour
- Depending on dose rate and dose range - Multiparameter calibration curve
- Biasing during irradiation periods - Post-irradiation fading
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Background and motivation :

RADFETs challenges

Electronic and Chemical
sensing solutions

= Main thermal compensation techniques
Biasing the pMOS at |, Two identical pMOS with different sensibilities
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Read-out
configuration

During
iIrradiation

. i Vs ]
© Shift of Izrc with accumulated dose - Possible instability due to different biasing

- Heating cycles effects (i.e. satellites) - More complex read-out system
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Background and motivation :

Motivation and work plan

Electronic and Chemical
sensing solutions

= Electrical and thermal characterisation of different RADFETS
from Tyndall National Institute

= Response to radiation of unbiased single RADFETSs

= Application of multiple current algorithm during read-out for:

- Study of possible increase of linearity
- Compensation of the temperature effects

TR
Q
V)
E) /07
ot
\“ /

Universidad
de Granada




Method and Materials:

Electrical and Thermal Set-up

Electronic and Chemical
sensing solutions

A\

RADFET Test PC

LLAL N | R\

Electrical and thermal
Characterization:

|-V characteristics at different
temperatures

Extracted by a semiconductor
analyser

(B1500, Agilent Technologies)

Temperature variations produced
by a climate chamber (VCL4006
Votosch Industryetedhnik,
Germany)
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Electronic and Chemical
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Method and Materials:

Irradiated by a Siemens
Mevatron KDS:

6 MV photons

Field 25x25 cm?

Dose Rate: 3.36 cGy/s
At the iso-center, 100 cm
Normal incidence

University Hospital San Cecilio
(Granada, Spain).

Irradiation Set-up

"' Dosimeter modules
(Below build-up)

. . P
" Water Equivalent Phantom
(30x30x12§2\gm?)
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Method and Materials:

Dosimetric System

Electronic and Chemical
sensing solutions

o Reager Unit:

Programable
current

source
# V, aconditionating
circuit A/D

v
s +
Al > AD
o |
DAC
‘ Microcontroller
PMOSFET [ g
G
E B JuUL Timer
D BJT 555
[Carvajal et al, 2012]
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Method and Materials:

Studied RADFETs from Tyndall

Electronic and Chemical
sensing solutions

= Two sizes: 300/50 and 690/15
= 20 Chips—~> 80 RADFETs o~

- 8 RADFETs for every model and size ':“2_% ﬁg‘ -
m
i

pind

pinS

|. pini 0
P‘n——- Bin 9
: ping

MODEL
100nm_W8
400nm_IMPL_W5
400nmIMPL_W?7
400nm_IMPL_WS8
lum_IMPL_W4

pinG

pin?_=

Sensor Module
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Experimental results:

Thermal Characterisation (ll)

Electronic and Chemical
sensing solutions

= 4 RADFETSs for every model and size s« .

. . § —-40°C
(different to the radiation study) Vs | =3

- Total 10 chips 40 RADFETSs e e
3005 res £ :;322

9.05461-4"/ 259G
—30°C
—40°C

Ip = —g([\/c;3| —[\/t|)2 2.0E-05 -
50°C

lj / —55°C
aj =ap|| 1— 1.0E-05 - 65
t
IZTC —75°C
—85°C
0.0E+00 . ' ' *

Alle(T):AlvTol"'awﬂAT 0 1 2 |V3|(V) 4 S 6

1 (A)

R#1 - 400nm and 300/50 type
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Experimental results:

Thermal Characterisation (lll)

Electronic and Chemical
sensing solutions

15.0

/_O(|VT|100nm

ZTC

( —a - lum
Vrl 400nm 400nm
_aIVTllum + 100nm
-15.0 ' w l
0 0.002 0.0 0.006 0.008

|D1/2 (%4/2)
a(Ip) as a function of /I, of RADFET with t,,100nm, 400nm_IMPL_W8 and 1pum (300/50size). Dots
represents experimental data and line theoretical model.
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Experimental results:

Thermal Characterisation (lll)

Electronic and Chemical
sensing solutions

200
> Uncompensated
150 ¢ 0\\0\ + Compensated
100 | N
o
B N
E ~o
N 0 F —————— 0321‘:3—: +— ——s
< ~
50 | _____ | \e'\e\
y =-2.1E+00x + 6,3E+01, S
100 |, LN
y =6.0E-02x - 3.1E+00 g
-130 ' '
-50 0 90 100

T(°C)
Thermal drift of the threshold voltage of a RADFET with t,x 100nm and size 690/15 dosimeter before
(open circles) and after (filled circles) applying the thermal compensation method.
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Experimental results:

Thermal Characterisation (lll)

Elect_ronic anq Chemical
sensing solutions

Model Size (WIL) | rc (MA) oy, (MV/°C)
+ - +
100nm_W8 300/50 19.89 + 0.01 2.2427 + 0.0004
690/15 179.29 £ 0.04 -2.1394 + 0.0002
+ - +
400nm_IMPL_WS5 300/50 12.20 + 0.03 5.0515 + 0.005
690/15 131.9+04 -4.903 + 0.006
+ - +
400nm_IMPL_ W7 300/50 10.63 + 0.03 4.809 + 0.005
690/15 115.7 + 0.4 -4.6408 = 0.006
+ - +
400nm_IMPL W8 300/50 11.61 + 0.03 4,957 + 0.006
690/15 122.5+04 -4.783 = 0.006
+ - +
1um_IMPL W4 300/50 11.37 + 0.04 10.19 + 0.01
690/15 134.1 + 0.7 -9.82 +£ 0.02
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Calibration and linearity: Three current

Method (3CM)

Electronic and Chemical
sensing solutions

= Thermal compensation and linear range improvement.
- Biasing with three drain currents during read-out phase: I, |, and |-

AV, = AV, + (AV,. — f Hare
S2 S2 scC 82 \/7 x/i

AVsoz o AVs,ZTC

AVt — AVs,ZTc + |
1— 2

I ZTC

- For 3N163, reduction in a factor of 50 in the thermal drift and 2.5 times

linear range.
[Carvajal et al, 2010,Carvajal et al, 2011]
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Experimental results:

Three current Method (3CM)

Electronic and Chemical
sensing solutions

= Two different algorithms have been compared:
- 3CM

| ZTC

= The expected response of the voltage shift, AV, will be
modelled by:

AV, = A - D"
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Electronic and Chemical
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Experimental results:

Three current Method (3CM)(II)

= 100nm_W8
400 450
350 | 400 -
300 | ?/f 350 | //i i
v ~ 300 | .
~ 250 R > = 3
> & £ '
E ) S 250 |
T 20 | o A & ¥ +31_100nm_W8
2 D3 + 31_100nm_W8 < 900 | e
! . g = 1.1617x1 0210
150 o 0¥ y = 1.0839x' 0148 / y .
o R? = 0.998 150 | , ! R?=0.9945
100 | / :
. lztc 1 W
| e 1%nm 1S 100 | ¥ “lzic_1000m W8
50 | w y=1 074310507 6 | y = 1.1264x" 922
e | _R?=09936 | . R?=09951 |
0 I I : 0 | | |
0 100 200 300 400
100 200 300 400
D (Gy) D (Gy)
W/L=300/50 W/L=690/15
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Experimental results:

Three current Method (3CM)(III)

Electronic and Chemical
sensing solutions

= 400nm _IMPL

2500
L #500 31 400nm_IMPL_W8
1y = 5274108497, B - T'Tf'éi'é'z_'s'{@éiif
| Re= 0993 | ' = on.62607
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_R1=0098 Sl
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Experimental results:

Three current Method (3CM)(1V)

Electronic and Chemical
sensing solutions

= 1lum_IMPL_WA4
5000 5000
4500 r 4500 |

B
4000 | /’ 4000 |
g +
3500 | / 3500 |

53000 > 3000 |
= £

=2500 | = 2500 f
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Experimental results:

Three current Method (3CM)(V)

Elect_ronic anq Chemical
sensing solutions

Size W/L=300/50

3CM Pt
Model A A Accumulated
n n Dose (Gy)
(mVIGy) (mVIGy)

100n m_W8 1.167 1 1.211 1 295.11
400nm_IMPL_W5 74.832 0.84465 72.320 0.8531 55.05
400nm_IMPL_W7 79.299 0.832 82.660 0.825 55.06
400nm_IMPL_W8 55.840 0.870 58.733 0.858 57.34
lum_IMPL_WA4 205.0 0.783 200.875 0.786 49.36

3CM does not improve the results N >>N,
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Elect_ronic anq Chemical
sensing solutions

Size W/L=690/15

Experimental results:

Three current Method (3CM)(VI)

Model & a Accumulated
n n Dose (Gy)
(mV/Gy) (mV/Gy)

100nm_W8 1.244 1 1.23 1.17 295.11
400nm_IMPL_WS5 | 65.378 0.8840 | 65.507 | 0.8847 55.05
400nm_IMPL_W7 77.098 0.8451 77.149 0.8446 55.06
400nm_IMPL_W8 65.876 0.834 65.984 0.835 57.34
1um_IMPL_W4 202.867 0.789 | 203.220 | 0.780 49.36

3 CM does not improve the results N, >> N,
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Experimental results:

Three current Method (3CM)(VII)

Electronic and Chemical
sensing solutions

Gate
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Interface-trap
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Thermal compensation: Two

current Method (2CM)

Electronic and Chemical
sensing solutions

= Thermal compensation
AV, (T) = AVg, + a, AT

AV [(T) = AV | +ay, AT AV (T) = AV + o AT

For 1, and I

AVsc: - AVs1) — (AVS% - Avsol) AT = (AVSC _ AVSl)
ac — o ocCc — O

AMF| ~ NG|~ aNg]

AT = ¢

AV.. — AV
AVg, = AVg, —€ =
From the equation for  AVsi(T) ang AT 1%
(04

[Carvajal et al, 2011]
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Experimental results:

Two current Method (2CM)

Electronic and Chemical

sensing solutions
= Size 300/50 small I+
= If ;- does not change o, Zero.
= If I;c changes a%, influence Alzr¢

= 5 different temperatures : 10°C, 20°C, 30°C, 40°C and 50°C
- 10 pA

IZTC
« 2CM (Ic~4* | 1c and 1,~20* |,;¢), with | |1 previously known.

= Al
' ' ZTC OF:
AV = AV, L Blzre g =g TS 1 - 0%
Olc
1-= 1-= . 10 %
(041 a VO S1 a
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Electronic and Chemical

sensing solutions

Experimental results:

Two current Method (2CM)(II)

= 100nm_W8 model

A I7TC

Method | 0%l | 10%l, .. | 50%I.
a (MV/PC) |a (mV/°C)|a (mV/°C)
10uA -0.49+0.11 -0.6+0.1 -1.53+0.09

|« | 0.001£0.117 |-0.11+0.12 | -0.6%0.1

2CM 0.00+0.00 -0.07+£0.10 -0.3+0.1

Q E.Efiw;.mit'&'ﬁ?&‘#ﬁ'é‘é’.‘éﬁ%‘?“éﬁ;’é&'ﬁi"‘““°“ , %gV o
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Results: Thermal Dependence

(2CM) (1)

Electronic and Chemical
sensing solutions

400nm_IMPL_W5 model 400nm_IMPL_W7 model
Al A lzrc
Method| 0%l,~ | 10%l,.~ | 50%l,.~ ||Method| 0%l | 10%l,~ | 50%l, .~
o (MV/°C) |a (mV/°C)| a (mV/°C) o (MV/°C) |a (mV/°C)| a (mV/°C)

10uA | -0.47+0.05 |-0.76+0.05| -2.33+0.06 10uA | -0.19+0.03 | -0.45+0.03 | -1.80+0.03

lre | 0.02+0.04 |-0.24+0.04|-1.53+0.06 || lre | 0.0240.03 |-0.23+0.03 | -1.49+0.03

2CM | 0.00+0.00 |-0.16+0.14)-0./8 +0.16 2CM 0.00+0.00 |-0.12+0.12 |-0.74 + 0.18

A I7TP
Method| 0%l 10%l, 50%l 1
o (mV/°C) a (mV/°C) o (mV/°C)
400nm_IMPL_W8 model [3oa [ 0202007 | -0.56£0.07 -1.98+0.07
L | 0.01#0.08 | -0.24+0.07 -1.49+0.07

2CM 0.00+£0.00 -0.14+0.15 -0.77+0.16

T
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Results: Thermal Dependence

(2CM) (IV)

Electronic and Chemical
sensing solutions

= lum_IMPL_ W4 model

A I7T(‘.
Method| 0%l 10%l.,+~ 50%l+~
oa (mV/PC) | a(mV/°C) o (mV/°C)
10uA | -0.63+0.05 -1.22+0.05 -4.24+0.07
e 0.04+0.05 -0.48+0.04 -3.160.06
2CM 0.00+0.00 -0.32+0.21 -1.55+0.22
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Conclusion

Electronic and Chemical
sensing solutions

= 3CM does not improve the linearity in RADFETSs. This is could
be caused because N, >> N,

= 3CM seems fit slightly better with transistors with t5,100nm
and size 690/15.

= 2CM solves the thermal dependence better than the I

procedure with shift of the zero thermal current, for the five

studied model of RADFET, for both sizes.

Universidad

1/ Q i3 AR
\\ e /-
KL/

de Granada



Electronic and Chemical
sensing solutions

Acknowledgments

University Hospital San Cecilio (Granada, Spain).

Spanish Government, under project FPA2012-31993 and
the program CEI-BioTIC-UGR 2013 (microproject number
10).

Regional Government “Junta de Andalucia”, under prOJects
P09-FQM-0534 and P10-TIC-5997. -
Partially supported by European.
Regional Development Funds (ERDF)
Tyndall National Institute for providing

RADFET samples.



http://www.google.es/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=5LKdNVf5xjTpSM&tbnid=sm8J6lFLRdOuHM:&ved=0CAUQjRw&url=http://www.saludinnova.com/news/current-news/el-hospital-san-cecilio-de-granada-incluye-las-redes-sociales-en-su-nueva-web/&ei=kZ76UNCqL8HMhAff9YC4DQ&bvm=bv.41248874,d.ZG4&psig=AFQjCNGYffSvNOT4n-0-9ElD29a1fGO4WA&ust=1358688274236437

".}?‘x
.\"’v B
At
J: %Cg 7/' Universidad

de Granada

Electronic and Chemical
sensing solutions

Thank you very munch for your attention

M.S. Martinez-Garcia, J. Torres del Rio, A.J. Palma,
A. Jaksic; J. Banqueri and M.A. Carvajal

http://ecsens.ugr.es


mailto:sofiamg@ugr.es

