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i Outline ... -

» Status of sensor procurement;

» Selection criteria for RadFETS;

» Quality Assurance (QA) procedure for the active monitors:
» Experiment sensor packaging: design and simulations;

» Conclusions on RadFET Isochronal Annealing studies;

» BPW34 readout protocol optimization;

> News on new devices, OSL R&D, etc..
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Sensor Procurement “©

Sensor Procurement for LHC Experiments (September 2005)
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Following the Experiment request of March 22", 2005 all the sensors have been

procured and the QA procedure for the “Thin Oxide” RadFETSs is ongoing.
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i MOS Selection Criteria
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Procurement and Test Specifications

UNSELECTED R.E.M. BARE RADFET DIES FOR
LHC

Absiroct

This document specifies the procurement and the testing procedure that will be adopted in the selection of
the rematning stock of chip diced from the RadFET wafer TOTS01C. The tasks in the procurement will he
here specified az well as the testing procedure that will be carried-out to procure the majority of REM s stock
of the wafer TOT501C and select them with charactenistics satisfang CERN applications.
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i MOS Selection Criteria

~
Table 1: RadFETs TOT301C-8 Type K (tox = 0.25 um) SELECTION Procurement Specifications at Room Temperature

PARAMETER SYMBOL | MIN. TYP. MAX. | UNIT MEASUREMENT CONDITIONS REMARKS

o . 1] T .
%’:‘"’1 AT IR T Vs 1195 | -295+02 | 395 e || R e Test executed on probe-station. re d tab | e Ccon tal ns

= 160uA on unirradiated Type K

"Reader circuit” configuration as Drift up in any "twofold fime interval” (here p a r a m ete rS

above. Vy measured 5 and 10 sec. after

Stability of Vi, with time: dutti - 023 +£0.15 1 mV : S measurement from ¢ = 5 seconds to ¢ =10
RILIEE read_l.c;;;l.l,xfor i) seconds). Test executed on probe station. C O n S I d e re d aS
Drain-Source Leakage ~1pA at % of 1;-Ve; circuit” configuration at V=10

T E 0.5 for the chosen Vi on unirradiated Test Executed on probe-station.

: 1o 160 s - T accept-reject values

it : Immune to kink effects, parasitic bipolar
Drain Characteristic: 1V B = = = FD‘L;‘ c:u_'{es Z;¢ s d;;:;’&?m:%at signatures.
Bt P Test Executed on probe-station.

Current

Parameter that define the "rail voltage". Test
Executed on test bench after irradiation
(see Section 4 in the text)

Drain-Source Breakdown BV, 27 : _ v "Reader circuit” configuration with Ty
Voltage - S i = 160pA on 30 kGy irradiated Type K

Table 2: RadFETs TOT501C-8 Type K (g = 0.25 um) QUALITY Specifications at Room Temperature

PARAMETER SYMEOL | MIN. TYP. MAX. UNIT MEASUREMENT CONDITIONS REMARKS
Shift measured between the C-V curves :
[ b I 77 - ; - - - . et Recommended frequency of the capacitance
g reen ta e Flat-band Voltage Shift WV g - - 200 mV | from BTS at = 10V = unirradiated Type | 0 Test exceuted on test.bench
CO n tai n S a ra m ete rS "Reader circuit” confisuration and Ii; vs. V. characteristics measured in the T
Readout Drain Current: T ~135 -160 -185 HA 5o & range: -20°C++80°C. Test executed on test-
unirradiated Type K bench
u S e d fo r b atC h Slope evaluated using the difference

Slope of the Iz vs. Vs . "Reader circuit” configuration with Iy = | V=V V; where V; and V; are readings of
characteristic: Vai H akanten = ot 160pA on unirradiated Type K Vmat 160 pA and 90 pA respectively. Test

assignment iy

"Reader circuit” configuration with I, = Vo measured at I; = 160 pA in the Temp.

: : r ) °C ~ 5

Temperature Dependence: T =0.05 0.25 mV/*C H5liA e ek range: -20 °C = +80 °C. Test executed on
- test-bench.

Oxide Leakage Current: Ligs: - - 1 nA AR CODE;‘E‘ 1\1;3 MmN Test Executed with probe-station.
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QA Procedure

REM

(selection)

Test bench 1
(Probe Station)

LAAS

PIN PT-100

Packaging

(functional verification)| Test bench 2

CERN

Mounting on dedicated PCB

Test bench 3

(functional verification)

Delivered to the Experiments (users)

F.Ravotti
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Test bench 1 oo

Probe-station for REM RadFETs Selection

Low-current Switch Matrix

HP semiconductor-parameters
Analyzer 4155B

Probe stage remote control

F.Ravotti RADMON Meeting 27-09-2005 7



Test bench 1 -

First Results on REM TOT-501C (Type-K) dies

Ids [A]

1.E-03 ¢
1.E-04 [
1.E-05 [
1.E-06 [
1.E-07 |
1.E-08
1.E-09
1.E-10 |

1.E-11 |
1.E-12 &
1.E-13 [
1.E-14 |

REM Id vs. Vgs
Vg =0 to -6V step 0.05V
Vd= -100mV, -6V

2 3
Vgs [V]

8.0E-04

6.0E-04 -

Ids [A]

2.0E-04 -

0.0E+00

REM Id vs. Vgs
Vg =0to -6V step 0.05V
Vd= -100mV, -6V

4.0E-04 -

2.0E-03
REM Id vs. Vds
| Vgs=-1,-2, -4, -6,
L5E-03 4= 1 10 -6V step 0.05V
<
" 1.0E-03
i
5.0E-04 F
0.0E+00 T T ‘ ‘
0 3
Vds [V]
F.Ravotti

First 20 components show good

behavior with respect to CERN

specifications!
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RadFETs Packaging =

Commercial Packaging

lopm y ¢ (1.e. TO-5, DIP) cannot j>DeveIopment/study

satisfy all Experiment _

(dimensions/materials)

-

— High Integration level: up to 10 FETS;
— Customizable Internal layout;

— Standard External Connectivity;

— Possihility to integrate diode and Temp. probe;

) | L3 4 — 2k parts available at CERN!

T W W " " T W

< 10 mm?2 36-pin Al,O, carrier
+ 0.2 = 0.4 mm cover
F.Ravotti RADMON Meeting 27-09-2005 9



Part Dimensions

36 pin square Ceramic Chip Carrier
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1 Reoim NG RN I RN LIRS | | | Ceramic Metolizaion W or squivalent
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RadFETs Packaging =

Number of emerging photons penetrating a ceramic layer of 0.38 mm

100 8
90 | 17
80 ;
- f +6 %
S 70| <
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F.Ravotti

First order Calculations

(Al,O4 layer 0.38 mm)
» X =3-4 % X, (10.3 mm);
» e cut-off x 550 KeV;
» p cut-off x 10 MeV,
» photons transmission > 20 KeV;
> n attenuation = 2-3 %;
» metallization layers affect transport for a few %

Number of emerging neutrons penetrating a layer of 0.38 mm

100
99.8 | ~\
996 |
99.4 |
99.2 |

—— STD-105 Ceramic
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©
©
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©

©

©
T
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RadFETs Packaging

GEANT4 Simulations on Full Carrier Geometry

 Collaboration with “INFN Sezione di Genova” [R. Capra];
Work started in August 2005;

. Main Goals:

a) Validate Packaging for the Experiments A Full-Package Geometry
. ) . designed in GEANT4
1. Analysis of the energy cut-off introduced by the packaging;

2. Optimization of the packaging materials and thicknesses (cut-off thresholds);

3. Analysis of the particle spectra interacting with the dosimeters volume;

b) Contribute in the development of a Geant4 Advanced Example:
1. Comparison measurement/simulation in single and mixed hadron field (IRRAD?2);

=
e
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Dedicated Sensor PCB CERN

—— i I > Set of PCBs designed to host Sensor Packaging
° e b + p-i-n sensors + PT-100 probe;
, =2 © o—e
* L ] [ L .
| |TT/ T B - > Some prototypes are currently under construction
el S 1777; o - |
BN V IEl ¥ -' | on standard PCB material (FR4);
= i~ K ]
1= 4 ) — -;-'3 ; |
V. MezammmansN B
L "‘”7_". f’/’d BT s ‘. Py
J l ? L4 @ e |
* ® *—o R |
_Lonnect

» The feedback of GEANT4 simulation studies will
help to optimize the PCB material;
» The signals will be available on a CERN

standard connector plug (12 pins).
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RadFETSs Isochronal Annealing “™

Broad measurement campaign on all devices investigated for the “Sensor Catalogue”

RadFETs T&N 100P

Tmeas = 22.9 +/- 2 oC , DTmax,step = 4.8 oC RadFETs REMS01C 250/850 nm

180 80 Tmeas = 22.9 +/- 1.2 oC , DTmax,step = 0.8 oC
1
e 1601 More than 50
% 140 8\0/140 - .
£ 120 - 5120 1 devices were
© Q
& 100 - S 100 . .
[V
% o) T ] investigated
o @
£ 60| £ 60 -
©
S 40 5 40 ..
2 2 Irradiation
0 T T T T T T T T T T T T T T T 0 T T T T T T T T T T T T T T T .
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 performed In S
Temperature (0C) . . .
Temperature (0C)
different radiation
. 23R§dsE2T(I)-§£S S?OO n”: 46 oC RadFET NMRC 400 nm IMPL
meas = 23.0 +/- 2.0 °C , DTmax,step = 4. Tmeas = 22.9 +/- 1.2 oC , DTmaxstep = 0.8 oC i
180 P . fields (n,p,y)
160 -
g 140 =
= &
il
g 120 5 Plots represent the
& 100 §1°°
2 gl = un-annealed
[J] ~a__ =
S 60 T g i
5 charge fraction vs.
2 40 s
20 4 Temperature
0 0 T T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
Temperature (°C) Temperature (0C)
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RadFETSs Isochronal Annealing “™

The different behaviour measured reveal differences in the fabrication processes;

The correlation curve behaviours < microscopic phenomena in SiO, is under study;

Some curve behaviours are very unusual and at the moment unexplained,;

First quantitative analysis based on the Un-annealed fraction (Ug):

Device Type Package Unusual Temp. at which the | Equivalence in years
behaviours |AUE| < 20 % of utilization at 30 °C
LAAS 400 nm die / DIL present 240 °C ~ 100 years
LAAS 1600 nm die / DIL absent 300 °C > 10% years
REM 250 nm die / DIL absent 160 °C ~ 1-10 years
NMRC 400 nm ivpL | die / DIL present 120 °C ~ months
T&N 500 nm DIL absent 160 °C ~ 1-10 years
T&N 250 nm DIL absent 220 °C > 10 years
T&N 100 nm DIL absent 220 °C > 10 years

The results confirm the choice done for the “Sensor Catalogue”

F.Ravotti
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BPW34 Readout Optimization

In a p-i-n structure: AV, = AV
BPW34 behaviour of V. under hadron irradiation follows the Swartz- Intrinsic base
Thurston theoretical study (1966) for a diode with low W/L ratio in

+ AV

F,junctions F,base

conditions of intermediate injection (1 mA).

80 -

100
AVe = AVE jynet, _
Ty 3
o

Ll g 40

VF,junct. oc L ‘L E 20

-20

0.0E+00 5.0E+11

CERN

p’-ijunction n - i junction

adfy u

(=]
o
1

)

— BPWW34 [rradiated al low flux in
24GeV/c proton beam

Metal Metal
thickness: W
W of a BPW34.
210 um (ref.) - 320 um (our meas.)
-VS.-

1 mm to 2.5 mm “dosimetric” diodes

AVF ~ AVF,base

\ L continue to 4

Ve pase € WL T

@, (cm?)

1.0E+12 1.5E+12 2.0E+12 2.5E+12

and o p, ... T

Ve=/ (Mal, gMy, readout current density, pulse length)
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BPW34 Readout Optimization “*"

IV Forward bias at 20.5 °C IV Forward bias after PROTON irradiation
0.6 r 0.5 T R
r ‘ ——3.69E+10 -=—3.69E+10
0.5 E ) \ ~e—7.11E+10 -=7.11E+10
o o. | Predradiation v V4 0.4 1 B b
< 04 — i < : = 757E+11 = 7.57E+11
< . curves measured with / < 03 : . ) 00E+12 - 200E+12
S 0.3 — 100 ms current pulses ‘ < C L ! 3592 ~e- 859412
et . 5 Vi [0) ) | 5.34E+12 5.34E+12
5 r & = O 2 L § —o—-3.24E+13 = 3.24E+13
O 0.2 ¢ P S Y AN 6.60E+13 - 6.60E+13
B A O N\ - 155E+14 = 155E+14
C ——3.10E+14 -=-3.10E+14
0.1 © 0.1 |y 7 : :
C { ’,i"
0 ‘ ‘ ‘ 0 Pl ‘ ‘ ket
0.00 0.50 1.00 1.50 2.00
0 10 20 30 40 50 60

Voltage (V)

Voltage (V)

IV Forward bias after NEUTRON irradiation

For @, > 2-3x101% cm2 - “thyristor - like” o5 ,
behaviour has been measured. o4
0.35
1. Real p-n-p-n induced by radiation ? 08
2. Strong thermal heating effect ? o.oié

ots
- Keep I <50 mA is a good precaution! 0 F

Current (A)
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BPW34 Readout Optimization “*"

Injection Level

100 ¢
- A Proton . 100 ;
i O Neutron A B A Proton @
,; L - : [0 Neutron
3 10 j_=1mA x 100 ms : ol A
£ f A g I- =10 mA x 100 ms o
i o g o
a O o i
2 1 e} A
i AWDDADADAQA Elf ANDDADAD‘eﬂ
0.1
1.00E+10 1.00E+11 1.00E+12 1.00E+13 1.00E+14 1.00E+15 01
. 2 1.00E+10 1.00E+11 1.00E+12 1.00E+13 1.00E+14 1.00E+15
Equivalent Fluence (cm™) Y
Equivalent Fluence (cm )

100 F

i A Proton For CDeq < 2x1012 cm-=2
g O Neutron i
210 | -> nsitivity increase negligible!
£ [ ii=25mAx100ms _ ™ Sensitivity glg
- 0 For ®_. > 2x1012 cm-2
5] g‘ eq
g1 A RO OAADA
L - S (10 mA) > 14 % compared S (1 mA);
SSPR  I 1  11  P OR 2> S (25 mA) > 36 % compared S (1 mA);
1.00E+10 1.00E+11 1.00E+12 1.00E+13 1.00E+14 1.00E+15 .

Equivalent Flsence () —~ Saturation ®,, appear early.
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BPW34 Readout Optimization “*"

Increase of VF (MV)

[y
o

91 Diode after ~ 1x10'3 cm @
87 (23 GeV p) Sfmoce
1 1.=1mA; V=67V T
67 o
5 i LAT] )
4 -
3 A ocum%
2 00 o
1 4 6 -0®0 00
0« coLiy ‘ ‘
1 10 100 1000

Time after current injection (ms)

10000

Forward current pulse length

Log behavior with t after current injection ...

- Probably border effects due to charge trapping in
Si - SiO, and/or Si — metal.

At high currents after high irradiation,

Keep the readout-time < 200 ms

Is advisable (€ < 0.5 %). An
“optimized” pulse-length of 50
ms has been chosen for the
following annealing tests.

Increase of VF (MmV)

heating effects are visible
70
60 - . 9
50 | Diode after ~ 1x10* cm™ o
20 | (23 GeV p) R
0| lF=25MA; V=102V |
20 1 %
10 qﬁ'm
09---———-—--—-—- ©0--0-0-0000 qxplxlo/
_10 | ®/ A i? ‘} [\' l‘i
-20 - ) om\ooom ‘o
-30 A L e Lo
1 10 100 1000

Time after current injection (ms)
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BPW34 Readout Optimization “*"

BPW Thermal Transfert

Annealing Studies 01

100.0
90.0
o 8007 Study of the thermal transfer thought the
Q700 - . :
3 diode plastic package
S 60.0 -
(o
£ 50.0 . . .
[ —> Diode package in contact with metal plate at the wanted
[} i
8 40.0 annealing temperature;
[a) B
30.0 A L - Readout on-line of V¢ at 10 pA x 100 ms;
20.0 7 - The Si die needs 20-30 min to reach the wanted Temp.!
10.0
0.01 0.10 1.00 10.00  100.00  1000.00 a5
Time into oven [minutes] 40 - = B
o 35 V. measurement
ANNEALING PROTOCOL g 307
& 25
A. Diode dip in water at the annealing temperature; C'é 20 -
B. Diode dip in water with melting ice for 10 s; & 15 Room Temperature
C. Diode in contact with a copper plate at RT for 1 min; 107
5
- Annealing Temperature reached in a few seconds 01 1 10
Time (min)

F.Ravotti
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BPW34 Readout Optimization “*"

(VIVO)

VF Annealing

Annealing BPW U-04 @ 20°C
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—4— 10 mA
1 |-a—25mA

0 200
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Annealing Studies 02
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e
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N g @
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10000
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20000

VF Annealing (V/V

Annealing BPW U-01 @ 80°C
1
0.9
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Diodes Irradiated to 1x10'4 p/cm? (24 GeV/c)

RELATIVE CHANGE OF THE VOLTAGE

LESS SIGNIFICANT AT HIGH INJECTION

LEVELS!

21



& Neutron-sensitive OSLs ™

<& Pure OSL //,,,,,,77——~”*”<§
g ~ o -OSL+B %/’/
S 3371 | .o osL+PE g
= 28 3
g / OSL Boron-doped 1.6 %,,
> 23 /
n
- 18
()
N 13 A
S
E 8-
o , o
Z 34/ -@--—---@-"
-2 g ‘
0.0E+00 2.0E+11 4.0E+11 6.0E+11
D

8.0E+11

Repeated experiment on the “old” 2004
material shows a saturation-like behaviour
for the samples doped with Boron

F.Ravotti

Sample sets sent to
Ljubljana for neutron
irradiation in JSI TRIGA
reactor

New materials prepared by CEMZ? in
2005:
1. Raw OSL (<50 um)

6. OSL coated with ~ 60 um Paraffin

More sophisticate Dosimetry made with
ALANINE, TLDs, Si-detectors, films, etc.

New p-i-n diodes (LBSD) and detectors
have been also irradiated in parallel.
- Sensor Catalogue

RADMON Meeting 27-09-2005 22



CERN

Czech p-/-n diodes (LBSD)

Visit at the Long Base Silicon Diodes supplier factory (CMI, Prague) in July 2005

Sensor annealing well investigated.
Two readout modes:

1. “on-line” - correcting for the
fading in the data treatment;

wafer dies wired diodes encased diodes _ _
2. “off-line” = performing thermal

“recommended” | pulse for readout: 25 mA x 40 ms treatment (2 min in boiling water).

Type “Si-1”; _ 1'? M
+ KERMA: 0.1-30 Gy (0, ~ 1.2x10%2cm?) 2 S —©
* ng sensitivity: ~ 130 mV/Gy 22 06
Type “Si-2" E < 04 Fading LBSD Si-2 at 25°C after 1 Gy (KERMA)| |
« KERMA: 0.01-5 Gy (dg, ~ 2x101* cm-?) = 02
.. . . 0 T T T T T
* Ngsensitivity: ~ 1 VIGy 0 2000 4000 6000 8000 10000 12000
v sensitivity ~ 0.05 % n sensitivity Time (minutes)

F.Ravotti RADMON Meeting 27-09-2005 23



i Conclusion -

» All requested sensors are procured.

» Testing and Packaging/PCB under way;

» Started GEANT4 simulation for Packaging optimization;

» Isochronal Annealing studies for RadFETS finalized:;

» BPW34 readout protocol fixed, Annealing studies at 3
Injection levels well under way (first results presented);

» New series of n-sensitive OSL and LBSD under

Investigation;

F.Ravotti RADMON Meeting 27-09-2005
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Sensor Catalogue

http://Ihc-expt-radmon.web.cern.ch/lIhc-expt-radmon/

Index of available

Sensors =

JFiIe Edit View Favorites Tools  Help

; LHC Experiment Radiation Monitoring Working Group - Microsoft Internet Explorer provided by CERN

CERN

=181

Catalogue Updates
(last 27/06/05)

F.Ravotti
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Jﬂddress I@ http:/flhc-gxpt-radmon web cern.chylhc-expt-radmonf j @eo “ @ T
Solid-State
R 0
onitoring Radiation Sensor Working Group
DMO
Sensor Catalogue (PDF)
(DATA COMPILATION OF 3OLID-STATE SENSOES FOR RADIATION MONITORING)
9 TABLE OF CONTENTS
FPACE
INTRODUCTION 3
EEVIEW OF THE PRESENTED SOLID-STATE DOSIMETRIC TECHNOLOGIES
Radiation-senziiive Fisld Bifect Transistors (RadFETs) 4
0 Farward and Reverse biased p-i-n silicon diodes El
e THIN-OXIDE RADFET [REM ] 7
THICK-CIDE RADFET [CNES-LAAS] 14
HIGH-SENSITIVITY SILICON DIODE [CIWEP] 15
EPW 34F SILicoN DIODE [OSEAM, SIEMENS] 23 [
PARTICLE-DETECTOR DICODE [ST-MICROELECTRONICS] 28
APPENDDC E.EM RADFETS PROCUREMENT SPECIFICATIONS 32
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DATE VERSION CONMENTS
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Experiments

CERN
Sensor-Requirements
Thin Thick High Si-
Status Oxide Oxide | Sensitivity BP\_/\i/_r?A' Detector
FETs FETs p-i-n P p-i-n
ALICE March 2005 10 20 30 0 0
February 36 [ID] 36 [ID]
ATLAS 005 (g+18) | 200 ROAL |00 rroay | 20 [1P] 0
CMS March 2005 | a few? | a few? | a few? / /
LHCDb March 2005 30 30 50 30 0
TOTEM | March 2005 A contact-person has been appointed
[ID] = Inner Detector; [RoA] = Rest of Atlas
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