
TCT d t t b lt f i di t dTCT d t t b lt f i di t dTCT and test beam results of irradiated TCT and test beam results of irradiated 
magnetic Czochralski silicon (MCzmagnetic Czochralski silicon (MCz--Si) Si) 

detectorsdetectors

P. Luukka, J. Härkönen, T. Mäenpää, B. Betchart, S. Czellar, R. Demina, A. P. Luukka, J. Härkönen, T. Mäenpää, B. Betchart, S. Czellar, R. Demina, A. 
F rgeri Y Gotra M Fre F Hartmann S Korjene skiF rgeri Y Gotra M Fre F Hartmann S Korjene skiFurgeri, Y. Gotra, M. Frey, F. Hartmann, S. Korjenevski, Furgeri, Y. Gotra, M. Frey, F. Hartmann, S. Korjenevski, 

M.J. Kortelainen, T. Lampén, B. Ledermann, V. Lemaitre, M.J. Kortelainen, T. Lampén, B. Ledermann, V. Lemaitre, 
T. Liamsuwan, O. Militaru, H. Moilanen, H.J. Simonis, L. Spiegel, T. Liamsuwan, O. Militaru, H. Moilanen, H.J. Simonis, L. Spiegel, 

E Tuominen E Tuovinen and J TuominiemiE Tuominen E Tuovinen and J TuominiemiE. Tuominen, E. Tuovinen and J. TuominiemiE. Tuominen, E. Tuovinen and J. Tuominiemi

4.9.20084.9.2008 Panja Luukka, Helsinki Institute of PhPanja Luukka, Helsinki Institute of Phyysicssics 11



OutlineOutlineOutlineOutline

MotivationMotivationMotivationMotivation

Experimental setupsExperimental setupsExperimental setupsExperimental setups

Transient Current Technique (TCT)Transient Current Technique (TCT)Transient Current Technique (TCT) Transient Current Technique (TCT) 
measurements on diodesmeasurements on diodes

Test beam resultsTest beam results

ConclusionsConclusions

4.9.20084.9.2008 Panja Luukka, Helsinki Institute of PhPanja Luukka, Helsinki Institute of Phyysicssics 22



BackgroundBackgroundBackgroundBackground
Why Magnetic Czochralski silicon (MczWhy Magnetic Czochralski silicon (Mcz--Si) is an attractive sensor Si) is an attractive sensor y g (y g ( ))

material for high luminosity applications ?material for high luminosity applications ?

MCMC Si t iSi t i (5(5 1010 10101717 3)3)MCzMCz--Si contains oxygenSi contains oxygen (5(5--1010××101017 17 cmcm--3)3)

improved radiation hardnessimproved radiation hardness
MCzMCz--Si isSi is commonly used material incommonly used material inMCzMCz--Si is Si is commonly used material in  commonly used material in  
microelectronics industrymicroelectronics industry
Available in Available in large wafer sizeslarge wafer sizes and quantitiesand quantitiesgg qq
Possibly costPossibly cost--effective materialeffective material

ThTh diff b t MCdiff b t MC Si d CSi d C Si i th ti fi ld d i thSi i th ti fi ld d i thThe The difference between MCzdifference between MCz--Si and CzSi and Cz--Si is the magnetic field during the Si is the magnetic field during the 
crystal growthcrystal growth. Magnetic field improves the controllability of the silicon melt . Magnetic field improves the controllability of the silicon melt 
thus improving the dopant/impurity concentration of resulting wafersthus improving the dopant/impurity concentration of resulting wafers
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thus improving the dopant/impurity concentration of resulting wafers.   thus improving the dopant/impurity concentration of resulting wafers.   



MotivationMotivation
There is There is no clear consensus whether MCzno clear consensus whether MCz--Si type invertsSi type inverts

(Space Charge Sign Inversion, SCSI) after certain fluence.  (Space Charge Sign Inversion, SCSI) after certain fluence.  
SCSI /SCSI / E(x)E(x) can be studied by TCTcan be studied by TCT method (method (i(t)i(t) ∝∝ E(x)eE(x)e--time/τ traptime/τ trap))SCSI / SCSI / E(x)E(x) can be studied by TCTcan be studied by TCT method (method (i(t) i(t) ∝∝ E(x)eE(x)e time/τ traptime/τ trap))
The problem: the possible SCSI in MCzThe problem: the possible SCSI in MCz--Si takes place at such Si takes place at such 

a high fluence ( >1a high fluence ( >1××101014 14 cmcm--2 2 ) that) that one has to take trappingone has to take trapping ((ττt it i ))a high fluence ( 1a high fluence ( 1 1010 cmcm ) that ) that one has to take trappingone has to take trapping ((ττtrappingtrapping) ) 
into account, i.e., SCSI is not apparent in into account, i.e., SCSI is not apparent in asas--measuredmeasured signalsignal at at 
high fluencies.   high fluencies.   

How possible SCSI affects the cluster resolution ? How possible SCSI affects the cluster resolution ? 
How sensor segmentation influences the CCE and resolution ?How sensor segmentation influences the CCE and resolution ?How sensor segmentation influences the CCE and resolution ?How sensor segmentation influences the CCE and resolution ?

Beam tests on segmented strip detectors needed!Beam tests on segmented strip detectors needed!
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Telescope setupTelescope setupTelescope setupTelescope setup
The The telescope reference planes + detectors under telescope reference planes + detectors under 
t tt t h d i id ld h bh d i id ld h b i hi hi hi htesttest are are housed inside a cold chamberhoused inside a cold chamber, in which , in which 
the temperature can be adjusted by two water the temperature can be adjusted by two water 
cooled 350 W Peltier elements.cooled 350 W Peltier elements.

Reference planesReference planes are are installed to installed to ±±45 degrees45 degrees
((due to the height limitation)due to the height limitation)

Reference detectors are D0 Run IIb Reference detectors are D0 Run IIb HPK sensors with:HPK sensors with:
60 micron pitch and intermediate strips60 micron pitch and intermediate strips

i 4 9i 4 9size 4 cm x 9 cmsize 4 cm x 9 cm
639 channels639 channels

R d t l t iR d t l t i CMS 6CMS 6 APV hi T k O tAPV hi T k O tReadout electronics: Readout electronics: CMS 6CMS 6--APV chip Tracker Outer APV chip Tracker Outer 
Barrel hybridsBarrel hybrids (5 chips bonded)(5 chips bonded)

DAQ software: aDAQ software: a modified version of the CMS Trackermodified version of the CMS Tracker
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DAQ software: a DAQ software: a modified version of the CMS Tracker modified version of the CMS Tracker 
data acquisition softwaredata acquisition software XDAQXDAQ



RD39 Collaboration TCT setupRD39 Collaboration TCT setupRD39 Collaboration TCT setupRD39 Collaboration TCT setup
670 d 1060 l f TCT d CCE670 d 1060 l f TCT d CCE••670nm and 1060nm lasers for TCT and CCE670nm and 1060nm lasers for TCT and CCE

••Measurements Measurements 
down to 50Kdown to 50K
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MCzMCz Si detectorsSi detectorsMCzMCz--Si detectorsSi detectors
Detector processingDetector processing was done at the clean room ofwas done at the clean room of Helsinki Helsinki 
University of Technology (TKK) Micro and Nanofabrication University of Technology (TKK) Micro and Nanofabrication 
Centre (MINFAB)Centre (MINFAB)

Material: nMaterial: n--type type Magnetic Czochralski (Okmetic Magnetic Czochralski (Okmetic Ltd., Ltd., 
FinlandFinland) ) waferswafers

ddLarge detectors:Large detectors:
4.14.1××4.1 cm4.1 cm2 2 areaarea
50 µm pitch50 µm pitch

t i idth 10 t i l th 3 9t i idth 10 t i l th 3 9strip width 10 µm, strip length 3.9 cm strip width 10 µm, strip length 3.9 cm 
768 strips768 strips per detector (=6*128)per detector (=6*128)

Pad detectors:Pad detectors:Pad detectors:Pad detectors:
5 x 5 mm5 x 5 mm22 pp++ implanted areaimplanted area
2 x 2 mm2 x 2 mm2 2 opening in the front opening in the front 

metallization for TCT measurementsmetallization for TCT measurements
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metallization for TCT measurements. metallization for TCT measurements. 



IrradiationsIrradiationsIrradiationsIrradiations
Two of the largeTwo of the large detectors weredetectors wereTwo of the large Two of the large detectors were detectors were 
irradiated to irradiated to the fluences ofthe fluences of 11××10101414

1 MeV n1 MeV neqeq/cm/cm22,, and and 55××10101414

1 MeV n1 MeV n /cm/cm22 with 26 MeV protonswith 26 MeV protons1 MeV n1 MeV neqeq/cm/cm with 26 MeV protons with 26 MeV protons 
(Karlsruhe)(Karlsruhe)

OneOne was left as swas left as s nonnon--irradiated referenceirradiated referenceOneOne was left as s was left as s nonnon--irradiated referenceirradiated reference

The pad detectors were The pad detectors were irradiated with irradiated with 
24 GeV protons24 GeV protons (CERN PS)(CERN PS) to severalto several24 GeV protons24 GeV protons (CERN PS) (CERN PS) to several to several 
differentdifferent neutron equivalent neutron equivalent fluencesfluences. . 

TheThe devices were not annealeddevices were not annealed prior toprior to theirtheirThe The devices were not annealeddevices were not annealed prior toprior to their their 
characterizationcharacterization with the beam telescope with the beam telescope 
or the TCT setup. or the TCT setup. 
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TCT lt di dTCT lt di dTCT results on diodesTCT results on diodes

•• MCzMCz--Si 1Si 1××10101414

1 M V1 M V // 221 MeV n1 MeV neqeq/cm/cm22

•• Decreasing transient Decreasing transient 
no SCSIno SCSI

•• Red laser, Red laser, 
front illuminationfront illuminationfront illuminationfront illumination
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TCT results on diodes IITCT results on diodes IITCT results on diodes IITCT results on diodes II

•• MCzMCz--Si and FzSi and Fz--Si Si 
11××10101414 1 MeV n1 MeV neqeq/cm/cm22

•• MCzMCz--Si decreasing transientSi decreasing transient
no SCSIno SCSI

•• FzFz--Si clearly increasing Si clearly increasing 
transienttransient SCSI hasSCSI hastransient transient SCSI has SCSI has 
occuredoccured

T i ti tT i ti t•• Trapping correction notTrapping correction not
needed at this fluenceneeded at this fluence
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TCT results on diodes IIITCT results on diodes IIITCT results on diodes IIITCT results on diodes III

••MCzMCz Si 6Si 6××10101414 1 MeV n1 MeV n /cm/cm22••MCzMCz--Si 6Si 6××10101414 1 MeV n1 MeV neqeq/cm/cm22

••Clearly increasingClearly increasingy gy g
transient transient higher higher 
electric field closer to electric field closer to 
h b kh b kthe back contact = the back contact = 
SCSI has occuredSCSI has occured

••Trapping correction 3nsTrapping correction 3ns
i.e., measured signal i.e., measured signal 
multipliedmultiplied

eetime/3nstime/3ns
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MCz Full Depletion Voltage (VMCz Full Depletion Voltage (V ))MCz Full Depletion Voltage (VMCz Full Depletion Voltage (Vfdfd))
Measurements done with IR laserMeasurements done with IR laserMeasurements done with IR laserMeasurements done with IR laser
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Test beam resultsTest beam results S/NS/NTest beam results Test beam results -- S/NS/N
80

60

70
non-irradiated

1e14

5e14

50

60 5e

30

40S/
N

10

20

0

10

0 50 100 150 200 250 300 350 400 450 500 550 600

4.9.20084.9.2008 Panja Luukka, Helsinki Institute of PhPanja Luukka, Helsinki Institute of Phyysicssics 1313

Voltage [V] 



T t B ltT t B lt l til tiTest Beam results Test Beam results -- resolutionresolution
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ConclusionsConclusionsConclusionsConclusions
TCT measurementsTCT measurements with trapping correctionwith trapping correction indicate that in MCzindicate that in MCz Si theSi theTCT measurementsTCT measurements with trapping correction with trapping correction indicate that in MCzindicate that in MCz--Si the Si the 
dominating electric field  has shifted to the back sidedominating electric field  has shifted to the back side of the sensor of the sensor after after 
66××10101414 1 MeV n1 MeV neqeq/cm/cm22 fluence.fluence.
Beam test dataBeam test data from summer 2007from summer 2007 shows that the cluster resolutionshows that the cluster resolution ofofBeam test dataBeam test data from summer 2007 from summer 2007 shows that the cluster resolutionshows that the cluster resolution of of 
MCzMCz--Si detectors is Si detectors is only slightly affected by the irradiation and SCSIonly slightly affected by the irradiation and SCSI..
This most This most probably due to the Double Junction (DJ)  effectprobably due to the Double Junction (DJ)  effect, i.e., high electric , i.e., high electric 
fi ld i ti b th d id f th d t tfi ld i ti b th d id f th d t tfield existing on both p+ and n+ sides of the detector field existing on both p+ and n+ sides of the detector 
Measured diode full depletion voltages obtained by the CCE measurementMeasured diode full depletion voltages obtained by the CCE measurement
with an infrared laser are with an infrared laser are consistent with the data from the beam testsconsistent with the data from the beam tests. . 
Beam testsBeam tests on MCzon MCz--Si sensors Si sensors were continued in summer 2008were continued in summer 2008 in order to in order to 
study the properties of MCzstudy the properties of MCz--Si detectors irradiated up to the fluences of  Si detectors irradiated up to the fluences of  
33××10101515 1 MeV  n1 MeV  neqeq/cm/cm22

eqeq
Data analysis is currently going onData analysis is currently going on and results will be reported at 08 RESSMD and results will be reported at 08 RESSMD 
conference in Florence and at RD50 Workshop, CERN. conference in Florence and at RD50 Workshop, CERN. 
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