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The performances of the Truelight epitaxial silicon PIN diode before and after irradiation were studied. The rise time and fall time, as well as the responsivity were measured. The 30 MeV proton beam at INER (Taiwan) was used to irradiate both Centronic and Truelight epitaxial Si PIN diodes with accumulated fluences up to 2.1 ×1014 30 MeV P cm-2, or 5.7 ×1014 cm-2 1 MeV neutron equivalent, to reach the radiation environment (estimated to be 3.7 ×1014 cm-2 1 MeV neutron equivalent, including a 50% overhead) for ATLAS pixel detector. All diodes were reserve biased at 5 volts during the irradiation. The responsivity of Centronic and Truelight PIN diodes tested is 0.5 A/W and 0.6A/W, respectively.
1. Rise time and fall time measurement:

The rise time and fall time of the Truelight PIN diode were measured before and after the irradiation. A home made pulsed light source with ST receptacle was used for the rise time and fall time measurements. The light signal was coupled to the pin diode via a 45 degree fibre. The pin diode was connected directly to a Tektronix TDS5104B oscilloscope. The voltage signal across the scope’s internal 50 Ohm impedance was measured to determine the rise time and fall time (20%-80%) of the diode tested. 

Figure 1 shows the rise time and fall time of the Truelight PIN diode before the irradiation as a function of reverse bias voltage. Figure 2 shows the results after the irradiation. 
2. Responsivity measurements:

Degradation of the responsivity of PIN diodes was monitored during the irradiation by measuring the current of the pin diode illuminated with a constant light source. The PIN current was fed into an OP amplifier circuit which converts the current to voltage for measurements. 

Figure 3 shows the responsivity vs fluence with 30 MeV proton beam. All diodes were reverse biased at 5 volts during irradiation. All responsivities shown are normalized to 1 at the beginning. Both Truelight and Centronic PIN diodes show steep fall in the beginning and then degrade slowly with respect to accumulated fluences. 

Recent study at IUCF with 200 MeV proton shows a very encouraging result when the diode is biased at higher reserve voltage (Figure 4). All diodes were reverse biased at 10 volts during the irradiation. As can be seen from the plot, both Centronic PIN diode and Truelight PIN diode shows better radiation tolerance when biased at higher reserve voltage during the irradiation. Although the Centronic PIN diode shows only modulate improvement, the Truelight PIN diode does show a great improvement in radiation tolerance. The total fluences accumulated were 4E14 200 MeV proton/cm2 (4.6 ×1014 cm-2 1 MeV neutron equivalent).
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Figure 1: Rise time and fall time of Truelight PIN diode versus reserve bias before irradiation.


[image: image2.emf]Truelight Pin Diode - after irradiation
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Figure 2: Rise time and fall time of Truelight PIN diode versus reserve bias after irradiated by 30 MeV proton to the 2.1E14 proton/cm2.

[image: image3.emf]Proton irradiation test 2002/04/11
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Figure 3: The normalized responsivity of PIN diode versus fluence. All the diodes were reserve biased at 5 volts. Irradiation was done at INER with 30 MeV proton.

[image: image4.emf]PIN Diode Radiation Test at IUCF
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 Figure 4: The normalized responsivity of PIN diode versus fluence. All the diodes were reserve biased at 10 volts. Irradiation was done at IUCF with 200 MeV proton.
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		5.00E+12		20:30:40		0.296		0.424		0.318		0.397		0.668		0.412		0.38		0.401		0.289		0.53		0.467		0.495		4.321

		1.00E+13		20:45:30		0.295		0.424		0.321		0.385		0.657		0.416		0.37		0.413		0.284		0.531		0.474		0.47		4.802

		1.50E+13		20:57:30		0.293		0.415		0.317		0.377		0.657		0.408		0.372		0.408		0.281		0.519		0.469		0.467		4.434

		2.50E+13		21:14:30		0.282		0.395		0.318		0.373		0.633		0.4		0.365		0.384		0.28		0.51		0.458		0.456		4.668

		3.50E+13		21:29:35		0.284		0.402		0.308		0.37		0.631		0.398		0.361		0.385		0.276		0.505		0.457		0.456		4.308

		1.00E+14		22:45:30		0.271		0.397		0.302		0.358		0.619		0.382		0.353		0.391		0.264		0.503		0.439		0.449		4.026

		2.00E+14		23:57:32		0.269		0.387		0.297		0.355		0.601		0.365		0.351		0.359		0.263		0.489		0.432		0.445		4.236

		3.00E+14		1:04:29		0.266		0.391		0.3		0.335		0.597		0.364		0.356		0.377		0.265		0.486		0.438		0.419		4.606

		4.00E+14		1:50:29		0.268		0.391		0.297		0.35		0.581		0.361		0.335		0.374		0.26		0.483		0.443		0.41		3.505

		0				1		1		1		1		1		1		1		1		1		1		1		1

		1.00E+11				0.9846153846		0.9865771812		0.9581005587		1.0023696682		0.9930167598		0.9954751131		1.0121654501		1.0022779043		0.9625		0.9932088285		0.9943396226		0.9924953096

		6.00E+11				0.9692307692		0.9798657718		0.9413407821		0.9668246445		0.9804469274		0.9954751131		0.9829683698		0.9681093394		0.965625		0.9626485569		0.9735849057		0.9624765478

		1.00E+12				0.92		0.9597315436		0.9497206704		0.9573459716		0.9748603352		0.9705882353		0.9610705596		0.9772209567		0.94375		0.9422750424		0.958490566		0.9606003752

		3.00E+12				0.9323076923		0.9686800895		0.9162011173		0.9620853081		0.9497206704		0.9457013575		0.9148418491		0.9339407745		0.946875		0.9235993209		0.9150943396		0.9230769231

		5.00E+12				0.9107692308		0.9485458613		0.8882681564		0.9407582938		0.9329608939		0.9321266968		0.9245742092		0.9134396355		0.903125		0.8998302207		0.8811320755		0.9287054409

		1.00E+13				0.9076923077		0.9485458613		0.8966480447		0.9123222749		0.9175977654		0.9411764706		0.900243309		0.9407744875		0.8875		0.9015280136		0.8943396226		0.8818011257

		1.50E+13				0.9015384615		0.9284116331		0.8854748603		0.8933649289		0.9175977654		0.9230769231		0.9051094891		0.9293849658		0.878125		0.8811544992		0.8849056604		0.8761726079

		2.50E+13				0.8676923077		0.8836689038		0.8882681564		0.8838862559		0.8840782123		0.9049773756		0.8880778589		0.874715262		0.875		0.8658743633		0.8641509434		0.8555347092

		3.50E+13				0.8738461538		0.8993288591		0.8603351955		0.8767772512		0.8812849162		0.9004524887		0.8783454988		0.8769931663		0.8625		0.857385399		0.8622641509		0.8555347092

		1.00E+14				0.8338461538		0.8881431767		0.843575419		0.8483412322		0.8645251397		0.8642533937		0.8588807786		0.8906605923		0.825		0.8539898132		0.8283018868		0.8424015009

		2.00E+14				0.8276923077		0.8657718121		0.8296089385		0.8412322275		0.8393854749		0.8257918552		0.8540145985		0.8177676538		0.821875		0.8302207131		0.8150943396		0.8348968105

		3.00E+14				0.8184615385		0.8747203579		0.8379888268		0.7938388626		0.8337988827		0.8235294118		0.8661800487		0.8587699317		0.828125		0.8251273345		0.8264150943		0.7861163227

		4.00E+14				0.8246153846		0.8747203579		0.8296089385		0.8293838863		0.811452514		0.8167420814		0.8150851582		0.8519362187		0.8125		0.8200339559		0.8358490566		0.7692307692
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