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Abstract

As part of our program to develop a silicon tracking

device for the SSC we have expoeed radimion-hard CMOS

~ransietors and PIN diodee to the 800 MeV LAMPF proton

beam. The fluences accumulated in ● week coneaponded

io th: expected radiation levels of ●bout 10 SSC yaara,

We determine the leakage current constants for PIN diodeu

md threshold volt ●ge #hi{to for CMOS traaaiatom under

iifferent biaaing condi$iona.

One of the main requirement for detectom ●nd frcmt-

!nd electronic at the SSC ia to be radiation-reeiatant. The

MC Workshop or Radiation Lovela in the SSC [1! found

hat, for example, ● silicon tracking device ●t ● radiuo of

O cm has to eurvive a yewly doaa of ●bout 0.3 MRacl due

o charged particles and a yeuly neutron duence uf ● few

imes 10L2 neutrons/cm2 at the deeign ]uminoai~ of l@3

rn-%e c”’;.

For our program to develop a large tracking device

lued on Si ~ strip detectom for tho SSC [2], an important

Iart ia the idunti6cation of radiation hud VLSI technol~

ieo for the front-end ●lectronics and the taeting of the

adiaticm damage of silicon detectom. The pipe lining of

he data requirec a low power technology and thus we u.

building ● digital time slice chip (13TSC) in the form of

a SRAM in CMOS [3]. There ia ● question aa to the ra-

diation hardneae of MOS tranaiatore under fiadiation by

ionising particlea [4] and neutrons [5]. On the other hand,

radiation-hard CMOS procaeaea have been developed in

the hgt ycara and are now commercially available 16].

To compam different CMOS technologies, we have

teeted the radiation reaiatance of various VLSI technolo-

gies ●t Los Aiamoa National Laborato~, We have re-

portvd (7] before on the irradiation of n ●nd p transie-

tore on 2 ~rn CMOS teat structures with neutrone in the

LAMPF neutron spaihtion source. We have now extended

our meeswemeut to 800 MeV protons in the HRS line

at LAMPF. To detamine the proton fluence [8], the ac-

tivation of an aluminum foil covering the ●ctive uea of

each t-t etnt:tum wne meaeured. Both ‘Be and 22Na

production vmte ?twrrnined from their respective q de-

cay rate M meuu. d by ● 17% hyperpuru Germanium d-

tector. The t!ueucua obtained from both ieotopes agree

well after ● cwvuctiost for the different Iifetimae. The ra-

diation damage Meets hwe been determined from mea-

mrements of currenbvoltsgo characterietice emp’aying the

Hewlett-Packard Model 4145B Semiconductor Parameter

Analyser.

For digital ●pplication the radiation damage to CMOS

transiatore ia characterised by ● ohift of the threshold volt-

●ge vth, i.e., the gate voltage at which the transistor turns

on. We have teeted transistor of 1.2 ~m feature sise pro-
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ThreehoAd voltage Mt AVth fcr UTMC traasktaa

eazyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAknctbn d thence end after ubiaeed room tem

perature annealing of 22 ~. a) p tranetitor (W/L

= 50/1.6#m) [& V- - V~ =-5 V]. b) n

traasbtm (W/L= 50/1. @m) [Baa: VW-V~

=Sy.

duced by UTMC [91. The damage on a few representative

transiatore waa tracked during the expoeure. All the tran-

siatom were adysed 22 daye after the end of the exposure,

subject to room temperature annealing without biae. IrI

Fig. 1 we show for one p and one n transistor the threshoid
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Fig. 2. ‘hruhoki voltage Mt AVth for UTMC p trdtcre

of varkxu sisa (W/L = width/kngth in km) after s

doee d 1014 protone/cn? md unbiasedroom tenqxe

ture -ealing d 22 deya fm different biaaing conditioru

during expaum: ●) unbiaeed, b) VW - v~

=-5 v.c) VW - v~ = 5V.

voltage shifts AV(h as a function of fluence during expo-

sure and 22 days u.er exposure. We can see clearly the

saturation effect during exposure and the rebound during

annealing, similar to the data of Ref. 10. In Figs. 2 and 3

we show AVth after d- of 2.7 MRad (10*4 protons/cm2 )

and 22 days annealing for many different transistor sisee

(width/length) and for eeveral biaaing conditions during ir.

radiation. The obeerved threehold volt ●ge shifts for worst

caae biaaing are of the order of AVth s 1s0 mV for p

transistor (Fig. 2b) and AVth m 100 mV for n transietom

(Fig. 3b). They show that the UTMC promw u radiatioD

hard into the mauy MRad. With thie performance we can

expect suficient radiation resistance for application in the

SSC, LHC and HERA.

We teeted PIN photo diodee #S1723 produced by

Hamz.matsu Photonic [11]. They deplete at voltages be

tween 20 and 2S V. Six diodee were subjected to low fluxes

(3 ● 106 cm-i*- 1, for 128 houm and six diodes were SUb-

jected to high fluxes (2 ● 10’ cm-a s-1, for 174 houm, giv-

ing fluencee of approximately 10’2 and 10’4 protons/cm2

reepectiveiy. In each c- two of the six diode$ were left

unbiased. The biasing voltage during imadiation was 40

V. The !dage current wu checked in constant time in-

tervak

We define the leakage cument constant a as follows

if
—=a@
Vol

where il ia the incre~ in leakage current, Vol is the diode

UTMCIYnl n Ilan,
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Fig, 3. l%rahold vcdtege shift AVth for UTMC n tranaiatom

d variousdea (W/L = width/bngth in pm) after a

doee d 1014 pmtons/cn# and unbked room tempera-

ture tanealing d 22 dayt for differentbiasing conditions

:? ~~: ●] ~b~t M Vwe - V-m .



Table 1

Average Leakage Curmv ConstanLs

Low I Ycs If 4.s;
I.ow No_ ](

[zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
FLUX IzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI I IASED I (I (A/c I I })

? - ().63) ● 1~.17

).69) ● 10-IT

).30) ● IL)”17

).37) ● llJ’17

volume and 0 the proton fluence. In Table 1, we show

the average leakage current constants for the diodea. Note

that we find the same leakage cument constant for the

biased diodes and for unbiased once, Moreover, we find

that the average leakage current constants for high 6ux

[aH = (3.91* 0.29) ● 10-17 A/cm] agree with the once

for low flux [a~ = (4.51 & 0.62) * 10-17 A/cm] within

the errors, Theee leakage current conet~te are somewhat

lower than for 1 MeV neutrons [12].

We have measured room temperature annealing of

diodes without further biaaing after 29 days and 58 days

for low flux and 21 days and 50 days for the high flux

samples. Parametrizing the annealing by the function

i(t) = i{ exp(-t/~)

we find that the ~verage annealing time factor ~ ie 7L =

(124 A 28) days for the low flux and TH = (139A 36) daya

for the high flux sample. We alao find that the annealing

stops after the current reachee about 50% of the initial

current if. Both observations are in agreement with data

of Ref. 13.
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