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"ABSTRACT

Lo

Psc_hannel enhancement mode field-effect transistors were irradiéted '
with 7,5-MeV electzfons in the range of absorbed dose from 104 through.io8
réda. . Another group of devices absorbed 106 rads of 7.5-MeV (peak)
bremsstrahlung gafnmas, and a.third group received an integrated thermal
neutron exposure of axq0t n/cmz. Data derived from static measurements
are presented which shows postirradiation shifts in the gate threshold volt-
';.ge VGS,I',i,‘sma.ll signal transconductance Bm’ drain-source leakage cur-

rent IDSS’ and gate leakage current IG‘ Preliminary data show the effects

' of postirradiation annealing at elevated temperatures.
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v INTRODUCTION -
.The Heéltﬁ Physics group at LRL is interested in the use of insulated-

gate transistors for nuclear detection instrumentation. We are concerned

with processing dc signals from ionization chambers (ISB 10.'16A), and

pulses from proportional counters such as the BF3 (Ep = 0to 100 mV,
t. = 50 to 200 nsec). Detectors such as these have very high internal imped-

ances, Insulated-gate transistors can have very high input impedances

5

(> 101 ohms), transconductances of the order of 103 pmhos,, and frequency

response permitting use with pulses with rise times in the nanosecond range,
’ |

As an extension of previous work with insulated-gate electrometer
ionization chambers, 1 we are concerned with the behavior of these transistors
after they have received large doses of ionizing radiation. This is important

/
if they are to be used near target areas of nuclear particle accelerators.

L}

Irradiation Procedures

Five devices were used for each exposufe and no device was used
~more than once, All deyices studied were of the same tYpe and or(igir;.

. They were not preselected, but they were required to exhibit normal charac-
teristics. All but the thermal neutron exposures were made at the LRL

Berkeley electron linear accelerator. LRL Livermore made their pool-type

- reactor available for the thermal neutron exposure,

Dosimetry

Cobalt glass dosimeters 1/16 in, thick were used for the electron
and gamma expoiﬂi‘ires, The measurements of absorbed dose in the glass
are accurate to #5%, Because of the similarity between the glass dosimeters

and the transistor material, and because the maximum range of 7.5-MeV
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-.electrons in glass is _much_,lo_n'ger than the transistor and dosimeter thickness,
el ..f:he measured dose in glass is assuméd to be -representative Of the absorbed
dose i.n the device undér fes_t. . The beta-gamma component of the thermal
.'neutrop exposure was 7.4X104 réds (air) as measured with Li7F, a thermo-
luminescent dosimeter., Gold foils were used to meaéure the thermal neutron

flux density,

Device Measurements

Only static measurements of device characteristics were made; how-
' o
ever, all devices were irradiated under simulated operating conditions. A
drain supply, voltage of 10.8 V was used with a common drain load resistance

of 104 ohms. All gates were tied to their respective drains,

Vast

g ‘The' gate threshold or turn-on voltage, VGST’ was measured at
Vps = Vgs' Ip = 10 kA,
Em

Initial values of transconductancé\v\v:re measured at VGS = VDS and

IDz 1 mA with a 10-mV dc signal appiie to the gate. After irradiation,

\

the transconductance was measured at the previous value of drain current

by proper adjustment of gate bias.

Ic | ' | L

| Gate leakage current measurements were made by floating the gate
and notipg the rate of change of drain current. Starting conditivona were
VGS = VDS' Iy %1 mA. Typically, prior to irradiation, and at 26 minutes

after turn-on, 2/3 of the devices exhibit gate leakage currents of { to

-~

VE
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2X1O-1.5~A. This leakage, which is in a direction tending to make the gate

more positive, diminishes.as shown in Fig. 1, so that after about 5 hours
the leakage rate is essentially constant. All measurements of IG are
started at precisely 20 minutes after turn-on., Devices exhibiting gate leak-

13

age currents > = 10 A shortly after turn-on do not improve significantly

with '"'on'! time.

I

DSS
Drain-source leakage current, IDSS' was measured at VGS = 0,
VDS =-20V. ' | ‘ o
' Body leads were connected to source leads during all exposures and
measurements.

EXPOSURE RESULTS

Electron Exposures

Tabie I contains_ the data from which _the graphs (Figs, 2 through 6)

; we“re derived. Except for Fig. 4, each data point is the av_eravge of five
devices. IDSS device #26 is an exceptiozi; it w;s rejectéd fo;' graphical
purposes as not being typical of the group. IG' s (Fig. 4) were not averaged

because of the wide variation of values, especially in the 108.-rad group.

AVest

.

When a device is subjected to ionizing radiation the threshold voltage
shifts upwards. The amount of this shift is shown in Fig. 2 to be 0.6 V for

a 104-rad dose, bringing V from a nominal -4.5 V to -5,1 V, as shown

GST
in Fig. 6.



‘than 10° rads, as shown in Fig. 5, while at 10
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- ."_I‘he transconductance is unaffected at '104 rads, increases 10% at 105

rads, and declines to nearly 15% at 108 rads. See Fig. 3.

IG'

. At '106~ rads a change is apparent, and at 107 rads there are significant

changes, but by less than a factor of 10 for four of the five devices; 108 rads

produces changes ranging over six or more decades, as shown in Fig. 4.

Inss ' , | )

No deterioration in drain-source leakage current is.apparent at less

8 rads the leakage has in-

creaaed tenfold.

BVpss

i

'i. Drain-source breakdown voltages were not affected at 106. 107. and

108 rads, as shown in Table I,

BViss

Gate-source breakdown voltages (compared with averé.ge figures be-
cause this is a destructive test) did not change at 107 rads and were not

measured at 108 rads. See Table I,

WREIH
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6

10 -Rad Gamma Exposure -

From Tabie I:

GST
g, increased 12%,

v increased 2.8 V,

IG increased by a factor of about 2 (average).

IDSS increased by a factor of about.3 (average), #40 omitted.

Some differences between the gamma and electron exposures might

be due to the difference in specific ionization between the secondary electrons

from the y rays and those from the 7.5-MeV electrons. ,

14

4X10" " Thermal Neutrons/cmz(Cd Ratio = 500)

From Table I:
- VasT increased an average of 2.7 V on four devices and 7.3 V on #3,
R B decreased an average on 5%, ' .
IG of the average increased nearly an order of magnifude, .
Inss showed no significant change,

BVDSS showed no significant change.

The large beta-gamma component (7.4)(104 radsair) accompanying

this éxposure makes the results difficult to interpret. V changed by an

GST

amount which would suggest it was due to the beta-gamma component, IG

and Em ‘were degraded by an amount which, if due to the beta- gamma alohe,

would require the beta-gamma component to be an order of magnitude higher

than was measured.
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SOME EFFECTS OF ANNEALING
A number of 1rra.d1ated devices were annea.led at 200° C for 24 hours.

‘ a.hd the 'followmg measurements were made:

VasT

. _Figure 6 shows that the shift in turn-on voltage can be eliminated by

annealing. In fact the 107- and 108-rad groups assumed postannealed values

of V lower than the preirradiated values. For the 108-fad group, the .

GST _
postannealed average turn-on voltage is-3.3 V.

Em

On the average, 8m returned to within 3% of the preirradiated value,

Q

Annealing improves the gate-leakage characteristics of some devices

"‘i_and leads to further deterioration of others,

Inss

O—————

The drain-source leakage characteristics of the 108-rad group were
considerably improved. On the average IDSS returned to its original value

within a factor of about 3.

BVpss |

An_nealing had no deleterious affect on the 108~rad group.

A

BVass

There is no significant difference in average values of BV GSS be-

: : :
tween new devicés and the annealed 108-rad group.

A pqe
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. CONCLUSIONS ‘ |

-.S‘hifti.ng‘ of the gate threshold voltage Would.appeai_"td be the most
‘signiﬁcant. f_adiation-induced change below 108 rads. If devices of this sort
a.ré to be used in high-l_eveli radiation areas where they might be expected to
absorb continuously an average of about A10 rads/houz; or more, éome pro-
vision must be made for the shift in VGST' Judiciou.s use of lead shielding
around the device could signiﬁcantiy reduce the absorbed dose. Use of dif-,"
ferential circuitry, with the output signal taken between the drains of two
equally irradiated devices, wouid be very helpful, especially‘r if a large porti;m
of the load were in the source. AV may be more nearly the same for a

GST

differential pair on a single silicon chip.
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Table 1. Absorbed dose {rads).

- A, device number; B, preirradiation; C, postirradiation; D, postannealing; NC, no change; F, failure,
- 14 2
7.5-MeV electrons 4x10 n /em . 6 .
. 4 5 6 7 8 4 - 10 rads
. 10 10 10 10 10 7.3x40 rads B,y gammas
CHARACIERISTIJA B C |A B € D fja B ¢ D|a B ¢ DA B € DA B Cc|a B C D
o 42 4.2 4.9 {27 4.5 83 54 §18 4,2 8.0 4.3 |13 4.2 10.2 4.4 123 46 154 2.8 |1 46 7.2 135 4.2 88 4.6
43 46 5.4 )29 4.4 6.9 4,7 f19 4.3 8.0 4.2 ji14 4.6 11,4 4.2 |24 4.5 16,0 3,0 12 49 7.6 § 37 5.0 8.8 4.4
Vosr (volts)  Jue 48 54 f30 5.0 88 57 f20 55 86 4.6 15 "4.4 105 3.8 #25 52 154 4.2 §3 41 11,4 §38 48 88 4.2
145 4.5 5.0 j32 4.4 6.8 4.7 j24 50 8.5 4.8 (16 4.4 14,0 4.2 }J26 4.2 10.8 3.8 {4 4.1 6.8 § 40 3.8 11,6 5.8
46 4.8 5.5 [f34 4.2 66 45 j22 44 7.7 4.4 17 4.7 12.0 4.4 )28 4.5 15.0 3.3 {6 4.7 7.5 [ 44 4.8 86 4.2
142 530 540 || 27 750 840 18 760 820 730 |13 _760 730 760 [j23 760 620 750 |1 750 700 § 35 760 850
43 780 780 [} 29 780 860 19 750 800 740 [14 740 700 770 324 750 660 780 {2 730 700 § 37 700 780
8. {4 mhos) M4 760 780 |30 780 830 20 750 780 740 {15 760 760 F {25 700 550 680 i3 740 700 | 38 730 820
@45 780 780 {32 770 850 24 700 740 680 16 760 760 780 §26 740 700 770 f4 850 840 40 760 850
46 780 770 34 760 850 22 750 820 740 {17 760 750 BOO 2B 720 620 760 [|6 850 800 § 41 760 870
2 1.4 4.7 J27 2.7 2.8 18 24 31 94 13 20 90 05423 3.2 .13 130041 4.9 30, 35 1.5 1.6
43 3.2 $.2 29 3.4 4.2 - 19- 1.3 19 4.2 [14 44 16. 9.4 J24 1.4 9.4 7.7 j2 2.2 26, ¢ 37 .3 2.2
IgtA)» 1015 44 1.2 0.6 |30 1.4 1.8///‘ 20 1.4 4.3 2.9 15 1.2 5.0 F |25 s0. 8.3 13, |3 3.8 28. 38 1.5 0.9
45 29 2.3 32 22 20 24 5.4 0. 3500.416 2.2 39, 2100426 1.8 3105 S20. |4 1.4 21, 40 0.8 4.2
46 1.0 1.2 §34 5.0 5.2 22 4.4 2,3 2.2 7 1.6 14, 0.8 [28 2.6 2400.)“'084 6 1.6 18, 1 41 1.2 21
.................. -(----------_- - ew e e e e - ® o & o ® & > e eeem =mhoe e m e re el bl ... e mae el e - e e .= -
42 no change || 27 3.0 3,0 14.7§18 no change 13 3.3 44 23 3.0 28, 4.2 |t 2.0 2.4 §35 1.9 47 5.0
43  no change | 29 1.1 1.0 2.9 19 no change 14 5.6 8.3 24 2.7 59. 6.4 [2 4.5 4.7 §37 1.1 8.1 4,0
InsginAl 44 no change 30 4.1 4.0 5.0§20 no change 15 3.9 2t 25 4.3 21, 8.4 )3 . 3.8 36§38 1.6 4.2 45
M5 nochange 32" 1.4 4.8 4.7 ]21 " no change 16 2,3 83 26 2.7 520. 30 4 2.8 241440 3.3 220. 7.4
46  no change | 34 1.9 1.8 4.2z J22 no change 17 2.4 43 28 3.0 38, 4.7 [é6 2,7 2.4 14 1.3 3.2 35
.oBVpss U PUTTI - T M T L ve . ......
BV NC NC - NC
GSs
{avg) (avg) {avg)
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F1g. 1, The lowest values of gate leakage current, I, are

not realized until the device has been turned on for
several hours .
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Fig. 2. The gate to source voltage necessary to turn the
device on (VGST) increases with increasing dose.

Figure 2 shows the amount of this change.
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Fig. 4. The gate leakage current, IG’ shows little
change for absorbed doses less than 108 rads.

At 10% rads I becomes unpredictable,
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