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Bvinu usmepenvl 6onomamnepnvie xapaxmepucmuxu N-KAHAIbHO20 NOAEB020 MPAHIUCMOPA
kax Qyukyuu memnepamypoi 0o 140 epadycos u eamma-obnyuenus oo 100 KGy. Pesybmamoi
NOKA3bI8AIOM, YMO 6X0O0HAs eMKOCMb pAcmem ¢ memMnepamypol npu usmMepeHuu ¢ Maibim
HanpsisiceHuem cmeujerus u 8 Huzkou nonoce yacmom. C Opyeou cmopomusl, HOKA3AHO, YMO
Ciss ymenvuaemcs om 11.68 oo 8.17 nF npu ecamma-ob6ayuenuu oo 100 KGy. Takowce 6viiu
UCCe008aHbL (pusuyecKue XapakmepucmuKk nepexooa 3ameop-ucnmok, Komopbwle OKa3aniuch
3a6UCAWUMU OM NOBbIULEHU MEeMNepamypvl U om eamma-oonydenus. buiiu paccuumanvl
3asucumocmu 3HaveHul Y-napamempos yCuiumens ¢ 00WumM UCmoKom om memnepamypbsl u
eamma-obnyuenus. OKazaniocv, Ymo peaxmueHas Yacmb AOMUMAHCA YBeIUYU8Aemcs Npu
Y8enuyeHuu memnepamypvl U YMeHbulaemcs npu eamma-oonyyenuu. bviio maxoice
UCce008aHo uusHue memnepamypuvl u paouayuu Ha yacmomy omceuku 10, U3 eviuucnenuil
cnedyem, umo npu pocme memnepamypst om 300C oo 1400C fTO nadaem ¢ 47 MHz 0o 5
MHz npu 0.8 V. C dpyeoti cmoponwl, ee 3nauenue .yseruuusaemces ¢ 43 MHz oo 102 MHz npu
0.8V 6nazooaps camma-oonyuenuro oo 100 kGy.
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The C-V characteristics of n-channel JFET have been measured as a function of
temperature up to 140 °C and y- rays up to 100 kGy. The results show that the input
capacitance Ciss is an increasing function of temperature when measured at small bias
voltage and low frequency bands. On the other hand, Ciss was shown to decrease from 11.68
down to 8.17 nF due to y- exposure up to 100 kGy. In addition, the physical parameters of the
gate-source junction were investigated, where their values were to shown to be funcion of
both temperature increasing and y- exposure. The values of the Y- parameters of common-
source amplifier were calculated under influence of temperature and y- rays. The result shows
that, the susceptance component of the admittance increases due to temperature increasing,
while decreasing after y- exposure. The investigation was extended to include the temperature



and radiation effects on the cutoff frequency fro . It is clear from calculations that, as the
temperature increases from 30 °C up to 140 °C, fr, dropped from 47 MHz down to 5 MHz, at
0.8 Volt. On the other hand its value was shown to increase from 43 MHz up to 102 MHz, at
0.8 Volt, dueto y- exposure up to 100 kGy.

Keywords. JFET, input capacitance , Y-parameters , quadicydr, dissiption factor, phase
angle, impedance, cutaffjirency.

1.Introduction:

Capacitance — Voltage (C-V) measurements providexasllent means of monitoring
the formation of channels on junction field effacansistors [1-3]. On the other hand,
admittance or y — parameters are widely used taritbesthe characteristics of electronic
devices, where the values of the y — parameterpifmtion field effect transistor (JFET) are
affected by the internal capacitance values [4f Physical structure of the JFET produces
inter- terminal capacitances; these are the gate-dcapacitance &, the gate-source
capacitance g, and the drain source capacitange C
In data sheet these are represented by(i@put), Gss (output), and G (reverse transfer)
capacitances, where [5]:

Gss= Cgs + ng

Gss= Cus

Gss = ng

In determining the switching performaraf a JFET device & is the most important
factor. When an input voltage pulse is applied tde&ice, the input capacitance must be
charged and discharged, beforgs\éome rise, or fall to its final value. The commsmirce
FET amplifier is affected by the interelectrode afance that affects its high — frequency
performance. On the other hand, the mutual condoeteof a FET will fall at high
frequencies. The intrinsic cut—off frequency, f of JFET is the frequency at which
transconductanceyg has fallen to 0.7 times its value at 1kHz. Alsg, i§ depending on §
and Gq [6-8]. Therefore this paper is concerned with giogl the inter- terminal
capacitances of N- channel JFET, wherever the dsviare operated under different
environmental conditions such as temperaturey-oray exposure. Also, the paper was
extended to include the influence of temperatugkradiation on y- parameters, and intrinsic
cut-off frequency.

2. Experimental Procedure:

The temperature dependence of C-Miogiship and common source y-parameters of
N-channel Junction Field Effect Transistors (JFBT)type 245B are investigated in the
temperature range from 1 up to 14°C. In addition, gamma- radiation effects were also
studied when JFET devices were exposed up to 1§0Kiie gamma source used is a Cobalt
-60, and irradiation process was carried out atN\&onal Center for Radiation Research and
Technology, Atomic Energy Authority of Egypt. A gmammable automatic RCL meter,
model PM 6306, manufactured by Fluke was used fecipe measurements of C-V and C-F
characteristics of the proposed devices. Finalling the obtained results the following
physical parameters are investigated:

1- Gate-to-source capacitancesC
2- Drain-to-source capacitanceyC
3- Quality factor; Q-factor.

4- Dissipation factor; D-factor.

5- Phase angley.



6- Impedance; R.
Also, the paper was extended to include the stlidthe common source Y-parameters
of N-JFET amplifier circuit shown in Fig.( 1 ) whesperated at different elevated
temperature levels (from 1%C up to 140C ), and also before and afteexposure up
to 100 kGy.
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Fig. (1) JFET amplifier circuit.

3. Results and Discussion:

In the present paper, an attempt was carried oatder to shed further light on some
physical and electrical characteristics of JFETiaks: In this concern the C-V and C-F
characteristics, common- source Y-parameters, aludilated intrinsic cut off frequencyr{f)
of JFET were studied under the influence of tentpegaandy- radiation.

3.1 C-V Characteristics:

For studying the reverse gate —sourcegaté- drain junctions the C-V relationships
were plotted at a reverse bias voltage ranging f@ohto 5 Volt at steps of 0.1 Volt, at
different frequency levels in the range from 100upzto 1 MHz .

Figures (2a and 2b) show C-V and C-F cuivkethe input capacitance plotted at two
temperature levels of € and 140°C. It is clear that the input capacitance valua @irect
function of both voltage and frequency values. Adlwt is clear from the same figures that
the input capacitance is a function of temperatwinen measured at small bias voltage and
low frequency bands. From which, Fig. (2c) showat,tthe input capacitance increases with
temperature in the range from 4D up to 140C, measured at 100 Hz and 1MHz.
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Fig.(2c) Temperature dependence of input capa@tahdFETS
measured at different frequency levels.

Figures 3(a and b) show@lotted as a function of bias voltage (Fig. 3a) f),equency
(Fig. 3b) before and after exposure to gamma deseld of 50 kGy and 100 kGy. At zero
bias voltage, and frequency of 100Hz (Fig.3a), rahal value of Gss was measured to be



11600 pF. This value was shown to decrease dovd1@0 pF due tq- exposure up to 100
kGy. On the other hand, and at higher bias voltzaes, the change in capacitance value
due toy- exposure is shown to be less sensitive. Alsbjgiter frequency values the change
in Ciss due toy- exposure is negligible.
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Fig.(3a) Gamma-irradiation effects on{E bias voltage ) curves of
JFETSs.
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different gamma-ray doses.

The obtained decrease in the capacitance valuesurezhat same bias voltage, may
be attributed to a widening occurs at the edgekeospace charge region for the same applied
voltage. On other words, due to the formation ofemy narrow intrinsic region in the
neighborhood of the metallurgical PN — junctioe,,i.compensation of the chemical doping
by radiation induced deep traps will tend to pradaacegion [9-11].



3.2 Temperature effect on physical parameters of gate- source junction:

By definition, the quality factor ofjanction (Q) can be expressed as the ratio of the
inductive reactance of the junction to its resis&arOn the other hand, the dissipation factor
(D)is governed by the equation

D = 1/@2FCR
The temperature effect on both Q- and D- factas imvestigated in the range from ®up
to 140°C. It is clear from Fig. (4) that on reverse gaseurce mode the increasing of
temperature leads to a pronounced decrease irtygizaior and increase in dissipation factor.

—aA— Quality Factor
1.26 1 -\. —m— Dissipation Factor -0.88
A
1.24 1 e T
5 \ v {0.86
— / —
@ - A £
. 1 [8)
L 1.22 \ A 40.84 ®
S L
2 1.20 2
o / 4082 ®
‘n A . S
L 1,18+ Ve \ o
= - N H0.80
A/A .
1.16 —
T T T T T T T T T T T T 078
0O 20 40 60 80 100 120 140

Temperature (°C)

Fig. (4) Temperature effects on quality- and dia8gn- factors for the gate-source junction
of the tested transistor.

Also, the investigation was extended telude the temperature effects on the
impedance and phase angle (Fig.5). Consideringutietion impedance, it is clearly shown,
from Fig. (5), that the gate-source junction impesais greatly affected by temperature
variations. The junction impedance was shown t@redese from an initial value of 43D,
measured at 26C, down to 2002, measured at 128C." Also, it is clear from the same
figure that the phase angle decreases with temyerancrease, where, its value decreased
from -37, measured at 2@ down to -42, measured at 14D
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Fig. (5) Variation of gate-source junction impedaand phase angle as a function of
temperature for JFETS.



3.3 Radiation Effect on Physical Parameters of Gate- Source Junction:

The Q- and D- factors were measutediféerent reverse gate-source bias voltage
values before and after exposure to tow gamma kdosés of 50 kGy and 100 kGy. Figure
(6) shows that the Q-factor was decreased duye ¢xposure where the rate of decrease is a
function of bias voltage. As an example, a Q- vafid 1.2, measured atg¢=1 volt, was
decreased down to 7.2 dueytoexposure up to100 kGy. While at bias voltage @alti0.4 it
is clear that the shift in the Q-factor due to gaarimadiation is negligible. On the other hand,
it is clear from the same figure that the dissipatfactor was shown to increase due to
gamma exposure, where at 0.4 volt, an initial Ddagalue of 2.5 was shown to increase up
to 5 due to gamma exposure up to 100 kGy. But iighdr bias voltage values (1.0 Volt), the
D-factor was shown to be less sensitive to gamradiation.
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Fig. (6) Bias voltage dependence of quality- arssigiation- factors for the gate-source
junction before and after gamma exposure up tokG®0

Considering the impedance and plaasge, Fig. (7) shows their dependence on
gate-source voltage, measured before and after gamay exposure to two different dose
levels of 50 kGy and 100 kGy. It is clearly shothat the impedance was insensitiveyto
exposure for bias voltage values up to 0.6 volt Bu higher bias voltage values, the effect
of gamma- rays is shown to cause a slight decre@atbe impedance value, where an initial
value of 1455 K, measured at 1.0 Volt, decays to 12%9 due to gamma-dose up to 100
kGy. On the other hand, the phase angle was showittease on the same rate all over the
bias voltage range.
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3.4 Y -parameter s of Common Source JFET Amplifier:

The values of the y-parameters of JFEETqaioted at specific frequency, often in terms
of a real and an imaginary part that representctme@luctance and susceptance components,
as:

Forward transfer admittances ¥ gs + jbrs = gn - joCyqd

Output admittance 0s¥ Gbs + J0os = 1/ 1y + jo (Cyq + Cye)
Input admittance is ¥ Jbis = joo (Cgs + Cya)

Reverse transfer admittance yrs s fp-joCyq

Where g, is the transconductance anglisrac drain resistance.

3.4.1 Temperatur e Effectson Common Source Y - parameters:

The proposed device was connected as anoomsource amplifier with bias voltages
Vps and \is values of 15 volts and -1 volt, respectively (E)g-The capacitances;£Cyq and
C4s were measured in the frequenange from 1kHz up to 1MHz at different temperature
levels up to 146C. From which, the components values of Y- pararsetere calculated.
Figure (8) shows the Y- parameters as a functionsighal frequency plotted at two
temperature levels of 3T and 140C. It is clear from this figure that the obtainealues of
Y-parameters are greatly affected by temperatunati@ns, where the input admittance (Fig.
8a) increases by more than four orders of magnitudetduecreasing of temperature up to
140 °C, calculated at 1MHz. On the other hand, Fig.(8hpws that the susceptance
component of the output admittan@®s) increased due to increasing temperature, while g
decreased the matter which is due to the increase in dycaresistance values with
increasing temperature levelAlso, the susceptance component of forward andrseve
admittance values increase with increasing of ¢éneperature up to 14T, but g value was
shown to decrease .
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Fig.(8) Temperature effects on common-source adnu#s versus

frequency (—m— T=30°C,—A—T=140°C).

3.4.2 Radiation effectson common- source Y - parameters.

The effect ofy- radiation on common- source admittance valuese haeen
investegated. The frequency dependence of capeega®s Cyq and Gs were measured and
the values of admittance were calculated and plditfore and aftey- exposure up to 100
kGy (Fig. 9). From which it is quite observed thditthe device admittances are a decreasing
functions of y- exposure up to 100 kGy.

Also, it is clear that the effect of radiation dwtinput and reverse admittances was much
higher, wherever the devices operate at high frecpkevels (Fig.9a,9c). The conductance
components of the output and forward admittances wleown to be more sensitive to
irradiation, where theeduction in gsand g values are shown in Fig. 9b,9d.

The large decrease in admittances valuetaye exposure is mainly attributed to the
reduction of inter- terminal capacitances, trangdcatance and ac resistance of JFET due to
y- exposure[12,13] .
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( —m— before irradiation- A— Dose= 100kGy ).

3.5 Investigation of Intrinsic Cutoff Frequency under I nfluence of
Temperatureand y- Radiation:
The cutoff frequencyth was calculated for JFETs using DC measurementitsesu
applying the following equation [14]:
fo= Gno/2n (Cyst Cga)
Since go, Cys and Gq are all functions of temperature,
temperature can be easily obtained.

then the depeceleof fp on
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Fig.(10) Cutoff frequency versus bias voltage claltad at different temperature levels.

Figure (10) shows the dependence @f 6n the voltage bias calculated at different
temperature levels. It is clear that for bias \gdtaralues less than 0.4 Volt, the temperature
effect is shown to be insignificant. But for high@as voltage value;§ dropped from 47
MHz down to 5 MHz, measured at bias voltage of W@t due to temperature increase,
where as an exampleyfdropped from 47 MHz, measured at®@and 0.8 Volt. Down to 5
MHz (measured at 14 and 0.8 Volt).

Finally, fo was calculated before and aftgr exposure (Fig.11). It is clear thab f
value increase aftgr exposure up to 100 kGy.
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Conclusion:

From the experimental results,lysis, and discussions, it could be concluded that
operation of JFET devices at different elevatedpemrature levels, or exposediytoradiation,
a pronounced changes on the C-V characteristicgsiqai parameters of gate- source
junction, common- source Y- parameters, and cuteffuency are noticed. The results show
that the input capacitance is a function of temipeeaandy- radiation when measured at
small bias voltage and low frequency bands. Alke, Y-parameters are greatly affected by
temperature and- exposure. Finally the temperature apdradiation effects on+§ is
significant at higher bias voltage values.
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