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Drain Current

The operation of field effect transistor can best be explained

by using the characteristics shown in Figure 8. From the drain

Drain Voltage Gate -0- Voltage
FIGURE 8: Typical (a) drain characteristic and (b) transfer characteristic

of FET.
characteristic, it can be seen that the drain current is dependent upon
the drain to source (Vw) and the gate to source (Vs.) voltages. The
dependence upon gate to source voltage is better demonstrated by the

!

transfer characteristic., It can be seen that for a give VIB there
is a negative gate to source voltage at which drain current ceases to
flow. This voltage is known as the "pinch off" voltage. This voltage
corresponds to a fully depletéd channel, that is when the depletion regions
from both sides of the gate meet and “pinch-6ff" the drain current.
As the gate to source voltage is increased above this voltage, the
depletion regions retract, returning more and more of the channel to
conduction. This process continues until the depletion regions become
nonexistent, approximately 0.8 volts forward bias. At this point the
drain current saturates due to the extremely high gate resistance which

prevents any conductivity modulation due to injected carriers.
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TITLEVe - 1o characteristic of ™M TO9 showing (2- linearity

HORIZONTAL

Quantity vc

Sensitivity 0.5 v /em

VERTICAL
Upper Trace

Quantity Ic

Sensitivity 0.1 ma /cm
Lower Trace

Quantity Ip = .00l ma/step

Sensitivity = /em
TITLE V. - I, characteristic of M 709 showing Vg sat
HORIZONTAL

Quantity Ve

Sensitivity 0.2 v /cm
VERTICAL
Upper Trace

Quantity In

Sensitivity_0.5 me /em

Lower Trace

Quantity -

|Sensitivity - /em
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TITLE Lo

- Vgg characteristic of ™ T09 showing base conduction

HORIZONTAL

Quantity  'me
0. 1 v

Sensitivity ~-- /om

VERTICAL
Upper Trace

Quantity, Ig

Sensitivity 0.1 ma Jem

Lower Trace

Quantity

Sensitivity /em

TITLE Switching characteristic of ™M 709 showing rise and fall

time

31

HORIZORTAL

Quantity time

Sensitivity 50 nsec  /em
VERTICAL
Upper Trace

Quantity Ve

Sensitivity 50 mv /cm
Lower Trace

Quantity Vag

Sensitivity 20 mv /em




TITLE Switching characteristic of FM 709 showing storage time

HORIZONTAL

Quantity time

Sensitivity 100 nsec om

VERTICAL
Upper Trace

Quantity Vo

Sensitivity 100 mv /em
Lower Trace

Quantity VI

Sensitivity 100 mv /em

TITLE Switching characteristic of M 709 showing base emitter

recovery

HORIZONTAL
Quantity time

Sensitivity 5 nsec /em
VERTICAL

Upper Trace

I R R AR

Quantity Vg
Sensitivity 150 mv  /on

et

Lower Trace

Quantity -

e

Sensitivity - /em



TITLE_Switching characteristic of ™ 709 showing base collector

recovery time

TITLE

HORIZONTAL

Quantity time
Sensitivity_ S nsec cm

VERTICAL
Upper Trace

Quantity vcE

Sensitivity 150 mv /em

Lower Trace

Quantity

Sensitivity ~ /em
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HORIZONTAL
Quantity
Sensitivity /em

VERTICAL

Upper Trace
Quantity
Sensitivity /om

Lowver Trace

Quantity
Sensitivity _ _ /em




TITLE Primary photocurrent of M 709 subjected to 5 x 106 r 'sec

with V. = 10 volts

HORIZONTAL

Quantity time

Sensitivity 100 nsec /em

VERTICAL
Upper Trace

Quantity X-ray pulse

SensitivityL_/c.

Lower Tracc

Quantity I:‘m
Sensitivity 0.0002v /em

TITLE Primary photocurrent of FM 709 subjected to 2 x 1010 r/sec

with V.. = 30 volts

HORIZONTAL

Quantity time

Sensitivity 100 nsec /op
VERTICAL
Upper Trace
Quantity Linac pulse

Sensitivity 0.1 v /em
Lower Trace

Quantity Iop

Sensitivity 0.2 v /em
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TITLE V. - I, characteristic of FM 915 showing B 1linearity

Al

HORIZONTAL

Quantity Ve

Sensitivity 1 v /em

VERTICAL
Upper Trace
Quantity, I
Sensitivity_ 0.5 ma /em
Lover Trace

Quantityl;, = 0.005 ma/step
Sensitivity - /em

TITLE V. - I. charecteristic of FM 915 showing Vo sat

HORIZONTAL
Quantity Ve

Sensitivity 0.l Vv /em
VERTICAL

Upper Trace

Quantity I

Sensitivity 0.02 me  /em

Lower Trace

Quantity >

Sensitivity - /em

38




TITLE I, - Vyp characteristic of FM 915 showing base conduction

HORIZONTAL

Quantity Vee
Sensitivity 0.1V /em

VERTICAL
Upper Trace

Quantity I,

Sensitivity 0.1 ma /em
Lower Trace

Quantity -

Sensitivity - /cm

prrLe  Switching characteristic of FM 915 showing rise and fall

time

39

HORIZONTAL

Quantity time

Sensitivity 20 Dsec  sop
VERTICAL
Upper Trace

Quantity Ve

Sensitivity 20 mV /em
Lower Trace

Quantity Vg

Sensitivity 20 v /em




TITLE_ gwitching characteristic of ™ 915 showing storage time

HORIZONTAL

Quantity time

Sensitivity 200 nsec  /cm

VERTICAL
Upper Trace

Quantity V.

Sensitivity 100 mv /em
Lowver Trace
Quantity \I4

Sensitivity 100 mv /em

TITLE Switching characteristic of M 915 showing base emitter

recovery time

HORIZONTAL

Quantity time

Sensitivity 25 nsec em
VERTICAL
Upper Trace
Quantity Vag

Sensitivity 150 mv /em

Lowver Trace

Quantity -

Sensitivity - /em

ko -




TITLE Switching characteristic of ™ 915 showing base collector

recovery time

HORIZONTAL

Quantity time

Sensitivity 25 nsec cm

VERTICAL
Upper Trace

Quantity___ VoB

Sensitivity 150 mv °om
Lower Trace

Quantity -

Sensitivity - /em

HORIZONTAL
Quantity

Sensitivity /cm

VERTICAL

Upper Trace
Quantity
Sensitivity /em

Lower Trace
Quantity
Sensitivity /em

b1




TITLE Primary photocurrent of FM 915 subjected to 6.5 x 106 r/sec

with V., = 10 volts

HORIZONTAL

Quantity time

Sensitivity_ 100 nse /om

VERTICAL
Upper Trace

Quantity X-ray pulse

Sensitivity 0.5 V /em
Lower Trace

Quantity Tj:p

Sensitivity 0:001 V  /em
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prrLe  Primary photocurrent of FM 915 subjected to 2 x 10 r/sec

with Vc = 10 volts

HORIZONTAL

Quantity time

Sensitivity 200 nsec /em
VERTICAL
Upper Trace
Quantity Linac pulse

Sensitivity 0.l v /em

Lower Trace

Quantity .

Sensitivity 1.0 v /em

L2












TITLE Vo - I. cheracteristic of 2N2222A showing } linearity
-

HORIZONTAL

Quantity Ve

Sensitivity 5v =~ /em
VERTICAL
Upper Trace
Quantity I,
Sensitivity 20 ma /em

Lower Trace

Quantity -

Sensitivity - /em

TITLE V., - I. characteristic of 2N2222A showing Vo sat

HORIZONTAL

Quantity ye

Sensitivity 0.05 v /em
VERTICAL

Upper Trace
Quantity T

Sensitivity 20 ma Jem
Lower Trace

Quantity -

Sensitivity --° /em

L6



TITLE I. - Vap characteristic of 2N2222A showing bese conduction

HORIZONTAL

Quantity Vop

Sensitivity 0.1V /em
VERTICAL
Upper Trace
Quantity Ic
Sensitivity 2 ma /em

Lower Trace

Quantity -

Sensitivity - /em

TITLE__ Switching characteristics of 2N2222A showing rise end fall

time

HORIZONTAL

Quantity time

Sensitivity 100 nsec /em
VERTICAL
Upper Trace

Quantity Vo

Sensitivity 100 mv /em
Lower Trace

Quentity Vg

Sensitivity 100 mv /em




TITLE

Switching characteristic of 2N2222A showing collector base

recovery time

TITLE

HORIZONTAL

Quantity time

Sensitivity_Zﬁ-r_l_aec em

VERTICAL
Upper Trace

v
Quantity &

Sensitivity 150 mv /em

Lowver Trace

Quantity -

Sensitivity- /em

k9

HORIZONTAL

Quantity

Sensitivity /cm

VERTICAL

Upper Trace
Quantity

Sensitivity /em
Lover Trace

Quantity

Sensitivity /em
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TITLE Primery Photocurrent of 2N2222A subjected to 6.0 x 10 r/sec

with Vo = 10 volts

HORIZONTAL

Quantity time

Sensitivity 100 nsec /em

VERTICAL
Upper Trace

Quantity X-ray pulse

Sensitivity 0.5 v /em

Lower Trace

Quantity Epn

Sensitivity .00l v /em

TITLE Primary photocurrent of 2N2222A subjected to 8 x 109 r/sec

with V, = 10 volts

HORIZONTAL

Quantity time

Sensitivity 100 nsec /oy
VERTICAL

Upper Trace

Quantity Linac pulse

Sensitivity 0.1V /em
Lower Trace

Quantity Ipp

Sensitivity 0:2 V /em













TITLE V. - I. characteristic of 2N3303 showing B linesrity

HORIZONTAL
Quantity ¥
Sensitivity__l_j_ /em

VERTICAL
Upper Trace

Quantity, I

Sensitivity 2 ma /em

Lower Trace

Quantity T, 0.2 ma/step

Sensitivity - /em

TITLE V, - I, cherecteristic of 2N3303 showing V., sat

HORIZONTAL
Quentity Vo

Sensitivity O.l v /em

VERTICAL

Upper Trace

Quantity ' I

Sensitivity 0.2 me /em
Lower Trace

Quantity -

Sensitivity - /em
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TITLE I. - Vpp cherecteristic of 2N3303 showing base conduction

HORIZONTAL

Quentity Vo

Sensitivity 0.1V /em

VERTICAL
Upper Trace

Quantity )

Sensitivity 2 ma /em
Lower Trace

Quantity -

Sensitivity -~ fem

TITLE Switching cheracteristic of 2N3303 showing rise time

HORIZONTAL
Quantity time

Sensitivity 2.5 msec /em

VERTICAL

Upper Trace

Quantity Vo

Sensitivity 100 mv /em
Lover Trace

Quantity Vo

Sensitivity 200 mv /em
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TITLE Switehing characteristic of 2N3303 showing storage and

all time

HORIZONTAL

Quantity time

Sensitivity 20 nsec  /op

VERTICAL
Upper Trace

Quantity VC

Sensitivity 100 mv /em
Lower Trace

Quantity Vp

Sensitivity 200 ™V /em

preLy  Switching cheracteristic of 2N3303 showing base emitter

recovery time

HORIZONTAL

Quantity time

Sensitivity 5 nsec /em
VERTICAL

Upper Trace

Quantity VeE

Sensitivity 150 mv J/em

Lower Trace

Quuatity -

Sensitivity - /em
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TITLE Switching characteristic of 2N3303 showing base collector

recovery time

HORIZONTAL

Quantity time

Sensitivity 5 nsec /em

VERTICAL
Upper Trace

Quantity V e

Sensitivity 150 mv J/em
Lower Trace

Quantity -

Sensitivity - /em

TITLE

HORIZONTAL

Quantity

Sensitivity - /em
VEITICAL
Upper Trace
Quantity

Sensitivity /em
Lower Trace

Quantity

Sensitivity /em

5T



TITLE

6
Primary photocurrent of 2N3303 subjected to 7 x 10 r/seec

with V, =

HORIZONTAL

Quantity time

Sensitivity 100 nse Jem

e

VERTICAL
Upper Trace
Quantity X-rey pulse
Sensitivity 0-5 ¥ Jem

Lower Trace

Quantity Lo

Sensitivity ©-5 ™ /em

10
TITLE Primary photocurrent of 283303 subjected to T x 10 r/sec

with V, = 10 volts

HORIZONTAL

Quentity time

Sensitivity 100 nsec /em
VERTICAL
Upper Trace

Quantity Linac pulse

Sensitivity 0.1l v /em
Lower Trace

Quantity 1

nh.

Sensitivity 9.2 v /em












TITLE Ip - Vp§ characteristic of U 1323 FET showing linearity

of g,

HORIZONTAL

Quantity Vo

o

Sensitivity 2 v /em

VERTICAL
Upper Trace

Quantityv Ip

|

it

Sensitivity °-5 ma Joi

RS SRR

Lower Trace

Quantity Vgs = 0.2 v/step

Sensitivity & Jem

proLE Transfer characteristic of U 1323 showing variation of P

and V pinch-off

HORIZONTAL

Quantity Vs

Sensitivity -2 V /em
VERTICAL
Upper Trace
i S Quantity Ip
Sensitivity 0.5 ma /em

y Lower Trace
Quantity & = 3000 mhos at Vge = 0
f B Sensitivity - /em
- 4
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TITLE Primary photocurrent of drain to gate junction of U 1323

subjected to 2 x 10°0 r/sec, Vpe = 20 volts

HORIZONTAL

Quantity time

Sensitivity 100 sec /em

VERTICAL
Upper Trace

Quantity Linac pulse

Sensitivity 0.1 volt /em
Lover Trace

Quantity I!m

Sensitivity 0.5 v /em

TITLE

HORIZONTAL
Quantity

Sensitivity /em
VERTICAL

Upper Trace
Quantity
Sensitivity /em

Lower Trace

Quantity

Sensitivity /em
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TITLE I. - V.. characteristic of U 1324 FET chowing linearity of

"

HORIZONTAL

Quantity Voo

Sensitivity 2 v /em

VERTICAL
Upper Trace

Quantity .
F i

Sensitivity 0.2 ms /em

Lower Trace

Quantity V = 0.1 v/step

Sensitivity - /em

TITLE Tronsfer chargscteristic of U 1324 FET showing veristion

of gm 8nd V pinch-off

P

]

-
.
»

cheRRabine. oo

’

65

HORIZONTAL

Quantity Voo

Sensitivity 0.2 v /em
VERTICAL
Upper Trace

Quantity !gf

Sensitivity 0.2 me /em
Lower Trace

Quantity gm = 2000

mhos at V.

Sensitivity - /em

gs

=0




TITLE Primsry photoeurrent of drsin to gate junction of U 132k

10
subjected to 2 x 10° r/sec, \_I’L— 30 volt

TITLE

HORIZONTAL

Quantity time

Sensitivity 100 nsec cm

VERTICAL
Upper Trace

Quantity Linac pulse

Sensitivity 0.1 v /em

Lower Trace

Quantity _I'.ppi
Sensitivity 0.5 v fem

HORIZONTAL

Quantity

Sensitivity /em
VERTICAL

Upper Trace
Quantity
Sensitivity /em

Lowver Trace

Quantity
Sensitivity /em







TITLE I, - V... characteristic of SU 2¥o2 U8l pET unit A

showing linearity of gnm

HORIZONTAL

Quantity Vog

A bbb+

Sensitivity 2 v /em

VERTICAL
Upper Trace

.
B
-
.
+
-
.
<
-
+
-+
+
+

Quantity
e

Sensitivity 0.5 me /em

Lower Trace

QuantityV . = 0.2 v/step

Sensitivity - /em

TITLE I - V. _ characteristic of SU 2002 Dual FET Unit A

p 2
showing linearity of gm

HORIZONTAL

Quantity Vps

Sensitivity 2 v /em
VERTICAL
Upper Trace
Quantity Isz

Sensitivity 0.5 me /em

Lower Trace

Quantity Vg = 0.2 v/step

Sensitivity - /em
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TITLE Trensfer cherscteristic of SU 2002 dusl FET, Unit A showing

varistion of gm end V pinch-off

HORIZONTAL

Quantity VGS

Sensitivity 0.2 v /em

VERTICAL
Upper Trace
Quantity I‘p
Sensitivity 0.5 ms /em

Lower Trace

Quantity #m = 3500 mhos &t Vag = O

Sensitivity = /em

7rrLE  Trensfer cheracteristic of SU 2002 Dual FETUnit B showing

variation of gm and V pinch-off

HORIZONTAL

Quantity Vas

Sensitivity 0-2 V /em
VERTICAL

Upper Trace

Quantity I,

Sensitivity 0.5 ma /em
Lower Trace

Quantity &m = 3500 mhos at Vgs =0

Sensitivity -~ /em
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TITLE Primary photocurrent of drain to gete junction of SU 2002 Dual

FET Unit A subjected to 2 X 1010 r/sec U™ 20 volt
HORIZONTAL

Quantity time

Sensitivity 100 nsec /em

e

VERTICAL
Upper Trace

Quantity Linac pulse

Sensitivity 0.1V /em
Lower Trace

Quantity ID‘P

Sensitivity 2.0V _ /em

TITLE Primary photocurrent of drsin to gete junction of SU 2002

Dusl FET Unit B subjected to 2.5 x 106 r/sec V__ = 20 yolt

HORIZONTAL
Quantity
Sensitivity /em
VERTICAL
Upper Trace
Quantity
Sensitivity /em

Lower Trace

Quantity

Sensitivity /em

TO










TITLE Loy - Vo, Characteristic of 2N241T7 unijunction transistor

showing gain variation

HORIZONTAL

Quantity__ Vpopi

% 100 Sensitivity 2V = /em
3»‘ . VERTICAL
% B G 50 Upper Trace
m‘“ Quantity Liony
E, b | 20 Sensitivity 2 ma /em
* .
v 10 Lower Trace
5

QuantityR.ony = 6.3 Kohms

I.=0

ma Sensitivity = 0.58 /mm
Ry ~ 367K T = 263K

TITLE Primsry photocurrent of BS-E junction of 2N241T unijunction
10

subjected to 2.5 x 10 r/sec

HORIZONTAL

Quantity time

Sensitivity 100 nsec /em
VERTICAL
Upper Trace

Quantity Linac pulse

Sensitivity 0.1l v /em
Lower Trace

Quantity I;nrgn

Sensitivity 0.5 v /em

73




TITLE Primary photocurrent of B1-E Junction o1 2N2L1T unijunction
010

subjected to 3 x 1 r/sec

HORIZONTAL

Quantity time

Sensitivity 100 nsec /oy

VERTICAL
Upper Trace

Quantity Linac pulse
Sensitivity 0.1 v /em

Lower Trace

Quantity Ipp
Sensitivity_0.5 v /em

TITLE

HORIZONTAL
Quantity

Sensitivity [em
VERTICAL

Upper Trace
Quantity
Sensitivity /em

Lowver Trace

Quantity
Sensitivity /em

Th










TITLE _ I0n1-Vhon) characteristic of 2N2420 vnijunction transistor

showing gain varistion

100

50

1
3
3
b ¢
-
pe
=

L e

HORIZONTAL

Quantity thh]

Sensitivity 2 v /em

VERTICAL
Upper Trace
Quantity |
Sensitivity 2 ma /em
Lower Trace
Quantit = 6 Kohms

0
ma Sensitivity = 0.63 ¥=m
%1 = 3.T6K, Ry = 2.22K

TITLE _ Primary photocurrent of B.E junction of 2N2420 unijunction

subjected to 2 x 10°° r/sec

HORIZONTAL

Quantity time

Sensitivity 100 nsec /em

VERTICAL

Upper Trace
Quantity Linac pulse

Sensitivity 0.1 v /em

Lower Trace

\Y
i

Quantity . o

e

Sensitivity 0.5 v /em




TITLE Primery photocurrent of B_-E junction of 2N2420 unijunction

subjected to 2 x 100 r/sec

HORIZONTAL

Quantity time

Sensitivity 100 nsec cm

VERTICAL
Upper Trace

Quantity Linac pulse

Sensitivity 0.1l v /em
Lower Trace

Quantity ;équ

Sensitivity 0.5 v /em

TITLE

HORIZONTAL
Quantity

Sensitivity /em
VERTICAL

Upper Trace
Quantity
Sensitivity /em

Lower Trace

Quantity

Sensitivity /em

78






