First Year 2015
Dr. Tawfik Namour



» Field-effect means that an electric field is established by the
charges present, which controls the conduction path of the output
circuit without the need to direct contact between the controlling
and controlled quantities

 FET is a voltage-controlled device while BJT is a current-controlled

device
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 FET are more temperature stable than BJT

e FET are smallert
suitable for IC chi

pS

2 types of FET wi

| be introduced:

nan BJT, making t

nem

®

— Junction Field-Effect Transistor (JFET)

— Metal-Oxide-Semiconductor Field-Effect ©

Transistor (MOSFET)
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Mohamed Osman
FETs are unipolar devices whereas BJTs are bopolar.
Unipolar because current flow is created by one type of carriers (either electrons for n-channel or holes for p-channel)

Mohamed Osman
JFETs are obsolete and MOSFETs are almost used everywhere nowadays.

MOSFETs have even higher input impedance and are more thermally stable.
 They can also be built smaller. n-channel MOSFETs do not need a negative gate voltage for control like n-channel JFETs. JFETs only work in depletion mode whereas MOSFETs can operate in both enhancement and depletion modes.

Gate leakage current in JFETs is order of magnitude higher than MOSFETs because although gate-to-channel pn junction is reverse biased there is still a very little reverse saturation current that accounts for a small negligible gate current.


 For n-channel JFET:

Drain (D)
Ohmic
contacts n-channel =
\
Gaée G) i g‘p n p
# Y & Drain
Depletion . Depletion
region region

Source (S)
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By applying voltage at the

JFET’s terminal (V55 =0V and

Vps = +ve values), some fiedliion
characteristic can be obtained region

For the n-type material,
electrons will be attracted to the
positive terminal of Vg
For the p-type material at gate, g s IP
holes will be attracted to the .
negative terminal and further +
away from the positive terminal

of Vps Vs =0V
As for that, depletion region will
become larger between the n-
type and p-type materials

Resistance will increase due to
narrowing channel
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When the +ve value of V¢ is
increased, the depletion
regions will become larger and
such that it seems to be
touching each otherand L __ _ _~£ _ _

+
Pinch-off

blocks the electron flows from

source to drain @ 1, /\ - i
The condition is called “pinch- Py W’ Vos = Ve
off” and the voltage at that = L S

point is called “pinch-off
voltage (Vp)”

But in reality, a very small
channel still exist and current
can flow through it with a very oS —
high density — the current (/)
IS maintained at saturation
level (/pps) =
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* From the experiment above, the characteristic below will be

obtained:
‘I | (O
D

Saturation level
VGS == 0' V

Increasing resistance due
to narrowing channel

n-channel resistance

0 Vp VDS
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Mohamed Osman
Why does saturation physically happen?

Simply because for a fixed Vgs and increasing Vds, the channel width keeps increasing at the drain side and hence its resistance keeps increasing. So you reach a point until increasing Vds basically increases the driving voltage and the resistance by the same amount making the current flowing constant at saturation level.


« ForVg<O0V:

 The characteristic obtained:

D)
{f_ A1 (mA)  Locus of pinch-off values
D
B -« [—
Ohmic | Saturation Region
Region |
‘bss 8 ' TYos=0V
; la=0A Ly
i .ca 0 / I
f
1V == 4 =TT Yos=-1V
+ ,"
Ves=—1V 31111
/
- > S I 1 4 4 / = VGS =-3V
Uy : Wos=-4V=1)
0 5 10 15 20 25 Yos(V)
= Vy(for V. =0V)
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Mohamed Osman
Three regions of operation—> Vgs is always less than zero for an n-channel JFET

1) Cutoff:  Vgs<Vp   (complete pinchoff regardless what is Vds)
I_D = 0

2) triode or Ohmic region Vp < Vgs <0 and Vgs-Vds = Vgd  > Vp

In this region for small Vds values, the channel width is pretty linear along the channel between the drain and source and the control voltage is only Vgs. JFET acts as a voltage controlled resistor.

R prop wth 1/(Vgs-Vp)
conductance prop wth (Vgs-Vp)
Hence
I_D = const* (Vgs-Vp)*Vds

Rds = [(2IDss/Vp^2) *(Vgs-Vp)] ^-1
Without derivation relationship in triode region

I_D = IDss * [2(1-Vgs/Vp)Vds/-Vp - (Vds/Vp)^2]

3) Saturation
Vp<Vgs <0 and  Vgs-Vds = Vgd <= Vp —> Vds >= Vgs-Vp

Locus of pinch-off values that separates triode and saturation regions is given by
Vds_sat = Vgs-Vp

I_D = IDss * (1-Vgs/Vp)^2
Locus at which Vds=Vds_sat
 I_D= IDss/Vp^2 * Vds^2 (parabola)



But for JFET characteristic, V in the circled region is said to be drop
In a parabolic manner

I,, (mA)

VGS=OV

Ves=-1V

VGS= -2V
VGS =-3V

15

20 25 Vis
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 As for that, the linear equation just like in BJT
characteristic cannot be applied

 However, Shockley’s equation can be applied
for that region resulting in:

2
%
]:]SS[_GSJ )
D D Vp

* where |pg5 — current drain to source at saturation level
Vg — voltage from gate to source
Vp — pinch-off voltage
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Mohamed Osman
Only in saturation which is the region of interest if operated as an amplifier


* V5g and |y points can be plotted using this
table:

VGS I D
0 / DSS
0.3V, Ipss/2
0.5V, Ipssl4
A 0
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 For n-channel JFET:

D
]G=O !
[, =1 2
G
( VGS\z IZD
]D :IDSS 1

—
o
N—

tho
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Mohamed Osman
Arrow indicates current direction in the gate-channel pn juntion if it were to be operated in forward bias


« Recall back from BJT's topic, for fixed-bias configuration emitter
terminal is grounded. Same for FET's fixed-bias configuration:

Vbp
R,
D
H oV,
G G
¢
S
Rg
Voo
il
= =
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16V
 Determine: ®
— VGSQ ’IDQ 2 kO
— Vps , Vp, Vg,V
When IG = O, VG =-2V oD
Due to source terminal is G ’II Ipss = 10 mA
grounded, so Vg =0V + Vp=-8V
V55 can be obtained: s _ds
VGS:VG_VS:—Z—OZ—zv —
Y
+

v 2 5 2 =
[, =1, ]1--65 =10m(1——j =5.625mA
v, -8
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Mohamed Osman
Change  Rd from 2kOhm to 1.5kOhm to ensure device is in saturation


16V
* For Vpg:
VDS:VD_VS:VD_O:VD e
D
Vp = Vpp —IpRp G Ipss = 10 mA
L ’I: Vp=-8V
—16-5.625mA*2kQ =475V Sima ¢ _b;
4 9y
S Vps =V, =475V i
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Self-bias configuration was introduced to eliminate the need for 2
DC supplies and a resistor was added at source terminal

The circuit:

Vop
ID,',
Ry
I
Dé 1t
G
w . ¢
1" ;
¢
V.
4 en -0 9
i iRS
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 Determine: I +
D
— VGSQ , IDQ ,VDS ’VD’ VG ’VS 3.3kQ
Ve V.
[S :[D === ’
R, 1k
G Ipgs =8 mA
Vg =1k, v
VGS
Vs=Vo Vs =0~k =-Iki T
1 MQ
Ve ) 1kT, st
D DSS VP ] ( - j — —-—

5.222.241 % —3.671,+8m =0
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« Solving the equation, we get:

O —biab2—dac  3.67+4/(=3.67)} —4(222.24)(8m)
P Da 2(222.24)
=13.93 mA and 2.58 mA

* Ip=2.58 mA s taken due to I = 13.93 mA is out of range because
the maximum value of |5 is I5gg Which is 8 mA
* When the value of |5 has been obtained, all the other value can be

calculated easily
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« Using the graphical approach to get the Shockley’s curve:

VGS IDD
oV Ipss = 8 MA
0.3V,=-1.8V Ihss/2 = 4 MA
0.5V,=-3V Ipss/4 = 2 mA
Vp=-6V 0 mA

» From the circuit, equation of Vggis: V. =—1kl
« Take two points for plotting:
—Iflg=0A, Vgs =0V D (0,0)
—Ifly =4 mA, Vgs = -4V D (-4,4m)
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* Shockley’s curve: « Vg equation from the circuit:

A I, (mA)
7
6
5
Device s N\J
3 |
T |
DSS
A e
| —11 | Vos =0V, I,=0mA
N . Lo .
—6 -5 -4 3 2 -1 [0 Vg(V) 8 -7 -6 -5-4-3-2-1 Vos (V)
(Ve) Vp
()
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Combining the Shockley’s
curve and Vg equation of the
circuit:

The Q-pointis at I = 2.6 mA
which is very close to the value
of |, obtained by using
mathematical approach

All the other value can be
obtained just as the same as in
mathematical approach

w = Lh O 1 oC

—_— N

-
b'--q
5

lIp,=2.6mA

0

=
Ves (V)
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* The circuit: » Gate terminal equivalent:

Vo
Rp
R
1 Ry G
I
| oV,
C2 *
1L
Vio ], t { lg=0
Cl

, — Etp ;
§R2 | Rs
R c,

Forl; =0, so Vg = Ey, no need
to calculate Ry value
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* First, calculate V:
Vs =16* 20k v é“ ‘
10pF
270k +2.1M i SRS

.+ ForVs —h & B8

]S = [D = VS = VS é

RS 15 k P §1.5k9 =-L.. 20uF
Ve =1.5k,

* 3o, for Vgg:

Vee=V.-V.=182-1.5kI,
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Using graphical approach to
confirm the value of |54

The Q-pointis at I =2.4 mA
which is very close to the value
of |, obtained by using

mathematical approach

All the other value can be
obtained after obtaining the int - ——-
value of I

| L
<4 B 4 23
(Vp) Vasp=—1.8V Vo=1.82V
(Ip=0mA)
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Calculating I using Shockley’s equation:

2 2
V. 1.82—1.5k1
I,=1,.|1-—| =8m|1- D
D DSS( ij ( 4 j

S 113kl ,* —9.731, +16.96m =0

Solving the equation, we get:

_—=b* \/b2 —4ac  9.73 J_r\/(—9.73)2 —4(1.13k)(16.96m)
2a 2(1.13k)
=6.18 mA and 2.43 mA

[D
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e The device:  The characteristic:

Breakdown
region
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« Configuration:

~Vop

 Characteristic:

Ip
Ipgs
Q-point
-
0 Vp Vs
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« MOSFET stands for Metal-Oxide
Semiconductor Field-Effect Transistor

 Metal-Oxide means there are metal and
silicon oxide (SiO,) involved in its
construction

» 2 types of MOSFET:
— Depletion-Type MOSFET
— Enhancement-Type MOSFET
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* n-channel depletion-
type MOSFET will be
discussed first

The construction is
the same with JFET
except the addition of
SiO, under the gate
terminal contact and
an n-channel
between two n-
material

Metal contacts

(Gate
G

n-channel

)\ Substrate
/ 4 <SS
n Substrate
n
A\
S \ n-doped
regions

(Source)
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Lets apply some positive
voltage connected to the
drain-source terminal
while remaining the gate
voltage to 0

Electrons will flow from

source to drain and this

will result in current flows |, _
from drain to source

The result will be the
same as in JFET and
saturation current will be
obtained when the pinch-
off voltage (Vp) is reached

G
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Now, lets apply some
negative voltage for gate
terminal

The negative voltage will
push the electrons in the
n-channel away from the
gate, thus the channel will
become smaller

In addition, the holes in p-
material substrate will be
attracted to the electrons
in the channel and the
recombination process
will take place, helping
the channel to become
smaller

Si0, layer

G

Ee\\g\.. +

e

Metal
contact

/A

Electrons repelled
by negative
potential at gate

n-channel

p-material
substrate

\ Holes attracted

e?\\\&%/

to negative
potential at gate
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 The characteristic:

A [, (MA) 1},
Y (P [ Vie=+1V
Depletion 10.9 GS
mode Enhancement
mode
______ ipss Vos =0V
Vg =-1V
b i e o o Ipss
T VGS -— '—'2 V
| ].Il.jﬁ VGS == VEP = _3‘ V
& —4V
| " =Y
~b=5 ~& ~3-2\1 8] 1 Vi 0 Viss

First Year 2015

Dr. Tawfik Namour

32



* As the Shockley’s curve applied for the
depletion mode, same goes for the
enhancement mode

* The Shockley’s equation will also be the
same, but for the enhancement mode,
positive voltage will be applied for Vg

* This will be difference between Depletion-
Type MOSFET and JFET characteristic
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« Sketch the transfer curve defined by |55 = 10
mAand Vp=-4V

» Obtain the four plot points that is in the depletion
region:

Ves Ip
oV 10 mA
-1.2V 5 mA
2V 2.5 mA
-4V 0 mA
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« Obtain the extra plot points that is in the
enhancement region (apply Vg5 = +1 V):

V i +1Y
[D:[DSS[ _%] =10m(1—_—4j =15.63 mA
P

VGS J D

+1V 15.63 mA
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Sketching:

Plotting:

—— e e e

36
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« Same with JFET’s fixed-bias configuration
except for the device is change to depletion-
type MOSFET device

* All the calculation are the same as in JFET,
but an extra point when plotting for the
transfer curve for positive value of Vg
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* Determine Ipq and Vggq
* Determine Vg

10MQ

First Year 2015
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All the calculation for voltage-divider bias configuration are all the
same as in JFET’s voltage-divider bias configuration

First, calculate V:

v, =18 — M sy
10M +110M

“. Vg = 7501,

So, for Vgg: VGS — VG — VS =1.5— 750[D
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Calculating |5 using Shockley’s equation:

2 2
[, = ]Dss(l—@j = 6m(1— 1'5_75011))

Ve, -3

~.3751,7 =5.51,+13.5m =0

Solving the equation, we get:

—brB —dac  5.5%4(=5.5) —4(375)(13.5m)
2a 2(375)
=11.55mA and 3.12 mA

[D
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« Even though it seems that the value |5 = 3.12mA is acceptable
due to the value I = 11.55mA has exceed the limit of 1555, but
remember that I can exceed I,5q for depletion-type MOSFET

 To make sure which value is acceptable, check the value by
inserting into the Vg5 equation:

V.. =1.5-7501,
For/, =11.55mA,V,, =1.5-750(11.55m) = —7.16 V

Forl, =3.12mA,V, =1.5-750(3.12m) =—0.84 V

* From the result above, for I = 11.55 mA, the V4 obtained has
exceed the limit of Vp = - 3 V. Thus, the value for I; = 3.12 mA
Is taken

First Year 2015 Dr. Tawfik Namour 42



« Using the graphical approach to get the Shockley’s curve:

VGS IDD
oV Ipss = 6 MA
0.3V,=-0.9V Ihss/2 = 3 MA
0.5V,=-15V Ihss/4 = 1.5 mA
Vp=-3V 0 mA

* For the extra plot point when Vg is a positive value, take Vg =
+1V due to Vp = -3V and when Vg is positive it rise more
rapidly

« Using Shockley’s equation, for Vgg = +1V, I; = 10.67/mA
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From the circuit, equation of Vg is: A1, mA)

V. =1.5-7501, 11

Take two points for plotting:
fVgs =0V, I =2mA= (0,2) i®
Iflp=0mA, Vg =15V, 2> (1.5,0) |

* The Q-pointis atl; = 3.1 mA
which is very close to the value
of |, obtained by using
mathematical approach
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Repeat Example 7.7 with Rg =150 Q
« The value of V is still the same due to V5, R, and R, are still the

same.Vg;=15V
 For Vg

V. ¥

Is =1 =%"=150
S

V. =1501,,

« Calculating I; using Shockley’s equation:
Veg =V, -V, =15-1501,

2 2
V 1.5-1507
I,=1,|1-—| =6m|1- D
D DSS( Vp] ( 3 j

S 151, =191, +13.5m=0
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« Solving the equation, we get:

—btb —dac  1.9%4(-1.9)* —4(15)(13.5m)
- 2a - 2(15)

=119.11 mA and 7.56 mA

+ It seems that both the value for I have exceed the limit of Iy4s.
Remember that I can exceed |5 for depletion-type MOSFET. To
make sure which one is acceptable, insert both value into the Vg
equation:

V.. =1.5-1501,
For/, =119.11mA, V., =1.5-150(119.11m)=—-16.37V
Forl, =7.56mA,V, ., =1.5-150(7.56m)=0.37 V

[D
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* From the result above, for I = 119.11
mA, the V55 obtained has exceed the
limit of Vp, = -3 V. Thus, the value for I
= 7.56 mA is taken

Notice that when | = 7.56 mA, the
value of V35 = 0.37 V. If the value of
Vs Is positive, it means that |5 is in the
enhancement region

This will be confirmed when obtaining
the values with graphical approach
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From the circuit, equation of Vggis: V. =1.5-1507,,
Take two points for plotting:
1fVgs =0V, I, =10 mA & (0,10) i ik
Ifly =0 mA, Vgs = 1.5V, S (1.5,0)

The Q-point is at I = 7.6 mA which is very
close to the value of I, obtained by using

mathematical approach. Notice that I is in
the enhancement region due to the positive
value of Vg

-===Ip,=76mA

—— e ————

Ve Vgs =+0.35 V
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Enhancement 1/ (MA) [ (mA)
mode
- 9 L
| ¥ IV
D Depletion
T2 mode
| o
T ' =0V
P
V= +1V
da K 5$ =2V
) V= HV
Vis Vo= 45V
> 7 >
Vs Vg
_ VES: VP =+6V
5 . . L
Construction Transfer Curve Characteristics
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Si0,

« As usual, n-channel o / /f;gﬂ,ﬂed
enhancement-type 7
MOSFET will be 7 e
discussed first Metallic

« The device is the S
same as depletion- - Substrate
type MOSFET, but G substrate =
notice that there is
no channel between |
the drain and -

source terminal \
A\

\ n-doped
S region
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Electrons attracted to positive gate
(induced n-channel)

/ /
[/

Region depleted of p-type
carriers (holes)

 Because thereis no
channel, so no current will
flow no matter what voltage
applied (Vpp) to the drain
and source terminal (I =0

for Vgg < Vi) et

* So, a certain voltage Ic= 0A o o+
(threshold voltage, V;) must . . — F Vos
be applied to the gate Vs - g -

terminal so that a channel
will develop and the current S
will flow between drain and
source terminal

Insulating layer  Holes repelled
_— by positive gate
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Pinch-off (beginning)
Si0, Depleuon region

By setting V5 higher than V;, a
channel will develop / /
As for that, when V4 (formerly @

known as Vpp) is increased, the

pinch-off situation will happen and D
a saturation current |55 Will be

obtained (same as in JFET and
depletion-type MOSFET) Ic=0A

Pinch-off voltage Vg g,y (formerly G
known as Vp) will became higher +
when Vg is increase due to the Vis == T
widening of the channel E
developed

The pinch-off or saturation voltage
obtain is defined by the equation: L’
Ig=1Ip

VDS(sat) =V = V7 [ ’

(e

e p-type Ve —=
T substrate Ds =T
€
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» The characteristic of the enhancement-type MOSFET would be:

A I, (mA) Locus of Vpg
11 — ,/
10 I! VGS - +8 V
9
8
6
5 Ves=+0'V
4
3 VGS =+5V
3
1 VGS =4+4V
: : : . VGS =+3V o
0 10V 15V 20V ISV > v

VGSZ VT=2V 25
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» The transfer curve is not define by Shockley’s equation anymore. It
is defined by the equation:

I, =k(Vgs =V, ) for Vs 2V,

« Where k is defined by: Lpiom
k — on

(VGS(on) _ VT)Z

« The term (on) means that the values where the device has reached
its saturation level

» As for the example of the characteristic curve given, the (on) values
are Vggon=1+8V where Iy, ,,=10mA or Vg, =+7V where I, =7mA
or Vgson=t6V where I ,,=4.5mA or any other values that have
reached saturation level
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Usually, we take the highest saturation level shown in the graph
So, the value of k for the characteristic example given above is:

[D(on) 10m
k= —
(VGS(on) B VT)Z (8 - 2)

Notice the unit of k is in mA/V2 because the numerator is current and
the denumerator is voltage?

So, the |, equation for this example will become:

~=0.278 mA/V*

1,=0278m(V  —2)
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* Plotting all the Vg4, from the characteristic curve, the transfer

curve can be obtained:

AL, (mA) Al (mA)
10 - Vg=+8V

9l

8 -

7 VG.S' =+7V

6 —

B Vos=+6V

4 L=

& VG.S' =45V

'2 -

|1 — VGS =4+4V

| } } VGS =+3V X
0 1 15 20 25 Vo
VGS =] VTE 2 V
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— Plot the transfer curve for the device that have the
characteristic of:

— Firstly, for Vg < 4, all I, will be 0 A ,
I,=0.5m(V, ., —4)

— Taking one step after the point of V4, Vg5 = 5 V resulting in

I,=0.5m(V,—4f =0.5m(5-4) =0.5mA

— Next, one step after that, Vg5 = 6 V, resulting in:
1,=0.5m(V,,—4) =0.5m(6-4) =2mA

— Continue the steps until to an appropriate value
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* Plots the transfer curve:

A1, (mA)

Vas Ip °r

5V 0.5 mA L

6V 2 mA sp

7V 4.5 mA L

8V 8 mA 2
R
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I, =1
[, = k(VGS — V.. )2 for Vg =2 V.
k _ ID(on)

(VGS(on) - VT )2

(=)
o
=
-~
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« Although the fixed-bias, self-bias and many
more bias configuration can be applied to
enhancement-type MOSFET, but there only

two biasing that is very popular for this kind of
MOSFET

 Those 2 most popular bias configuration are:
1. Feedback-bias configuration

2. Voltage-divider bias configuration
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-0 Vo

As the situation |5 = O still applied, the resistor Rg will be ignored resulting in
the drain and gate terminal to have the same voltage (Vs = Vp)
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1 uF
S 1o Ihon) = 6 MA
[, \l +
) L H Vason = 8V
V., =3V

For the enhancement-type MOSFET’s equation, the value of k have to be
obtained first:

koo pem _ OM Ay
(VGS(on) _VT) (8_3)

the I, equation for the device: 1, = O.24m(VGS - 3)2 forV, =3
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V, =V, =12-2KI,

* Inserting the V55 equation into the device equation:

Vg =V, =V, =12-2kl, -0=12-2kI,

I,=024m(V o —3) =0.24m(12—2kl, —3) = 0.24m(9 -2kl )
= 0.24m(81 — 36kl , +4MI )’ ): 19.44m —8.641, +9601 ,°
~.9601,” —9.641, +19.44m =0
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Solving the equation, we get:

_—=b* \/b2 —4ac  9.64+ \/(—9.64)2 —4(960)(19.44m)
2a 2(960)
=7.25mA and 2.79 mA

Due to enhancement-type MOSFET doesn’t have limitation for
saturation current (Igg), the true value of | is the smaller one

]D

Ip, =2.79 mA
and V_ =12-2kl; =642V
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* For graphical approach,

several plot points have to be
obtained first:

For the bias line, only two
plot points are required:

]D — 024m(VGS - 3)2 fOI’ VGS > 3 VGS — 12 — 2k]D
3V 0 mA 12V 0 mA
oV 0.96 mA
6V 2.16 mA
[AY 3.84 mA
3V 6 mA
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* Plots all the device transfer curve and device representation points:

A Ip=mA

_ = =
Q = N

=|=
t:|%

LR T . S I e

el e, i i e

Ip,=2.75 mA —

I
7 & 92 10 11 12
(Vpp)

o
—
b
W
NN
Lh
o -
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Basically, the configuration
Is the same as in depletion-
type MOSFET, JFET or BJT
except the change of device
to the enhancement-type
MOSFET

All the calculation would be
the same except for the
transfer curve of
enhancement-type MOSFET
is different from those
depletion-type MOSFET and
JFET

TVDD
Rp
R, 5
IG=0A
& , O I
G
" VGS - s
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* Determine lpq and Vggq

T4O \"%
3kQ
22 MQ IDQ
D
+  2N4351
VGS (Th) = 5 V
! S 5 I gy =3 mA
+ _ at VGS (on) = 10 \%
Vesg — 0§
18 MQ
0.82 kQ
%
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— Determining Vg: V. =40* 18M =18V

18M +22M
— For Vg Vg =0.82klI,
— So, for Vgg: Ve =V,-V,=18-0.82kl,,

=0.12 mA/V?>

Determining k: k= Loon __dm -
(VGS(on) B VT)Z (1 0-— 5)

Inserting the circuit representation equation into the device equation:

1,=0.12m(V , —5) for V., >5

I, =0.12m(V  —5) =0.12m(18 - 0.82kI , — 5)
~.80.691,> —3.561, +20.28m =0
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Solving the equation, we get:

C—bx/b’—dac  3.56++/(<3.56)* —4(80.69)(20.28m)

2a 2(80.69)
=37.4mA and 6.72 mA

We take the smaller value: ID =0.72 mA

Ip

V., =18-0.82KI,
ForI, =6.72mA, V., =18-0.82k(6.72m) =12.49 V

I, =6.72mA
Vs, =1249V
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» Forgraphical approach, « For the bias line, only two
several plot points have to be plot points are required:
obtained first:

1, =0.12m(Vyg —5) for Vg >5 Vs =18-0.82k1 ),

Vs I Vas Ip
5V 0 mA 18V 0 mA
10V 3 mA oV 21.95 mA
15V 12 mA

20V 27 mA

25V 48 mA

30V 75 mA
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* Plots all the device transfer curve and device representation points:

30 —
V,
£:21.95
Rs 20
10
Ip =6 TMA[+————————————,
DQ :
Y L 5
0 5 10 : 15 | 20 25 Vs
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* Itis the complement to n-channel enhancement-type MOSFET
« All the current flow will be in the opposite direction

« Although the current direction is reverse, however the current
equation are still the same (just like in JFET and depletion-type

MOSFET)
« p-channel enhancement-type symbol:

g_J%@ss or Ef_léj

S
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Ay (mA) | /, (mA)
g Vyg=—6V
7
6
— 5
Vyg=-5V
—4
—3
12 Vos=—4V
! Vg=-3V
| | | | . -
6 5 4 3 -2 -1 [0 v v
V. R Vos=Vr=-2V s
Construction Transfer Curve Characteristics
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« Combination of BJT and FET device in a circuit

 Firstly, recognize both of the devices and their
current flows

« To make the calculation simple and easier to view,
transform the circuit into the equivalent form to avoid
complexity

« List down all the important relationships that involve
for both of the devices

« Start with approaching the device that is closer to the
ground (bottom device)
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* Determine V and V.

16V

2.7kQ

OV

82 kQ

Vp=-6V

1 MQ oV

24 kQ
1.6kQ

M

=
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* We know that for the JFET device, |5 = 0 making the resistor
Rg = 1 MQ useless and can be remove from the circuit

« By analyzing the circuit, we notice that the configuration is a
voltage-divider bias for both the JFET and BJT device

* Due to involvement of BJT, we have to check BRg 2 10R, to
use the approximate analysis

« As for BRg = (180)(1.6k) = 288k and 10R, = 10(24k) = 240k,
situation BRg =2 10R, is satisfied and we can use approximate
analysis for this configuration

« Obtaining the E;:
24
24+ 82

=3.62V

“Ep, =16*
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« Transforming the circuit into its equivalent form:
16V

2.7kQ

.MVD

! |: Vp = -6V

— E=3.62V
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« By approaching BJT (bottom device) first, we know Vg = 0.7
« From earlier calculation, we got E; 16V
« Obtaining Vg: ;:

TkQ

Ve =1 *R, =(B+1)[, *R = -

1811, *1.6k = 289.6KI | T

V =-6V
« Obtaining I from Vg = 0.7: I:
VBE — VB — VE =0.7 T Em=362V B =180
1.6kQ
0.7 =3.62—289.6kI, g
-1, =10.08 pA 1.
- w
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« From the circuit, |5 is not really important but | is very important
because

le=1ls=1p
» As for that, obtain I;:

I.=pBI, =(180)(10.08) =1.81 mA
* Knowing the value of |5, V can be obtained:

2V, =16-1,%2.7k=11.11V
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» From the configuration, we notice that Vq =V
« By obtaining Vg for the JFET, the value of V4 can be achieved:

Vo=V.-V,=3.62-V,=3.62-V,

2

.
Iy =1 1--5

D DSS[ VP]

2
1.81m:12m(1—3'62_VCj

—6
V=729V
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* Determine V;:

16V

3.6 kQ
470 kQ

{ B =80

—s |/

-I: V =-6V
§ 24kQ

w
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Approaching the JFET (bottom device) first, obtain V55 to be used
with Shockley’s equation:

V.=0
"
[ =] =35
DTS 04k
SV =24k,

Vg =V, =V, =0-2.4kl, =-2.4k] ,
2 2
V — 2.4kl
I[,=1,,|1-—2| =8m| 1-——2=
D DSS( VP] ( _4 j
A, =1.06mAandV . =-2.54V
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« From the configuration, we notice that +—o016V
Ip = Ig
« Thus, Iz can be obtained: TR §3-6 kQ
Ip=1;= (IB+1)]B
1.06m =811, { -
o1, =13.09 uA -

 The base voltage is equal to::

V= 16-1,%470k=985V [T e

As for V = Vg, the value can be
obtained from Vgg = 0.7

Ve =V, —V, =V, —V, =9.85-V, =0.7
LV, =915V
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