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CHAPTER - 8 
 

THE ENHANCEMENT-TYPE MOSFET 
 

The p-channel MOSFET is  fabr icated l ike a p-channel dep let ion-type 

metal -ox ide-semiconductor f ie ld -ef fect  t ransis tor but  without a channel.  The p-

channel is created when the t rans istor is properly  b iased.  Such a t ransistor is 

referred to as  an enhancement mode p-channel MOSFET  o r s imply PMOS .  Let  

us now examine the construct ion of  a p-channel MOSFET or a PMOS. 

 

8.1 Fabrication of a PMOS  

The fabr icat ion of  a p-channel MOSFET begins with a base (usual ly  cal led 

the subst rate) that  is h ighly res ist ive n-type semiconductor.  The base forms the 

body of  the t ransistor.  Dif fused into the body are two low-res ist iv i ty p-type 

regions that  are separated by the n-type substrate as shown in Figure 8.1 .  Just  

l ike  any other FET, one of  the two p-reg ions is ca l led the drain  and the other is 

the source.  
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                Figure 8.1:  Structure of an PMOS 
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For the format ion of  the gate,  a th in layer of  s i l icon d iox ide is grown over 

the surface of  the n-type substrate .  A th in  f i lm of  a luminum is deposited over the 

insulat ing layer  of  s i l icon dioxide.  The aluminum f i lm then acts as the gate 

terminal as shown. By now you must have rea l ized the absence of  the p-channel.  

I t  is  not  created as par t  of  the device.  As the n-subst rate separates the two p-

type reg ions,  there is a very h igh resistance between the dra in and the source.  

Unless i t  is  properly b iased, the device is in  i ts cut -of f  mode .  For this reason, i t  

is also referred to as a normal ly OFF device .  On the other hand, the JFET and 

the DFET are both normal ly ON dev ices due to the presence of  the channel 

between the dra in and the source termina ls.  

The th in S iO2  insulat ing layer  is about 1500 Å. The tota l  chip  area 

requi red for  the fabr icat ion of  a FET is less than 5 square mi ls (1 mi l  =  one-

thousandth of  an inch) .  Just  fo r the comparison purposes, about 10 t imes more 

chip area is  need to manufacture a BJT. This  is the main  reason for  the 

widespread use of  FETs in the fabricat ion o f  integrated c ircui ts ( ICs).  

 

 
8.2 Operat ion of a PMOS 

 
In the fabr icat ion of  a PMOS t rans istor,  the gate is insu lated f rom the 

channel.  Therefore,  the gate current is negl ig ib le regard less o f  the  gate vol tage 

with respect to the source. For th is reason,  the PMOS is a lso referred to as an 

Insulated Gate Field-Effect Transistor ( IGFET).  

Let us f i rst  imagine that  the drain  and the source terminals are  held at  a 

common potent ia l  as shown in Figure 8.2 .  As the gate termina l is insulated f rom 

the channel by the si l icon diox ide layer,  le t  us apply a negative vol tage  at  the 

gate with respect to the source.  The appl icat ion of  the negat ive vol tage at  the 

gate with respect to the source (VGS )  pu l ls holes in to the reg ion between the 

drain and the source and pushes away the electrons.  Th is is due to  the capaci tor 

formed by the insulat ing SiO2  layer between the gate and the p-type substra te.  

As VGS  is  made more and more negat ive,  more and more holes (posit ive 
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charges) are  at t racted toward the gate .  These posit ive charges redis tr ibute 

themselves in the region between the dra in and the source in the form of  a th in 

layer .  Th is layer of  excess pos it ive charges is  cal led a p-type inversion layer .  

As soon as VGS  reaches a threshold voltage  (VT) ,  the ent i re reg ion between 

the drain and the source gets f i l led with the posit ive charges. Thus, a channel 

has been induced in the n-region just  below the gate .  The channel now 

connects the drain to the source. As a resul t ,  the conduct iv i ty of  the  region 

between the dra in and the source increases which,  in turn,  a l lows the current to 

f low f rom the source toward the drain when drain is  held at  a lower potent ia l  

than the source. Any further decrease in VGS  w idens the channel and further  

increases i ts conduct iv i ty.  This,  in  turn,  increases the dra in current (Note that  

the current enters at  the source, f lows through the channel,  and ex i ts at  the 

drain).   

The dra in current cont inues to increase wi th the decrease in the gate-to-

source voltage. S ince the negat ive gate vo l tage increases (enhances) the 

channel ’s conduct iv i ty,  the PMOS is  said to operate in i ts enhancement mode 

when the gate is  negative with respect to the source .  We can also say that  

the PMOS operates in the enhancement mode when the source is posi tive 

with respect to the gate .  
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Figure 8.2 Induced n-channel in a PMOS 
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 Let  us now app ly a negat ive vo l tage at  the drain with respect to the 

source (VD S )  as shown in Figure 8.3  wh i le the gate-to-source vo ltage, VG S ,  is  

less than VT ,  where VT  is  a negat ive vol tage. As soon as VD S  becomes less than 

zero,  there is a current  ( ID )  f rom the source toward the drain through the highly 

conduct ive channel.  However,  with the decrease in VD S  (or increase in VS D ) ,  the 

gate-to-drain vol tage increases which,  in tu rn,  resu lts in the decrease in 

channel ’s width near the drain te rmina l.  The channel ’s width near the source 

terminal remains the same as long as VG S  is  held constant.  The decrease in  

channel ’s width near the drain causes a decrease in i ts conduct iv i ty  and an 

increase in i ts  resis tance. As long as the channel exists between the drain and 

the source,  the dra in current increases with the decrease in the dra in-to-source 

voltage .  This is the l inear (or tr iode) region of operat ion of the PMOS. 
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 Figure 8.3 Channel modulation of a PMOS (when VS D  = VS D P )  

 

 

 



BG/DFET/PMOS-A/June  3 ,  2002   Chapter  –  8 /PMOS 5 

 As we cont inue to decrease VD S  (or increase VSD ) ,  the  channel ’s width 

near the dra in cont inues to d imin ish unt i l  i t  p inches of f  as shown in Figure 8.3 .  

This process is commonly referred to as channel modulation .  At  the pinch-o f f  

point ,  the drain-to-source vo ltage is referred to as the dra in- to-source pinch-of f  

vol tage  VD SP ,  which is  a negat ive quant i ty.  However,  we can refer to i t  as the 

source-to-dra in p inch-of f  vol tage (VSD P)  and then i t  would be a pos it ive quant i ty.  

The channel ’s width near the dra in is a lmost zero and the channels resistance 

becomes very h igh (a lmost inf in i te ).  Any further decrease in the drain-to-source 

voltage VDS  (o r increase in the source-to-dra in vol tage, VSD )  does not resu lt  in  

any apprec iable increase in the drain current.  The device has entered the 

saturation region .  In th is region,  VS D  ≥  VSD P .  Note that  VSD  and VSD P  a re both 

posit ive vo l tages, where VS D  is  the appl ied source- to-drain vol tage and VSD P  is  

the source-to-dra in p inch-of f  vol tage.  

 As VDS  is  decreased beyond VD SP (or VS D  is  increased beyond VS DP ) ,  

the drain current remains almost constant but  the channel modulat ion cont inues 

and the pinch-o f f  point  moves toward the source as i l lus trated in Figure 8.4 .  The 

trans istor cont inues to  operate in the saturat ion region as long as VSD  is  less 

than the breakdown vo ltage of  the dev ice.   
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Figure 8.4:  Pinch-off point as a function of  VS D  (when VS D  > VS D P )  
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Figure 8.5:   Transfer  characteristic of a PMOS         
    
  

8.3 Various Character istics of a PMOS 

 The transfer  characteristic  of  a PMOS is g iven in Figure 8.5  where i ts 

threshold  vol tage is  VT  (where VT is  a negat ive vo l tage) .  The data sheet on the 

t rans istor usual ly  prov ides informat ion on the thresho ld vo l tage and another 

point  on the curve as shown.  
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Figure 8.6:  Drain current family of  characteristics of a PMOS 
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 A typica l  fami ly o f  dra in current character ist ics ( )i.vsv DSD is  g iven in 

Figure 8.6  fo r a PMOS. Note that  the drain  current is a lmost zero for VS G  ≤  

|VT | ,  where VT  is  about -1.4 V. 

 

8.4 Schematic  diagrams for a PMOS 

 The four-terminal schemat ic d iagram for the p-channel MOSFET is g iven 

in Figure 8.7a.  The so l id l ine for the gate is separated by a broken l ine that  

shows the connect ions for the drain and the source. The space between the 

sol id and the broken l ines is for the channel and the broken l ine ind icates i ts  

absence. In other words,  the channel  is  yet  to  be induced. The arrow on the 

substrate  points  f rom the p-channel toward the n-type subst rate.  The fabricat ion 

of  the device creates a  pnp trans istor (not  shown) where drain is the col lector ,  

substrate  is  the base, and the source is the emit te r.   
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Figure 8.7:  Various symbols for a PMOS. 
 
 

In most app l icat ions,  the source and the substrate are connected 

together.  In fact ,  the manufacturer of  the dev ice may have al ready done i t .  The 

schemat ic for the three-termina l dev ice is shown in Figure 8.7b .  The pnp 

trans istor (not  shown) now acts as a reverse biased diode when the source is 

posit ive with respect  to the drain.  This paras i t ic d iode is a b less ing in d isguise 

when the t ransistor is used as a switch.   
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A somewhat s impl i f ied symbol,  Figure 8.7c,  is  a lso used where the 

broken l ine between the drain and the source further st resses the absence of  the 

channel.  The arrow now points in the d i rect ion of  the current f low in to the source 

terminal.  Once aga in,  the current enters the device at  the source and exi ts  at  

the drain af ter passing through the channel.  In order to be consistent with our 

nomenclature for the NMOS transistor,  we wil l  sti l l  refer to i t  as  the drain-

to-source current.  

 
 

8.5 BIASING OF A PMOS 
 

Since a PMOS operates l ike any other t rans is tor we have discussed so 

far,  i t  can be b iased using the same b iasing schemes. The PMOS can only be 

turned ON by applying a negat ive vo l tage at  the gate with respect to  the source. 

The gate-to-source vo l tage must be less than i ts th resho ld vo l tage. The P-DFET, 

on the other hand, has an advantage over the PMOS in the sense that  i t  can be 

biased at  the po int  where gate-to-source voltage is zero.   

The PMOS enters  the cut-of f  mode as soon as i ts gate-to-source vo ltage 

becomes equa l or greater than i ts th resho ld vol tage. Keep in mind that  for a 

PMOS, the thresho ld vol tage is  less than zero.  For example,  the typical  value of  

the thresho ld vo l tage may be about  – 1.0  V.  In order  to make the equat ions for 

the PMOS t rans istors to look exact ly l ike those for the NMOS transis tor (see 

previous sect ion),  we wi l l  use the abso lute value of  the threshold vol tage.   
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8.6 EQUATIONS FOR A PMOS 

The appropr iate equat ions for a PMOS are usual ly g iven in te rms of  the 

conduct ion parameter KP .  The conduct ion parameter depends upon the 

fabricat ion of  a  PMOS. I t  has been theore t ica l ly  determined that  KP  is  a funct ion 

of  the length and width  of  the channel,  the mobi l i ty of  the major charge carr iers 

in the channel ,  and th ickness o f  the SiO2  layer.   

In the equat ion form,  KP  is  g iven as 

L
W

C
2
1

K oxpP µ=  = 
L
W

2
k P  

where µp  is  the mobi l i ty of  the holes in the p-channel,  W is the width and L is 

the length of  the channel,  and Co x  is  the capacitance per uni t  area of  the SiO2  

layer .  I f  εo x  is  the permit t iv i ty  of  the S iO2  layer and tox  is  i ts th ickness,  then the 

capacitance per un it  area of  the SiO2  layer  is  

)m/F(
t

C 2

ox

ox
ox

ε
=  

The parameter oxpp Ck µ=  is  usual ly  a constant  quant i ty.  Therefore,  the 

conduct ion parameter KP  is  d i rect ly  proport ional to the width and is inversely 

proport ional to the length of  the channel.  The detai ls  of  SiO2  layer and the 

dimensions of  the p-channel (be low the layer)  are shown in Figure 8 .8.  
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  Figure 8.8: Detai ls of  SiO2  layer  
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Equations for a PMOS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

(a)  Cut-off Region 

SGv   ≤  |VT |  where   0VT <  

0iD =  

(b)    Operation in the Saturation Region: 

    VSD P   = SGv    -   |VT | 

        Condition:              SDv   ≥  VSD P  

    ( )2
TSGPD |V|vKi −=   

where  
L
W

k
L
W

C
2
1

K /
PoxpP =µ=  

and  oxP
/
P C

2
1

k µ=  

Transconductance: For small-signal analysis  

DQPm IK2g =  

(c)  Operation in the Linear (Triode or Ohmic) Region: 

   VSD P   = SGv    -   |VT | 

        Condition:              SDv   < VSDP   

 [ ] SDSDTSGPD vv5.0|V|vK2i −−=   

where  
L
W

k
L
W

C
2
1

K /
PoxpP =µ=  

and  oxP
/
P C

2
1

k µ=  
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Example 8.1:  PMOS Ampli fier  _________________________________ 
A common-gate ampl i f ier us ing a PMOS trans istor is g iven in Figure 8.9 .  The 

parameters fo r the t ransistor are KP  = 0.5  mA/V2 ,  and VT = – 1 V. The other 

parameters are RS  = 2  kΩ ,  RD  = 4 kΩ ,  RG = 100 kΩ ,  RL = 4 kΩ ,  and the 

interna l resistance of  the input s ignal is r s  = 0.5 kΩ  Determine i ts Q-point .  Also 

obtain i ts vo l tage, current and power ga ins.  What are  the input and output 

resistances? 
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 Figure 8.9:  Common-gate PMOS ampli f ier 

 

DC Analysis 

For the fo l lowing analysis,  a l l  resistors are in  kΩ  and al l  currents are in mA 

unless i t  is  ment ioned otherwise.  

The gate vol tage is  zero.  That is,  VG = 0  
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Let DI  be the current in the t rans istor,  then the voltage at  the source terminal is 

     DSDSSS I25RIVV −=−=      

The source-to-gate vo l tage: DGSSG I25VVV −=−=    

Assuming that  the PMOS trans istor operates in the saturat ion reg ion,  the current 

in the t ransistor  can be computed as 

     ( ) 2
D

2
TSGPD )1I25(5.0|V|VKI −−=−=  

The solut ion of  th is equat ion yie lds mA28.3ID =  or mA22.1ID = .  The drain 

current cannot be 3.28 mA because i t  fo rces the t rans istor to operate in the cut -

of f  region.  Therefore,  the only v iable solut ion  for the drain current is 1.22 mA. 

For mA22.1ID = ,  the source terminal vol tage and the source-to-gate vo l tages 

are 

     =×−= 22.125VS 2.56 V 

     22.125VSG ×−=  = 2.56 V 

The voltage at  the dra in terminal  is 

     12.0522.145IRV DDD −=−×=−=  V 

Thus, the source-to-drain vol tage is 

     68.2)12.0(56.2VVV DSSD =−−=−=  V 

The source-to-drain vo l tage at  the t rans it ion point  is 

     56.1|1|56.2|V|VV TSGSDP =−−=−=  V 

Since SDV  is  greater than SDPV ,  the t rans istor operates in the saturat ion region 

and our assumpt ion is  correct .  

Hence, at the dc operating point,  we have 

  .V56.2Vand,V68.2V,mA22.1I SGQSDQDQ ===  

The transconductance for the smal l  s ignal  analys is is 

  mS562.122.15.02IK2g DQPm =×==  
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Small Signal Analysis 
The equiva lent  c ircui t  for the smal l  s ignal ana lys is is g iven in Figure 8.10 .  
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 Figure 8.10: Small  signal model of  the common-gate PMOS amplif ier 

 

Let  us work out a l l  equat ions in term of  inv ,  the voltage across RS .  I t  is  evident 

f rom the f igure that  

     ings vv −=  

The smal l  s ignal current through the t rans istor is 

     inmgsmd vgvgi −==  

Thus, the output vol tage is 

     inacmacdo vRgRiv =−=    (8.1) 

where Rac  is  the equivalent  load res istance.  I t  is  the paral le l  combinat ion of  RD  

and RL.  That is,  Rac  = RD  | |  RL .  Since RD  = RL =  4 kΩ ,  Rac  = 2 kΩ .  From the 

above equat ion i t  is  ev ident that  the output vol tage is  in phase with  the input 

s ignal.   
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We can now determine the voltage ga in as 

     124.32562.1Rg
v
v

A acm
in

o
V =×===  

From the output vol tage expression,  we can obtain an equat ion for the output 

current as 

     in
LD

Dm

L

o
o v

RR
Rg

R
v

i
+

==  

The input current:    in
S

Sm
inm

S

in
d

S

in
in v

R
Rg1

vg
R
v

i
R
v

i
+

=+=−=  

Thus, the input resistance:  
Sm

S

in

in
in Rg1

R
i
v

R
+

==  

The current ga in:     ��
�

�
��
�

�

++
==

LD

D

Sm

Sm

in

o
I RR

R
Rg1

Rg
i
i

A  

Subst i tut ing mg = 1.562 mS, RS  = 2 kΩ ,  RD  = 4 kΩ ,  and RL = 4 kΩ  in  the above 

expressions,  we obta in  

     R i n  = 0.485 kΩ ,  or 485 Ω  

     IA  = 0.379 

Final ly,  the power gain :    == IVP AAA 0.583 

The output resis tance is s imply RD  = 4 kΩ .  

In order to compute the overal l  vo l tage ga in,  we have to express inv  in  terms of  

the input s ignal sv as 

     s
sin

in
in v

rR
R

v
+

=  

Subst i tut ing R i n  = 0.485 kΩ  and rs  = 0.5 kΩ ,  we obtain sin v492.0v = .  

Equat ion (8.1) can now be expressed as 

     sacmo vRg492.0v =  

Thus, the overal l  ga in:  537.12562.1492.0Rg492.0
v
v

A acm
s

o
VS =××===  
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8.7 PROBLEMS: PMOS TRANSISTORS 
 
8.1 A common-source  PMOS ampl i f ier c i rcu i t  is  g iven in Figure P8.1 .  The 

trans istor parameters are KP  = 0.8 mA/V2  and VT  = – 2 V. The 
resistances in the ci rcui t  are RS  = 2 kΩ ,  RD  = 1.2 kΩ ,  RG = 150 kΩ .  
Determine the dc operat ing point  and sketch the dc and ac load l ines.  
Compute the smal l -s ignal vol tage gain.  I f  the  input vo l tage varies 
sinuso idal ly,  sketch the output vol tage. 

 

SR

DR

sv

Ov

+ 15 V

- 15 V

  S

 G

 D

PMOS

GR

 
 
 Figure P8.1 
 
8.2  A common-drain  (source fol lower )  PMOS t ransistor c i rcui t  is  shown in 

Figure P8.2 .  The trans istor parameters are KN  = 0.5 mA/V2  and VT  = – 1 
V. The other res istances in the ci rcu i t  are  R1  = 260 kΩ ,  R2  = 40 kΩ ,  RL  = 
200 Ω ,  and RS  = 2 kΩ .  Determine the dc operat ing point  of  the t rans istor.  
Sketch i ts dc and ac load l ines.  Ca lcula te the smal l -s ignal vol tage, 
current,  and power gains.  Compute the input and output res istances. 

 
8.3  Determine the vol tage gain of  the ampl i f ie r shown in Figure P8.2  when 

the load resistance is removed. Under ideal condit ions,  the vo ltage gain 
should be unity.  What is the percent d i f fe rence between the idea l and the 
actual vo l tage gains? 

 
8.4  Repeat Problem 8.2  when the input s ignal has an internal res istance of  2 

kΩ .  What is the ef fect  of  the input res istance on the overa l l  vol tage gain 
of  the ampl i f ier? I f  you were g iven the l iberty  to change the ci rcu i t  
components,  what wou ld you do to min imize the ef fect  of  the source 
resistance on the voltage gain without chang ing the dc operat ing po int? 
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Figure P8.2 

 
 
8.5  A common-gate PMOS ampl i f ie r is g iven in Figure P8.5 .   The t rans istor 

parameters are KN  = 0 .5 mA/V2  and VT  = – 1  V. The other  resis tances in 
the ci rcu i t  are R1  = 120 kΩ ,  R2  = 80 kΩ ,  RD  = 1 kΩ ,  and RS  = 1.5 kΩ .  
Determine the vol tage,  current ,  and power ga ins.  A lso compute the input 
and the output res istances. 
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Figure P8.5 

 
 
 


