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Figure 4.1 Physwal structure of the enhancement-type NMOS transistor: (a) perspectlve view; (b) cross-section. Typically L =0.1to 3 pum, W=02 to
100 um, and the thickness of the oxide layer (t,,) is in the range of 2 to 50 nm.
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Flgure 4.2 The enhancement—type NMOS transistor with a positive Voltage applied to the gate An n channel is induced at
the top of the substrate beneath the gate.
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Figure 4.3 An NMOS transistor with Vs> V,and with a small vps applied. The device acts as a resistance whose value is

determined by Vs Specifically, the channel conductance is proportional to v;;— ¥, and thus ip, is proportional to (v — V) vps.
Note that the depletion region is not shown (for simplicity).
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Figure 4.4 The i;;v/,; characteristics of the MOSFET in Fig. 4.3 when the voltage applied between drain and source, v,
is kept small. The device operates as a linear resistor whose value is controlled by v,
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Figure 4.5 Operation of the enhancement NMOS transistor as Vps is increased. The induced channel acqulres a tapered
shape, and its resistance increases as Vos is 1ncreased Here, Vis 1S kept constant at a VaIue >V,
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Figure 4.6 The drain current i, versus the drain-to-source voltage v, for an enhancement type NMOS transistor operated
with v, > V.
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Figure 4.7 Ihcreasing Vs causes the channel to acquire a tapered shape. Eventually, as v, reaches v ;— ¥, the channel is
inched off at the drain end. Increasing v,,; above v, — V, has little effect (theoretically, no effect) on the channel’s shape. : :
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Figure 4.8 Derivation of the i —Vps Characteristic of the NMOS transistor.
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 Exercise 4.2



 CMOS  Struchure

NMOS |  PMOS

Polysilicon

Thick 2 (isolation)

Figure 4.9 Cross-section of a CMOS integrated circuit. Note that the PMOS transistor is formed in a separate n-type
region, known as an n well. Another arrangement is also possible in which an n-type body is used and the n device is
formed in a p well. Not shown are the connections made to the p-type body and to the # well; the latter functions as the

- body terminal for the p-channel device.
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Figure 4.10 (a) Circuit symbol for the n-channel enhancement-type MOSFET. (b) Modified circuit symbol with an k

arrowhead on the source terminal to distinguish it from the drain and to indicate device polarity (i.e., n channel). (c)

Slmphﬁed circuit symbol to be used when the source is connected to the body or when the effect of the body on device
operatlon is ummportant
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Figure 4.11 (a) An n-channel enhancement-type MOSFET w1th Vs and v, applied and with the normal directions of
current ﬂow indicated. (b) The i VDs characteristics for a device with £’ L(WIL) = 1.0 mA/V2.
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Figure 4. 12 The IyVss characterlstxc for an enhancement-type NMOS transistor in saturatlon V,=1V,k’, W/IL=1.0

mA/V?).
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Figure 4.13 Large-signal equivalent-circuit model of an n-channel MOSFET operating in the saturation region.
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~ Figure 4.14 The relative levels of the terminal voltages of the enhancement NMOS transistor for operatlon in the triode
- region and in the saturatlon region.
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Figure 4.15 Increasing v, beyond v, causes the channel pmch-off point to move sllghtly away from the drain, thus

reducing the effective channel length (by DL)
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Figure 4.16 Effect of Vps on i, in the saturation region. The MOSFET parameter v, depends on the process technology
and, for a given process, is proportional to the channel length L.




Exercise 4.6
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- Figure 4.17 Large-signal equivalent circuit model of the n—chén‘nel MOSFET in saturétion, incorporating the output
resistance 7,. The output resistance models the linear dependence of ip on vycand is given by Eq. (4.22).
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Figure 4.18 (a) Circuit symbol for the p-channel enhancement-type MOSFET. (b) Modified symbol with an arrowhead on the source
lead. (c) Simplified circuit symbol for the case where the source is connected to the body. (d) The MOSFET with voltages applied and
the directions of current flow indicated. Note that v, and v, are negative and i, flows out of the drain terminal.
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Figure 4.19 The relative levels of the terminal voltages of the enhancement-type PMOS transistor for operation in the triode region
‘and in the saturation region. '




0 e o y




;Mmma/y

_ff S
S %gmﬁ
N C//\anne/ (/\/MOS)
s
Go %a:}?}
|

//7/» (/Aarm&/ ('77/405)
See e,?uo.:hoaf /2/260 —261 KX7rwos Vma}‘tovd/yz 26/~ 262

Tab"?k“‘"lk N»{e(n#cmrcl) Vé-" {_o'f'b///'a/i: +/V58/ “/()‘1}%{@ (u.kﬂ(nf?"/ce‘)

Y= (29M g N/, fwts)
& = s, duelectree co.\s.,cme 7€,




- Assignment #4 o

e
o
n 3.120 .

417
-~ 4.23
433




“‘ll:'

b 2

0x 10

i

f= 0.2A

SR S

P TIRAT




|,z

A

i
/ b

o,

L

=

Sy

"'A»J(/q"‘: N
7V

A
f 34

“dy

= [Sv=0-5,

—

33

Zl):

Gl el e

iz

N

“

@) Vp= 0-5¢




poopAle)t

,\/ \‘7!‘ )

,'” o

2} L
[24

Bl A

(re.
‘.ﬁ‘ /y_

L4

L
Z

v/,

- Ly &P

! w /A

7&

s

e

T,




@ e LY <

(¢ 50‘4“*/‘4"'0 2
(A) Sabrrateon

D= 7L A ()
=% GOA. 10(v,)"
l/ov ]SO
| ,'.vgﬁ: Vo + Ve
=-0s«(-l)=—|5
-V, o+ Vs |
‘5'-+§v-§:9v =3-Sy

(6) )\ ‘-" 0. Oa/\/ o Fo = ‘/AID

~ LD 7
: FlgureE48 / kf ""(Yo\/)
=% éoﬂA o (-s)" = TSuA
=

l-

Ve = —/lv

—
—

600 )/l;’ 0-5v e

,oozmsﬂ '.’ﬂ—; = Z-Ma

SOl

VotV = I S e condcts e Yy <+ ho
(b) Triode ryxion | ?*‘5 ZVy e VsV

— blleig (L) =

+

Vv

L

K,

W=l

é"\/{:" g-!'/vv,

+/y

—'D ot \/.D = +3V OV L o
(SM‘Q"\ d\edc a.éM)

J—D(?V> - lky S )0 0v,)
=30o/4A (@ -axo(:gs_.s))”

= 390/44( 25 Xi-o4) ,,
= 7 Guh o

Tp (0.) = 360pA (-25)(1- co,z(—»s>) ff
= 52-Suh

LA _(3-0)
AL G

= 2.0t
T ”::-:H—m




