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Two-Terminal MOS Structure @
* The heart of the MOSFET is the metal-oxide-  Gatc teminal b
semiconductor capacitor T S S
’T’\ Scmicu‘x‘\‘duclur S
* MOS capacitor with a p-type semiconductor i
substrate . gm .
= The top metal terminal is called the gate body terminal

= Holes experience a force toward the oxide- :
semiconductor interface l%

+ + + + + +

= Positive charge on the bottom “plate” of the e
MOS capacitor i /

Accumulation
layer of holes

Two-Terminal MOS Structure

* A positive voltage is applied to the gate s+ [5F
= Positive charges exist on the top metal plate
= Holes are pushed away from the interface
= A negative space-charge region is created I

* With a larger positive voltage -
= Minority carrier electrons are attracted to the

oxide-semiconductor interface f;l_—+_++1—
* The Electron inversion layer is induced + =
= The magnitude of the charge is a function of the f —-—
applied gate voltage

i
Gl |
f

p-type

Induced negative Electron
space-charge inversion
region layer



Basic Transistor Operation =~ =«
* With zero bias applied to the gate (G), T ‘ 1 T -

f—rL——

the source and drain terminals are
separated by the p-region

* Equivalent back-to-back diodes between

Substrate or body (B)

source and drain when the transistor is s D
in cutoff T -
* If a large positive gate voltage is applied h :
= an electron inversion layer is created at the s i D
channel region T _______ T

= n-source to the n-drain are “connected”

Substrate or body (B)

TNEE], MOS EFFBHHTESHAERERSOMRE, 18p & n BAREEE, M0
MBI EHESHM . XTREERIELAES E3ZARS KA, FMBNEX
"yaE"

Hrh, BEEMEROEHAENMER, BAHMUETAEIE.
Eban BB, @SS EBERKE p BARHEE 7 — n B4, e n iR
& MOSFET, n-channel Enhancement-mode MOSFET,

A4 HEsE A (Enhancement-mode)’? B 41X FE —F$ER & (Depletion-Mode)”,
TRBEENE EIEEFHEERERE, IR ST,

i
n-Channel Depletion-Mode MOSFET

* When a negative voltage is applied on the gate
= A space-charge region is induced
= The thickness of the n-channel region is reduced
* The drain current is reduced
= The drain current is zero when vgg — Vry

vgs =0 +Ups : Vin<vgs <0 +vpg ' vGs >0 +Upg
S G D 1 S G D 1 S G D
- - .
l ip | l ip | lin
] ]
o ! : 1 :
n? n* : nt T/ : n* n*
che | : ) : N Electron
SR I Depletion 1 accumulation
p-type : p-type region : p-type layer
I T A N |
! 1
Ui s e S it e v H

n YHIEFER A MOSETF

%ﬂz*&%‘r;ﬁlm IE! IB;F_**! mos %—El‘] GS ZIEJP\;ﬁEEJ:TlVas; \;ﬁjﬁEﬁ;}i{Eo



ETREBAMosE (nmos) FEHEEEHRIRIN:
I-V Characteristics

* Nonsaturation region or triode S
region
- vDS < vDS(Sat) Nonsaturation
= ip = Kp[2(vgs — Ven)vps — vDSZ] s < 1ps (st
* Saturation point
» vps(sat) = vgs — Vry
* Saturation region
« ip = Ky(vgs — Vry)?
» K, is the conduction parameter
= [p is constant, independent of v
TINEE mos EHAE AT MR
Vps 121 (IK1&), AIELL
Vest28lIp, BRIELE
VosTEE, VpslBin, K, FEBREK) I = KnWVes — Von)?
VDS = VGS - VTNET.I-, ID]\Z_\_EIJI[Z@,EFD (meS %%VDS = VSG + VTP)
FEIBFERL = Kn[2(Vas — Ven)Vps = Vs’

He, K, 2S58. BEF, BILCHRABNRR mos EMNYIEHET R!

B gﬂ,mﬁ.z#

in vps (sat) = vge— Vg

vGs) > Vin >0

o M e

BEEWE—HE:
ooy s Vyy | REUE

I Channel MOS %E’\]@ID?*’I"@%—/FE@,‘EO
nversmnm

charge R$ﬁ7ﬁ—ﬂ%¥%%1ﬁiﬁ’\], E?E%H#%iﬁki’@iﬁ

':J\IlIL' i 'l.”

S} ey T, AR, EVesERE g R
oo FRME pn E—BIAFERK
cplelion

egion - BERETNH-EREER

R
> RN S s R A RNRE ARk SN,

- I‘ ) -

p-type

17, B, KAERMARENE BEXR: K, =Ll (Y,
o, L ERERENSTABE, CERUNENEROAE WENERE, L2

HEKE .

witlE, RERZFEZGFERBER, MK, REENZFREMS, HiEH
BE, EERREU)N, BEEAC, HBHEBK,



FrbUK, = TR R 38, EFRTHA 2, BEREENM = Ka[2(Vas — Vin)Vos =

Vps | EEABANE £ 2 f9FME.

BB AR = Ka[2(Ves — VendVos — Vos®|, 28, EEZHHRMH.

Fid,

AR ALEBIN? —EAV W SR MBERS .

I-V Characteristics: Triode Region

* When vgg > Vpy and a small
applied vpg
= Constant thickness inversion layer
* As vpg increases

= The voltage drop across the oxide
near the drain terminal decreases

* The induced inversion charge
density decreases

*» The incremental conductance
decreases

vgs1 > Yy

Channel
inversion

Oxide

/ charge

~ ip .
) S

-—
F—0 Vpg

p-type

Depletion

region

~ |||—<

ip

vns

ip

-—
—4—0 Upg

™~ Channel

nversion
charge

I-V Characteristics: Saturation Region

* When Ups = Vgs — VTN

= The induced inversion charge
density at the drain terminal is zero
(similar to the case when v =

Vrw)

» The incremental conductance
decreases

= vpg(sat) = vgg — Vry

* When Ups > Ups(sat)
» Drain current i is constant
= Saturated region

Ups

HEANEBEMNRRINEEVps, WBEBRERZALXETN. —TTHRERHARE, REE
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EF B Ak BRI 6V = Vs — Ve X HE— B E A TSMRTHBIE? B
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. " mos EEY(BE)RmiREHE Ly
- )”JJEVX = Vas =0
p-type
I T
0
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HEABESEIs | TINEIR, REYVBEEEEEV v ERNESH VL 7).
RERHEASHIR., HRE h MVyaBR R NAE:

0 Vel Vss )
: \zVeh Vi 4
Jeo | {Qusr | | ] \
he / S
—L—a J’_a J’_g Vel Ve
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nmos # pmos X FEHEEH, REFMSIEARE. AX

HMAESEARNNAZEHR—MER, 7 —MEEHMIT,

EREIMOS &

X FRERBFIERE, AXHETHV Wy ARMBEETSAE. ERERTEARE
RN, XERA, AXFHERIV TV vEXR.

AT G—IRRAERB SRR ER, TR AFERERETNE T —1MWeso, HIH
Vs = O, REERRFE, RELIMNNV; < OEHEREABENREBEEA T,
MREL I Ves1E BV ey, BPARERFFIGREAERT . L& Vps Vs — Vrn

in vps (sat) = vgg— Viy D

: Ve > Upg
Nonsaturation G55 = VGs4

.

region, ——I /T
Ups < Upg (sat) I
[

Saturation region
e

Ilﬂ_\' > !'n_‘ (sat)

l ViGsa = VGsa

VGs3 2 VGs2

VGs2 > VGs)

vps (sat) = vgg— VTN

vGs2 = VGsi

F
I
I
I

vgs1 >0

vgs = 0

ves3 <0

Ve > V"r\ =1

VIn < VGss < VGs3
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Summary of Transistor Operation
4

Summary of I-V Characteristics

NMOS PMOS
Nonsaturation vps < Vps(sat) vsp < Vsp(sat)
region ip = Knl2(vgs — Vrn)vps — vps?] ip = Kp[2(vs + Vrp)vsp — vsp?]
Saturation . Vos > vps(sat) S _ ‘isz;( > Uso(Sili/t) ,
BEEECHl + A+ A D Kn(vgs = Vrn) lp = p(vsa + Vrp)
Transit  mmssmicul+at+s  7pg(sat) = vgs — Vpy vsp(sat) = vsg + Vrp
Enhance BERE Cul + Alt + O VTN >0 VTP <0
REENECrl + Alt + F
Deplet o EEmEEsSED VTN <0 VTp >0
Turn-on
vgs > V. ves <V,
Gate voltage GS TN GS TP

FEEEW, FEHE®

Finite Output Resistance [1B%0X (PR & )% H 55.BE ]

APRESN, EEE109 BE7i# 7 EESILAYE Z(?) (bl mos BRBHFER, RIFHAR
BT A, TiEHEERASHGRIEK!

BARXRENE?
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MXBREADE —BRHESRARH, BENKE LAEET !

Vci;g Vas V?S

R 72 V"SM 7 Vs = e

w

T T

w nCox =1 =1
RIBK, = =%, LERE, KEKX, Ip = Ko(Vos — Vrn) BEEZKT !

BEKERS .
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XM BRABIUEBRBREKRT, BERAREBREZAEHN(BRLHERK), FrIALRLEX
NREEHRT — M B, HENBTIEEUNEESHSENERMNILE:

Finite Output Resistance

ip = Kn[(vgs — Ven)?(1 + Avpg)]

* 1+ Avps =0, whenip =0
1 ip
—Vps=Vy = ]

* The output resistance due to the channel 7
length modulation is defined as: P

NS
o= avDS
He A ZaBEKERGSH.
HEMV, =, XHENAIRENTRA.

3 |
Slope = .

Vgs = constant

1
X
_ AV 1 ¥ | 1 Vga
== = ~~ =74

AL Ak (Ves=Vrn) Alpg Ipg

rore MOSFET /IMESENBEBIN—tE, ZEUFSRHE.

TEXMTERQ, 7o

EESULAEZIAARNEAERNXE, SHEREMEH2ILL.

Subthreshold Conduction

* For the n-channel MOSET biased in the ¥
saturation region, ip = K, (vgs — Vrn)?

£ \/g = \/K_n(vas = Vrn)

= \/ipis alinear function of vsg

Vip

* ip is not zero, when v is slightly less Experimental
than Vyy \

= Subthreshold current Y/—

= Significant power dissipation in the integrated Vin VGs
circuit

E—BHERATZHITUEHEIRE( V. ) FEH T



I-V Characteristics for n-channel JFET

* In saturation region, vps > vpg(sat) = vgg — Vp

* Ipgs is the saturation current when vgg = .O
= Vp is the pinchoff voltage

. Vp<0
. U63<0

EHBIN REE

H Y ZBIFEENBEI MOSFET, A(REEHMANEEEYMEBEILT!
LEIZBIR N BE T A AR PN 45 FET (PN JFET) 1€ 8- 54K FET (MESFET)

B E®H T PN IFET,

I-V Characteristics for Zero Gate Voltage

* As vp increases further

* The channel is pinched off at the drain
terminal

= Drain current will not increase
= Drain voltage at pinchoff is v s(sat)
s For Ups > UDs(Sat)

= The transistor is biased in the saturation
region

* ipisindependent of vpg

BERRAERAFTEERD L EXKEREE

BEHr0HAE

ESEIRNE FETHETRERRENV;, BEZRHEVsFERN.
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] e o
_[ o | o
= I p* | 'D
vgs=0
ip
S
// I& Saturation ___
| region
|
Upgs (sat) Ups
FriwRh I JFET AYIB, kM, BT .

G +
Usp
l ip
Q
D

I«——— Sawration region ———=

i

vGs =0

+1

"fl\\

+2

+3

A\

Vp KB (TRAN) B E .

2 S

Ups

. vsp
vgs2 Vp

P Y48 JFET
REVestt B RE

Ho, Iy = Ipss (1 - 25 SAARBEEWH, HIRFLRIEL = Kn(Vos — Ven)?

. vy
BARER, Ip = KiVos? (1 - 22) = g (1-
GS

Vgs

vrw)? — g A TO B
). MRESEREET.



MOSFET B E& B R 47

NN mos BRNELMRNEARL T, 1ZLEBET ., NIHS, REEE T LEFRE
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P oonhE

ip (mA)

0.30 / ,
Nonsaturation / VDs (5a) = Vs — Vin

25 region /
/
0.20 = /_Transition point

i Q-point

0,10 —7= 7
7 Saturation region \
0.05 | 7 : \ Cutoff
V.
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