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[ABLE4.T  Summary of the MOSFET Current-Voltage Characteristics

NMOS Transistor

|

Symbol:

S Usp = 0
Overdrive voltage:

Yoy = Ugs — V,

Ugs = V‘. + Ugy
Operation in the friode region:

Conditions:

@D vep2V, & upsSugs -V, S yps<u,y
i-v Characteristics;
: W 12
Ip = Uy Cor—| (15— V )ups - 5 Yps
L 2
For vps € 2vgs=V,) ©  ups < 2y,

U W T
Fps= _'&5‘ = ]/[ﬂncn,\'Z(UG.ﬁ‘_ VI)J

Operation in the saturation region:

Conditions:
(D) vg52V, & 95,20
(2) 'UGDé Vf — TJ'DSEUGS— V', =2 UDSEUOV

i-v Characteristics:

. 1 W
Ip = E#}rcmz(vcs = Vr)z(l + ”{'UDS)



#  Large-signal equivalent circuit model:
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Go———0 ? 0
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1 1 W
o ) G i (vgs = H)z To Ups
o o

vy O—o

1 % ZT] Vq
=t /1— — —_ = L5
]n [ z.uncm L(VGS VI) _5 [D
where
W 2
JTi!} — %.unco,\-_(VGS - Vr)7
Threshold voltage:
V! — Vr() * “f’{a,‘ijf + 'VSH B -\!2@_,")
Process parameters:
Cox = €010y (F/m’)
ki = 14,C. (AIV?)
Vi < (¥y/0) (Vim)
A=(1/V) (v'H
Y= J2aN,E/Coe (V')
Constants:
£y=8.854 x 107 F/m
£,.=3.96 =3.45x 107" F/m
g=11.7¢,=1.04 x 107° F/m
g=1602x107""C
PMOS Transistor
Symbol:
S S
o] o]
co——op  co—]
O Q
D D

e=)
i
=

Overdrive voltage:



TABLE 4.7 (Continued)

i-v Characteristics:
Same relationships as for NMOS transistors except:

Replace i1, k,,, and N, with ,, k ,, and Np, respectively.
V., Vo, Vi, 4, and yare negative.

Conditions for operation in the triode region:

(1) vGsSV, & vops0 & U2 Vi

@) vps2|V] © wvpsZugs—V: & UspS lvov|
Conditions for operation in the saturation region:

(1) 1<V, © vv<0 & vV

@) voes|V) & vpsSves—V. & UspZ lvov

Large-signal equivalent circuit model:

P

O O
+ -
1 W 2
UsG E f-‘-‘pcax 'L— (USG il |V;Do To Usp
Go——=0 5 D
T b

_ 1 w T |Vl
Fo = l:lz‘liﬁpca_r'i”(VSG_[VrI) ] = 7;7
where

1 . W 3.
ID e i'u'P(’OI_E{VSU—!VII )




TABLEA42 Small-Signal Equivalent-Circuit Models for the MOSFET

Small-Signal Parameters
NMOS transistors:

Transconductziice:

27
Em = .unCc}_r"“jVOV = QAHHC(H'E[D = L
L <L -
Output resistance:

ro = Vu/Ip = 1/,

Body transconductance:

Emp = XEm = e —
2/2¢,+ Vg

PMOS transistors:

gl?.i
Same formulas as for NMOS except using [Vgyl, [Va], (Al |7, [Vesl. and | X and replacing u, with p,,.

TABLE 4.2 (Continued)

Small-Signal Equivalent Circuit Models when iV =0 (i.e., No Body Effect)

D

G D 4
o—0 & 3 To

+

EmUps
Ugs o
—
S

Hybrid- model T models

Small-Signal Circuit Model when |Vs| = 0 (i.e., Including the Body Effect)

D
/ o
-+ =
Uys 7, Ups
Em vgs EmbYps
S

0 |

Hybrid-7 model




\BLE 4.3 Characteristic Parameters of Amplifiers
Circuit
Rsig i>_
e
z"sig i
Definitions

Input resistance with no load:

v."
=Y Rcut =
Rf = * vs]-g*=0
I; Ry=wa
Input resistance:
Ro=5

Open-circuit voltage gain:

U
A'U'ﬂ = _0
Y Ry=oo
Voltage gain;
A=Y - Open-circuit overall voltage gain:
v
U; G = Y
- - . v = —
Short-circuit current gain: Ugig[R,=o=
A= l_o Overall voltage gain:
lj RL=D G = &
Current gain: Usig
i
A =2
L
Short-circuit transconductance;
i
G,= 2
v Ry =0

Output resistance of amplifier proper:

vx
RaE.—




Equivalent Circuits

C:
Rsig
vsig Ui Rin
Relationships
U; - Rin : 6= Rin RL
vt;lg Rin + Rsig v Rin + Rsig “ RL + Ro
R R;
AU = Al’ﬂRw_L— G"(‘ = - v
Lt Ra Ri + Rsig
AT’U = GH!RO RL




TABLE 4.4  Characteristics of Single-Stage Discrete MOS Amplifiers

|

Common-Sourie

o,
Ry, = R;
Ry v = _3#:("0 I RD I R{,)
USig Roul = r() “ RD
G, = ——8 g (1, IR IIR,)
) R+ Rsig
Common-Source with Source Resistance
Neglecting r:
Rin = RG
A = RD”RL - gm(RD u RL)
) _I_ + RS 1+ ngS
Uy R gm
sig G
Rou: = RD
= G = RG gm(RD !E RL)
’ RG+Rsxg 1 +ngS
s |
v; I+g,R¢
Common Gate Vi
R,
i Ca Neglecting r:
I"u Rm o i
RL Ar- = gm(RD ” RL)
Rom = RD
= 1
= — g, (R, IR
Rr_-m G:’ 1+ ngsiggm( £ " L)

(Continued)




TABLE44  (Continued)

Common-Drain or Source Follower

VDD

Vs

H{)‘.Zi

Ry = Rg
A= A_.i“ﬁ_l
(R +—
m
Roy = 7l -2+
gl” gm
G,= RGR ro IRy
R 1Ry +

m




Model
gd

Go Ii

+

i e %

85 g5 o
. Em Vgs gmebs
s 5 ==C,

wo
WO~

Model Parameters

w W 27
Em = uunCC’ ZVUV = 2ﬂnc ; _ID =2 Cs'b -

' L Vov e Vss
= = Y Vo
Bms = ng Em

220+ Ve

r, = V,/I, /1+VDB
Vo

C

au a.x

Cye = BWEE,.5 WL

gs

ng = WLovCO.\' 2 :’T( ¢




TABLE 4.6 Summary of Important Characteristics of the CMOS Logic Inverter

Gate Output Resistance
When v, is low (current sinking) (Fig. 4.54):

psn = 1/|:k;:(%r)ﬂ(vuo“vm):l

When v, is high (current sourcing) (Fig. 4.55):

Fpsp = 1/[% (%j] (VDD—IV:;;|}:|
P

Gate Thresheold Voltage
Point on VTC at which v, = u

74 f'{ VDD = ‘V}pi) 1= Vm

iz

1+r
where
. /r‘«::,(W/L)E
Nk, (W/L),

Switching Current and Power Dissipation [Fig, 4.58)

_ 1, (W) (Voo g
fpeak - ikn (E)”(T - Vm)

PD = fCV:-JD

Noise Margins (Fig. 4.56)

For matched devices, that is, ‘LLH(E) = U (EJ :
L n & L P
Vrh = VD.ED/:2
Vg = é(3vob+ 2V)
Vig = é(SVDD—EV:)

NMy = NM; = {3V, +2V)

Propagation Delay (Fig. 4.57)
For V, = 0.2V,,:
P 1.6C
Tk (WL, Vi,

P 1.6C
P k) (W/L),Vpp




