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CMOS Process:

p-substrate
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Simple MOS Large-Signal Model:

3 regions of operation:

Cutoff Region:
ip =0, Vg — Vry < 0 (ignores subthreshold current)

Linear, Triode, or Non-saturation Region:
o CoxW V
== l(Vas —Vry) — (%)] Vps, 0 <Vps < Vs — Vg

ip =

Active or Saturation Region:

- ﬂcﬂxw
Ip = : (Ves — Vep)?®, 0 < Vg — Vo < Vpg

1, = surface mobility of the channel for the n-channel or p-channel device (cm?/Volt.Sec)
Coy = :’”x = capacitance per unit area of the gate oxide (F/cm?)

ox

o= permittivity of S102 =3.9*8.854e-14 (F/cm)
t ., —0xide thickness
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Output Characteristic of NMOS:

2
2.0 Output Characteristics of a n-channe] MOSFET
'MODEL MN1K100 NMOS VTO=1 KP=200U LAMBDA=0 01
DCVDS01005VGS151 Vo5V
MOSFET! 2 1 0 0 MN1K100 GS - — |
PRINT DC ID(MOSFET1)
VGS 10 /
1.5fvDs 20
PROBE / VDS=YGS-VTH
ip (mA) /
Vo4V
1.0 7 i ———— ]
Io
/ Channel Length Modulation
O ) 5 1\'?{_7‘3 3 ‘\:"
Vgs=2V
. Va1V
0 2 8 10

vps (V)

VGS=1V, MOS in cut-off region.
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Transconductance Characteristic of NMOS:

Transconductance IChaIEICIE[iSﬁCS ofa Iﬂ-Chanﬂ.E]. MGSFE"f Vpe=8V.
MODEL MN1E100 NMOS VTO=1 KP=2000U LAMBDA=0.01 Vp c=6IV
DCVGS0505VDS 282 - |
MOSFET1 2 100 MNIK100 Vpe=4V
1.5k FPREINT DC IDIMOSFET1) 3]

VGS10
VDS20

ip (mA) -PEFigBE

1.0

0.5

vas(V)

The gm is lower at VDS=2.
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Control of Operating Region:

Using VGS and ID or using VGS and VDS
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Gm:

In active region, I, = %,uﬂ Cﬂx% Voy

2

C v, w 2Ip
m_ BID Ju:ﬂ ax L ov 2}&:0 Cﬂx—jﬂ VOV
W, .. T
gm 1 TT= Vov const, Ip? W 4 Ip const, Vol InT. Vov const, —

w )
T const, Vov 1. Ip“?

Ip const, Vov |, \/71“

Maintain Vgv, increase size and Ip
Maintain size, increase overdrive and ID

MaintainIp, increase size and reduce overdrive 2 Towards sub-threshold region
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Gm:

gmA gm‘ gmA
> —» >
Vos =V I Vas =V
WIL Constant WIL Constant Ip Constant
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Channel Length Modulation:

’D‘

L bty Cox ¥ (Vs Vi)’
5 oxL(Gs IH) | T T T T e e m

=
Vbs

The current equation for Saturation Region is a constant since it is independent
of V4. This is not true in reality. | in saturation region is a weak function of drain
voltage.

Vas— Vry

As V5T, the effective channel-length, L' ,decrease.
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Channel Length Modulation:

1 1 1 AL 1
== (1) =+ )

A !
L
A : Channel-length modulation coefficient. It represents the relative

variation in length for a given increment in VDS.

With Channel-length Modulation:

foCor W o Corx W
Ip = %(Vas —Vry)? = %(Vas — V) (1 + AVpy)

w w 21,
Im — U Cﬂxf VOI—’(]- + }LVDS) — znu'ﬂcﬂx IID (1 + }“VDS) — v
ov
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A and L:

o Less channel-length modulation effect for longer L.

\j

VDS VDS

5T (Vgs — Ver)* (1 + AWVp)

.lu:ﬂ CﬂxW
‘ED —
dlp boCoxW

A1 . 1
Veae — Ve )2A o€ 2 ¢ —. since A o€ =
- (Vs TH) - X2 L

o If the L is doubled, the slope reduces by 4X.
o Using long L for higher ro.
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Triode Region:

gk

- —
Vo-Viu Vbs

As Vps=V,-Vg, M1 is in saturation. Ip and g, is relatively constant.

As Vps=Vy,-Vrg, M1 enter triode region and:

w

d (U,C, W Vps
Im — aVﬂs{ - Ex [(Vcs — VTH) — (T)]Vus} — Piacaxf Vps

In triode region, as Vpgl, g, ). No gain in triode region.
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Triode Region: Ron

-mnw
------
L s

Vess

Vasa

Vas2

Vesi '
e
VDS ______________

In triode region, if Vps=<<<Vgs-Vry

_ Ho Cﬂxw

Vps |14
Ip I [(Vas — VTH) — (T)] Vps & 1o Coy I(Vas — VTH)VDS

1

|14
Ko Cﬂx T (VGS o VTH )

RO‘N —

Toreduce Roy, increase the size or increase the overdrive voltage.
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_l T |_
_| Ves=1V

% Effect of Back Gate:
j‘// |

_|

Decreasing values
of bulk-source voltage
-

= VGs

Vo Vi Vm Vg

With Vz5<0, more difficult to turn on the NMOS.
With Vz4>0, easier to turn on the NMOS.
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Threshold Voltage, V:

Zero bias (Vgs=0) threshold voltage: Vyyo=®ys + 2P + QCGEP
Ox
@ s= difference between work functions of the polysilicon gate

and the silicon substrate
& =strong inversion surface potential (V)
Qg4ep= charge in depletion region

Threshold voltage:
¥ = body effect coefficient
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Small Signal Model:

GO——+ D
Vs ImVas
S
(a)
GO——+ oD
Vas ImVes Zr,
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Vas ImVas (¥) *Vps
S
(b)
GO—-—_"_ - o D
Vas é} 9ImVas =rg é) 9mbVes
bs
Ves
Vg *

(d)
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Small Signal Model:

An approximation of the large-signal model around the operating point (DC-bias).

Channel length modulation 2 Ip varies with Vpg =2 Resistor.
1 1 1

. =
dl Cox W }tl
*fov, LR

R,, the output impedance will limits the voltage gain of amplifier.
Gp .1, 1s called intrinsic gain of the transistor.

Bulk potential affects threshold voltage and hence the GS overdrive voltage.

- & — .. —(V —V (_ ) — =
Imb Ve HoLox I ( GS TH) Vg Im 2205+ Vg NIm

ImVes and g,.,Vsp have the same polarity.
Raising the gate voltage has the same effect as raising the bulk potential.
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Complete MOS Small-signal Model:

Cop
Go—- 1 {_"_\ —e—0 D
CGST Ves ngGS%ro égmbvas
T Ca ‘;ir = Cos
VBST Cse
B—s t -
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