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COMPACT MOSFET MODEL

Definitions:

Cg( oxide capacitance per unit area f s Surface potential

Q¢ Inversion charge per unit area VFB flat-band potential
Qg: bulk charge per unit area Vs gate-to-bulk voltage

Charge sheet approximation of the inversion charge

Q¢:-Q))§E(VG- Ves f§) Q
For constant Vg, it follows that

dQI¢: Cogdfs' dQBﬂ:_" (Cox¢ Co) g 5™ nCojd:s

n:1+% =n(V;)
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UNIFIED CHARGE CONTROL MODEL (UCCM)-1
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UNIFIED CHARGE CONTROL MODEL (UCCM)-2

. 1 f
Integrating dV. =d - - between V. and V
yields UCCM
¢
vov- Q¢ Q
n ¢< QIP
Q¢ =-nCG¥. Thermal charge
¢
qé= < Normalized inversion charge density
- nC¢f,

Vo-V.=7(f % Inqg¢

Normalized UCCM
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CHARGE-SHEET MODEL (CSM)

drift diffusion - drift diffusion
|D:_fNVQI(]%+ fXNtfd—qu: | _mV QE - Qf £ ( )
dy dy > Ip = 1 2nCg (Q%- Q¢

Normalization (specific) current |, =mC¢n—-S

Sheet (or square) normalization |y, = mMC¢n—-
current

Iy =1,

| g=l g1 -1 =Sl g4I 71,
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WEAK, MODERATE, STRONG INVERSION

Iy =1,

| g=1 g1 -1,

i) =0 T 204y Qg = 1Hiyy - 1

I <1 1<i; <100 100<I;
q¢<0.4 0.4<qgf<?9 9<qf

MOS-AK/Baltimore, 2009



CMOS Analog Design page 7

FORWARD AND REVERSE CURRENTS

Long-channel MOSFET |y =1¢ - 1g =1(Vs,Vs) - 1(Ve,Vp)
| forward current l.: reverse current

(Forward) Saturation
I, =1 -1,@ .
Triode

Triode for Vpc® 0

- @ 1y F 45 << |
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UNIFIED I-V RELATIONSHIP (UICM)

Voo Vo= £ i i- 2 In( [ i 1
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PINCH-OFF VOLTAGE AND SLOPE FACTOR

=3 at pinch-off == |[Vp- V= 0= v+ 3 & In(\/i 3 i
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Pinch-off voltage and slope factor as functions of V; [0.18 mm CMOS technology].
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TRANSCONDUCTANCES
DI, = gngVG - 0DV +9,,4DVp +9,,,DVg

gmg_ gms+ gmd+ gmb: O

Calculation of g, lp =l -Tg=lgl 1, h
i) =A%) + 200 >
Vo - Vo= ft(ql(li-]j- Inqu

di W 2l :
Oms = - | Sd—VfS: ) /T’IQ(FS: ?S(\/]:Tlf- 1)

t
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TRANSCONDUCTANCE-TO-CURRENT RATIO

Transconductance | mgay/ ¢

-to-current ratio

L@ —— wii<1)

T~ @L — S (i;>>1)

1O

102
_ gms - gmd
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m g n
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IN saturation:
o t,=28nm(L=26nA)
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COMMON-SOURCE STAGE

_OVO

0 - i
-20 dB/dec JM’CL
¥ for w>>wy

>
GBW\ @(log)
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EXAMPLE: GBW =10 MHz, C, = 10 pF
mC¢=80-10° A/V?, n = 1.35
g, =20 >GBW >C 828 mA/V

¥ 0 22
500 6.6 28.6
100 33.2 55.2
50 66.4 388.4
10 332 354

1 Strong inversion model

2 Accurate all-region MOSFET model
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ALL-REGION MOSFET MODEL

ID IWI +IDSi
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ASPECT RATIO VS. CURRENT EXCESS
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SELF-CASCODE MOSFET (SCM)

lsal 12 = NI,

; 1L=NI
Sat (i1 ,)= N+ 1)
. ]
"-F.F;'
S A S D . N U PR
: f1 N 2 f 2
Triode =)

Applying UICM to both M1 & M2

Jitai, -1
\;—X:‘/1+aif2-‘/1+if2+ln — = -
t f2 =
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V- CHARACTERISTICS OF SCM

e e
f2

V—X:\/1+aif2 - B+ In iral, -1

f, 1+i., -1
InWI:  V, =f,Ina
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VOLTAGE FOLLOWING (NMOS)
CURRENT MIRROR (PMOS)!

InWI: V. =Vg +7.In(IK)

1 B. Gilbert, AICSP vol. 38, pp. 83-101, Feb. 2004
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SELF-BIASED CURRENT SOURCE
(SBCS)

N

1 1 _/_
S T
SCM | "y ' ﬂ MIP_-W
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. Vi VFCM Vs . Ms —L |
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start-up circuit
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DESIGN OF A SBCS  Outputcurrent: | =10 nA

ISHn-channel@'OO nA’ ISHp-channelcg'O nA

Jl+ai., -1 N=1 1 VDD T4 1 1
= [l+aig, - [i,+ In 2 T

f 1+i,,-1 MEI‘l 121 (9w ||‘]l-.-'11-r| I
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. N
Let us choose | *
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L
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V
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t

18.7= 1+i 1+1' §= 8.8!
S, 1

S
I, =10 NA® | ,= 1nA® S Sz 0.01
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=1.13

5
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DESIGN OF A SBCS - Summary
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SBCS: I 51 VS. Vpp AT CONSTANT TEMPERATURE !

= TSNC 0.18
— AMS .35

tn

I0UT [nA]

L

0 04 08 12 1.6 2
VDD [V]

lE. M. Camacho-Galeano et al. pp 2230-2233, ISCAS 2008
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