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COMPACT MOSFET MODEL

Definitions:

C . oxide capacitance per unit area @, surface potential

Q] inversion charge per unit area Vyp flat-band potential
O, bulk charge per unit area V.. gate-to-bulk voltage

Charge sheet approximation of the inversion charge
Q; :_C;x (VG ~Vis _@)_Q%

For constant V., it follows that
dQ; =C,.dp,—dQy =(C, +Cp)do, =nC, dg,

AU

ox

n=1 =n(V;)
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UNIFIED CHARGE CONTROL MODEL (UCCM)-1

Vo | I/G Vo C.+C, =nC,
| . n=n(V,)
I I
_n* ‘ n* dQ; =nC, dg,
A P -2 _kT
; 9 " g

Cox dQ;;
+dQ’ _ dQl 1 ¢
- + 0 - d ’
Ce ® dds dV; e 3 s dVC — dQ[ ; t/
C = i nCox QI
' P ==, ==
Cp dQp b
+ i ——e——
(@) & (b)
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UNIFIED CHARGE CONTROL MODEL (UCCM)-2

Integrating dV. =dQ, ( é —3‘} between V. and V,
n
yields UCCM ’

oxX

V —V :Q;P_Q;+¢ln Q;
P C I’ZC, t QI/P

oxX

O, =-nC, ¢ Thermal charge

g =—2
L -nCLg

Normalized inversion charge density

V,-V.=¢(q,—1+Ing))

Normalized UCCM
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CHARGE-SHEET MODEL (CSM)

drift diffusion -~ drift

, do, dQ; , ;
ID — _/UWQI ¢ +/UW¢t ! J = IUW Q152 _Q1D2 _
a4 @ o= L 2nC’

L4
L

diffusion

¢ (0 —Or)

dQ; =N C;xd¢s J S

2
Normalization (specific) current I = ,uC;xn%S

2
Sheet (or square) normalization [, = ,uC;xn¢—’

current 2
Ip=Ip—Ip=1Ig|i, =i, |=SIg|i, i, |
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WEAK, MODERATE, STRONG INVERSION

Ip=Iy—Ip=1Ig|i,—i |

. ’ 2 ’
Lty = Dis(p)y T qus( — qIS \/1+l

if<1 1<if<100 lOO<if

g, <04 0.4<q; <9 9<q;
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FORWARD AND REVERSE CURRENTS

Long'Channel MOSFET ID — IF _ IR — I(VG >VS ) _ I(VG ,VD)
I-: forward current I5: reverse current

Ip

(Forward) Saturation
I,=1,—-1,=1I,

Triode
I,=1,-1,

Triode for Vs—0

I,=I; I,=1,—-1,<<I, |
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UNIFIED I-V RELATIONSHIP (UICM)

V,=Vy=g | Jl+i, —2+mn(fi+i, -1)]

_______________ Y
103 | _ :’ ?
IH (A) |DD)
E ]_S| ::::
T VeSOV L — 1
0.5 7 Vo T
M S e Ve i
10° | , /0 /15 =
/e eefae 2.0 =
S / since i, >>1,
109

o 1 2 3 4 v, (V)
Common-source characteristics
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PINCH-OFF VOLTAGE AND SLOPE FACTOR

I=3 at pinch-off =—> VP‘VSZO:[\/@‘ZJFIH(B_l)J

35 . . . 134
132+
3r 31
= 13}
25k 198k
LS 126+
= T +
= Ve c124f
“ 15 =
' = 122+
T L 12}
118}
05t
116 F
O 1 1 1 1 1 1 14 1 1 1 1 1 1
05 0 05 1 15 2 25 0 05 1 15 2 25 3 a5

Vg [V]

VplV]

Pinch-off voltage and slope factor as functions of V, [0.18 um CMOS technology].
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TRANSCONDUCTANCES
AID — gmgAVG o gmsAVS T gmdAVD T gmbAVB
gmg _gms +gmd +gmb :O
Calculation of g,, Ip =1y —Ip=Ig|i,—i, |

. , 2 ’
() = Disioy 2 is(o) \
V, =V. =¢,(q; —1+Ing))

/

g, =—I j‘lj =—,U%Q,’S :%(,/Hif —1)
S t
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TRANSCONDUCTANCE-TO-CURRENT RATIO

Transconductance | & s\ ?; _

-to-current ratio

o=l WIi<D)

I J1+i +1
F(R) 2
f(r) ~ = —— S| (l'f>>1)
l
_ gms o gmd
8 IF gmg o
n
10} : :
In saturation:
o by =28 nm (I =26 nA)
s i, =55nm (I =111nA) gms
gmg —
—  model n
0 . . . ‘ .
10% 4 102 100 10 i 10
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COMMON-SOURCE STAGE

-0 Vo
— ]
Vo == gm Vi
.20 dB/dec JoC,
¥ for o >> w,

>
GB W\ @(log)
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EXAMPLE: GBW = 10 MHz, C, = 10 pF
1C’ =80-106 A/V2, n=1.35
g =27 -GBW -C, =628 tA/V

00 0 22
200 6.6 28.6
100 33.2 95.2
20 66.4 88.4
10 332 354

1 Strong inversion model

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

I, =1y +1,,

I, =ng ¢ =135-628-10°.26-10" =22 A
8 m
zﬂC;x¢t (W / L)

I, =1Ly, +1,, :ngm¢t 1+

: (W/L)
wr | 1T (W/L) 8m Z(W/L)m :u(zch@)
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ASPECT RATIO VS. CURRENT EXCESS

(W/L) A
(H_._.r / L)

th

o
i

O -
~—

Normalized aspect ratio
0.1

| ¥ P
0.1 1.0 10 100 (1,-1,)/1,,

0.01
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SELF-CASCODE MOSFET (SCM)

I i,, =NI
S I, |2=N|x S2 sz | pt
at. ISl(zfl—zfz)z(N+1)Ix
. 1
"'F.Fi'
S‘E. b i+ iy iﬂ:{1+%(l+%ﬂiﬁ:aiﬁ
Triode 1

Applying UICM to both M1 & M2

J1+ai,, —1
Vi _ 1+0a'f2—«/1+if2+1n[ L }

I+, -1
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V-l CHARACTERISTICS OF SCM

VX
st P+,
Triode
S 1 e
0!=1+—2(1+—j o
i N J Al i iiiiiii
10" 10"
Vy , , I+ai, -1
== /1+ai,., —/1+i,, +In
?, Vi =+ [ 1+i,, -1

NWI: Vv, =¢Ina
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VOLTAGE FOLLOWING (NMOS)
CURRENT MIRROR (PMOS)1

In WI: Vref =V., +¢ In(JK)

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

;r ——f
C 1 _/_

Ms | |j [ L
SCM T ey ve
|:|l...l|_|:| 5':['-.'1 louT
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M;-—“: Mz :l W.I_ Mg ]l—-l"-.-'ld
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1
=
ENE
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=T

start-up circuit
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DESIGN OF A SBCS Output current: | =10 nA

I:S‘Hn-channelg‘I 00 nA’ ISHp channel—40 nA

Jl+ai, -1 N =1 1 VDD Ty 1 r
, 1+i., -1 ']I I"-"IEL| 121 11wy |<]mm I|‘I

Let us choose J _! lmll # ﬂ

M, &M, in MI: i, =10 S,=S,,N=1 SCM =10 nA

may |
S 1 Mea Msa (W.1)
a:1+—2(1+—J:1+1+1:3 ]
V, -

: Ma ' M M
J1+30 -1 101 o
N 12003 :

, JI+10-1 ]

‘;—lena: 0(262'93518.7E =

t

‘;TX:\/Haifz —Jl+i,, +In

=\/1+30—\/1+10+ln£

M1

18.7 :1+iE1+lj:>i:8.85
1 S,

3

Iyi,, =10nA =1, =1nA — S, =S, =0.01

Let us choose i,=0.187 — i,, =i, /[1+25,/S,]=0.01mmp i, =10nA = I, =1uA —S§,=10

S,
8.85

=1.13

S, =

MOS-AK/Baltimore, 2009



CMOS Analog Design

page 21

DESIGN OF A SBCS - Summary

s i i,
M, 0.01 {30 |10
M, 0.01 (10 0 N =1 ’ VDD =174 ’ ’
M 1.1 .187 | 0.01
. 3 |9.187 19 | MEL“ 121 |1 My “‘Iwm |rr
M4 10 0.01 0 Pls | || ‘ | “_ “_‘
Mo Mo |1 101 10 Jooy —LIJ et | '
Mo, My(a) 0.1 10 [y . g SCM =10nA
Mp(all) |25 [0.1 |0 | Mea o = (W.I)
P W -
M:ze—15,=0.01 Ma * Ma 'S, =10 || M.
i 1:1 *
H Ve=293 yeem V=293 Y1 |
M: Sl =0.01 S,=1.13 I N
- +
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SBCS: Igyr VS. Vpp AT CONSTANT TEMPERATURE!

— TSMC 0.18
— AMS 0.35 [

tn

I0UT [nA]

L

0 04 08 12 1.6 2
VDD [V]

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