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ACM MODEL
ADVANCED COMPACT
MOSFET MODEL

v A physically based MOSFET model
v Accurate in all regions of operation
v Source-to-drain intrinsic symmetry
v Charge conservation

v Small set of parameters
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MOS transistor modeling

Forward and reverse currents:  15=l-15=1(V5,V;)-1(V;, V)
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For large V,,, 1,—0; therefore, 1= 1. I =1,
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The current-based model | =1_—1], or I, =1:(1-1)
. W 2
where: Is = lso T lso = unCoy %t

|rr): forward (reverse) current
l;: INversion level at source (drain)
| specific (normalization) current

l5o: specific (normalization) sheet current is weakly dependent on V¢, [u(Vy),
n(Vg)] = lgq s a technological parameter

All large- and small-signal parameters can be written in terms of i, and
|, =current-based model, appropriate for electrical characterization,
hand analysis and design
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The I x V relationship
Ve Vo

Vb = V(o) = ey T+ iy ~2+ (T4 ey -1 Ve
n

i
a) weak inversion: iq <<l = Vp—Vg(p) = <|>{—1+In( f;r) HD

112

Ip =2lgexp(Ye T YT0MVS iy (-~ VOS]
Noy Py
b) strong inversion at source and drain: i,>>1
~ anlox

W
f[(VP ~Vs)* = (Vo —Vp I
c) forward saturation: i>>1. = I is (almost) independent of V

cl) weak inversion: lp =2l5 feXIO( g +1)
t

2
_ _ uCo, W 2 W Vg — Vo —nVs
Ip = Foox TR (Vg = Vg —nVg P = |
c2) strong inversion 'o =", L( 6~ Vro—NVs )" =lso L( N,
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Common-source characteristics of NMOS transistor in saturation
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t.,, =280 A, W=L=25um, V=5V
( ) ACM model (o) experimental
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Second order effects

*Drain-induced barrier lowering — V. depends on both V and V¢

N

Vo =Vro-o(Vs+Vp)/2 o=SIGMA/I%,
*Channel length modulation AL=PCLM-L. -In 1+VDS'VDS’SAT
¢ L.UCRIT
Ho

*Mobility reduction due to transversal field U=
1+9(VGS 'VTo)

\/elocity saturation vy /
v, =5x10° to 2x107cm/s e
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ACM Parameters

Parameter Description Units
VTO /ero-bias threshold voltage \Y
GAMMA Body-effect parameter AL
PHI Surface potential \Y
TOX Gate oxide thickness m
LD Lateral diffusion m
XJ Junction depth m
UoO Low-field mobility cm?/Vs
VMAX  [Saturation velocity m/s
THETA Mobility reduction parameter vl
SIGMA Drain-induced barrier lowering 2
parameter
PCLM* (Channel length modulation parameter -

*LAMBDA 1n a previous version of the ACM model
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Mapping BSIM to ACM

ACM

BSIM 3V3

Equation for determining

Parameter | Parameter the ACM parameter Unit
VTO VTHO - vV
GAMMA — CAMMA — (2 €1 a- neH)” VL’Z
PHI _ PHI=2 4 .m{N:H] \
TOX TOX - m
LD DLC - m
XJ xXJ - m
U0 U0 — cm3/V-s
VMAX VSAT - m/s
THETA S THETA = TL;{ . T;’; . (VDD[fiin_)j '_‘Eim : V-l
SIGMA — SIGMA = 8ppr. - ETAO - (Log ) m?
PCLLM PCILM - -
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Strategy for parameter extraction:
«Parameters derived from device physics

*Bias the MOSFET in a region where the parameter to be extracted
has significant effects

*Avoid “optimization”

If a parameter is difficult to extract, then its effects are not
Important
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 Extraction of I (strong inversion 1>>1)

Strong inversion & saturation | = |5(

- VWdd

——C yoiAUs

(:.,l_. I+AI

( )
1

s 2X AV
\ Y
I=40uA
Al=4uA =
AVl 9=0.57

V.-V, -V, T

| =310nA

A more accurate method, based on the g/l characteristic,
can be used to determine Ig
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 Extraction of V,

ACM Model:
VP-\%:@[ L+, -2+In (L4, 1)} Vi zVG;]V“’
0
G_,.) 3ls = ——> VG — VTO
HG:HTD—'*:’.— |:3 IS ——> VG :VTO

L.l \V,, =0.845V
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« Extraction of V;

VP-

25
VG - [V]

e Calculation of GAMMA (y)

e Extraction of n

| dVP -1 |
n=| —° |
v, |

20.=0.7, Vgg=2.5V, n=1.25, V,=123

n=1 / >

20294V,

GAMMA = 0.69 V2
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 Extraction of u, (U0) and 6 (THETA)

Strong inversion, linear region 1, ;%%[(vp Vs )’ =(Vp = Vp V]

| s Vy-Vio) (V,
|D:anox%(vp-v'32v3)(VD-Vs) : llwé( : TIO)( o) for small Vi
“COXL P
I l
— Vs
A’H— =y
vgs;l_z il The plot
V.. (V--V.
os (Vo Vo) versus (Vg-Vi, )
ID A —='—' D
allows determining pC,, T

slope oc p(Vg-Vro)

»
»

VDS

TAMU Seminar Nov 26/2001



 Extraction of u, (UO)and 6 (THETA)

1900

— BSIM Result
- Linear Approximation: Y = A(VGS-VT0)+B

1850 SR O
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1
y-axis intersection —=> Hp=— .=514 cm?/V-s
Cox-(W/L)-B
slope A —> (9=IUO.C'OX-(V|Y)-A=O.20V_1
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Short-channel effects:

-DIBL
CLM
\WWeak avalanche

Short-channel parameters are determined from either output
conductance or voltage gain

Typically, for short channel devices, DIBL is dominant in
weak inversion while CLM prevails in strong inversion
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Extraction of SIGMA (weak inversion)

a4
VD4l 6.5

Vi=0

SIGMA [m?]

%300 250 300 350 400 450 500
o 1o,
Gain IM, Vi :VTO_G'(VD"'VS)/Z

SIGMA = 3.2 x101°m?
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« Extraction of PCLM (strong inversion)

e |‘_||: g

_ Leff . . I_D
Poum = dVA [8 ’1+ 2 —I—l) X
dv,, °©
L. = \/8 - Rl g = b,
¢ > Cox Lot - Ucrir
P =123

AL=Pg,, L. In{1+ (Vos _VDSAT)}

LC ) UCRIT

_ VMAX

U. —
CRIT UO

"~ --—- Linear approximation

15 2 25 3
VDS-VDSSAT - [V]
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Results

Parameter| BSIM3 —+ACM | From Simulation | Unit
VTO0 0.836 0.845 V
GAMMA 0.71 0.69 V2
PHI 0.81 0.7 V
TOX 15.8-10” 15.8-10” m
LD 209-107 209-107? m
XJ 300-10° 300-1077 m
U0 487 514 cm?/V-s
VMAX 9.08-104 9.08-104 m/s
THETA 0.12 0.20 A%
SIGMA 4.55.10°1¢ 3.2-10°1° m?
PCLM 1.01 1.23 —
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Results

Simulation of an n-MOS transistor using
Smash™ from Dolphin

10
10"
T
510" Parameters:
d AMS 0.8um
107 BSIM 3V3
— BSIM3V2 |
r | —— - ACM?1: Extraction from simulation
10 ; 5 N ACM2: BSIM3V2 -> ACM
10 | | | | | | | |

05 1 15 2 25 3 35 4 45 5
VG - [V]
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Conclusions
» Advantages

v Simple & Fast

v Provides good results with low-cost
equipment

v Simple equations that emphasize the
physical meaning of parameters

« Disadvantages
\ The extraction from simulation is
dependent of the available models.
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Links

* Integrated Circuits Laboratory

% http://www.eel.ufsc.br/Ici/

« SMASH Circuit Simulator, Dolphin
Integration, Meylan, France.

(P http://www.dolphin.fr

 Austria Mikro Systeme Internacional AG

(P http://www.ams.co.at

« BSIM3 Homepage:
% http://www-device.ECCS.Berkley.EDU/~bsim3
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