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INTRODUCTION

¢ Desirable properties of mismatch models: consistency,
acairacy, smplicity.

+ Consistency : oy ]
series-paral o — o—{
asciation !

¢ Consistency : contributions of the rmndamly varying
techndogicd, e. g.V;, C, and geometric (W, L) parameters.

¢ Consistency: locd fluctuations in V rather than total
fluctuation (lumped parameter).

+ Accauracy/consistency: model valid for any bias condition.
¢ Simplicity: smple models, easy-to-extrad parameters
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INTRODUCTION

Purpose: A ssimple one-equation mismatch
model for hand analysis & design and
circuit smulation.
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MISMATCH CHANNEL MODEL

¢+ MOSH=T channel ¢ Transistor equivalent
splitting circuit
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Basic formulation: Ip = —H&Q dVy
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MISMATCH CHANNEL MODEL

AR=-_—2
HWQ
W
g = _H?Qm
W .
Ou = _IJ_Q|x
L —X

@ (b)
small-signal equivalent circuit

¢ Mismatch results from locd current fluctuation (i ,,) In
the small channel element.
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MISMATCH CHANNEL MODEL

¢ Contribution d locd current

Al 4 =(\Ax/L)i
fluctuation (i ,,) to drain current (Al): ¢ (/L )ipa
¢ Thefluctuation d thelocd charge i =1, @
IS the main contribution to mismditc Q

¢ Total drain current varianceis the sum of ncorrel ated)
Individual contributions

(@1, =5 flaiu P Jox
° []

contribution of the channel
element to tatal current
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FLUCTUATION OF CHARGE DENSITY

+ From UCCM 49, _ -CodV;
Q Q _nCox(pt
* Locd fluctuation o V; 2 Al 7 AVZ = Al
from Pelgrom’sexpresson ' LW T AXW
lumped distributed
¢+ Poisondatistics for q2 ( )= q°
depletlonchargefluctuatlons AT = 7 \N-Xp )= ——= Ny
OX C:OX
/ source N,;: eff ective number of
/ Impurities per unit area
X of gate

drain
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NUMBER FLUCTUATION MODEL

The previous considerations result for the current
mismatch in any operating region

2

Ulo — qZNoi:u mQQ;P +Q|'SE

12 ’nCly MQw+Qp
with Qr =—NC,@
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MISMATCH vs. INVERSION LEVEL

In terms of inversion levd T

2 :
UID _ Noi 1 Ine tly E
15 WLN?i¢ =iy HL+i

N* — _Q;P — nCc')x(P[
q q

where

T for long channel MOSFET, from ACM modd

Ip =l —Ir=1s(if ~I) |s:§HC<'3x”§0t26N/|—)
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SUMMARY

, wea inversion | stronginversion
o : :

IzD (1<1) (I>>1)

15
linea region
saturation region |
: ! NOi NOi In(\1+| f )
(If>>|r) *9 * .
WLN WLN™2 i
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EXPERIMENTAL RESULTS

Test circuit Saturation level dependence
'Ve Vp ¥ I :f:ggn
IB i i ID 10'2__""_-"_""_"""_""_ _"""_""""_i:=1
- if=10
N |- .
| | if=100
Meer M
V - - © 1EI]_1 10"
° 0 Vos¥)

Measured: —; Moddl: ---

Test chip contains 24 NMOS 30pm x 1.2um transigors in the
ES2 1.2um CMOS DLM process

LABORATORIO
CIHZIEJ'ITOS . H
INTEGRADOS Matching Modeling 12



EXPERIMENTAL RESULTS

Dependenceoninversion Dependence on hulk-source
level voltage

10 10 10 . 10 10 10
K0

gnea ' (Vpg=50mV); Saturation: - [=-1.8V; A=-1.2V; O= 0V;
(Vps=1V) regions. —; Model &=+0.3V. (Saturation: Vo =1V).
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CONCLUSIONS

¢ Physics-based approach (fluctuation in the number
of carriers) used for derivation of mismatch.

* Use of ACM model resulted in a compact easy-to-
use formula that is continuous In any operating
region.

* Experimental results confirmed the accuracy of our
model under various bias conditions.

¢ Useful tool for designers to predict transistor
mismatch in an accurate and easy way.

¢ Single parameter model (N,) to interface foundries
and designers.
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