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Abstract

We have found and verified that the standard diewviat
of current mismatchs(Al/l) can be precisely expressed
based on trans-conductance efficiengyl svhen MOSFET
doesn'’t have the subthreshold hump. Especiallig iteri-
fied for the first time that temperature dependemde
o(Al/l) in all inversion can be predicted within +/%ac-
curacy with our model. As a result, influence oé thub-
threshold hump on MOSFET current mismatch is geadif
1. Introduction

Importance of MOSFET current mismatch prediction
increases with decrease in desired power-consumjgie|
[1]. To design an analog circuit with small areal daw
power for portable or bio-signal sensing applicagig?],
precisec(Al/l) prediction in weak inversion is indispensa-
ble. There are some models that try to presliai/l) curve
[3][4]. However, they need to adjust the fittingrgeters
depending on channel size, and the accuracy in weeak-
sion is not in an allowable level. As a reason tfer low
prediction accuracy in weak inversion, an influeéehe
subthreshold hump is supposed [4][5]. In hanosh&BsS-
FET with STI, avoiding an influence of the subtteisl
hump becomes more difficult [6].

A temperature dependence of current mismatch @ als
discussed in some papers [7][8], but a reprodutibdf
o(Al/l) curve in all inversion is not available.

2. Influence of subthreshold hump on current mismath

By displaying Vg-Id curves of some pair-transist at
the same time, a hump can be identified as showv#iginl.

A hump in the subthreshold region appears when radan
has plural different barrier heights to carrieritat@on from
source to channel. To obtain the hump depictedgnF1,
STI formation condition is experimentally changed.

An existence of a hump can be detected in highisens
tivity by evaluatingo(Al/gm)=c(Al/N)/(g/l) curve, as de-
picted in Fig. 2. When a hump existgAl/g,,) in weak
inversion increases with decrease in channel curiidme
similar increasing behavior af(Al/gy) in weak inversion
were reported [3][9]. But, its mechanism has narbelari-
fied. On the other hand, when a hump doesn't exist
o(Al/gy,) decreases with decrease in channel current. Fro
Fig. 2, it is clear that the increasing behavios@fl/g.,) in
weak inversion are caused by the subthreshold hump.

Also in channel size dependence ofAl/l) curve, an
influence of a hump can be clearly seen as depioté&ig.
3. When a hump exists(Al/l)xV(LgiWer) in weak inver-
sion depends on its channel size. On the other, iveimeh a
hump doesn't existg(Al/l)x V(LetWer) Of various channel
sizes are merged into one curve. As shown in F@. tBe
behavior ofo(Al/)xV(LeWer) curve is similar with that of
o/l curve. The g/l universality is well known as the key
parameter for analog circuit design [10].
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3. Accurate prediction model of current mismatch

The similar behavior betwees(Al/l) and g/l is due
that 6(Al/l) can be precisely expressed fronylg Mathe-
matical scheme is shown in Table I. In eq. (1)e@procal
of g/l is expressed as a sum of reciprocals of eacimasy
tote in weak and strong inversions. This is simitaMatti-
essen’s rule concerning the mobility. The maximuaiug
‘c’ in weak inversion equals g/gk. By considering the
difference of eq. (1) between adjacent MOSFET chbnn
eg. (2) can be obtained. We have confirmed d¢{al/l) can
be expressed as<c(Al/l-Agy/gnm). In addition,x is slightly
lower than 1 and hardly depends on channel curfiénts,
we assumedt=1. Finally, as shown in eq. (4) and eq. (5),
o(AIN)x(LefWer) can be obtained byxg,/!.

When a hump doesn't exist, we have found that
n=o(Al/gm)*V(LesWeg) in weak inversion converges on a
specific value of Awhich doesn’t depend on channel size
and temperature, as shown in Fig. 4. From eq.A5xan
be analytically expressed as(Ac/c)/c. Here ¢ equals
a/nksT. Namely, A is determined by the substrate factor ‘n’.
The value of ‘n’ depends on local channel charésttes
[11]. This means thatAs determined by channel factor.

An accuracy of our prediction model is verified.igt
indicated in Fig. 5 that(Al/l)xV(LesWeg) curve at each
temperature can be accurately predicted in allrsiva by
our model. It is shown in Fig. 6 that differencestviieen
the measured data and our model are within +/-1P8&6.
rameters are extracted from each merged curveg3-2i
We have confirmed that temperature dependent pagasne
are distributed in the straight line on the Arrhenplot.

The specific value Acan become another candidate for
the current fluctuation indicator like Pelgrom arakeuchi
Vth-fluctuation indexes [12][13]. Unlike the Pelgnandex,

a prediction ofs(Al/l) temperature dependence is also pos-
sible by using a constant for a channel. It is shown in Fig.
5 that the measurement data can be predicted withl-a
lowable accuracy by &g./I(T,L,W). g./I(T,L,W) indicates
On/l which is measured at each temperature and dseh-c
nel size. This means that Aecomes a current fluctuation

indicator as long as the mergeAl/l)xV(LesWes) curve
nE'iepicted in Fig. 3-2 can be obtained in relativalide

channel transistors.
4. Conclusion

It has been revealed thafAl/l) behavior can be pre-
cisely derived and verified based on th@l giniversality, as
long as MOSFET doesn't have the subthrehold hump. A
influence of the subthreshold hump should be awbiithe
order to predict MOSFET current mismatch accuratedy
the first time, we have succeeded in a predictioa(al/l)
temperature dependence in all inversion with oudeho
This model is very profitable to an area reductiesign of
a low-power consumption analog circuit.
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Fig.1 Measurement results of NMOS Vg-Id curves dfpair-transistors ac-
cording to a presence of the subthreshold humpidri-1, an existence of the
subthreshold hump can be identified in the reginolased with the circle.

Also in Fig.1-1, it is hard to recognize a humpyoinl an individual curve. On

the other hand, in Fig. 1-2, the subthreshold haeamot be identified.
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Fig.2 Measurement results @fAl/gm).

Each curve of circle and triangle symbols Fig.3 Channel size dependence gfl @ndc(Al/l)x \/(LeﬁWeﬂ) according to a pres-
is calculated from Vg-ld data of each ence of the subthreshold hump. As shown in Fig,. B2 merged curve of.g has
pair shown in Fig.1. When a hump ex- an asymptote of (gl)y,=c (const.) in weak inversion, and has an asymptbte
ists, o(Al/gm) in weak inversion in-  (9n/)si=[(IXLer)/(10xWer)] ™ in strong inversion, respectively. When MOSFET
creases with decrease in nnel curreni doesn't have a hump, behavioragf\l/I)x \/(LeﬁWeﬁ) curve is similar to that of the
universalg,/l curve Gate oxide thickness measured in each figure ferent

Table| Mathematical scheme.
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Fig.4 Measurement results ®fAl/g,,). Fig.5 Comparison ofc(Al/1)*xV(LexWeg)

o(Al/gm) curves are obtained by using/lg between the measurements and two predi

Fig.6 Relative difference between the
ffieasurements and the model calcula-

ando(Al/l) which are depicted in Fig. 3-2. tion methods. One is the model calculatiogons at -40, 25, and 125 deg-C
In addition, temperature dependence is alsshown in Table I. (solid lines) Another is T '
depicted. calculated by Axg./I(T,L,W).(dotted lines)
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