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Abstract:

The main goal of this work is to describe altenmtivay of effective channel width to lengtWil) ratio
calculation for Waffle MOS structure. Due to nomuentional gate geometry of the Waffle MOS tramsist
compare to the fingers structure, the chanél ratio calculation is not trivial and conformal npépg can be
used. In terms of mapping the Schwarz-Christof&T) Transformation is proposed. The optimal elersbape

of the Waffle MOS is proposed, to be easy solve&Byconformal mapping. Because result of the comdbr
mapping for the Waffle MOS element is rectanglepghan transformed domain, the solving of the effect
channelW/L ratio of the element is become very easy becauisedspect ratio of rectangle in transformed
domain.

additional process step we can implement Waffle
INTRODUCTION OF WAFFLE MOS MOS structure in almost all CMOS processes. All
STRUCTURE what is needed is just to change the pattern sbape

the polysilicon gate electrode mainly. In addition
There are many reasons why this old approach Wafflehere is need to change the contact and
MOS structure Fig. 1 should be in scope of interestinterconnection metallization for electrode souf8g
even for actual processes and designs. Compare tand drain (D) also. In some processes diagonallmeta
classical fingers MOS structure the Waffle MOS is interconnection routed at 45 degree should be
known due to 40 % lower resistan®g, [1]. Another  problematic. In such cases alternative routing khou
not negligible advantages of this structure is lowe be apply (Fig. 2) [9].
source and drain capacitance [6]. And it was
described that Waffle MOS structure in terms of
under die stress induced by packaging are much
better than fingers MOS structures [2].

Fig. 2: Waffle MOS structure, with orthogonal metal
interconnection routing.

As was mention in [1] several different layout

Fig. 1: Waffle MOS structure, active area (green), polgsili SCh_emeS that _are Use.fl-” for implemgnting low
gate electrode (red), contacts (yellow), metallic resistance switches with MOS transistors was
interconnection  (blue),source electrode (S) rdrai discussed and characterized. A comparison of the

electrode (D) . area required for implementing a switch with

a standard alternating gate finger MOS (Fig. 3)

All of this is obtained without any process approach was made with physical layouts using

change. Because there is no need for extra codbdue



waffle structures and serpentine structures. WherBecause on same area we can reach smaller resistanc
designing low-resistance MOS switches, significantcompare to standard finger structure, on samevegea
reduction in area was achievable by using Wafflecan match transistors with larger effective channel
structures. Areduction in area of over 40% waswidth. Or alternatively we can match transistorghwi
demonstrated for a typical process [1]. same effective channel width on smaller area.
Base on [8] today’'s integrated DC-DC converters In practice designer generally preferred to use
require low-voltage power devices with low on- finger structure as much as possible instead offlé/af
resistanceR,, and low gate charg€s to provide structure. The main reason for that is that reattarg
good power conversion efficiency. Since the geometry of standard finger structure is convenient
conduction and switching losses are dependenten thfor layout, transistors should have sufficient dns
on-resistanceR,, and total gate charg€g, it is are easy to reshape and for this device preciseeimod
necessary to minimize both parasitic resistance andhave been developed [3]. To bypass one of this
capacitance. disadvantages the precise model of the Waffle MOS
According to [2] common centroid geometries structure is requested.
(or point symmetric) are recommended for optimum
matching. However, these structures become
increasingly complex for more than two transistors,
with severe penalties in area. The interdigitated
waffle (Fig. 2) and the quad (common centroid)
transistor layout structures show no systematic
mismatch, and the matching follows the well
established linear relationship with the inversehef
transistor channel area. Under induced die stress d
to packaging, the waffle and the quad (common
centroid) is better because the finger style tsdosi
pair shows a significant systematic mismatch, which
is a function of its position in the die. The fimgayle
transistor pair and the interdigitated finger stuue
show a mismatch up to 5 times higher than the value
predicted by only considering random fluctuation of
the channel area.

Fig. 4: MOSFET with rectangular shape of gate electrodh wit
length of the channél and width of the chann&V, active
area (green), polysilicon gate electrode (red)tais
(yellow), metallic interconnection (blue),sourdectrode
(S) , drain electrode (D) .

Let’s consider simple DC electrical model of the
MOSFET (Fig. 4) with rectangular shape of gate
electrode with length of the channeland width of
the channel W in saturation region without
considering channel length parameter
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wherelp ,Vgs andVy are drain current, gate to source
voltage and threshold voltage. Theis a charge-
carrier effective mobility andCox is a gate oxide
capacitance per unit area. The only one model
parameter which depends on gate or channel shape

Fig. 3: Interdigitated Waffle MOS structure, active areeeém), geometry is width to lengthW/L) ratio. For non-
polysilicon gate electrode (red), contacts (yellofivit rectangular gate geometry the effectiW¢/L ratio
metallic interconnection (blue), second metallic parameter should be considered.

interconnection (purple),source electrode (S)st firain
electrode (D1), second drain electrode (D2) .

W 2
On first look the interdigitated waffle and the Iy =%(Tj (Ves _VT) : (2
quad (common centroid) transistor layout looks that EF

they are almost same in terms of matching. But the

interdigitated waffle has one main advantage.



The W/LXr represent effectiv&V/L ratio of gate  WHJ/L ratio for rectangleA is directly aspect ratio of
geometry. As we can see the precision of thisrectangleA

parameter should have significant influence onltota (Wj W'

precision of electrical model of Waffle MOS — | == 3)

structure. Due to this reason for precise modehef L)n L

Waffle MOS structure the precise effective channel

W/L ratio calculation is needed. where W' is a width dimension and’ is length
dimension of Waffle MOS.

DESCRIPTION OF THE PROBLEM The second are® type represent all channel

) areas where source (S) and drain (D) electrodes are
When we look on Waffle MOS structure (Fig. 5) we |gcated diagonally and due to this there is no

should recognize and define two different types ofhomogenous current distribution. For such cases
channel areas. effective W/L ratio calculation is not trivial and
conformal mapping can be used (Fig. 6).

SCHWARZ-CHRISTOFFEL
TRANSFORMATION

The Schwarz-Christoffel (SC) approach to Laplace-
related calculations on polygoras the virtue that
unlike methods based on integral equations, finite
differences, finite elements, or the superpositidn
particular solutions, it preserves the propertyenemt

in the problem of having only a finite number of
parameters. In particular it automatically obtafihe
correct singularities at corners. Because of tthis,
Schwarz-Christoffel method can achieve very high
accuracy without much penalty in execution timer. Fo
low accuracy, other methods may be better. Itsfchie
drawback is that it generalizes poorly to related
problems involving more complicated differential
equations (e.g. variable coefficients or nonzeghtri
hand side) or geometries (e.g. curved boundaries or
multiple connectivity) [4]. To fix this drawback
method based on breaking the domain up into simple
subpolygons is highly effective.

Fig. 5: Waffle MOS structure with defined areas of interesB
and main dimensioW’ andL’.

OPTIMAL ELEMENT SHAPE FOR SC
TRANSFORMATION

Due to constraints that are related to SC
transformation the choice of optimal element shiape
very important. There are many shapes which should
be considered as element pattern, as we can see on
Fig. 7. But not all of them are simple enough to be
easily solved by SC transformation. As was mention
before one of the drawback of SC transformation is
that it is not optimal for conformal mapping when
polygon contains multiple connectivity on boundary.
Fig. 6: Macro element with orthogonal mesh after SC Due to this reason elemenks and G are not well
transformation with defined areas of inter@sB. shaped. The optimal element shdp¢Fig. 8) of the

] Waffle MOS is proposed, to be easily solved by SC
The first areaA type represent all channel areas conformal mapping.

where Source (S) and Drain (D) electrodes are  Base on expectation thaW/L ratio of areaB
located on two opposite sides of rectangleThose  type is independent oW’ dimension andL’

regions are with almost homogenous currentgimension we can scale elemé&nreely as needed to
distribution in channel area. And due to this effec simplify later calculation. Due to this in our case




will scale elemenE to haveW’ dimension equal tb’
dimension as follows

W'=1L" 4)

W, -PLANE Z-PLANE W--PLANE
h
Fig. 9: Conformal map of a elementar polygon onto an ed@ina
rectangle.

f'(2)=K +ciﬁ(1—w/;<)‘ﬂk dw  ©

whereK , C and z, are unknown complex constants
and k|=1. The exponentg3 are associated with

Fig. 7. Proposed elemenks G andE in Waffle MOS pattern. angles at k-th corners points in plangand
L'/2
a
By =1-—K (6)
Vi
L'2
y/i ff where g are exterior angels for pointg={a, b, c, d,
P & e} in planeW, and wherg3,-3:-3/4, Bo-fs-Ls-112.
i ¢ The mappingg from unit diskP to rectangular
W | ] polygonQ is
‘ z
| || _ -12
O B 9(2) = [[t(w)] ™** dw @)
0
L where

Fig. 8: Proposed element E with defined dimensions and t(W) = (W_ a )(W_ ¢ )(W_ d )(W_ e ) (8)
containing conformal mappingash.
The constanK, C in equation (7) was skipped
there because they have only influence on position

and scale of the polygon alkd/L ratio is invariant for

SC TRANSFORMATION WITH them. To get effectivéV/L ratio of Q it is need to
ELEMENT E calculate just three points

The one way how to perform effective chankéiL W |g(e-)_ g(a-)|

ratio calculation is to constructing a conformal (—) SN Ty 9)
mapping onto a new domain where the problem is L Jq |9(C)_ g(a)|

trivial. In our case that new domain should be a

rectangle [4]. Base on Riemann mapping theorem weas was mention before the SC transformation is just
know that for any polygon exist mapping to opert uni mathematical construction allowing a conformal
disk. The mapping from unit disk to any polygon is mapping of polygorE to polygonQ where problem
called Schwarz-Christoffel transformations [5]. The js trivial. Due to this then/L ratio of polygonQ is

mappingh from W, plane toW, plane should be done  same as unknown effectiW/L ratio of polygonE
as composition of two independent SC mapping as
shown in Fig. 9. First is inverse SC mappfiigrom W W
element polygorE to the unit diskP. And second ( ] :(_j (10)
mapping is SC mapping from unit disk P to £ L Q

rectangular polygo® [4]

L



MATLAB CALCULATION

For solving of all above described nonlinear system
of equations (5), (6), (7), (8), (9) the Matlabtaaire
with dedicated Schwarz-Christoffel Toolbox was
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Fig. 10: Graphical User Interface of SC toolbox in Matlab
environment.

The result for effectiv@V/L ratio of regionE is
as follows

w

¥

j =1.1396783 (11)
E

After composition of four elemer we should

get macro-element as shown in Fig. 11. This macro-

element contains four times areéa type on the
periphery and one ard&type located in the center.

Fig. 11: Macro element with orthogonal mesh after SC
transformation with area typeeandB.

EFECTIVE W/L OF THE ELEMENT B

To have effectivdV/L ratio of elemenB it is needed

to have effectiveW/L ratio for regionA first. In the
Fig. 11 we can see that elemehtis not exactly
homogenous and contain some small no homogeneit
close to the common boundary with elemBniype.

To do not lose the high precision\WfL ratio reached
for elementE, all no homogeneity of regiof will be
shifted and calculated in already nonhomogeneou
element B type. It means that we will consider
elementA type as fully homogenous. In our case

where width dimensionW’

W
(U™
L Jwarrie L

is equal to length

dimensionL’ effective ratio is

W = (12)
L A

The effectiveW/L ratio for triangular subarea is

w

L

w

L

W

oL

The effective W/L ratio of elementB is done as
composition ofW/L ratio of four triangular subareas

[

j =0.1396783 (13)
A

wW

j :4[éﬂj =0.5587110°.  (14)
L /g L J;

L]

|
(WIL)T=

0.1396783

Fig. 12: The effectiveW/L of the elemenE is used to get unknown
effectiveW/L of the elemenB.
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11396783
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(W/L)B=
05587132
Tolerance le-5

Total Waffle MOS W/L ratio can be simply
describe as the sum Wf/L ratio of all elements type
A andW/L ratio of all elements typB

j (15)
Bj

(SR = o>

whereN, is total quantity of elemert type and\g is
total quantity of elemenB type. Described equation
(15) even if is simple is not optimal in term ot
needed for calculation. For big Waffle MOS struetur
there will be so many elements and B to be
summed. Due to this reason for more effective
calculation new optimized equation will be needed.
By knowing number of rows and columns of gate
ingers we can calculate the total Waffle MO®BL
atio as follows

\W

L

w

L

Na
i=1

Ng
j=1

(W

L

ﬂll +N,(0.55871)  (16)



where total quantity of elememstypeN, is

N, =Ng ONc +1)+ N [N; +1) . (17)
And finally the total quantity of elemeBttype Ng is
as follows
Ng = Ng IN¢ (18)

whereNy is number of rows of gate fingers ahg
represent number of columns of gate fingers.

By knowing total effectiveW/L ratio of gate
electrode of Waffle we can finally describe the slien

DC electrical model of the Waffle MOS transistor as
follows

_ HCox

| =
DWAFFLE
2

W y Y
(TJWAFFLE (VGS VT) (19)

where lpwaere iS drain current for whole Waffle
MOS. TheVgs andVy are, gate to source voltage and
threshold voltage. Thg is a charge-carrier effective
mobility andCoy is a gate oxide capacitance per unit
area.

After insertion of (16) to equation (19) we obtain

_ HCox

| =
DWAFFLE
2

0

W (20)
[éNA T N, (O.55871)j(VGS -V, )?

CONCLUSION

For Waffle MOS transistor which is well known

mainly due to lower Ron resistance the more precise
model was proposed. This result was reached by

more precise calculation of effectiVé/L ratio of gate
channel region of Waffle MOS transistor. The total
WI/L channel ratio of the whole Waffle MOS is done
as the sum ofV/L ratio of all elements type A and
W/L ratio of all elements typB.

The effectiveW/L channel ratio of the elemeAt
is directly aspect ratio of rectangfe The effective
W/L channel ratio of the element tyfein Waffle
MOS is 0.55871 with tolerance 10-5. It is much
precise value than 0.55 described by Saqib [1].
The alternative solution to calculate the toY&lL
channel ratio of whole Waffle MOS from knowing

guantity of rows and columns of gate fingers was[9

proposed.

For further investigation the finite elements
method in TCAD should be used to have additional
more precise comparative result of effectivé/L
channel ratio of the elemeBt
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