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Optimal Layout Methods for MOSFETs of Ultra Low Resistance

& e
( Joon-Yub Kim )

Abstract -

New layout methods for implementing MOS switches of ultra low channel resistance are presented. These

area-effective layout methods include the waffle structure, zipper structure, star zag structure and fingered waffle

structure.

structures is compared with that of the conventional alternating bar structure.

The design equations for these new layout structures are analyzed.

The area-effectiveness of these
MOS switches of the waffle structure

were fabricated using a standard 0.2oum CMOS process. The‘ experimental characterization results of the fabricated
MOS switches are presented. The analytical comparison and experimental results show that area reductions over 40%

are achievable with the new structures.
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33 2 Alternating bar 7= % reference cell
Fig. 2 Alternating bar structure and reference cell

E: 1 MOSFET tfj xjA A2t BHE design rules
Table 1 Design rules for MOSFET layout

Poly Width di
Diffusion Width do
Contact Opening daxds
Contact to Poly ds

Diffusion Overlap of Contact ds
Contact-Contact Spacing ds
Poly-Poly Spacing d;
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Fig. 5 Star zag structure and reference cell
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Table 2 Comparison of normalized area

Normalized Area, Am

T oz
DRI DR2 | DR3 | DR4
Alternating Bar 14.0 11.0 16.0 40
98 86 107 27

Watfle (-30.0%) | (-21.8%) | (~33.19) | (~33.1%)
d 142 123 155 39

Ul (14%) | (819%) | (-3.1%) | (-3.1%)
. g | U8 106 125 31

IPPET | XZXA 15706y | (-3.6%) | (-229%) | (-22%)
oo 8.0 80 80 2.0

(-42.9%) | (-27.3%) | (-50.0%) | (-50.0%)
108 27

Star Zag (-32.5%) | (-32.5%)
0 113 28

o (-29.4%) | (-29.4%)
e 101 25

Fingered |~ ~ (-36.99%) | (-36.9%)
Walffle —dxd 95 2.4

A (-40.6%) | (~40.6%)
O 89 22

x=10xdy (~44.4%) | (-44.4%)
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3 3 Design rules

Table 3 Design rules

Parameter | DR1 DR2 DR3 DR4
di 2 2 2 1
d> 2 2 2 1
3 2 1.5 2 1
ds 15 1 2 1
ds 1 1 2 1
ds 2 1 2 1
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Table 5 Measured tum-on resistance
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Table 6 Parasitic resistance

Ran, Rar Rp = "%‘Rm - _:13}?;\11 0.236
R, Foss Ep = _%gi?m - I—I'SRAH 0.211
R, Ran Rp = “6“4‘HM4 - Fan 0.206
63 63
Rz, Rass Rp = —%‘R,\B —él?_.\rz 0.205
Rap, R Rp = —%%RAM 1—153,m 0.205
R R A -1— 0
w3, Fan Rp = 3 R - 3 R 0.205
ot 0.211

°] Rp ©o% 3 59 F5743¥ Rudat& RAsId 44
MOSFET®9 Drain-Source 2+9 A& RpsE Fbd # 73
2o, o9 9¢ ¥ 79 HA4E odZr Bl Ao
0.25um TR 45618um’e] HHd FHEE M39 Rps:
Ves7d 2V d o 43mQ, 25V ® 3Bme e A Agge
7tEE& B F Atk M3RT 4o §8 AYELE T
M4l A, 2V % 25V Vs ol diste] Ad AH3e 53
A2 &g HAA =HY, ol FA% R ALY L3 B
o] Aoz ax goernz o AAE AFsrde o
2 FEr7t g o] £ dolHE AYstd BAHE o]
E AAA A48 Rpse ¥3 G 2 A3 ¥ 73
28 99 B 4 it ¥ 82 E 79 &9 A¥gg 4
49 AEdFE et 9y Ad T o FHE A4y
conductaceE At A g Aot} Vigs=15ValA 2713
B/m, Ves=20VelAl 3987%/m 18} 1 Vis=25VollA 4839
WN/mo} TEHALEE & 4 UH

E: 7 Z} MOSFETS} turn-on X &
Table 7 Turn-on resistance of MOSFETs

Rpsi [Q] 5.294 1.051 0.667 0.538

Rps2 [Q] 1.264 0.279 0.186 0.154
Rpss [Q] 0.313 0.066 0.043 0.035
Rosi [2] 0.076 0.014 (0.007) (0.002)

601



BABEFANEGE S1DR 12 2002F 128

—=—R,,,
6 = ——R .,
oo R s
5 —v—R,,

Resistance(ohm)

U T
1.0 1.5 2.0 2.5

gate-source voitage(V)

Resistance(ohm)
o
o
L

4\

T T
1.0 1.5 2.0 2.6
gate-source voltage(V)

a8 9 Vigsel #Hslo w2 Rps
Fig. 9 Rps as a function of Vs

63 x4 e o I 77 MAEX 2
Conductance

el A Waffle 7+32& H&3td T8E MOSFETY
Turmn-on A4S HAPHoZ Fad e, oF ntge=
Waffle 729 TEAL Lolry] 93t @vyg 4 74
A & AEE 9 ConductanceE AAstH ¥ 99 29
10¢] 29 wie} 2t} 025um FRANA um’ ¥ FE §F
ALZE 1266umE FEE + UYL, um’ F FE 7t
Conductance= Vgs=15Vel A 3435u8/um’, Vas=2.0Vll A
= 5039uB/um’, 181 V=25Vl e 617.8u8 /um’e]
EL 4L I8 5 Aok

7.2 B

Turn-on Alo} Source$} Drain®] ¥orztoll =3 32 A
o] a7 HE MOS 29X wixdAss dd o ¥
A HoA zEgAOR AAE F v FERE 7IEY
Alternating Bar 7% 9}o] Waffle 7%, Zipper 7%, Star
Zag T-%, Fingered Waffle T2 & A<tstdch #etat gl

Aoty zZ F2A @Y Wilrs 7H3= HAd W
A& BHse o L wuFonA Add # F=7L
Alternating Bar 7] H|ste] WA WA dvh} TEA

602
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Table 8 Conductance per unit channel width

Gov Wl | 531 %75 | 4215 | 5226
G[%Sﬁ’l‘;z 549 2489 373.3 450.9
Gﬁ;ﬁ? 55.1 %615 | 4013 | 4931
Cosv 4| 566 3073

B @ | 549 2713 | 3987 | 4889

x 9 otel o™ g conductance

Table 9 Conductance per unit area

My 35570{ 283178 1256 66.7] 336.0fy 529.4| 6564

M2 14,4004| 11,37871 1265 695] 315.0| 4725 570.7

M3| 579464] 45,618.17 1270 70.0; 3321 509.8; 626.3

M4 232,4496| 18267948 1272 72.0| 3910

¥ ¢ 1.266| 69.6] 3435 503.9| 6178
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Fig. 10 Conductance per unit area
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