EE 508 Lecture 35

High Frequency Filters
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Review from last lecture

How high can |, be? Consider a basic layout
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Example: Consider the 0.25u TSMC CMOS Process
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Review from last lecture

How high can |, be? Consider a basic layout

| Luin
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Example: Consider the 0.25u TSMC CMOS Process -
w

I, = - T 2
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I, = =,

1+(4.73+4.03)
 The diffusion capacitance term can dominate the C;q term
» The SW capacitance can be the biggest contributor to the speed limitations
 Afactor of 10 or even much more reduction in speed is possible due to the

diffusion parasitics and layout

« Maximizing W, will minimize 1, but power will get very large for marginal
improvement in speed

If W;=1.5u and Vgg;=Vep, 102w,
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Example: Consider the 0.25u TSMC CMOS Process -
l, = . Wy :
1+{0.93[1+4.1{\\;551J ]+0.61[t;/5+1+4.01(\\5551] D
\ EB2 j \ 1 EB2 J
Y e
BOT term SW term

This example shows that layout is really critical when high speed operation is needed

What can be done with layout to improve performance?



| Luin

What can be done with layout to improve performance?

Reducing the diffusion capacitances on the drains will have a major impact on speed!

Consider a concentric layout approach:

Drain

™ Source
ml = 4ﬁ

Gate




Concentric Layouts

Drain

~

| ™ Source J

Gate

Can be shown this is equivalent to a rectangular transistor (Wgq/Lgo)

Drain area and perimeter dramatically reduced

Source area and perimeter dramatically increased (but does not degrade performance)

Only sidewall is adjacent to the gate and C,, is usually considerably lower
here though some models do not provide separate characterization



Concentric Layouts

Exact closed-form expressions exist which are somewhat more complicated



How hlgh call IO be? Consider concentric layouts for M, and M,

. Recall W, — “_(ﬁj

Assume W,>W,

Will minimize the diffusion capacitance by starting with a minimum-
sized concentric device

1min

Thus y,=6A X,=2\ y,=10A W = 4)\(6 + \/E)

Define K, to be the scaling factor of W, above that of the minimum-sized concentric
device
K, = —

1min

Assume, for convenience, that K is an integer

M, realized by placing K; minimum-sized concentric devices in parallel



How hlgh call IO be? Consider concentric layouts for M, and M,

5 y,=6A X,=2\  y;=10A

Xl
W, _ = 4)\(6 + \/E)
Yol | Yo
K, = W,
' W1min
Consider now the concentric layout for M,

Consider now the concentric layout for M,,

The minimum-sized layout (gate,source, and drain) for the p-channel
transistors are identical to those for n-channel transistors

Define K, to be the scaling factor for W, above that of a minimum-sized
concentric device

Ppo=K,24A Ap,=K,(6A)?



How hlgh call IO be? Consider concentric layouts for M, and M,

— — — |
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— — - |
M M, M.,

Individual segments can be a little bigger than minimum sized w/o major change
in performance

May select K,=K,=1



How high can |, be?
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Consider concentric layouts for M; and M,
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How hlgh call IO be? Consider concentric layouts for M, and M,

Y, yzl [ ] [ ] |0 _ Wy
(CPl + CPZ ) T CGSl
2AC, W,

Po=Ki24h  Ap=K (BA)2  Agure =K, (48A2+16)2)
Ppo=Ko24h - A=K, (6A)? W = 4K1)\(6 +/2 )
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2ACox 4KA(6+412)




How hlgh call IO be? Consider concentric layouts for M, and M,

Xl

1y2|D [ ]
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l,

CoxKy (48N +16N° )+ Coor (61)° (K, +K, )+ Cgy 244 (K, +K,)

2MCox 4KA(6+412)

wT
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W
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HOW hlgh can | ber) Consider concentric layout
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" 1.08+hgor 61(1+K, /K, ) +hg, 0.4(1 +K, /K,)

Example: Consider the 0.25u TSMC CMOS Process with W,=1.5u and Vgg;=Vgg>

Kz— “n VEBlj K V “
—== | — 2= EBL =41
K, W, [V K 4'01(V j U
= Wy w
®1.08+.19(5.01)+0.24(5.01) b= 087 95212
\ )\ ) o |
Y Y
BOT term SW term |O = .31U)T

Diffusion parasitics still dominate frequency degradation
SW term probably over-estimated since it is an internal SW capacitance

But a factor of 3 faster with the concentric layout compared to standard layout



How high can |, be?

Other layouts for enhancing speed of operation

Goal: reduce area and perimeter on drain

T
Shared-drain structure

(but would not be applicable if one Circular-concentric structure

device in well and one outside of well)

Though the reduced size drain structures work very well, CAD support may be
limited for layout, simulation, and extraction



How high can |, be?

VOUT

Other layouts for enhancing speed of operation ©

Goal: reduce area and perimeter on drain

nechanal loid, Simple Loyork W, = 4w,
(2} |
ﬁ s
| R“ [ (but would not be applicable if one
ﬁm ‘\ \ _;\ > " device in well and one outside of well)

Ao = Wy +20Wy = 1PAW,
Poc 1+ = D +PWYL
her ™ AW = AW

Pox = 2w

L

W -:_Q@JL

= €
~ y Mo VEY KEYa
w = 2 ot 3

A Yo hur + (14 ;lmw
Useful for adding loss or in high-speed gain stages

(can add loss with n-channel or p-channel device)



Parameters from 250 TSMC Process
1\ sac)

u 3T4E+10
2lambea 0.25
hsw 0.51
T 0.32
Wup 4.1

Conventional Layout
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3.075
615
12.3
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e
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.38
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.38
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3.82
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.61
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10.81
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10.38
10,35

342
3N
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1.08
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124
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1.1
0.97
10.92
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10,35

Integrator lo for Special Layouts

fibi: Integrator-sgaed-coma

MNote: Process parameters may be a littie optimistic bul refative
peformarnce should be as pradicted

BOTnr BOTp SW comp Bol comp Load Den VEB1 lono dIl' (3

Total Total comp GHz| GHz
085 3.94 433 4,580 1102 1 853 83
085 3.94 av2 4,80 1 2.6 1 853 59
086 35 342 4,850 1 83 1 853 10.2
086 3.94 128 4,90 1 8.2 1 5.3 10.4
086 3194 3,19 4,50 1 91 1 853 10.5
086 088 246 1,94 1 5.4 1 95.3 176
088 0.98 185 1.84 1 4.8 1 85 3 18.9
096 088 1.54 1.4 1 4.5 1 5.3 21.2
085 0.98 1.38 1.84 1 4.3 1 852 220
088 0.88 1.31 1.84 1 43 1 253 24
086 1574 1183 15.70 1 295 1 853 32
098 1574 1122 16,70 1 288 1 853 13
098 1574 10892 18.70 1 288 1 853 a3
196 1574 1077 18,70 1 285 1 83 33
086 1574 10869 168,70 1 28.4 1 953 a4
085 3.94 4.33 4,90 1 102 15 1429|140
085 3894 X 4.5 1 86 15 1429 149
096 3.94 342 4,90 1 23 15 428 153
096 394 325 4.80 1 82 15 t1428] 156
D95 384 318 4,80 1 9.1 15 1429
085 098 248 1.84 1 54 15 1429
085 098 185 184 1 48 15 14249
096 058 1.54 1.84 1 45 15 1428
0,96 0.58 1.39 1.94 1 43 15 1428
086 0.98 131 194 1 43 15 1428
388 1574 1183 16.70 1 285 15 1429
086 1574 1122 16.70 1 8% 15 1429
088 1574 1092 1670 1 286 15 1428
088 1574 1077 16,70 1 285 15 1429
088 1574 1088 18.70 1 284 15 1429
085 384 433 4.90 1 W2 2 1806
085 384 arz 4.80 i 9.6 2 1806
086 554 342 4490 1 83 2 180.6
0985 3.94 3.25 4,80 1 g2 2 1806
0895 3.94 318 4,80 1 8.1 2 1906
G895 (.88 248 1.04 1 5.4 2 106
095 0.58 1.85 1.94 1 4.8 z 190.6
095 0.28 1.54 1.94 1 4.5 2 -
085 098 1.38 1.54 1 43 2
095 0.98 1.31 1.84 1 4.3 2
098 1574 1183 16,70 1 285 2
0.95 1574 1122 16.70 1 288 2
0gs 1574 1092 16.70 1 288 2
095 1574 10577 16.70 i 5 2
09s 1574 1088 16.70 1 284 2

Note: Significant change in
speed with optimal choice
of design variables



Patarelan (nom 250 T3ME Frocess
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Mot Frocess perameters may be B Mite optimistic but refative
parfemmance should ve &g precicied
—oncentric Layout
VEBR! K K2 KI* W W2 Bi¥n SWp B0Tn BOTp  SWeomp Bofcomp Load Dan WEBT  donedf o
VEBZ Tolal Tatal Comp GHr  GHx

1 t 45 Ay  Thd 025 13 L] 453 144 473 1.08 T2 1 iy 1z
1 2 BD a7  3FH 027 t.22 n43 BEE 3,40 A.84 104 11.53 1 FIEEE K
1 4 171 127 21 .38 123 ne 1663 1,53 17,53 1002 2008 1 @11 47
1 1 48 17 153 035 118 B 4,53 184 4,73 1058 T 14 1IEE 18T
1 2 wE &Y ITA .27 v B4 BiE 1G .59 10 11.52 15 1EH 124
1 4 it 127 521 129 T.23 4 TEEY 152 1753 142 A0 15 13y T
] T 48 T a2 o2% 19 AL 4,53 L] 473 108 r.24 2 17EE 283
f 2 BE 57 ITE 0.37 t.22 0.43 BEE 1,40 B9 104 11.58 2 MEE 1S
1 4 171 127 B2t 0.3% .23 4. 18.EE 1.5F 17,53 1.2 20,06 ] Wpd as
111 1 14 v EE] 25 [EF] 4194 ey 113 .40 108 1.868
b 2 oz &Y 68 .27 om .43 X ES 0.58 o.BH 1.0 7 48 i
L3 4 4 12y ran 0.2% N 81 1R o.50 1.08 102 347
n.8 i b iT 3k (i ¥ 628 .18 (k2 o566 o.40 1.08 1,88 15
0.5 221 &7 ae 027 G228 43 45 45 .0m 1.08 248 15
od a 44 127 &0 [ i) ki) .61 (5 et} 1.8 102 247 1.5
o5 1 14 v 348 e D25 o7 LFa] .50 .40 108 160 2
-] 2 21 ar 59 027 DEs 42 HE-] .55 .88 108 248 2
BE 4 a1 12,7 tad 03w 30 0. 58 .58 1,86 1.2 347 F]
2 T2k a7 8048 025 4,54 L1e e 51 TEE 198 #4398 1 &R 1.4
z 7 M4 &7 1104 BE a7 043 4247 5324 14260 104 14898 i ova a4
4 4 HR2 127 2084 fi.-] 498 481 2158 83T iTeaT 142 rmrr 1 @it a3
2 T 20D 37 B0A .25 4.5 18 TrEz B 18 FE11 1.08 B4 .30 15 138 1.7
2 2 Hha a7 1104 37 4497 43 1A 4T .24 1280 104 (LR 15 1385 1.0
2 i &R2 127 2064 il .59 81 271,56 527 2TAT 102 My 18 1387 T
2 100 17 808 035 4.4 n.fa TTEE 510 7811 1068 A4 38 2 TG 2a
2 2 WA ¥ 1ad .37 457 243 4247 g4 143,90 1.4 14518 2 1626 1.3
2 &4 \Iz 12.7 084 038 850 qET FTLES 527 2ra.4T 102 ITATT ] 1883 a7

Segmented Conceentric Layout
1 t 48 23 3F1 142 .33 1.13 .14 206 136 334 1.08 470 1 83 A3
1 7 BD 438 &7 75 0T 118 0.43 4.08 1.8 4.48 1.0 51 i @3 i38
T 4 1Fr mag 127 2 e iz 81 B0 1.50 L] 102 ©1.52 1 31 a1
1 48 331 3N 1632 [l ] 113 i s -] 1.38 224 108 470 15 4338 304
i 2 BB 438 G671 27S 3 (AL a3 a0 i. a8 104 B8 14 M8 204
¥ 4 1RF BaE 12T 824 o] L] 3 o9 50 a.a9 102 11,58 15 1387 124
1 T 4B 23 37 s2 B2E LR E] 019 L0 138 2.24 1.08 470 2
i 7 BY 4365 AF1 ITH LET 18 L.43 4.08 1.0 4.48 1.0 (%1 z
i 4 171 B4s 2T B2 (L33 t.22 .44 B0G .50 X 102 11.58 7
[F1-] LI ¥ 1 4 AM a8 k25 a0 ] LR 0.44 .26 108 1R
os 2 21 498t an B8 2y L2248 43 18 G482 .81 104 217
o 4 41 184 1271 30 b2 020 051 D42 57 .33 182 282
1] i 10 o4 3T an 025 029 .18 L0 044 0.2 108 170
ok 2 24 481 &F B0 o 025 B43 o8 L%+ 051 1.0 347
L& 4 41 184 1271 130 K] D28 L5t 047 o57 133 142 il )
% t 14 @4 AT A8 035 Q0 n.i@ 0.8 D.84 0.28 108 178
ns 72 21 48 AF1 8E oLET D25 0.43 RES ou62 o1 104 2T
nE 4 41 184 1271 130 029 DB n.81 Ddz D7 1.33 102 383

oL 8E A 604 L2 4. .19 34,05 .13 324 108 A4.45
B4 w4 E&EF1 1L 37 4.0 143 as 21 T4 10& IT.0n

12
@R 3E 1271 Z0A4 0w 497 .81 L] 526 1577 102 142204 23
o0 4f 3™ &08 073 429 .98 -] 13 24 1.0 44,48 1A%

|4 1BEF 6T rI00 02T 4 A3 o 527 R4 104 T
3.2 ME 127 084 il 447 =54 134885 528 B35 142 142.04
20 BB 371 80A 025 480 018 2805 £13 18 24 108 4446
4 1 A7 vikE OET 404 043 fa 27 0T 104 Iraor
fEE 345 12TY D4 038 4497 [HE-3 13480 5.26 a8y 102 14204
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Faremetars from 0 250 TEMOC process

u 74EL10 MiVsec) Lossy Integrator
Flambda 028 u
Few 061 none Woby Process paramilers may be @ lilbe oplimistic but relative perfoomance
hbat 032 none shauld be a5 predichsd
T 4.1 Ebeossy begroior- speed-comp
W2 Wi 5Wn 5Wp 80Tn BOTp 5Wcomp Bctcomp Locadcomp Den  VEBT oo dif 5]
Tatal Testal GHz GHz
P-channel Load, Comventhenal Layout
1 07s 03 124 1325 498 058 249 1.84 203 G545 i 40.8 126
2 1.50 148 0852 084 088 D08 1.86 1.94 203 £83 1 40.6 14.2
4 200 293 Q77 o783 08 058 1.56 1.84 203 5.52 1 406 5.0
1 LTs OF3 124 135 088 08B 240 1,64 =03 G545 15 LN 9.2
2 1.50 1.46 092 Q84 095 {88 1.86 1.84 203 .83 1.3 B1.1 2.2
4 300 283 4077 4078 OBs DoB 1.55 184 203 552 15 &1.1 24
1 ors 073 124 125 085 D8 240 1.94 200 G45 2 B15 SE
2 1.50 145 082 054 0598 DBg 1.06 1.94 204 503 z B1.5 283
4 300 283 077 4OFE 098 0DE 1.55 1.04 203 562 F B1.5 8
P.charmed Load, Concentric Layout
1 180 At 025 D25e DGs 0308 Q50 040 218 108 1 iva 2.7
F 887 871 027 028 0429 0454 058 088 21 345 1 a1 pac
4 13,02 12,71 029 0296 0507 0855 058 1.66 .07 452 1 308 183
i 3 1] 37 025 0254 094 0208 Q50 0.40 218 3.08 1.5 5a.7 A1
2 =87 .71 027 D28 (429 0454 .55 088 2.1 355 1.5 0d.d B
i 13.02 271 020 0Me 0EF 0855 058 1.66 2.07 452 15 53.8 T4
1 3.80 377 025 0254 094 0208 050 0.40 218 L08 i T56 535
a E&7 871 037 028 0499 0484 055 088 291 188 2 TaA 45 6
4 302 1271 O 026 0T 085 053 1,86 2.07 452 z 7587 W5
N-Channel Load, Simple Layoul
1 0vs 300 oG ore 125 273 1 BE.0 w2
2 1.50 5.00 068 07z 1.25 266 1 650 3t
4 3.00 12.00 065 0ve 1.3% 282 1 66.0 3ts
1 0.7rs 300 0.7 ove 1,25 273 1.5 Q5.0 453
2 1.50 .00 X (Rl 124 7 R 15 Q%0 af 6
4 3.00 12.00 LG5 72 1.25 282 1.5 95.0 473
i nrs 300 078 nre 1.25 2,73 2 1320 504
2 1.5 .00 .68 0.72 1.25 2.68 2 1320 &z
4 360 1200 DB5 0.72 1.25 262 z2 1320 B3.0
N-Channel Load, Concantric Layout
1 37T 1483 {31 024 1.35 1,80 1 612 434
2 B.71 25 83 034 .54 1.30 218 1 633
4 127 5083 035 1.13 1.25 277 1 g4.5
] 3T 14.B3 8.3 .24 1.35 1.8 1.5 1.8
2 B.71 25.B3 024 .54 1.20 218 1.5 444
4 1271 50.83 0.35 1.13 1.28 2.7 1.5 5.8
1 3T 14.83 0.0 24 135 1.50 2 1224
2 871 2E6.B3 034 054 1.30 218 i 1285
4 2™ E0B3 el 143 1.28 277 2 1281
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Stay Safe and Stay Healthy !







