EE 508 Lecture 39

High Frequency Filters
Noise and Dynamic Range
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Review from last lecture

How high can |, be? Consider a basic layout
% E—
I, = Wr e

0 2 2 [ |
1+| 3hg; 1+“”[VEB1] +hg,, 12A+1+“”(VEB1J L
My Vs W, M, Vs

Example: Consider the 0.25u TSMC CMOS Process

Tos = h,=0.31
1+{3-0.31{1+4.1(\\;EE”J }+0.61[120'\:V25+1+4.1£\\;EB1) n BOT
| h,,=0.61
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Review from last lecture

How high can |, be? Consider a basic layout

[
Example: Consider the 0.25u TSMC CMOS Process —
I, = P
Veg, ) 1.5 Veg, )
1+{0'9{1+4'1(\/E81j }+0.61[W+1+4.1(VEB1J D
\/ \ EB2 j \ 1 EB2 j
e

GATE
term BOT term SW term

Wy

fW.,=1.5u and Veg=Ves, 10— [+ (4.73+4.03) =.102w;

Designer has control of Vg, andVg,

The diffusion capacitance term can dominate the Cgg term

The SW capacitance can be the biggest contributor to the speed limitations

A factor of 10 or even much more reduction in speed is possible due to the

diffusion parasitics and layout

Maximizing W, will minimize |, but power will get very large for marginal improvement in
speed
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E—
Example: Consider the 0.25u TSMC CMOS Process I
I, = _ Wy :
1{0.93{%4.1(\\2:;] }+0.61[W+1+4.1(\\2ZJ D
N )\ J
Y e
BOT term SW term

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

Designer can also manage design with Vgg,/Vgg, ratio

What can be done with layout to improve performance?
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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

;
A

Gate

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

Drain area and perimeter dramatically reduced

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

Only drain sidewall is adjacent to the gate and Cg, 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 can IO be? Consider concentric layouts for M, and M,

. Recall W, = “_(ﬁj

i 1Y Assume W,>W,

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

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

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

W

1min

Assume, for convenience, that K is an integer

K, =

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



How high can |, be? Consider concentric layouts for M, and M,
9 0

: Y,=6A X1=2\  y,=10A

X1
W, =4A(6++2)
Yo | Yo
K, = W,
' W1min
Consider now the concentric layout for M,
Pp1=K 24\ A=K, (BA)? Acater=K,(48N2+16A2)

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



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

—] —] — |
D D D D o o o D D
M M M
D D D D °* o o D D
—] —] -
M11 M12 M1K1

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?

Yo | Yo
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L
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Consider concentric layouts for M, and M,

- W, 2
K2 - W W2= W1&(£j
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How hlgh can IO be? Consider concentric layouts for M, and M,

/ yZI [ ] L] I, = Wy
(CP1 +C, ) +Cos1
2AC,, W,

Po=K,24h  An =K. (BA2  Agares=K,(48A2+16A2)
Poo=Ko24N A=Kk, (6A)2 W, = 4K1)\(6 2 )

[ = Wr

" CoxK, (48A2+16A2 )+ (CSWnK124/’L+CBOTnK1 (64)% +Cgy,K,24+Cyor K, (6/1)2)
2\Cox 4K A(6+72)
Wy

[ =
" CoxK, (48N +16A%) + Cyor (64)° (K, +K, )+ Ce 242 (K, +K,)

20C o 4K A (6++2)




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

X|

[ ]

W+

[ =
" CoxK, (48N +16A%) + Cyor (64)° (K, +K, )+ Cey 242 (K, +K,)

20Cox 4K A (6++2)

W
(8)+hgor4.5(1+K, /K, ) +hg, 3(1 +K, /K,)

(63

I, =

I, = Wr
" 1.08+hgo.61(1+K, /K, ) +hg, 0.4(1 +K, /K,)
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HOW hlgh can I bef; Consider concentric layout
O =

o) | ) ) R /) S

= H £1

I, = 2t
" 1.08+hgo.61(1+K, /K, ) +hg, 0.4(1 +K, /K,)

Example: Consider the 0.25u TSMC CMOS Process with W,=1.5u and Vgg1=Vgg,

&: &(VEE”] IJ“ =4 1 Kz _ 4 1 VEB1
K, w\V, u K vV
I, = Yo W
" 1.08+.19(5.1) +0.24(5.1) b= 05112
\ )\ ) o |
Y Y
BOT term SW term Io = .31(1)-,-

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

//
—fr—

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

device in well and one outside of well)

Shared-drain structure

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



How high can |, be?

Vour

Other layouts for enhancing speed of operation

Goal: reduce area and perimeter on drain

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

Ao = ¥y +20 Wy = 1PAW, -
PoT AV = 1 +PWY
her ™ AW = AW

Pox = 2w

l.;: u«ggﬁl
= €

~ y Mo VEY KREYa
wr = B By ©A

Sy Vo huor + (1 ¢ .'&T\lw
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 3.T4E+10
2*lambea 0.25
hsw 0.51
Cof 0.32
Wup 4.1

Conventional Layout
K w1

VEB1/

amnm_namnm_zamhm_n

amnm_nam-hm_samhm_n

— - Y
mmhm-smm-hm_xmmamm

u

nang
none

0.75
15

Bmwe

075

0.5

Wz SWn SWp

A.075
6.15
123
248
49.2

0.768

1.538

3075
6,15
12.3
12.3
246
48.2
SH 4

1668

3,075
.15
12.3
248
48.2

0.769

15638

A.075
B.15
12.3
12.3
246
4g.2
28.4
1965

3.075
615
12.3
248
48.2

{7648

1538

3075
615
12.3
12.3
246
48.2
S68.4

186.8

052
0.E1
0.4G
0.38
0.34
0,892
081
Q.45
038
0.34
082
081
045
.33
0.34

0.8z
081
045
028
034
0.82
061
048
0.38
0.34
052
061
0.48
0.38
0.34

382
061
(46
(.38
0.34
(92
.61
.48
038
34
052
61
0.45
0,38
0.34

342
3
2,85
2.88
2.84
1.54
1.24
108
1.0
0.97
10.82
10.81
10.46
10.38
10.35

342
3N
295
288
284
1.54
124
1.08
1.01
0.97

1042

10,69

10.48

1038

10,35

342
31
296
2.88
2.84
1.54
1.24
1.08
1.1
0.97
10.92
1067
1046
10,38
10,35

Integrator lo for Special Layouts

fibi: Integrator-spaed-comg

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

BOTn 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
095 3.94 ar2 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
096 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
095 0.98 1.38 1.84 1 4.3 1 852 220
088 0.88 1.31 1.84 1 43 1 853 224
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
195 1574 1077 18,70 1 285 1 853 33
086 1574 1069 168,70 1 28.4 1 953 a4
085 3.94 4.33 4,90 1 102 15 1429|140
085 384 X 4.5 1 86 15 142.9] 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
096 098 248 1.84 1 54 15 1429
nes 098 185 184 1 48 15 14249
095 058 1.54 1.84 1 45 15 1428
0,96 0.58 1.39 1.94 1 43 15 1428
085 (.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
098 1574 1077 16,70 1 285 15 1429
088 1574 1088 18.70 1 284 15 1429
0895 384 433 4.90 1 W2 2 1806
095 384 arz 4.80 i 9.6 2 1806
086 354 342 4490 1 83 2 180.6
0985 394 3.25 4,80 1 g2 2 1806
095 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 -
095 0.98 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
098 1574 1092 16.70 1 288 2
095 1574 1077 16.70 i 5 2
095 1574 1088 16.70 1 284 2

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



Patarelan (nom . 250 T3ME Frocess

W B TAEHI0 T sen)

2l 035 U

s TE1 mona Integrator lo for Special Layouts

1 .32 ngh Bl indé grodee-ppemd-toaip

(%1, 1117+ A1

Mot Frocess perameters may be B Mte optimistic but refathee
parfenmance should va &g precicied
—oncentric Layout
VEBSI M K2 KI* WY W2 EWn  SWp  BOThn BOTp  SWeomp Botcomp Load  Dan VEBt donedif o
VEBRZ Tobak Taotal Comp GHr  GHz

1 t 45 ay Thd 025 19 L] 453 144 473 1.08 T4 1 i1 I . )
1 2 BD a7  3FH 027 t.22 n43 BEE 3,40 A.549 104 11.83 1 w3 83
1 4 171 12.7 21 .78 1,23 ne 1663 1,53 17,53 1002 200 1 @1 47
1 1 48 a7 153 035 118 B 4,53 184 473 1058 T 14 A2 e
1 2 wE &% ITA .27 v B4 BiE 1G .58 10 11.52 15 1BEE 124
1 4 17t 127 521 129 T.23 4 THEY 152 1753 142 AR 15 1317 74
] T 48 arT 52 3% 19 AL 4,53 L] 473 108 r24 2 17EE  28.3
f 2 BE 57 ITE 0.37 t.22 0.43 858 1,40 B.940 104 11.58 2 WEE S
1 4 171 12,7 B2t 0.3 ¥ 4. 18EE 1.5F 17,53 1.2 20,06 ] WEa  as
111 1 14 iF EE] 128 [H] 4194 [rleg 113 .40 108 1.88
b 2 oz &Y 68 .27 om .43 oL 0.58 o.EH 1.0 7 48 i
L3 4 4 127 tin 0.2% 0% 81 PR ] o.50 1.08 102 147
n.8 i b 8F  5A (¥ 628 .18 021 o566 o.40 1.08 1,88 15
0.5 221 &7 ae 027 ] 43 45 45 Hi ] ] 1.08 248 15
od a 44 127 &0 29 BB .61 (.50 et} 108 102 347 1.5
o5 1 14 ar 348 b D25 o7 ozt .50 440 108 160 2
-] 2 21 ar 59 027 ] 42 Q.4E .55 .85 108 248 2
BE 4 a1 12,7 1ad 0.3 L 0. o5E .58 1,68 1.2 347 F]
2 T 2D a7 80l o.2s 4,54 L1e e 51 BT 198 #4.38 1 &R 1.4
z 7 34 &7 7104 BE a7 043 14247 5324 14260 104 14898 i e T
4 4 HB2 127 2044 e 458 481 PRk 83T Trar 142 - o 1 it a3
2 T 20D 37 E0A .28 45 18 ez B 18 7B 1.08 B4 38 15 1325 17
2 2 Ha a7 1104 37 497 43 1aZ 4T .24 T2 80 104 (LERL] 15 135 1.0
2 i &R2 127 2084 0% .59 81 27156 527 2TEAT 102 aMarr 18 1387 LT
2 100 17 BOA n.3s 454 n.fa TTER 510 78,11 1068 A4 38 ] TG 2a
2 2 WA ¥ 1ad .37 4,67 243 747 g4 143,90 1.4 T4 1B 2 1626 13
2 4 \aF 12.7 o84 038 859 qET FLEE 527 24T 102 ITATT ] 1883 47

Segmented Conceentric Layout
1 t 48 23 ¥ A2 B33 1.13 .14 .06 136 334 1.08 470 1 83 23
1 7 BD 438 a7 75 0 118 0.43 4.08 1.8 448 1.0 [5:1 i @3 18
T 4 1Fr mag 127 2 [Fec] iz 81 B0 1.50 .89 102 ¥1.52 1 31 83
1 48 331 3N 1632 [l 113 i 205 1.38 124 108 470 15 4328 304
i 2 BB 438 G671 27S U (AL a3 a0 i. LR 104 B8 14 1368 204
¥ 4 TRF B&E 12T 824 029 i 3 goe 50 8.69 102 .68 15 1387 124
1 Too4Bp 23 371 rh2 B2E 3 019 2.0 138 2.24 1.08 470 2
i 7 BY 4365 AT ITH LEF 18 L.43 4.08 1.0 448 1.0 [5:1 z
i 4 171 @45 13T B34 L33 .2 .44 B06 .50 8.4 102 11,88 7
[F1-] Foofn o4 3n a8 e G0 ] 008 0.44 .26 108 IR
os 2 21 a5t an B8 2y 428 43 - RE ] G482 081 104 8
o 4 41 184 1271 30 p2e 028 051 .42 57 1.33 182 282
1] i 10 04 AT an 025 029 .18 0.0 044 0.8 108 170
ok 2 zd a8f &F B0 o a5 B43 oE L%+ 061 1.0 347
L& 4 41 184 1271 130 0z D28 L5t 04z o57 133 142 il
% t 4 B4 aF A8 0,35 0z0 n.i@ 0,08 D.84 0.28 108 178
ns 72 21 48 A7 8E oET D25 0.43 RES ou62 o1 104 2T
nE 4 41 184 1271 130 D29 D28 n.81 D4z D7 123 102 363

2 T G BE AT B0 LI 4.5 .19 34,05 .13 34,24 108 A4.45 i

2 2 4 84 &EF1 P00 37 4. 143 mag 21 oL 10& IT.O 1

2 4 &B9F 3L 1271 044 nze 497 .81 LR ] 526 1877 102 14204 1 23 ar
2 T 20 8& 3™ E08 073 4.29 .98 -] 13 a0.24 1.0 4448 15 1y a2
z F o34 1 ST 10D 027 A5 A3 T 527 R4 104 T 15 1388 18
-4 4  BRE ME 1271 2004 i) 447 =54 13488 528 LEE 142 142.04 15 R
z P20 BE 3T 808 =) 4. 80 R 31 28 05 £13 3834 1008 44 45 2 imee 43
i ¢ 84 BT A7 TG 0E 434 043 fa =27 o 1.4 T @ e 2B
z 4 HkF 345 1271 g4 oy 447 [HA" ) 13480 5.26 18Ty 10z 14204 2 ez 13



Faremetars from 0 250 TEMOC process

7] 3 TE+10 MW sec)
Flamida 028 u
Feay 06T none
hbat 032 mome
T 4.1
w2 W
P-channsi Load, Comventbonal Layoast
1 7S oy 124
z 1.50 145 092
4 .00 282 ayTF
1 o7 073 124
2 1.50 148 092
4 300 283 077
1 ors 03 14
2 1.50 145 0&z2
] 304 283 OTT
P.charm Load, Concentric Layout
1 180 v 038
2 £.87 671 0.7
4 13,02 1271 029
1 3Ba 37T 0I5
2 £.87 &71 DT
4 13.02 271 0.2
1 3.80 I B
2 .87 671 037
4 a0z 1271 o
N-Channel Load, Simpls Layout
1 0.vs 300
2 1.50 .00
4 3.0 12.00
1 0.75 .00
2 1560 A0
4 3.00 12.00
i 0.#s 300
2 1.50 600
4 360 1200
H-Channel Load, Concentric Layoul
1 3r 14.83
2 5.7 25 83
4 127 5083
] ar 14,83
2 671 26.83
4 1271 50.83
1 ar 14.83
2 871 26.83
4 i2M E0.83

Lossy Integrator

Maoby Process paramelers may be & lilBe optimistic but relative performance
shauld be a5 predichsd

F e fossy: inbegroicr-spoed-comp

S5Wn 5Wp 80Tn BOTp 5Wcomp Bot comp Load comp

1.25
0,54
078
i
054
o.ra
1.25
054
Q78

0 35a
025
0296
0254
028
0296
0254
028
(e

098 058
098 008
055 053
O.08 OGA
0es 088
oBs BB
085 088
08 D8a
0.e6 08a

Oigd 0208
0428 G454
OE07T 0555
0184 D205
0429 0454
0807 0855
094 0305
G 4ds (LdSd
0007 D856

Total

2.40
1.86
1.85
240
1.86
1.55
240
1,86
1,55

50
.55
0.58
Q.50
.55
.58
50
055
a.54

0.Ta
G868
pL
678
o
065
(.76
.68
LLi

o
LR
0.35
.51
0.24
0.3
.31
0.3
038

Tabai

184
1.4
1.84
184
1.84
184
184
1.54
.04

040
n.8e
1.66
0.40
0.88
1.86
0.40
.88
1.86

e
arz
0.7z
7z
0re
o7z
0wz
.72
072

0,24
0,54
1.13
0,24
.54
1.13
024
{54
143

203
203
203
203
203
2.03
200
200
203

hhbRRRERD

BehRekbel

Dan

545
583
5.52
546
583
552
545
£.a3
£.62

3.00
385
452
3.08
385
452
508
3188
4 52

273
2466
282
273
766
2082
2.73
268
262

1,80
218
297
1.8¢
218
2T
1.50
218
207

VES

oo dif L]
GHz GHz
0.8 12.B
0.8 4.2
406 150
&1 1893
B1.1 2.2
B11 2.4
B15 255
B15 28.3
8515 8
ara 247
a1 233
J9.8 183
567 4.1
0da 3.8
G948 74
ThE 535
TaA 45 6
TeT ¥Ma
G i w2
BE.¢ 3t
ga.0 B8]
Q5.0 453
agn afi B
5.0 473
TERG 5.4
1320 Lir |
133.0 B3.0
612 4314
613 ara
G4.3 288
2.8 821
LR 857
5.8 3
1204 BE.S
266 TEE
2R BBS



Noise and Dynamic Range



Noise is a random time-domain sighal that
characterizes movement of electrons in devices

Example: Noise in Resistors

Un(t)

Ideal Resistor Model of noise in a
Resistor



Typical noise waveform for a resistor

Vl Noi 56

Noise sources in electronic devices are time-domain sources and can be modeled
with independent voltage and current sources

Noise sources have a polarity though the statistical characteristics are independent of
how the polarity is assigned

Noise is often quantified by the corresponding RMS value of the noise voltage or
current at a node or branch in a circuit



Noise In a System

Vl noise

t
VN1@ vN2<i> an@ _VOUT

| @ VouTt=VosictUnourt

e Often many noises sources present

* One can be corrupting the input and others are internal to the system

* Noises sources often sufficiently small that superposition can be applied to
determine the combined effects of all noise sources on VUt



Characterization of a Noise Signal

Vl noise
t

Noise naturally characterized by its RMS value

t+T

Ves = lim [ V2 (t)dt

T —o0
ty



Noise sources in electronic circuits

Vl noise
Resistors, Transistors, and Diodes all have one or more WWH’WMW -t
internal noise sources

Capacitors and Inductors are noiseless

The presence of noise sources in devices is the only reason that input signals in
filters are not made arbitrarily small to reduce effects of nonlinearity to
arbitrarily small levels

The concept of “Dynamic Range” is used to characterize how small of input signals can
be practically used in filters

To achieve acceptable linearity in a filter, the designer should provide just enough
“dynamic range” to satisfy the requirements of an application. Any extra dynamic
range will invariably come at the expense of increased design efforts, cost,
complexity, and power dissipation



\
5/'-/.. S
Nj)(((( L

Stay Safe and Stay Healthy !
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