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Lecture 38

ligh Frequency Filters



Integrators for High-Speed Operation

Review from last time
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Review from last time

Single-ended High-Frequency TA Integrators

How high can |, be?

VOUT

Consider a typical filter — the two integrator loop ~ HC W/ LV

Integrator is loaded by another integrator!

| — /JCoxW1/ L, Vee:
° C+C,+C,W,L,

Even if C goes to O, |, is limited!

C; is the parasitic capacitances on the output node



Review from last time

Single-ended High-Frequency TA Integrators

How high can |, be?

|
1 I0|\/| = Wy

Speed of operation increases with Vg,

Vg, IS limited by signal swing requirements and V

Signal Swing:
Vawop = MiN{Vpp Voo, Voo~ (V;+100mV)}
VOQ: VitV

Veop = MV -V, Vg,V Vg - (V,+100mMV)}



Review from last time

Single-ended High-Frequency TA Integrators

How high can |, be?

|
1 I0|\/| = Wy

Speed of operation increases with Vg

Vg Is limited by signal swing requirements and V,
Signal Swing:

VooV -Veg = Vi +Vgg- (V7 +100mV)

V5, +100mV-V;
VEB — 5
v (VDD +1 OOmV-VT )
IOMAX = K

min



Single-ended High-Frequency TA Integrators
| — HC oW, /L Vg,
i C+Cp +Cox WIL,

How high can |, be?

VDD
4EM Neglecting Cp and C, obtained
|y = W+
VOUT
c | = HMVeg
Vin #Eﬂl I E OM L2 _
min
N CP N
I Note this is independent of W,
How much power is required to realize lgyax? “(VDD+1 OOmV_VT)
PQPT =Volp OMAX 2L2min
P = IUCOXWlVEZBl
QPT DD 2Lmin
Note this is proportional to W,
Popr = Voo HCox Whin Ve Wmi";Lmi” Ve, HCoxVew
2|—min 2

UCoy (Vop +100mV =V, Y Vi=02Veo  /,C_ (0.75V,,,
= Voo Voo

2
5 5 = 5 5 j = -O7,UCoxV[3)D



Single-ended High-Frequency TA Integrators
| — HC oW, /L Vg,
T C+Cp +Cox WIL,

How high can |, be?

VDD
4EM Neglecting Cp and C, obtained
' I0|\/| =Wy
< A
Vin #Eﬂl I E IOM _ Lz—mm
o
I H(Vpp+100mV-V; )
lomax = 512

Cp will modestly reduce the speed of the circuit
HC ox Wi Vg,
C, +Cg W,L?

min

o:L

Consider the diffusion capacitances on M, and M,

| = HCox Wi Ve,
’ L i (CPl +Cp, ) + Cox\Nll—2

min




How high can |, be?

CW%T
|

The parasitic diffusion capacitances are

o

strongly layout dependent

ey
- _-Y__

Consider a basic layout of a transistor

The capacitance density along the sw of the drain is
usually somewhat less than that along the outer
perimeters but may not easily be modeled separately

Assuming the same, drain diffusion capacitance of a transistor is given by

CDIFF = CBOT [W d 1] + CSW [Zd 1 T ZW]

Cgot IS the bottom diffusion capacitance density
Cs IS the sidwall diffusion capacitance density



How high can |, be? Consider a basic layout

|LMN

................

. ' L
'4—” MIN
| — HC o Wi Vg, : :
° I—min (CPl + CPZ ) + C:OXV\llemin
| — /uCOXW1VEBl
0
L i (CBOTn [Wld 1] +Cown [2d 1T 2W1] +CBOTp [Wzd 2 ] + CSWp [2d , +2W, ]) + COXWILZmin
Assume L,,=2A
_ /JCox\vaEBl

l,

22(Caorn [Wid ; ]+ Copn [20 +2W, [+Cporyy [W,d , |+ Cayp [2d, +2W, )+ Ci W, 442



How high can |, be?

Consider a basic layout of a transistor

2\|
12\ o
2A!

IuCOXW1VEBl

1,

22(Caorn [Wid ; ]+ Can [20; +2W, [+Cpor, [Wod , [+ Copy [2d, +2W, ]) + Co W, 447

| — HCox Wi Vg,
° 2\ (CBOTn [W16)\] +Cown [1 2\ + 2W1] +Cgorp [W2 6)\] +Cqup [1 2N+2W, ]) +Cgy W, 4N




How high can |, be? Consider a basic layou

I
\ |
| = H,Cox Wi Vg,
" 2N(Caory [W,6A]+Cagyy [12A+2W, ]+Cpr, [W,6A] +Cy, [12A+2W, ])+ Co W, 4N’
1, = Mo Ve
C C
4A2+2)\(CBOT” [6A]+ own {12’%2} 2oTe {WZ}[GAM Swip {12 A +2W2D
COX OX Wl COX Wl COX W 1 Wl
Define and assume . _ Cyory _ Ceorp Coun _ Cowp
BOT - SW -
COX C:OX )\COX )\COX
o Vep:

IO_

A W AW
AN + ZA(hBOT [6A]+Ahg, {12W+2}+hmT {V\;}[6)\]+Ahsw {12 W 200 D

1 1 1



How high can |, be?

Consider a basic layou

e
| |
_ £, Ve
A W A W
AN? + 2)\[hBOT [6)\] +Ahg,, {1 2\/\/1 + 2} +hgor |:V\/j} [6)\] + Ahg,, {1 2 Wl + Z\Nj}j
|, = 4, Vg
AN +4N?| 3hg ., 1+W2 +hg, 12)\+1+W2
W, W, W,
4, Ve
4N




How high can |, be? Consider a basic layou

Recall W, _pu [éjz W, = Mo Ve




I
I
I Lyin
I
I
dz

% I
I Lo

Wy

0= 5 .
1+ ?,hBOT 1+UH[VE81) +hsw 12)\+1+|JH[VE81) |—,
IJp VEBZ Wl IJp VE|32

Example: Consider the 0.25u TSMC CMOS Process

_ CBOTn CBOTP

COX: 58ﬂ:/H2 N Neor = C., = C.,
C., = .440fF/p M h_=0.31

C. = .350fF/y M=3T4E10 [ o ¢,
> W )\COX - )\COX
C.=18fFlf* A=0.1254

/" h_=0.61



| Luin

% "
| — L

W, Lw
. Veg: | A Veg, |
1+ 3hBOT 1+“n[EBl) "‘hsw 12+1+“n[ EBl) L
IJp VEBZ Wl IJp VE|32

Example: Consider the 0.25u TSMC CMOS Process

a 1+[30 O.31[1+4.1(VE:-'2LJ2}+02T1[12 O.\/1Vf5 +1+ 4.01[://:2 Tn I’I:BOT B O . 3 1

) _=0.61

1+£0.931{1+4.1(\\;E:;ﬂw.mhﬁj+1+4.01[\\;:jn M, - 41
R S H,

GATE
term BOT term SW term



| Luin

b
Example: Consider the 0.25u TSMC CMOS Process e
l, = : Wy :
1+]0.93 1+4.1[V551] +0.61 1'5+1+4.01(V551J
\ Vego j k W, v/ j
Y Y
BOT term SW term
Wy

If W,=1.5u and Vgg,=Veg, 102w,

o 1+(4.73+4.03)
 The diffusion capacitance term can dominate the C¢ 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 |, but power will get very large for marginal
improvement in speed



| Luin

S
Example: Consider the 0.25u TSMC CMOS Process e
l, = : Wy :
1+]0.93 1+4.1[V551] +0.61 1'5+1+4.01(V551J
\ Ve, j k W, v/ j
Y Y
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 (Wgo/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 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 call IO be? Consider concentric layouts for M, and M,

I Recall W2 — M, Eﬁ]

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 +/2 )

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, =4A(6++2)
ARD S
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,

— — — |
D D D D o o o D D
M M, M
D D D D o o o D D
— — - |
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 hlgh call IO be? Consider concentric layouts for M, and M,

X W2 2
Y. [ Y |
K —_ Wl IJn VEBl — K IJn VEBl
2 W1min pp VEBz 1 IJp VEBZ
| = HC o W, Ve, IUCOI)iW1VEBl
’ I—min (CPl + CPZ ) + C:OXV\lll—zmin I — min
’ (CPl + CP2 ) + CGSl
H Ve
L2 . | — wT
I — min 0 —
° (CPl +C,, ) +Cqy (CPl +Cp, ) +Ces
CoxLmin W) 2AC oW,




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

Y, yzl [ ] L] |0 _ Wy
(Cpl + C:P2 ) + CGSl
2AC_, W,

Poi=Ki24h  Ap =K (A2 Agare,=K,(48N2+16A2)
Poa=Ka24h A -k (6))2 W, = 4K1)\(6 w2 )

l, = Wr

" CouK, (48N +16A2 )+ (ConnK1244#Cyor Ky (62) + Cy K,2424+Cogr K, (62))
2MCox 4K (6+2)
wT

I0

" CoxKy (48N #1602 )+ Cooy (62)” (K, +K, ) + Cayy 244(K, 4K, )
2MCox 4K (6+12)




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

Xl

lyZID [ ]

W

I0

" CoxK; (48N+160 )+ Cooy (64) (K, +K, )+ Coyy 244 (K, +K,)

2AC oy 4K A (6++/2)

wT
o = (8)+hgor4.5(1+K, /K, )+hgy3(1 +K, /K,)

6+

(0))
l, = T
° 1.08+hyo.61(1+K, /K, )+ hg, 0.4(1 +K, /K,)




HOW hlgh can | ber) Consider concentric layout
O .

= =]

H H a
opm O m eee | Q|0

LiNn] oo ... | oo

= H £1

(0))
l, = T
? 1.08+hge-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>

K, _ un(ij K V u
Doz Bl Tem AT = 4.1
K, bV K 4'01(V ] ")

| = Wy w

° 1.08+.19(5.01)+0.24(5.01) b= o8 95112

\ )\ J R '
Y Y
BOT term SW term |O = 'Sle

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

o
4

Shared-drain structure Circular-concentric structure

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



How high can |, be?

Other layouts for enhancing speed of operation

Goal: reduce area and perimeter on drain

n~choral loed, simple Layovk W, = MW,
[} p '4
L)
— R“r.\ ta

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

Pox = 2w

l.;: u«ggﬁl
= €

~ y Mo VEY KREYa
wr = B By ©A

T+ Vb 0 2 hsw

Useful for adding loss or in high-speed gain stages

VOUT



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 1 853 220
088 0.88 1.31 1.84 1 43 1 853 224
086 1574 1183 15.70 1 295 1 853 iz
098 1574 1122 16,70 1 288 1 853 e
098 1574 10892 18.70 1 288 1 §5.3 a3
195 1574 1077 18,70 1 285 1 85,3 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 14290 157
096 098 248 1.84 1 54 15 t4z8]| 265
nes 098 185 184 1 48 15 1474|268
095 058 1.54 1.84 1 45 15  f428] 1.9
095 0.58 1.389 1.94 i 43 15 1428 330
085 (.98 131 194 1 43 15 1428] a3s
388 1574 1183 16.70 1 285 15 t429] 48
086 1574 1122 16.70 1 288 15 1429) 49
088 1574 1092 1670 1 286 15 f428] 5O
098 1574 1077 16,70 1 285 15 1428 50
088 1574 1088 18.70 1 284 15 1423] 50
088 394 433 4,90 1 10.2 2 1806 188
095 384 arz 4.80 i 9.6 2 1806| 19.8
086 354 342 4490 1 83 2 106] 206
0985 394 3.25 4,80 1 g2 2 180G) 208
095 3.94 318 4,80 1 8.1 2 1906 2.0
G895 (.88 248 1.04 1 5.4 2 apel 353
095 0.58 1.85 1.94 1 4.8 z 18906] 398
095 0.28 1.54 1.94 1 4.5 2 100.6) 425
095 0.98 1.39 1.54 1 43 2 180.6]  44.0
095 0.98 1.31 1.84 1 4.3 2 1906 44.8
098 1574 1183 16,70 1 285 2 1806 8.5
0,95 1574 1122 16.70 1 288 2 1806] &6
098 1574 1092 16.70 1 288 2 106 &7
095 1574 1077 16.70 i 5 2 806] 67
095 1574 1088 16.70 1 284 2 18906) B7

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



Patarelan (nom . 250 T3ME Frocess

W B TAEHI0 T sen)

FRER S AF5 u

e 0.81 none

il 432 ngne

(%1, 1117+ A1

—oncentric Layout

VEB! K K2
VEBZ

1 1 48
1 2 B3
1 4 1T
1 1 48
1 2 as
i "IERTA
B 1 48
f 2 8E
1 4 171
i1 11
1.8 22
25 4 41
.8 toia
0.5 221
0.4 a a4
0.5 114
-] 2 21
BE 4 41
2 T 200
7 7 Ma
2 R
2 T 20D
2 2 Ha
2 i &R2
2 1 200
2 2 WA
z 4 s93

Ki Ry R B R A PR R RD

& o o Do RF oo B B3 -a Ga By = B P oes B B3 -

PN T A e Y

200
8.4
a0z
200
ab.a
BE5.2
200

ez

¥ ad

Integrator lo for Special Layouts

Ein nlsgwize-ppendtmmg

biote Frocess pameters may be A ite astimistic but refative

pacfemrance should be a8 progicied
Wi w2 Eifn SWp BOTn
ar tha .20 18 n.19
8T FFSH 0.27 t22 n43
127 821 .78 +23 o8
a7 153 0.25 118 n.19
L Fa -} .27 L 143
127 &21 1.2 .23 T
a7 1532 035 +.19 014
&7 ITSE 0.37 +.23 0.43
12,7 B4 0.2% 123 T
iy A8 35 o 419
&Y B3 27 L ¥ 43
127 138 2% 030 181
T 34 25 625 L]
&7 88 27 028 143
127 40 ] k] .51
ar 34 ¥ D25 .79
aT 68 027 0.8 143
12,7 tadn 0.5 o3 0.
a7 808 0.35 454 n.18
6Y 108 DEY 457 0.43
127 2084 0028 458 81
iy €04 .25 4.5 19
a7 1104 27 4,97 143
127 2084 il .55 81
a7 808 0.3s 454 0.9
&Y 1904 {37 457 .43
127 2084 038 250 LE:2
B Th2 .23 1.13 .99
aF1  IFE 0.3 118 0.43
127 §2 [ 122 81
an 151 035 .13 L]
671 ITS [ b8 143
1271 521 .29 .42 3.1
37 152 [L¥.] 13 19
a1 TS 0 18 0.43
1271 824 [ ¥sr] .22 .91
An a4 [ ¥ riF.i} 114
ar B8 027 [ ¥..] 43
1271 130 B25 0:28 51
am 3 025 020 118
&7 A oI 025 43
1271 130 [Ehee”] D28 5T
371 38 0,35 D20 n.44
aF1 BE [ D25 0.43
1271 1an [ 8] D28 n.81
M 4048 .25 a.8a .19
&7 T B3T 4.4 143
1271 084 0ES EX-H 081
a7 &048 0.28 458 0.4%
L7 B b b2 EE G443
1271 2004 i 2] 447 G517
37 80a 025 4 858 016
a7 1Tee 0zT 494 043
1271 S04 039 497 -3

BOTp

4.5
856
16,63
4,53
L2
AT
4.53
34
18,63

[rleg
LR ]
[eR
021
fds
iR ]
oz
[HE
56

T
ELEE
FigE- ]
ez
TAE 4T
27156
ITET
Az 4T
FFLEs

34,05
Toad
LR ]

o3
kb1 ]
3205
e
12485

1,44
3,40
2,52
1.44
145
152

136

1.50
1.38
R
L3
ER ]
.60

(.54
G.82
57
=L}
oa2
o5y
LR
062
RT3

513
&31
524
513
227

£13
-
5.26

Tatal

473
B84
1753
473
L B:1]
17.53
473
E.90
.53

.40
0.BH
1.08
040
o.he
188
440
.84
1686

TEE
14260
TRAT

7B.11
a2 &l
2T raAT
7a.11
14390
2F3 AT

2.4
449

124
448
8.69
2.24
449
B.94

iled
oL
133
0
061
133
0.28
o061
1.33

34,24
o7
1577
.24
70,74
L

o4
18Ty

SWeoomp Bot comp Load

Tobak Comp

1.08
1.04
102
.08
T
1602
108
104
1.2

108
104
102
108
104
102
108
108
1.2

Dan VEBT

T4
¥1.83
20,08

T
11.52
e 3

r.24
1153
el ]

158
248
a4y
1,88
Z.a8
247
160
240
iar

a4 a8
145.718
T
B4 38
(LERL]
i Tk
B4 58
4998
ITaIT

4.70
-8: 1)
¥1.52
470
fi fE
1168
470
598
11,59

178
217
282
170
347
ol
178
217
343

A4.45

IT.O
14204
4448

T
142.04
44 45
T
14204

-

g
-'\..ll‘\.'ll-\.'ﬁmu.m—l-

uwuﬁ;;--n-n

A

18
is

—
MMNH

—_-— s
NNM““L.-I-I-—I-

lonodf o
GHr Gz
[
g2 B3
@11 4
132% 187
13g% 124
1397 7.1
1768 283
1828 s
1083 4.8
B2 £Ad
13 304
931 275
1325 T2
13689 &78
137 412
178.86 DEZ
TWeh  Taa
Mes 548
an 14
813 A8
@31 93
1335 i.7
138.9 1.0
1387 a5
1TEE 23
1826 1.3
1883 47
=83 20.3
@13 3.8
P31 B3
1338 304
1M6 204
1397 124
1TEE 405
18z68 273
1883 185
110 438
813 #3.5
P31 E2E
1328 A
1365 A58
1357 4RE
1TEE  107.F
18z 6 B7.7
1863 4852
853 2t
a2 13
231 0.7
1325 a2
1365 148
1387 18
1TEE 4.3
s 28
1883 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
5.8 447
1204 BE.S
266 TEE
2R BBS






