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ermational Tn: The Need for RF—PASS

* RFIC Passive Integration Continuously Increasing

= A challenge for radio IC development
= Smaller, more features, time-to-market demands

* New RFIC Technologies

= Six or more metal layers means many more options available
= Enables new approaches to passive component design

* Libraries of Pre-Characterized Parts are Inadequate

= Large lag time for developing and characterization
= Exact component desired often not found in library
= No guarantee of any optimized components in library



W.OEA RF-PASS Features

+ Design Aids Generates
Complex Inductors,
Transformers, Baluns,
Capacitors and
Resistors

& Full 3D seamless field solution
for the highest accuracy-yet
runs in seconds

+ Includes non-uniform current
distribution due to skin and
proximity effects

+ Detailed model of substrate
includes losses due to eddy

currents and displacement
current ¢ Generates fully coupled and
distributed RCLK Spice sub-circuits

+ Generates S, Y, or Z-Parameters
+ Generates equivalent circuit model



\ VOE?‘ Using the RF IC Passive
Component Builder

° Design
— Using a few
parameters

* EXtract

— Complex frequency
dependent RCLK

* Model

— Create S, Y, Z
Parameters and
Compact Model

* Optimize
— Through iteration

]
ot

.
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'OE;\ Additional RF-PASS Features

Fast Run time (typically seconds)

Input is GDSII layout for layout tools or simple ASCII control file
for automated builders

Automated builders generate cells for layout in GDSII format

= Choices include Spirals, Helices, Transformers, Symmetrics, Baluns or
Any Combination of Above Structures

= Add to or Modify Layouts Before Modeling
= Model various substrate shielding techniques
= Model location, shape and size of ground contacts
= Model pad parasitics (alternative for de-embedding)
= Arrays of minimum sized vias
= Snaps vertices to selected grid size

OEA Optimizer included for max, min or best fit of user defined
compact model

Compatible with SpectreRF, HSPICE, SmartSPICE, ADS, etc.
through industry standard output formats
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RF-PASS
Solver e

SPICE

Technologies  [ErAs

-
SPICE

= - o -—.
zsolver for ~ Sy = 3D frequency domain fi%qlver ¥ _
S-Parameter ’r‘f(ﬁ 5. Extracts frgguency depentdent RCEMemodels i
Generationfand Fitting = Accurate skin and'subsirate eddy=current effects
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Full 3D Field Solutions

Industry’s defacto Accuracy Standard




'@'QEﬂ Inductance Modeling Approach
Partial Equivalent Element Method (PEEM)

\

Z Six Self Inductances: L1, L2, L3, L4, L5, Le6
| Thirty Mutual Inductances: L
L1is coupledto L2, L3, L4, L5, L6 g eff

L2 is coupledto L1, L3, L4, L5, Le




7"1' OEA Neumann Formulation of

Internationa] Mutual Inductance
D B o3
Z Li,j=f _/ F- ds ds’
B s=C s=A

—> unit vector along AB

<l =l

—> unit vector along CD

r=N (x-x )% (y-y )+ (2-7)°
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v'-\' OFA. Geometric Distance Between Objects
Y“

W3

ho

I = 1/(X-X')2+(y-y')2 A ‘
—a
ffln(r)deQ

Q0

X2

/ f / f In 1/(x X )P+ (y-y)2 “dx dx” dy dy’
y=yr y=

X=X1
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Examples of
Inductive Components
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Differential and Single Ended
Example LRQ - I\/Iag(Z) Plots

[>>>> Top OF File <C<<
H Hz 5 RI R 50,0

5008401

250e+1

2,00e+01

1.50e+1

1008401

500400

0,00e+00

1.00e.

MaglZ)

legends of 212 o
= A4 GIZ)-Fort 1
— MAGITI-Port2

4005

1.00e409

500409
Frequency

1.00e+00

8.00e-01

6.00e-01

4.00e-01
1

Inductance {Manao Henries)

1.35500e+08
2,23900e+08
51200e+08

= |1 {Nano Henries)
= L2 {Nano Henries)

TR
= |2 OIFF (Nano Henries)

2,81800e+08
3.16200e+08
2,54300e+08
3,98100e+08
4.45700e+08
5,01200e+08
5.62300e+08
6 3L000¢+08

1.12200e+09
1,25300e+09
1,41300e+09

1.35500e+09
2,23900e+09
2.51200e+09

3.38100e+09
4, 4E700e+09
5,01200e+09
5.62300e+09
6.31000e+09

00405

1.002+09

7. 08000203

7.943002408
L e
quuenclmoooomo

1.60e+01

1.20e+1

§,00e+00

400400

0,00e-+00

== (12 OIFF

1.00e+08

1.00e+08

§.00e+09
Frequency

5.84e+00

5.00e+00

2.00e+00

Resistance (Ohms)

Nane synnet
e =

-0,32570336
-0,92513420
-0.32450067
=64 32378313
0,323

-0,92005061
-0,91878474
-0,31733572
-0,91585370
-0,31383761
-0,91141005
~0,30871463
-0,90552035
-0.30171147
=) 85713825
0.3

-0,86717135
-0.85526273
~0,84073101
-0,82299094

= 1 {Ohms)
= A2 {Ohms)

= R OIFF {0hms) g
= R2 DIFF {Ohms)

1.00e+08

1.00e-+08

G.00e-+08
Frequency

0,02839508
0,03185241
003573116
0. 04003542

0.05650362
006336675
007103102
0,07360413
0.08321841
0,03337683
0,11200636
0.12545785
0,14047547
0.15722261
0,17593452
019674343
o 21835582

0. 27335305
030531398
0,33379813
0,37758285
0.41846525
0,46255975
0.50374067
0.55953372

0,00001377
0.00001343
0.00001733
0.00001243
0.00001170
0.00001077
000000357
0.00000804
000000811
0,00000367
000000038

-0,00000287

-0,00000772

-0.00001382

-0,00002148

-0.00003108

-0.00004314

~0100010167
-0,00013780
-0.00017344
-0,00022762
-0,00030182
-0.00040535
-0.00055372
~0.00077017
000108734

-0,00004362
~0,00005565
000006242
—(7 oovvmvz

-0,0001109%
-0,00012433
-0,00013348
-0,00015655
-0,00017577
-0,00015743
000022189
~0,00024957
-0.00028100
—0 00031637

-0,000B0892
-0,00070837
~0,00082817
000097851
-0,00116558

-0.00139620
~0.00167324

0,00001377
000001343
000001233
0. (70001243

0.00000357
0,00000804
0200000811
0,00000367
000000038
-0,00000287
-0,00000772
00001382
-0.00002148
00003108
-0.00004314

00005830
-0.,00007733
0200010167
00013280
-0.00017344
~0,00033762
0 (70030132

0 (70055372
00077017
0200108735

-0,00004352
~0.00005565
-0.00006242
000007002
-0.00007852
-0, OOOOBBOE
~0.0000387;
-0, 00011083
-0.00012433
-0,00013348
~0.00015655
0,001
-0,00019743
-0.00022183
-0.00024857
-0.00028100
-0,00031697
000035826
0 00040509

-0, oooaza?a
-0.00080832
-0,00070887
-0,00082817
0,001

-0, (7(711EEEE
0,001 3362
X ooimza

-0,32563142
~0,92511632
~0.92448318
-0 82377575

—0 92212635

=6l 92003743
~0.91877144.
~0,91737344.
-0.91564389
-0, 0
~0,91140499
71300
~0,90552312
72017
—0 89715466

89166902
~0,BEE04955
~0,B7700B4L
86724381
~0,85536908
-0,84087508
-0.8231855¢

7
—v 77572712

74415802
70805912

0,02837957
0,03183503
003571167
0 04005454

0,06353209
007033215
0,07956046
008316341
0,03332153
011194436
0,12538804
0,14039578
015713389
o 17583440

0.30512988
0,32959148
037735298

0.58351793

—--5(1,1)
symmetric_rfp_panther_Sout

= 5(2,2)
symmetric_rfp_panther_Sout

Swp Min
0.1GHz
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FOEA.  Example Report File

lnlernationd] nc

I Terminal

window Edit Options Help

1 A_TH
2 B_IN
RF-PASS Capacitance Report

Met to SUBSTRATE Capacitance:
MET A_IM - SUBSTRATE 2.5587e-13
HMET B_IN - SUBSTRATE 2.6964e-13

Met to Met Coupling Capacitance:
MET A_IN - MET A_IN 2.3872e-14
MET B_IHN - MET B_IN 7.7297e-15

Met Layer Capacitance:
MET &_IN total cap 2.7974e-13
Laver3dl 2.2253e-14 7.90%

Laver3d 2.5749e-13 92.059%
MET B_IMN total cap 2.7737e-13
Laver3dl 2.2253e-14 8.02%

Layer33 2.5512e-13 91.98%

Effective Inductance & CA_IN to A_QIND:
iWith a1l Other Ports Open, sub
Series DC resistance & CA_TIN fto A_OUTD:

Effective Inductance B (B_IMN to B_ONTD:
wWith a11 Other Ports Open, sUbrsecate—omd

Series DC resistance B CB_IN to B_OUT): 2.1797e+00

Mutual inductance between inductor & and B is @ 1.0106e-11

Inductive Coupling Coefficient (k) between inductor & and B G : 9.63230e-03

Device & on Met Mumber 1 has an effective area of 5.113e+04 square microns k\\

Device B on Met Mumber 2 has an effective area of 1.2992+05 square microns

4 Ports found. Results are in Yout,

Port 1 = & _IN
Part 2 = A_0UT
Port 3 = B_IN
Port 4 = B_OUT




§ OFA
Tnternationd i EX am p I e Of TO u C h Sto n e

4-port S-Parameters

-
Terminal E
Window Edit Options H:p. Graph 1 =S
= S & = doublelnductg
# Hz S RI R 50.0 =
1.00000e+08  0.03205852  0.00217649  0.96790397 -0.01019387 -0.00000215  0.00006806 -0.00000531 -0.00006796 “4-5(2,2)
0.96790397 -0.01019387  0.03204346  0.00213469 -0.00000305 -0.00006800 -0.00000171  0.0000GE08 doublelnductd
-0.00000215  0.0000RR0S  -0.00000305 -0.00008800  0.03205347  0.00195742  0.96789533 -0.01041078
-0.00000551 -0.00006796 -0.00000171  0.00006806  0.96789533 -0.01041076  0.03204710  0.00192273
1.25893e+08  0.03222675  0.00273742  0.96771330 -0.01283062 -0.00000341  0.00008567 -0.00000873 -0.00008547
0.96771380 -0.01283062 0.03220288  0.002684% -0.00000483 -0.00008555 -0.00000272  0.00003368
-0.00000341  0.00008567 -0.00000463 -0.00008555 0.03222533  0.00246163  0.96770302 -0.01310364
-0.00000873 -0.00008547 -0.00000272  0.00008568  0.96770302 -0.01310364  0.03220573  0.00241821
1.38489e+08  0.03242008  0.00344248  0.96748369 -0.01614889 -0.00000540  0.00010786 -0.00001383 -0.00010746
0.96748569 -0.01614889  0.03238226  0.00337669 -0.00000765 -0.00010762 -0.00000431  0.00010767
-0.00000540  0.00010786 -0.00000765 -0.00010762  0.03241430  0.00309530  0.96747155 -0.01649254
-0.00001383 -0.00010746 -0.00000431  0.00010787  0.96747155 -0.01649254  0.03238384  0.00304093
1.99526e+08  0.03265031  0.00432832  0.96720034 -0.02032442 -0.00000856  0.00013580 -0.00002191 -0.00013500
0.9672003¢ -0.02032442  0.03253038  0.00424606 -0.00001213 -0.00013533 -0.00000682  0.00013364
-0.00000856  0.00013580 -0.00001213 -0.00013533  0.03263915  0.0038913¢4  0.96718087 -0.02075691
-0.00002191  -0.00013500 -0.00000682  0.00013584  0.96718087 -0.02075691  0.03258934  0.00382346
2.51189e+08  0.03292687  0.00544090  0.96683638 -0.02557816 -0.00001358  0.00017104 -0.00003471  -0.00016944
0.96683638 -0.02557816  0.03283194  0.00533850 -0.00001921 -0.00017009 -0.00001082  0.00017110
-0.00001358  0.00017104 -0.00001921 -0.00017003  0.03290624  0.00489037  0.96680843 -0.02612236
-0.00003471 -0.00016344 -0.00001082 0.00017110 0.96680849 -0.02612236  0.03282829  0.00480658
3.16228e+08  0.03326950 0.00683733  0.96635524 -0.03218736 -0.00002152  0.00021551 -0.00005438 -0.00021233
0.96635524 -0.03218736  0.03311915  0.00671075 -0.00003043 -0.00021362 -0.00001714  0.00021364
-0.00002152  0.00021551 -0.00003043 -0.00021362  0.03323383  0.00614545  0.96631403 -0.03287195
-0.00005498  -0.00021233 -0.00001714  0.00021564  0.96631403 -0.03287195  0.03311038  0.00B04127
3.98107e+08  0.03369552  0.00858899  0.96570966 -0.04050028 -0.00003410  0.00027174 -0.00008705 -0.00026540
0.96570966 -0.04050028  0.03345746  0.00843434 -0.00004820 -0.00026798 -0.00002715  0.00027201
-0.00003410  0.00027174 -0.00004820 -0.00026793  0.03363601  0.0077183¢  0.96564738 -0.04136107
-0.00008705 -0.00026540 -0.00002715  0.00027201  0.96564738 -0.04136107  0.03344054  0.00753174
5.01187e+08  0.03424893  0.01078342  0.96480819 -0.05095233 -0.00005404  0.00034305 -0.00013777 -0.00033041
0.96480819 -0.05095233  0.03387216  0.01059803 -0.00007632 -0.0003355¢4 -0.00004233  0.00034333
-0.00005404  0.00034305 -0.00007632 -0.00033554  0.03415168  0.00969010  0.96471261 -0.05203390
-0.00013777 -0.00033041 -0.00004293  0.00034353  0.98471261 -0.05203390  0.03384232  0.0095377
£.30957e+08  0.03498438  0.01352811  0.96352098 -0.06408776 -0.00008561  0.00043330 -0.00021789 -0.00040870
0.96352092 -0.06408776  0.03438851  0.01331349 -0.00012077 -0.00041893 -0.00006733  0.00043487
-0.00008561  0.00043330 -0.00012077 -0.00041893  0.03482743  0.01215587  0.96337279 -0.06544318
-0.00021789 -0.00040870 -0.00006799  0.00043497  0.96337279 -0.06544518  0.03433813  0.01197918
7.34328e+08  0.03598597 0.01695288  0.95164470 -0.08058370 -0.00013554  0.00055047 -0.00034420 -0.00050025
0.96164470 -0.08058370 0.03504436  0.016719%¢ -0.00019036 -0.00052061 -0.00010733  0.00055238
-0.00013554  0.00055047 -0.00019096 -0.00052061  0.03573470  0.01523384  0.96141357 -0.08228427 =
-0.00034420  -0.00050025 -0.00010733  0.00055258  0.96141357 -0.08228427  0.03496159  0.01504117 .

_ _ Input impedance over
4-port S-parameters frequency

in Touchstone format of both inductors
plotted on a Smith Chart
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Helical
Inductors
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Het to SUBSTRHTE
WET coild |

Net to Net Couplil
NET coild

Net Layer Capac t
5111 fotal cap . 73206-12

m o

NET ¢

LayerS 5.3031e-13 19.41%

Layver11l 8.8172e-13 32.27%

Layer1s 7.7584e-13 28.40%

Laver1? 5.4413e-13 19.92%

Effective Inductance coill (coil1_IN to 11 OU 0 1 8235e-08
(With a1l Oth Ports Op suhs t -

Series DC resistance coil1 [coild IN to 11 O Py 1 0B26e+01

Device coill on Met Mumber 1 has effectig® area of 1.190e+05 square microns

2 Ports found. Results are in Yout, Zge® and Sout files

Part 1 = coi11_IN

Part 2 = coil1_0UT

Helical series inductors
have the advantage of having
higher inductance per unit area.




W OEA Example of LRQ Plots —
Smith Chart Output

[=]

2 B+ 3.210402

leqepdead] 11 obj. leqends of 1717 abj

Lz L1{nH) \ = Rl{ohms) /
2.00g-+11 _—//
1.00e+02
1.5+
1,002+
5.00e+00
0002400
1002408 1.002+09 2.008+09 1002405 1.008+09 2.00e+09

4002400 y

legends of 1 {1 abi.; Graph 2 - S(1.1)

- swp helicalinductor

-5 5(2,2)
3008400 helicallnductor
2.00e+00
1002400
0. 00-+00 Sup
. B z
1002405 1.00e-+08 2.00e-+03
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Example of Report File

Showing Insertion Loss

Wwindow Edit Options

2 Nets
primary
2 secondary
RF-PASS Capacitance Report

Net to SUBSTRATE Capacitance

NET primary =P SUESTRATE 1.1963e-12
NET secondary =% SUBSTRATE 5.0993e-12
Net to Met Coupling Capacitance:

NET primary -3 MET primary 7.5062e-13
WET secandary -> MET secondary  2.2130e-12

Het Layer Capacitance:
NET primary total cap 1.3470e-12

Layer8 5.EE9Be-13 29.12% H H

EE e Effective inductance of the
Layer12 3.0671e-13 15.75% - -
Lajertd 2.53r1e-13  13.03% primary and the secondary with
Layer2! 2.3013e-13 11.82% . .

Layer23 2.1433e-13 11.01%

NET secondary total cap 7.3143e-12 coupllng coeffICIent (K)'
Layer8 8.8810e-13 12.14%

Layer10 1.8031e-12 24.65%

Layver12 1.4311e-12 19.57%

Layer1q 1.1992e-12 16.40%

Layer21 1.0674e-12 14.59%

Layer23 9.2540e-13 12.65%

Effective Inductance primary Cprimary_IN to primary_OUT :
(With A11 other Ports Open, substrate Um]tted)
Series DC resistance primary (primary_IN to primary_OUT):

1.1566e-08
CPaTEETOl
Effective Inductance secondary (secondary_IN to secondary_oUT)

f 1.3496e-07
(with A11 Other Ports Open, substrate omitted)

Series DC resistance secondary (secondary_IN to secondary_OUT):

Mutual inductance between inductor primary and secondary is : 1.1065e-08

Inductive Coupling Coefficient (K) between inductor primary and secondary is K 2.8007e-0

Device primary on Net Mumber 1 has an effective area of 4.202e+04 square microns
Device secondary on Met Mumber 2 has an effective area of 1.892e+05 square microns

4 Ports found. Results are in Yout, Zout and Sout files
Part 1 = primary_IN

Port 2 = primary_oUT

Part 3 = secondary_IN

Port 4 = secondary_oUT

b

Graph 5 -2 S(1,1)
transfromer
= 5(2,2)
transfromer
Swp Min
0.01GHz -= DB(lS(z,]_)l)
— transfromer
-20
-25
-30
-35
1|
-40
0.01 0.21 0.41 0.61 0.81 1
Frequency (GHz)
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Coupled Resonant Circuits
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Example of Report File

and Smith Chart

I Terminal

Window Edit Options

1 fi total nets
1 1
RF-PASS Capacitance Report

Met to SUBSTRATE Capacitance:
HET 1 =% SUBSTRATE 1.0038e-11
Met to Net Coupling Capacitance:

HET 1 =% HET 1 9.4149e-12

Met Layer Capacitance:
MET 1 total cap 1.3453e-11

Layer1E 8.236E62-13 4. 24%
Layer18 4.0218e-13 2.07%
Layer28 8.6744e-13 4.46%
Layer3d1 6.3025e-12 32.40%
Layer33 6.4955e-12 33.39%
Layer3s 4.5596e-12 23.44%

Effective Inductance a (a_IN to a_OQUTIR 4.6836e-09
(with #1171 Other Ports Open, suflstrate omitte
Series DC resistance a (a_IN to a_QUTIR 2.1721e+00

Effective Inductance b (b_IN to b_OUTIR 4.6923e-09
(With &11 Other Ports Open, sufstrate omitte
Series DC resistance b (b_IN to b_OUTIR 2.1755e+00

Mutual inductance between inductor a #Ad b is : 3.2073e-08

Inductive Coupling Coefficient (k) bfftween inductor a and b is : E.8372e
Device a on Met Number 1 has an efffective area of 1.252e+06 square micro
Device b on Net Number 1 has an gffective area of 1.252e+06 square micro

4 Ports found. Results are in Yglt, Zout and Sout files

Port 1 = a_in
Port 2 = a_out
Port 3 = b_in
Port 4 = b_out

]

—--S(1,1)

Swp
5G

= S(2,2)

resCircuit

resCircuit

liiiiiiiiiiiiiiiiiiiiiiiii7Fiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii---

Effective DC Inductance
And Series DC resistance
Given for both Devices

Verifying the symmetry by
Overlaying the input impedance
Of the two inductors
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Lets talk
Capacitive Components



| A0/ Capacitive Components

MIM Capacitors (Not as Simple as they Look)

= Large Devices with Distributed Resistance and Capacitance
= Could Include Significant Substrate Effects
= Asymmetry Could Cause Noise Pickup from Substrate

L somisime

T




WA Capacitive Components

 Multi-layer Interdigitated Structures

Patented structure (owned by LoneStar Inventions)

Maximize Capacitance per unit area (4X standard parallel plate)
Symmetric relative to substrate (minimize noise pickup from substrate)
RF-PASS Modeling will include skin and proximity effects

* RF-PASS can help optimize this type of design

Control undesired RL effects

Helps easily customize to fits in oddly
shaped regions

Optimize selection and usage of metals

Optimize finger width and spacing

Optimize placement of metal straps

1 Pos
Optimize Q T Neg
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Example of
Interdigitated Capacitor*

T ——————————————————
Ii OE& Grapl etal Input File ]
Help |

I File Options

BBE | Oacy | TR slal| *wl”

Th [=]=]]

Display CELL-AM MNET-AM P-GRID RF-P&55 METAL Tools Setup Help

b

;///: 4

ﬁ/ s

]

i;////////AZ

The Post—Layvout Workshop, Version 3.6.7 GDSILtop .
OEA GRAPHICS Ver:1.1.0 Copyright(2003) OEA INTERNATIONAL,Inc.

GDS2 View 3-D Image

* Patent: LoneStar Inventions
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Example Capacitor Report File and Plots

Inter-digitated caps provide
more capacitance per volume
by taking advantage of
fringing effects.

I Terminal

window Edit Options

2 /¢ total nets

1 Il

2 E

RF-PASS Capacitance Report

Met to SUBSTRATE Capacitance:

MET &  -> SUBSTRATE 7.4353e-13
MET B =P SUBSTRATE 6.4623e-13
Met to Met Coupling Capacitance:

MET &  -> HET &  4.5948e-15

MET &  -> HET B 4.4931e-14

MET B -*» WET B 2.8781e-15

Net Layer Capacitance:
MET A total cap 5.6362e-14

Layers 1.4678e-14 25.77%
Layer? 1.4322e-14 25.14%
Layerd5 1.3879s-14 24.37%
Layer50 1.4083e-14 24.72%
MET B total cap 5.4272e-14

LayerS 1.3769e-14 25.37%
Layer? 1.3856e-14 25.53%
Layerd5 1.3038e-14 24.06%
Layer30 1.3589e-14 25.04%

WARNING : _IN / _OUT node pair not defined for &
WARNING @ _IN / _OUT node pair not defined for B

2 Ports found. Results are in Yout, Zout and Sout files
Part 1 A
Port 2 B

Graph 3

—-—5(1,1)
interDigitCap

= 5(2,2)
interDigitCap
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Lets Talk
Resistive Components
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@9%: Resistive Components

Thin Film Resistors (Not as Simple as they Look)

= Large Devices with Distributed Resistance and Capacitance
= Could Include Significant Substrate Effects
= Asymmetry Could Cause Noise Pickup from Substrate

1T-

OXIDE
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Thin Film Serpentine Resistor

 What is the coupling across segments?

 What is the coupling through the substrate?



Serpentine Resistor

=

File Options

‘ ‘ | ®R.JS OT +X+¥] +2|
== Rotate =X =V 2|

P-GRID RF-F.

thometemrelproductsifpasslexamplesizerpentineResistorimetal

legends of 15 {18 abj.:

= ignal 0l
= Zignal 1
= Zignal 2

I'SERPEMTIMERESISTOR

Coupling to other nets
and LC effects on resistors
should be included!

|0EA GRAPHICS Ver :1.1.0 Copyright{2003) OEA INTERNATIONAL,Inc.
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Terminal e
Window Edit Options Help

// total nets Capacitance to GND

2

1 1
2 2
RF-PASS Capacitance Report

Met to SUBSTRATE Capacita

NET 1 - SUBSTRAT 1.1255e-12

MET 2 -» SUBSTRATE a.4888e-14 Coupling coefficient (K)
Met to Met Coupling Capacitance: =

e R e L S Between the resistor and
Met Layer Capacitance: the net

MET 1 total cap 1.1773e-12

Laver1d 1.0260e-12 a7.15%

Laver1f 1.5126e-13 12.85%

MET 2 total cap 3.4888e-14

Laver3d 8.4888e-14 100.00%

Effective Inductance res {res_IN to res_OUTJ: G.4960e-10
iwith a11 oOther Ports Open, substrate omitted)
Series DC resistance res {res_IN to res_OUTD: 8.4635e+02
Effective Inductance net {net_IN to net_QUT): 6.8154e-10
iwWith 411 Other Ports Open, substrate omitted)
Series DC resistance net Cnet_IN to net_OUTJ: 2.1010e-01
Mutual inductance between inductor res and net is : 5.8768e-11
Inductive Coupling Coefficient (K) between inductor res and net i : 8.8323e-02
Device res on Met Mumber 1 has an effective area of 4.713e+04 square microns
Device net on Met Mumber 2 has an effective area of 1.613e+04 square microns

4 Ports found. Resulfs are in Yout, Zout and Sout files

Port 1 = res_in
Port 2 = res_out
Port 3 = net_in
Port 4 = net_out
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Summary

Full 3D Field Solver with Frequency
Effects with Fast Run Times

« S, Y, Z-Parameter and Compact Model
Output

* GDSII Input or Automatic Creation of
Structures.

 Useful for all RF Passive structures



