ECE145a/218a:
Exercise in Running the Simulation Tools and Introductory Circuits

The exercises below are designed to **complement* your running the ADS tutorials (in
ADS documentation), which are highly recommended.
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First: Mechanics of Accessing the program.

I have set up some example ADS directories to aid in getting the tools running quickly.

Downloading the ADS project directory

On my web page will be a compressed ADS project directory. This is ina ZAPPED
format, which sounds like, but is not, a Zipped format. Download it using a web browser
(save to disc) and then *unarchive project™ to decompress it:

’_ﬁ View Tools Window DesignKit DesignGuide Help
New Project...
Qpen Project...
Example Project...
Copy Project...
Delete Project...
Include/Remove Projects...
Unarchive Project...
Close Project...

jErarchy

New Design...

Qpen Design...
Copy Design...
Delete Design...

Save Al
Close Al

Import...

Exit Advanced Design System... Alt+F4

1. C:\RODWELL\SIMULATIONS\ADS_FOR_CLASS
2. C:\RODWELL\SIMULATIONS\MARK_LINEARIZATION_PR13
3. C:\rodwel\simulations\mark_linearization_prj

T

models.dsn
prbs_test.dsn
pibs_test_old.dsn
RC.dsn
3_parameters.dzn
s_parameters_model.dsh
=i_dff.dsn
single_ended_and. dsn

Examples of ADS simulations:

Download the project, Unarchive it as illustrated above, and open it. You should then see
the following:



¥ Advanced Design System 2008 Update 1 (Main)

=/ OIS

Fie Vew Tools Window Designkit DesignGuide Help

Or A BBEE %

File View | Project View |

File Browser

Project Hierarchy

= = ADS_for_218a
[
-- 21 data
@ 3 mom_dsn
@ 01 networks
¥ 3 synthesis
- 21 verification

wiC\rodwell\rodwell_files\simulations\ADS_for_218a :

C:\rodwellrodwell files\simulations\ADS _for 2183

...you can open schematic editor window, by clicking on the button which looks like a
schematic....but you may not need to: often the program opens itself in the state it was

last saved.

You can expand the file browser window to see available circuits (I have given you lots):



—ﬁ Advanced Design System 2008 Update 1 (Main)

Fle View Tools Window Designkit DesignGuide Help

O 0:r0A BB E m®E

File View | Project View |

File Browser

=~ F=rinetworks

ac_simulation.dsn
biased_HBT.dsn
DarlFBA.dsn
differential_amplifier.dsn
differential_gm.dsn
four_cml_amps.dsn
gain_testbench.dsn

HBT _scalable.dsn
hybrid_pi.dsn
models.dsn
s_parameters.dsn
s_parameters_model.dsn
scaled_HBT _two.dsn
single_ended_to_dif.dsn
single_ended_to_dif3.dsn
SpiceHBT.dsn

: SpiceHBT_unbiased.dsn
- @ t_model_total.dsn

- & transientl.dsn

- [@ two_amps.dsn

- B twoport_with_models.dsn
- [@ wiring.dsn

PR DR R DD DD DD D o

Double click to open

C:\rodwell\rodwel_files\simulations\aDS_for_218a




Basic S-parameter Simulation with bias-dependent model

Open up the file gain_testbench which | have created to calculate S-parameters:

{7 [ ADS_for_218a | gain_testhench * (Schematic):2 [L‘@m
Eie Edt Select Yew [nsert Options Took Layout Smubte Window Dynamiclink DesignGuide Help
[ WMmg D BhL CCag @
Jazz sbelB BIT+MODEL | O+ HMaNE oD B R
Falette s -
b
“5* "5| T | ! — IE\‘,-';R:; I"':El
1 - ek . Z0=50 Wopk
mig1
5 E GpCirclel G MAG=max_gan(S) ¢
< GpCirclel=gp_circle{S.2,51) VoltGain1 - optl
hy — VoltGain1=valt_gain(S 0.1,1E8,50) Yopt! =yopt{Sopt PortZ1)
StabFact1
StabFacti=stab_fact{S) I ] r“:E[
= -
biase +
& X3 Term2 Zopt
Murn=2 Zoptl
iClE = Zopti=zopt Sopt,PonZ1)
GsCrcle2 Term1 Z=20
GsCrcle2=gs_circle(S,2.51) Mum=1 =
153 L
-
= oprioNs Circh
— =L GaCircle!
MaCircie GaCrclel=ga_cirche(S,2,51)
MNsCirzhe]
NsCircle1=ns_circle(nf2 NFrmin Sopt Rnf50,51) -
o) | S.PARAMETERS I
SP1 :
Start=1 GHz
Stop=1000 GHz
Step=1 GHz
CalcNowse=yes
Freq=
meas]
Us{{({real(Z(2, 1}}-real{Z{1,2)))**2 + (imag(Z(2,1)}imag(Z(1,2)))** 244k real(Z{1, 1} real(Z(2,2))-real{Z( 1 2) ) read Z( 2, )05
R21=(Y(2,10¥(1,1))
D=(2(2,1 PEOMZ(2,2)450)
-
< >
Select: Enter the starting point 0 tems wire 2,000, -2.250 0,000, 0.000 in ARF SmSchem

This will test for Sparameters of the subcircuit "biased HBT". You can type the name of
other subcircuits there to test them instead.

You will see a "down arrow" button which is used to pop into the network hierarchy.
Click on it, then on the subcircuit to move into the hierarchy.



Mo+BmENE ePBE
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Select: Enter the starting point

E]

E
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| ar
1| 1—- @ - [l Ido=12 mA
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Vde=0.5V C
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L
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q R= Port
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IMPORTANT: select the transistor, and double click on it and make sure that the
following model parameters are set for *all* devices which you use in your circuit (only
the emitter length should change):

st scaled_HBT_two:2

C:\rodwell\rodweell_files\simulations\ADS_for_218a\networks\scaled_HBT_two

Instance Name (name[<start:stop=]) F_ex (Real, e.g. 1.25)

X1 ] None »
it S ALAMERS ’ Equation Editor... ]
|R_ex=4
emitter_sidewall=0.02 | Tune/Opt/Stat/DOE Setup... |
Base_cont=35

| Emitter_width=0.296

| Emitter_length=5

| Base_cont_width=0.256
| Th=0.023

| Tc=0.106

vel=3.7e5
Col_undercut=0.02

[] pisplay parameter on schematic

Add Cut Paste [ Component Options... ]

R_ex:R_ex

In this list
Rex =4 Ohm-micron”2 is the parasitic emitter resistance per unit area
emitter_sidewall=0.02 micron is the emitter sidewall thickness
base_cont=5 Ohm-micron”2 is the base contact resistance per unit base contact area
emitter width=0.296 is the emitter junction width*
*the physical emitter junction width is 0.296-2*(emitter sidewall)=0.256 um
emitter length, the emitter length in microns.
base _cont_width=0.256 micron is the base contact width
Tb=0.025 is the base thickness in microns
Tc=0.106 is the collector depletion layer thickness in microns
vel=3.7e5 is the collector electron saturation drift velocity in m/s
Col_undercut =0.02 micron is the base-collector junction undercut
the width of the base-collector

In all of your circuits, **all** of the parameters should be set to the above values,
except the emitter length Le, which you may setto 1, 2, 4, or 8 microns. For
convenience, and clarity in the circuit diagram, only the emitter length is shown by
default. This has the danger that you may be inadvertently setting these transistor
parameters to undesired values !




The device has a maximum operating current of ~ 3mA/micron * Le, and a maximum
power dissipation of about 4 mW/micron*Le



If you pop into the transistor:

™ [ ADS_for_clazz | HET _scalabls (Schamatic):4 W= %]
Bl Edt Seect View Jnset Options Took Layout Sypulte Widow Dynamiclink  DesgnGuide Help |

| et @] o] @28 &) =lelal Bl Lmoescomponens <1 i Frobe = ey R RS AR =T

X

The transistor is defined as a SPICE model (DHBT model), with external parasitic
resistances and capacitances which we have defined through equations from the transistor
geometry. We do this at UCSB because it allows us to make fairly accurate predictions
of performance of future transistors which we may not yet have built.

Now pop back up to the top level in the hierarchy and then "Simulate™ , and (if it does
not happen automatically), open up a plot of results (window—>open data display—>
"gain_testbench™) to open up a set of plots | have pre-created:
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Bl osmms e a1 e C PR VMG 1)

. rm Set step sizes and = )
nurmiber of cireles, here: =

S . EERrFsten_siresi 2
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[ L,
o L e - [ i scoeh™ el

m Y Y Yoy
G v v i N v ] S, AP T M S M A e A

\‘ gain_circles Fit Y_parameters il £_parameters N s oarameters  f\__ figures of ment  /\___ noise figue
Note the series of tabs across the bottom. Which allows you to change views:
The gain circles plots we will use in detail (later) to design tuned amplifiers.

There are dB and polar plots of S-parameters, and plots of H21 and U (relevant for
transistors, no relevant for the 1C). There are also noise figure circles and gain circles,
which are relevant to microwave tuned amplifier design. There are also plots of Y and Z
and S parameters, and plots of open-circuit voltage gains, etc.
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Click on the toolbar on the left-hand side, and you can add other plots.
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Simulation with a hybrid pi model

change the name of the DUT to simple_hybrid_pi

1 [ ADS_for_218a | gain_testbench * (Schematic):2

Eie Edit Select Vew Jnsert Oplions Took Layoul Spubte Window Dynamiclink  DesignGuide  Help
Mmool BhL cCa @
Data ems | vees

Yo+ElENE eDBR
; B[]

| Vel mag] 20=50 Vopt

E GpCirclel fomiGain MAG=rmax_gain(S)
GpCirclel=gp_circle(S.2,51) VoltiGaini
ECCH

VoltGainl=volt_gain{5,0.1,1E6.50)

Yoptl
Yopt1=yopt{Sopt, PortZ1)

StabFactl

StabFacti=stab_fact(S)

. . Termz 200
C . Mum=2 Zoptl
GeCircle? = =70 Zopti=zopt(Sopt PonZ1)
SR INC P
GsCircleZ=gs_circle(5.251) Ly dMum=1

StabMea: £=40
StabMeas1
StabMeasi-stab_meas(3)

I

GaCirclel
GaCirclel=ga_cirche(S,2,51)

MsCircle]
MNsCircle1=ns_circle(nf2 NFmin Sopt.RnfS0,51)

| iy | S-PARAMETERS I

sP1
Stan=1 GhHz
Stop=1000 GHz
—_— Step=1 GHz
Calchoise=yes
Freg=

meas]

U={{{(real(Z(2,1)}-real{Z{1, 20))**2 + (imaglZ(2.1))-imag(Z{ 1 2))"* 24dre=l(Z(1, 1) real(Z(2,2))-real(Z(1 2} real{Z(2, 1))))}*0 5
n21=(¥(2,1¥(1,1))

Fe={Z(2,1)50M(Z{2,2)+50)

4
Select: Enter the starting point 0 kems wire 5.135, 0.135 0,000, 0.000 n

click into the circuit to take a look:
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[ ADS_for_21Ba | simple_hybrid_pi (Schamatic):2 |_};n'1}:‘i_
Be Edt Seect Vew Josert Optons Took Layout Spulte Widow Dynamiclink DesgnGuide Hep
[ WMol D BhL cCa @
Data ltems | vees “o-+AlEE eBRBIF
C
| e
R — 1 C=5 fF
R1
R=10 Ohm
O W= ,, <o
Port l C1 R1 R2 Port
P1 C=50 fF P2
Num=1 Num=2
= t vces
— SRC1 =
G=100 mS
R1=1e100 Ohm
R2=200 Ohm
;m:rmwmmm\gmr 0 ems wie 4,250, 1.375 0,000, 0000 n  ARF mm:m

This is a simple hybrid pi model of a bipolar or field effect transistor.

Pop back out of the hierarchy and you can simulate to compute its S and Y parameters
and other relevant network parameters.
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Modeling Bipolar Transistors:

We can do this several ways:

Spice MODEL

s [ ADS_for_class ] darlington_doubler [Schematic)-8

File Edit Select Yiew Draw Component Options Tools Layouwt Simulate  Window Help
s BN P - = | & =
Clelsls] | szl 9l wEe sl alEiEE DoololAlH]
ILumped-Cnmpunenls jl j O‘l _é_ ml 'ﬁl\lml {gillellalg *’Ulﬁ]‘ﬂl ‘
R4 ©2 lef=Aef * Jef -
e R=R_f C=10nF lefdoub=27Aef = Jef
& B Isw=A g * 5w
| £
e | Vv v C> Iswdoub=2"Aguw * Jow
L [ | Port Rhias_ef=230/gf
BJT NEM P2 Reurrent_sc=14320/gw
DE BJT4 Num=2  Rhias_cs=250/sw
= Model=hht R_ee1=26/A_stage/comp - S0fAsw - 26/15w
| = ArEa=Asw R_ee2=50/1+A_stage)fcomp -G0iAsw - 265w
Regian=
3 Temp=27
MIIND | PLC Mode=nonlinear
'gl;? PRL
o | l#
-P% S0 c
R R 3
A8 | oo R1 R2 = BT _Model
EF C=CeF _
SRG SAL R=R_ee2 R=F_eeZ hit
il | =3 MPN=YyES Br=12 Cjc=096E-12  Re=30 Ohm
SRLC | CAPR L PMP=nO Ikr=0 Wic=1000 Re=0
ey .Q";}. — = - Bf=100 |5c=1.07e-014 Mjc=0.001 Kr=0
IHDg | Flog BJT_NPHN BJT_NPHN llr=0 he=1.09 Heje=U0.73 Ar=1
3£ BJT1 BJTZ |se=0 Yar=38 Fc=0.58 kh=0 =l
an S| | Model=hot Model=hbt Ne=1.22 Nr=1 Cje=2.3e-015  Ab=1
Y Y Y Y Vaf=36 Tr=0 Vie=0.7 Fh=1
SIS e nion- Regian= Nf=1.09 Eg=1.11 Mie=0 28 Fre=1
L L2 | Temp=27 Temp=27 Tf=0407E-12 sec |s=1.85e-015 Cjs=0 Lateral=no
- Mode=nonlinear  Mode=nonlinear #ir=0 Imax=1 Yjs=10000 AllParams=
CHD | RKD Wir=0 Hti=3 Mjs=0.001
3E 315 [tt=0 Tnom=27 Rb=4% Ohm
Hierp | Heeruth Ptr=0 Mk=0.5 Irb=0
SE =0 |55=0 Rbm=4% Chrm
Hrm;p Approxgh=yes N5=1 Rhrodel=Libra
4 ol »
Select: Enter the starting paint [Diterns |wire [16.125.1.875 [7.750, -7.750 in |&/RF [SimSchem

We have a model file, BJT_MODEL, which we then invoke with an area statement. This
is a large signal model which defaults to a small signal model (with bias-dependent
parameters) when we do a S-parameter simulation.

Subcircuit model with SPICE MODEL within

Here is a circuit (HBT under test)
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T [ ADS_for_class | biazed_HET (Schematic):5 M=X]
Fle Edt Select View [Jnsert Options Took Layout Simubte Window Dynamiclink DesignGuide Help
| Him ] Bl Blds] =lelal @
Jazz sioc1d BJT<MODEL =i e R AR EA I A=
qDIiI
EAEY
2135 I_DC
i SRC5
= | +
1|1} @ : [l Ide=12 mA
V_DC
SRC1
Vde=0.5V C
. Cor ¢
2 (L] -
- ~ N | - < >
. L_‘l mH + 7
9 Port
)| - °2
Port C ~a Num=2
P1 C1 ]
Num=1 C=1F =
HBT_scalable
X4
Emitter_length=6
£ - s
Select: Enter the starting point 0 ftems wire 0375, 2.625 0.000, 0.000 N ARF SmSchem

HBT scalable is a subcircuit with PASSED parameters

Rex is the emitter resistance per unit area,

base_cont is the base contact resistivity in ohm-micron”2,

emitter width and emitter length are the length and width of the emitter in microns,
base_cont_width is the base contact width in microns

Tb is the base thickness in microns

Tc is the collector thickness in microns.

vel is the collector electron velocity

col_undercut is the undercut under the base contacts.

Popping into this model, as we did earlier, and you see the underlying definition based
upon a SPICE model, with some additional parasitics and most of the device R's C's, and
tau's defined in terms of the device physical dimensions:

16



SRR IR A=

i

<

Go to file->design parameters, and you will see how the passed parameters are defined

(you should not need to play with this)
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-

__| Design Parameters:5 ﬁ

Name: |HBT scalable

General Parameters |

Select Parameter — Edit Parameter
=
e Farameter Mame
ermitter_sidewall IR =
Base_cont =
E mitter_width Yalue Type
Emitter_length |Fiea| LI
Base_cont_width
T Default™alue (e.g. 1.232-12)
Ti [10
ve| ;
— Opt I
Col_undercut EI233
Farameter Type

!Unitless :_I

Farameter Descriptian

v Display parameter on schematic

v Optimizahle

Add | cu | Pacte |

[v Allow statistical distribution
Add Muliplicity Factor (M) | || [~ Notedited

Copy Parameters From... | [ Mot netlisted

K | cave AEL file | Cancel Help

Go to view—> create/edit Schematic symbol and you will see how the subcircuit is given a
pretty symbol:
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#8 [ ADS_FOR_CLASS ] HBT_gen5_linear (SYMBOL) (Schematic):16 —|= il
File Edit Select View Insert Options Tools Layout Simulate Window Dynamiclink DesignGuide Help

Do | en @] o[ fEE

[Symbol View Palette

1] = [ e[ ]|

=]
L0
= @
—ou

=
Select: Enter the starting point 0 items lsymbody  -0.250, 0.250 1-5.375, -10.250 [n JA/RF [simSchem

You can edit such symbols, but do so for a backed-up file first, as the editor is somewhat
hard to use.

Pop back out to biased_HBT, then open the circuit gain_testbench, and change the DUT
to biased HBT:
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8 [ ADS_FOR_CLASS ] gain_testbench * (Schematic):18

File Edit Select View Insert Options Tools Layout Simulate Window Dynamiclink DesignGuide Help

=1=1x|

1| eleola] 0| B8] el @]

[Lumped-Components

<10 [ gml] s~ Jah] ||
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Term
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Num=2
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Zopt
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[

GaCircle1=ga_circle(5,2,51)
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R | FHasel
e
: 3 .
i GpGirce || é
3 . MaxGain
= GoCircle Voizan | ot
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ﬁ m = VoltGain1=volt_gain(s,0.1,1E6,50)
StabFact
A | ik StabFact1
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@8
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i | z=20
carg_| a2 i
| g
DR PLCQ
=3k P
ELER TGt | 1 )<
S - J Options1
:%ri APPZ NsCircle | Temp=1685 ™. |
—— NsCircle1 Anom=25 7\]
m‘un D NsCircle1=ns_circle(nf2 NFmin.Sopt Rn/50 51)
= S-PARAMETERS | i | S-PARAMETERS I
terp | btaruth
| S_Pa'a%\ e ‘ S_Param
A == P2 e sP1
T }515,1: GHz % . | Start=1 GHz
T ~" | Stop=400,8Hz Stop=100 GHz
B |
| e T | stepgotz . } Step=1 GHz
BudNF T~ C Ise=yes CalcNoise=yes
| BudhF - o \L‘gra:;j ~| Freg=
L-BUGNF1=DUd NICPORTT'SO0THYY —
U=((((real(Z(2,1))-real(Z(1,2)))*2 + (imag(Z(2,1)}-imag(Z(1,2))y*2)/4/(real(Z(1,1))*real(Z(2,2))-real(Z(1.2))real(Z(2,1)))))"0.5
h21=(Y(2,1)/¥(1.1))
Zt=(2(2.1)"50)/(Z(2.2)+50)

»

4
Select: Enter the starting point

single_ended_to_dif Xz fwire

[1.875, 1.

375

-3.625, 0.625 in

|A/RF [simSchem

I have increased the frequency range to 1-1000 GHz, and on the figures_of_merit page
of the gain plot we can now see the transistor high-frequency gains:
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gain_plot* [figures_of_merit]:1

Ele Edt Vew [nsert Marker Page Options Took Hep

<

The device has an ft around 540 GHz and an fmax around 900 GHz.

Sle sl | 0] 9 FRuwlale ] 8 [aain testbench g MO O N A1 e
[ Zoom To Designated Areal
35 \
30—_
25 -
:g 20—3
%‘é;g 1 [m27
TE£= 157 [freq=543.0GHz
S dB(h21)=0.991
10—
1 m26
5 freq=923.0GHz
- [20*log10(U)=0.228
0 T I
1E9 1E10 1E11

freq, Hz
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S-parameter Data File

If you have measured data in tabular S parameter form, you can simulate from that

i [ ADS_for_class ]| twoport_with_models [Schematic):8

File  Edit Select View Draw Component Options Tools Layout Simulate  Window Help

i o= el = M v s o i S {>|/L>|D|O|A|_'§”
ILumped—Cnmpunems j II_DC j O-l %llﬁll%l\l%l {%}lﬂ@bl@ (Es)

o S2P
é; SNP1
= File="f20.s2p"

et iok|

H

£t | =

e Port Port

SRE SRL

o | P1 L P2 o

SRLO GAFQ

- Num=1 Num=2

s 3%
SLGR TF2

3| =k

TF GaPP2

G\1ND RIND
3E

Hierp | Hreruth
=E —T—

Hertap

-

4

n 3
Select: Enter the starting point [0 items [iwire: 7.250, 4.250 |0.000, 0.000 in [&/RF [SimSchem

this is FY1 only: I have not provided any such data set for you to use.

Small-Signal Models

You can directly create hybrid pi models by method. Of course, there is no DC
information being carried in this simulation model.
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[ ADS_for_class ] hybnd_pi [Schematic):10

File  Edit Select Yiew Draw Component Options Tools Layout Simulate  Window Help
iy L 4 | 4z |-z | = | =

@[5 1] Wl 2]m] ol sElefalwmEE] O ec|O/Al i
ILumped-Cumpunenls jl j Ql = ﬁllm % *’Ulﬁ‘*l ‘
e .

i A

| S

L o 3l
£ 11

G| DCFeed C
) Ct 3 |
DCElck | SHORT C=cchx pF c
wﬂ;:n FLG e

C=cchipF

“5:'2‘ FRL :
-Eﬁ- wendfs Pot R (0% R1 rz  Fort

Fils || e F1 Rl = C=che pF Pz
o e Num=1 R=rbb Chm Murmn=2

SRC SAL
o |2 VAR VCCS [
LG | capa VAR SREC1
el i cchx=0.0152%area G=05

NG| FLol area=1 T=1.0 nsec o
i :;E cchi=0 0075 area R1=rbe Ohm R4

siea | T3 che=0.73%area R7=rce Ohm R=rex Ohm
35| 2k rbe=E9/area

TF | cappz gm=0.807*area
= rce=800/area I_ﬁ:—

oho | AR rex=2 8farea Pot  C
=3E csub=0.03"area Fa B C%
Hierp | Hferath rbb=4 8farea Num=3 C=csub pF
=&
Hfertap

1 »
Select: Enter the starting point [Oitems |wire 2750, -1.875 i [&/RF [SimSchem

23



Interconnects

UCSB HBT IC Process cross-section

Let us use a UCSB research process as an introduction to the topic.

BCB dielectric
Si3N4 insulator

HBT Resistor MIM capacitor

Metal2

Collector
metal

Resistor Cap Metal

Emitter Metal3

M1-M2 M2-M3
Via Via

Collector metal-M2
Via

Base-M2
% - Metal” % Cap Ve

Via Via

The process provides three metal layers, M1, M2, and M3. Normally, M3 will be used as
a ground plane and M1 or M2 as signal lines.

The cross-section below may also be helpful:
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Shielded ground plane

BCB dielectric MIM capacitor

microstrip wiring 2T \
o esistor |

Note the thicknesses of the two BCB layers, and note that BCB has a dielectric constant
of 3.8. Below the plane of the HBT subcollector, and below the resistors and metal 1, lies
the semi-insulating InP substrate, having a dielectric constant of 13. We will
approximate that M1 and M2 are each 1/2 micron thick.

RF test structure
Vel S

BCB dielectric i 1.7 um

Interconnect models (roughly)

These interconnects can be ***roughly*** modeled as below:

= [ ADS_for_class | wiring * {Schematic):20 |— r.ﬂui‘:q
Fle Edt Select View [Jnsert Options Took Layout Simubte Window Dynamiclink DesignGuide Help
| Hira @] ol @8] #|s|am| @] | [ socseimMocEL el <] O |2 g ] |1

MSub

msing_miground_m3sig inv_mstrip_m3ground_m2sig inv_mstrip_m3ground_m1sig

H=5.2 um Ef]=28 Ti4)=1 um Efi)=28 Ti41=1 um
Er=28 HHF35um  Cond[4[=5E10 HH{FF35um  Cond4[=5810
Mur=1 TanD{1}=0 LayerType[1}=ground TanD[1]=0 Layer Type[1}=ground
Cond=4.1E7 TE05um  LayerType[2]=signal T=05um  LayerType[2)=blank
Hu=3 9e+034 mi Cond[1]=5E10 LayerType[3]=blank Cond[1]=5E10 LayerType|3|=signal
T=0.5 um Erfz]=28 LayerType[d]=blank Ef2}=28 LayerType[d]=blank
TanD=0 H2[=1.7 um H2J=1.7 um
Rough=0 mi TanD[2]=0 TanD[2]=0

T[2)=0 5 um T[2]=0 5 um

Cond[2[=5E10 Cond[2]=5E10

Era)=13 Erdal=13

H[Z]=50 um H[3}=50 um

TanD{3]=0 TanD{3]=0

T[3]=0.25 um T[3]=0.25 um

Cond[2[=5E10 Cond[3[=5E10

s Ll <

P1 TL? P2
MNum=1 SBubst="mv_msinp_m3ground_msag” MNum=2
Length=1000 0 um
W=E.0 um
Layer=2
RLGG._File=
ReuseRLGC=no

- |
o B e
| s | (-
| ;t: e -'.__‘ Fod 1 | Subst=inv ristrip_mvdiground_misig)
| S1="mstfip_miground masig) Length=100.0 uni" .
| W=26T um ; 1 | wegoum -~
LAS1000wn__ __ ) | Layers3”

| RLGC_File=

wleuseRLGC=p0 __ __ __ __ =~

=
< >
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The model "inv_mstrip_m3ground_m2sig" is used for lines with an M3 ground plane and
M2 signal line. The model "inv_mstrip_m3ground_m1sig" is used for lines with an M3
ground plane and M1 signal line. There are limitations for this modeling strategy:

a) | can't seem to make these models calculate metal line resistance correctly, so | have
set the resistance to zero. This will be a serious error for long wires.

b) the associated substrate models are not supported by LINECALC. More on linecalc
below.

The model "mstrip_mlground_m3_sig" is a good and fairly accurate model for lines
using metal 1 as the ground plane and m3 as the signal line. There are problems in using
such lines; see the class notes. For lines of this type, we can select it, and then send its
parameters to LINECALC:

™ [ ADS_for_class | wiring * {Schematic):20 IL‘.@,m
Fle Edt Select View [Jnsert Options TJook Layout Simubte Window Dynamiclink  DesignGuide Help

| vl @] D)5 @8[] |y Sectrone Notebook... = w1 o+ | 2 ] elw|smE |
Qustom Library L -
Digital Fiter v
Encode Desgns...—— ee——
iccap :
- —my -
Smith Chart... SUBSTRATE4
Impedance Matching... Send Selected Component To LineCaic i imv_mstp_m3ground_m1sig
Model Compessr Update Selected Component From LineCaic N Efij=28 T[4]=1 um
Netit Export . BE10 HHIF35um  Cond[4]=5E10
. o 2 1}Fground TanD{1]=0 Layer Type[1}=ground

Sipice Model Generator TiHj=05um  LayerType2)=signal THIE05um  LayerType[2i=blank
Lser-Compled Model 4 Cond[1]=5610 LayerType[3[=blank Cond[1]=5E10 LayerType[3|=signal

S Ef2]=2 8 LayerTypel4j=blank EfZ]=2 8 LayerTypel4|=blank
Check Representation... HIZJ=1.7 um HIZJ=1.7 um
Herarchy... TanD[2]=0 TanD{2)=0
ko TI21=05 um T[2J=0.5 um

Cond[Zj=5E10 Cond[Z]=5E10
denty... Fr[ﬁ;-l||3 Fr[ﬁ]-llfl
Component Paette Configuration... H[3]=50 um H[3}=50 um
Hot Key/Toobar Configuration... TanD{3}=0 TanD{3]=0
T[3]=0.25 um T[3]=0.25 um

Data Fie Tool... Cond[3}=5E10 Cond[3]=5E10

Connection Manager Chent...

[Export ADS Ptolemy Design 4 I| {_ >

Instrument Server... TLF e

Mum=1 SBubst="mv_msinp_m3ground_m2sag” MNum=2
Length=1000.0 um
W=E.0 um
Lanyer=2
RLGC_File=
ReuseRLGC=no

s -

e Subst="inv_rhsirip, _mﬁ_r‘|‘rmnd misig)

|

[ |

| e

| Sui:st- msﬁp_m‘gcoup.d_mlsbg | Length=100.0 ur’ ._

| W260um " | w=a0um -

AZ000um_ | Layers3”
| RLGC_File=
weReuseRLGC=p0 _ _ _ _ =
5 >

...which allows very quick determination of line Zo, delay, and attenuation.
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B LineCalc/untitled

= JOES

Fle Simulation Options Help

s

— Component
‘TYPE fMLIN o~ |1D|hLin: TLS -
— Substrate Parameters
i—PhysicaI
ID Imstrip_m1gr0und_m33ig Li | f25.000 |um LI
L.
H [6.000 Ium L|Ll {100,000 |um L|
Er [2.800 s =] I s =]
hur [1.0n0 | ;I I | |i I LI
Cornl [41E7 I LI_ “ Synthesize ’7 Analyze
Hu (386034 |mil  +]
af menn [ ... = Ii_v_] — Electrical
i_l M ”lJ Z0 |32.25?3DD !Ohm -'_I
—Component Parameters E_Eff |1 Ha8E2D |deg LI
Freg [10.000 [GHz ] | VA ~]
Yalll |1.0E+30 |mi| LI | | A ;I
Wall2 |1.0E+30 |mi| LI | |=.=.-:. LI

[ = ]
[ewl

¢ J

— Calculated Results

K_Eff=2372
A_DE=0.029
SkinDepth = 0.030 mil

[Walues are consistent

Comment: ADS MOMENTUM

In reality, we use ADS MOMENTUM to model a short section of line, and from this
determine its inductance, capacitance, and resistance per unit length. From this we
usually can fit lines of a specified geometry to a ADS TLINP model. MOMENTUM is a
fast, accurate, and powerful tool, but there is not time to learn it in this class.
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