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.

| 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 in a 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:

i Advanced Design System (Main)

,E View Tools Window DesignKit DesignGuide Help
New Project...
Open Project...
Example Project...
Copy Project...
Delete Project...
Incdude/Remove Projects...

[ avepopt, |
Unarchive Project...
Close Project...

jerarchy

New Design...
Open 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_PRI3
3. C:\rodwel\simulations\mark_linearization_prj

T T
: models.dsn
prbs_test.dsn
pibs_test_old dsn
RC.dsn

s_parameters. dsn

s parameters_model dsn
5i_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:\rodwel\rodwell_files\simulations\ADS_for_218a

...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 o:r0dA BB E m®E

File View | Project View |

File Browser

=~ E=rinetworks

ac_simulation.dsn
hiased_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
- B t_model_total.dsn

- @ transientl.dsn

- @ two_amps.dsn

- @ twoport_with_models.dsn
- [@ wiring.dsn
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Double click to open

C:\rodwell\rodwel_files\simulations\aD5S_for_218a




Basic S-parameter Simulation with bias-dependent model

Open up the file gain_testbench which I have created to calculate S-parameters:
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Fle Edt Select View Insert Options Tools Layout Simulate Window DynamicLink DesignGuide Help

b et 93 ESHL FER @

Jazz sbcl8 BIT+MODEL ~| v+ Efe s f oUE R
Falette 8 ~

28] ] @
GpCircle

] VAR o
m | @ - s "° |
GpCircle “oltGain maxg] Z0=50 ot

[acar |

|
e || e ﬂmﬂl[ﬂhniﬂl GpCircle! oltGain MAG=rnax_gain(S) “Yapt
e GpCirclel=gp_circle(S,2,51) YoltGainl Yoptl
-y = WoltGain1=volt_gain(S 0.1, 1E6,50) Yopt! =yopt{ Sopt PartZ1)
StabFact
StabFact!

StabFacti=stab_fact(S) rb
ot
@ biased HET Term 3

Gsoircle || X3 Term?2 Zopt
Nurn=2 Zopt!

-+
I+

GsCircle Term

GsCircle? Term1 Z=70 Zopt1=zopt{Sopt,PartZ1)
sCircle
GsCircle2=gs_circle($,2,51) L] INum=1 =
- [@
- Gacicle ||
i

GaCircle

==l
@ =1 GaCircle1
oo | GaCircle1=ga_circle(S,2,51)
i

NsCircle
% | S-PARAMETERS I

NsCirclel
S_Param

NsCircle1=ns_circle(nf2 NFmin Sapt Rn/60,51)
SP1
% Start=1 GHz
Stop=1000 GHz
LS Step=1 GHz

CalcNoise=yes
Freg=

WeasEgn
meas]
U=((({real{Z(2,1))-real(Z(1, 2)/*2 + (imagi(Z(2,1))-imag(Z(1, 2} 24/ reallZ{1,1))real(Z(2,2) -reallZ{1 2) ) real Z(2,1)1))0 5
h21=(Y(2.17v(1,13)
Zt=(Z(2, 1T E0M(Z(2,2)+500)

v
< >
Select: Enter the starting point 0 items wire 2.000, -2.250 0.000, 0.000 in  A/RF SimSchem

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.



[ ADS_for_218a ] biased_HBT * (Schematic):2
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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):

x| scaled_HBT_two:2

C:\rodwell\rodweell_files\simulations\ADS_for_218a\networks\scaled_HBT_two
Instance Mame (name[<start:stop=]) F_ex (Real, e.g. 1.25)

X1 4 Mone W
SrilPrmre [ Equation Editor... ]
RE_ex=4
emitter_sidewall=0.02 [ Tune/Opt/Stat/DOE Setup... ]
Base_cont=5

Emitter_width=0.296
Emitter_length=5
Base_cont_width=0.256
Th=0.025

Tc=0.106

vel=3.7e5
Col_undercut=0.02

[] pisplay parameter on schematic

Add Cut Paste [ Component Options...

R_ex: F_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_class ] HBT_scalable (Schematic):4 g

Fle Edt Select View Insert Options Tools Layout Simulate Window DynamicLink DesignGuide Help
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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:



i) gain_plot [gain_circles]:0

0 [m %

He Edit Vew Insert
== A
&

Marker

2¢c

T

B E R P 4D

gain_circles

History Options Tools Page Window Help

gain_testhench M

Noise and Available
Gain Circles

T
ezt 0
e =116

e, HE

oEile

ERER BiradwmwAiAv 1

s
fraq=s0.005He
502,230 480 { 59 257

Opi

o

fimpadans = 20 = (140 1 116)

Naise Circles

T

(@)

erating Gain

iR

e e 1y
" T~

Hoks ctoks

~_ |
[ireg=80.006 Hz
SC111-0.064 124,140
Available GalHpesance = 207 265 . j05u)

—

mat

¥
S TP R

e

e
lireq=00.00GHz
053 124 140
[mipedance =

or
g

2D+ (0265 - o801

=2
]
g E
i
Lo
S ko ) -
T
S

T
Rdspimias

BRIt 45128
G653

e 2 Y0 o112 . j0.402)

RF Frequency Selectar

AN S AU
EsEE588288¢
S o508 b500 o000
freq, Hz =
Stahility i .
rimum Hoise
Factor, K reree
Wiz ALl
7779
21118 [ ‘

Set step sizes and

nurmber of circles, here:
B NFstep_size=02
BB Géstep_size=0.5
EEm num_NFcireles=3
BB num_Gécircles=3
BB GPstep_size=0.5
EMnum_GPcircles=3

G deka=(1. 1 52 23501 2P SC1D
P 1= 4abs((1. 1 absCS(1, 1 abs(S02 2rabs(S(2. 2 bsidita abs(ieta)
14abs(S(2 Hrabs(S(1 3habs(31, 1 rabscS(1, T abs(dahay abs(deles)
S01.ThdehareericS 2.2

BT c2-52.2detavcari(S(1 1)

Bgarmms_ms_=coni(B1-sqt(B 1B 4rsbs(CTFabs(CTIMRCI)
Boemma_ml_seoni(82-san(BB2.4-2bs(C2F abs(CLIMLCE]

BTz ms=50"(1sgamma_ms}(1-gamma_ms)
1=60C1+gamma_miy(1.gamma_mi)

e L——, ——. FP A

Gaciicksnga clickiGFRGCGH] GABlel B Chclicks] Ghskp s 5

v P B1B1 abs(CTFabs(CTMLICT)
B aamma_mi=(B2-sqrt(B2* B2.4"ab (G2 abs(C2INR*C2)
Blz_ms_=ooniz_ms)

Bl _=coni@_m)

B ok sioksmue X 1

ERznesirscLly

p st

B Poroks -0 i eqoE] BTG Rooke]C P, 22 51y

A I\

Y_parameters Z_parameters

I\

I\

S_parameters

I\ noise_fiqure J

figures_of_merit

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 IC). 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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i) gain_plot [Y_parameters]:0
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i) gain_plot [S_parameters]:0 g@g

He Edt Wew Insert Marker Hstory Options Tools Page Window Help
0@ & k@ D¢ +E7KQY K S| 4D B gain testhench ) EERER EBiraVwAYV r s
Falette ) —

LIS

\/

freq (1.000GHz ta 1.000THz)

freq (1.000GHz to 1.000THz)

5
5]
0]
10—
Kl T
B e e R R R R R AR R R R R R RR R 1E9 1ET0 1ENM
00 o4 02 03 04 05 06 07 08 08 10
freq, Hz
freq, THz
v
< >
L gaio girde N v oooneier N parameter A S parameters foures of merit M\ noise figure J

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

7 [ ADS_for_218a ] gain_testbench * (Schematic):2
Fle Edt Select View Insert Options Tools Layout Simulate Window DynamicLink DesignGuide Help
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GaCircle
@ GaCirclel
[T | GaCirclel=ga_circle(5,2,51)
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5| S-PARAMETERS I
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SP1
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— Step=1 GHz
CalcNoise=yes
Freg=
MeasEqgn
meas]
U=(({(real(Z(2,1)}-real(Z(1,2)))*2 + (imag(Z(2,1)}-imag(Z(1 2)))*2pdi(real Z(1 1) real(Z(2 2))-real(Z(1 2)Freal( (2,110 5
h21=0r(2,1)/(1.1))
Zt=(Z(2,1)"50M(Z(2 2)+50)
v
< >
Select: Enter the starting point 0 items wire 5.125, 0.125 0.000, 0.000 in  A/RF SimSchem

click into the circuit to take a look:
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[ ADS_for_218a | simple_hybrid_pi (Schematic):2 =X
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Port l C1 R1 R2 Port
P1 C=50 fF P2
Num=1 I Num=2
— _L VCCS
— SRC1 —
G=100 mS
R1=1e100 Ohm
R2=200 Ohm
(Sebect: Enter the starting point 0 items wire 4.250, 1.375 0.000, 0.000 in  A/RF Slmsch;’ﬂ

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
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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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[ ADS_for_class ] biased_HBT (Schematic):5

RS
Fle Edit Select View Insert Options Tools Layout Simulate Window Dynamiclink DesignGuide Help
| et @] o] g2|8[ 2] os(a| @)
[Jazz shel8 BJT +MODEL Bl S e I 1R =1
S I
I_DC
& SRC5
i I +
1l @ . Il 1dc=12 mA
V_DC
SRC1
Vde=0.5 V c
: -
- L1 -
L=1 mH — | < D
o T Port
)| & &
Port c |\A Num=2
P1 Cc1
Num=1 C=1F =
HBT scalable
X4
Emitter_length=6

>
Select: Enter the starting point 0 items. jwire. 0.375, 2.625 0.000, 0.000 in  A/RF |SimSchem

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:
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[ ADS_for_class ] HBT_scalable (Schematic):5 gﬁ
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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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L Design Parameters:5 ﬁ
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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
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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
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| 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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E gain_plot* [figures_of_merit]:1 g
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The device has an ft around 540 GHz and an fmax around 900 GHz.
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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 Yiew Draw Component Options Tools Layout  Simulate  Window Help
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this is FY1 only: | 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
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Interconnects

UCSB HBT IC Process cross-section

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

BCB dielectric
Si3N, insulator

HBT Resistor MIM capacitor

M1-M2 M2-M3

Collector Resistor Cap Metal

metal Emitter Metal3

N Base-M2
Collecto\r/metal M2 Via Metall Cap mgtaI-MS
ia 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 221 \
=

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

BCB dielectric 31‘7 pm

Interconnect models (roughly)

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

[ ADS_for_class ] wiring * (Schematic):20 g
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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
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...which allows very quick determination of line Zo, delay, and attenuation.
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Calculated Results

K_Eff=2.372
A _DBE=0.029

SkinDepth = 0.030 mil

|‘v’alues 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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