High Speed Bipolar Mixed Signal and Communication ICs
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 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:

’_E View Tools Window Designkit DesignGuide Help
New Project...
Open Project...
Example Project...
Copy Project...
Delete Project...
Include/Remove Projects...

[ Achvepoet. |
Unarchive Project...
Close Project...

ierarchy

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:\rodwell\simulations\mark_linearization_prj

-
models. dsn
prbs_test.dsn
prbs_test_old.dsn
RC.dsn
$_parameters.dsn
s_parameters_model. dsn
si_dif.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:



Fle View Tools Window Designkit DesignGuide Help
e @le|alo e .|

File Browser

e-E ADS_FOR_CLASS e CMRODWELLASIMULATIONS WADS_FOR_CLASS
[

=1o] x|

Project Hierarchy

BaEI marn_dsh
-3 retworks
EEI'=_“I sprthesis
B3 verification

J\RODWELL\SIMULATIONS\ADS_FOR_CLASS\networks

...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):



i Advanced Design System (Main)

- 0] x|
Fle View Tools Window Designkit DesignGuide Help
Sl slelCd BB |

File: Browser

=--Er networks
------ +

B ac_simulation.dsn
------ & biased_HET.dsn
...... B chemy_hooper.dsn
B chem_hooperd.dsn
B chem_hooper.dsn
------ B CML_and.dsn

------ Bl CML_=ar.dsn

------ B DarlFBa.dsn

------ Bl datafile.dsn

------ B differential_grm.dzn
------ Bl ECL_and.dzn

------ B ECL_latch.dsn

------ [ ECL_wordsn

------ B eclgate.dsn

------ & fast_dflop.dsn

------ B fet.dsn

------ B ft_daubler.dzn

------ B gain_testhench.dzn
------ B garbage.dzn

...... Bl HBT_genb.dsn

------ B HET_genf_linear.dsn
& HET_gen5_nonlinear.dzn

B hbt_stepper_model.dsn
B hemt_noise.dsn

...... B hybrid_pi.dsn
------ Bl models.dzn

...... B prbs_testdzn
------ B prbs_test_old.dzn

Bl s parameters.dzn

B = parameters_maodel.dzn
------ B =i_dft.dsn

------ B single_ended_and.dsn
B single_ended_to_dif.dsn
B single_ended_to_dif2.dzn
------ B SpiceHBT . dzn

------ B SpiceHBT_unbiased.dzsn
B t_model_total dzn

------ B transientl.dsn

------ B tranzistormodel. dsn

------ B twoport.dsn

------ B twoport_with_models.dsn
------ B xor_gate.dsn

D ouble click to open

ARODWELL\SIMULATIONS\ADS_FOR_CLASS\netwarks




Differential S-parameter Simulation

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

[ ADS_FOR_CLASS ] gain_testbench (Schematic):14 —|= il
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This will test for Sparameters of the subcircuit "single_ended_to_dif". 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 "single_ended_to_dif" subcircuit to move into the hierarchy.



# [ ADS_FOR_CLASS | single_ended_to_dif * (Schematic):14 ==l x|
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This is a utility block I created, which allows one to simulate for S parameters of a
differential circuit (in this case the circuit is differential_amplifier). This is a trick to
overcome a shortcoming in ADS: it is otherwise hard to make it compute S parameters of
differential circuits. Pop into it, and you see a common form of high frequency amplifier:
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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:

[JHBT_scalable:4

Cohrodwellhrodwell_filesh simulations\AD5S_for_class\networks\HBT _scalahble

Instance Name (hame[<startstap>])

X5 F_ex(Real e.g.1.25)

Select Parameter

Bed |4| |N0ne ﬂ
emitter_sidewall=0.02 Equation Editor... |
Base_cont=h

Eritter_wicdth=0.296 TunefOptfStat/DOE Setup... |

Emitter_length=Le
Base_cont_width=0.256
Th=0.0250

Tc=0.106

wel=3.7eb
Col_undercut=0.02

[ Display parameter on schematic

| | | Component Options... |

|R_ex :

0K Apply Cancel Feset Help

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, here set = to the variable Le, is 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:

T [ ADS_for_class ] HBT _scalable {Schamatic):4
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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:



gain_plot* [page 1]:1 { Y,Q-!_; %
DS EARS i Foert Mprki | PORT Options ks L
Selslsl k| 0| o HAnwjalel 4] el
stunch w1 dal ] el vl o] e8I mI 6] el

Noise and Availadle |Smamee=
Giamn Corcless

>ol0los|/|E|EE s |e B~ §

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.

If you change pages (push the green arrow buttons on the menu bar), there are also plots
of Y and Z and S parameters, and plots of open-circuit voltage gains, etc.

Click on the toolbar on the left-hand side, and you can add other plots.

S-parameter simulation single-ended

We can go back to the s_parameters circuit and edit the circuit under test to ft_doubler:
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B [ ADS_FOR_CLASS ] gain_testbench * (Schematic):14 _|= il
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MeasEqn
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4
Select: Enter the starting point lsingle_ended_to_dif Xz wire |.625, 0.750 |-0.875, -0.125 fn JA/RF [simSchem

Pop into this (single_ended) circuit and see the amplifier:
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B [ ADS_FOR_CLASS ] ft_doubler * (Schematic):14 _|= il
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Note that a different transistor model is here used; there is no subcircuit with an
associated set of equation-defined parasitics. This is the more common approach in IC

design.

Pop back out, and hit simulate:

12



22 gain_plot* [S_parameters]:7 O] x
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Transient Simulation and Eye Patterns--differential.

Now open up the test bench transient 1 (and zoom in a bit !)
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You will see a couple of circuits. Darlington_doubler is a single-ended circuit, and is

currently "inactivated”. There is a differential circuit, "four_cml_amps", which is active.
There is a pair of (random) data string generators, which are logical complements of each
other. For square-wave testing you could replace these with e.g. a square wave generator.

Pop into " four_cml_amps ". It is a set of four cascaded amplifiers, each of which is a

simple CML logic gate, which we are operating here as simple differential limiting
amplifier.
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You can pop in again to see the circuit:

15

Viin_minus V_gul_minus

cml_gate

X3

gm=1e-3
V_linear=1E-2



[ ADS_for_clazs | cmi_gate * (Schematic):6
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Pop back out to the highest level, and simulate. Then open up the graph window
“"transient measurements 1"

...and you can see the eye pattern and pulse response of Vout of the circuit:
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E transient_measurements [page 1]:2 g@ﬁ
Eile Edit View Insert Marker Page Options Iools Help
olelsls k| nl 2 +@[ualals ] =l
ansiert <1 all all aill ] 1|2 5| m| | ]

B|5 | B |~

By

=ol0|o]elr

abo "3%0 240" ado 330 400 420" 430" +k0 4k0 500

3007320 340 250 360 400 420 440 460 4ED 500

v

2]

Clicking on the vertical axis of the eye pattern display reveals the syntax necessary to plot
an eye pattern:
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-

Trace Options:2 ﬁ

Trace Type l Trace Options | Plot Axes ; Trace Expression

Trace Expression

|eye[transienﬂ wWout_pos -transient] Yout_neq.80EY)

Errors:

“ariahle Info... | Functions Help |

oK Cancel Help

Note that the last number 80E9, is set at 1/2 the bit rate of the simulation.

Transient Simulation and Eye Patterns--single-ended

To simulate a single-ended circuit, we activate and deactivate a few components:
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i [ ADS_for_class | transient] (Schematic):8

Eile Edit Select “iew Draw Component Options  Tools  Layout  Sipulate  Wincdow Help
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‘ | L
Select: Enter the starting paint |Diterns Jwire 3.250, 3.500 0.250, 0.625 in IKKHF |SimSchem

Pop into Darlington_doubler to take a look (a fairly exotic circuit block)
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gton_doubler [Schematic);
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Select: Enter the starting point |Diterns Jwire |3.375, 3625 [1.000, 2.375 i |&/RF [SimSchem

And pop back up and re simulate:
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Modeling Bipolar Transistors:

We can do this several ways:

Spice MODEL

[ ADS_for_class ] darlington_doubler [Schemalic):8

File Edit Select ¥iew DOraw Component Options Tools Layout Simulate  Wincow Help
s d + |re=s +2 -z, o = | i =
_lel@lE] b meil 2] 9l e s b/mS)E DPo[O[Al]
- U
ILumped-Cumpunenls jl j D*l = mll%l\l"w\‘l %N@Ll@ % *’nlﬁ]*}gl ‘
k4 2 ler=Aef = Jef ——
T R=R_f c=10nF lefdoun=2%4ef * Jef
Isw=Asw * Jsw
| £
e |y A LY <:> Iswdoub=2"Agsw * Jow
L G ! Fort Rhias_ef=230/ef
EJT MEM P2 Rcurrent_sc=14320/5w
DE; BJT4 Num=2  Rhias_ce=250/5w
== Model=hbt R_ee1=25/A_stagescomp - S0/ASW - 26/15w
el Area=Asw R_ee2=50/1+A_stage)/comp -S0/Asw - 2643w
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G || G hMode=nonlinear
A | :
FRG FRL
oo |
.ﬁﬁ- SLG C
R R g
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eF C=CeF _
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P Y HPH=yes Br=12 Cjc=096E-15  Re=50 0hm
SALG | GAPQ L PHP=nD Ikr=0 Wjc=1000 Re=0
e .q"p. — — - Bf=100 I5c=1.07e-014 Mjc=0.001 kr=0
Inog_| PLeg BJT_MPH BJT_NPI Ikf=0 Mc=1.09 eje=0.73 Af=1
35 BJT1 BJTZ Ise=0 YWar=38 Fc=0.58 Kh=0 =l
e | 3| | Modzi=hit Model=hit Ne=1.22 Nr=1 Cje=2.3e-015  Ab=1
e Y- Ly Y/af=38 Tr=0 Vie=0.7 Fh=1
S o= Region- Ni=1.09 Eg=1.11 Mie=0 28 Ffe=1
LR | Temp=27 Temp=27 Tf=0 407E-12 sec 1s=1.86e-015 Cjs=0 Lateral=no
b Mode=nonlingar  Mode=nanlinear xir=0 Irnax=1 Yjs=10000 AllParams=
GIND_| RIND Wif=0 =3 Mjs=0.001
BE EEI‘ Itf=0 Tnom=27 Rb=4% Ohm
Herp | Htermth Ft=0 MNk=0.5 Irbh=0
=E Kth=0 Is5=0 Rim=4% Ohm
mrl;p Approxgh=yes M5=1 RbModel=Libra
< " »
Select: Enter the starting point |EI items ‘wne |'|E125,1 875 ,W’IH_WW

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 | biased_HBT (Schematic):5 LQE!
Fe Edt Select Vew nseit Options Took Layout Spubte Window Dymamiclink DesignGuide Help
| Hlele] o] @l el @)
[Jazz sbcl8 BT +MODEL =1l vl O+ | 2 o as | @9 SR
483 ]
ShEY
et I_DC
4 Lo SRC5
{1} @ - |l 1de=12 mA
V_DC
SRCA1
Vde=05V C
L ar
2 |L1] N -
L=t V<
\ o) R= Port
< > ; P2
s
Port C |\A Num=2
P1 C1
Num=1 C=1F =3
HBT _scalable
X4
Emitter_length=6
;-b.u: Enter the starting pont 0 Rems e 0.375, 2.625 0.000, 0.000 n AR s.mscnu:

HBT _scalable is a subcircuit with PASSED parameters

Rex is the emitter resistance per unit area,

base_cont is the base contact resistivity in onm-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

Th 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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Go to file->design parameters, and you will see how the passed parameters are defined
(you should not need to play with this)

24

E



I Design Parameters:5

Name: |HET scalable

General Parameters |

Select Parameter

B _ex
ermitter_sidewall
Base_cont
Emitter_width
Emitter_length
Base_cont_width
Th

T

wigl

Col_undercut

Add | cut | Paste |

Add hultiplicity Factar [_kd) |

Copy Farameters Frorm... |

— Edit Parameter

Fararmeter MNarme

|H_ex
Yalue Type

IReaI
Default*alue (e.g. 1.23e-12)

|10

— Optional

Farameter Type

IUr'IiﬂESS

Farameter Description

[v Display parameter on schermatic
[v Optimizahle

[v Allow statistical distribution

[ Mot edited

[ Mot netlisted

Ok, |

Sawe 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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B [ ADS_FOR_CLASS ] HBT_gen5_linear (SYMBOL) (Schematic):16 _|= il
Fle Edit Select View Insert Options Tools Layout Simulate Window Dynamiclink DesignGuide Help
Do beiletl@| o5 e

[Syrbol View Palstte

SRR

Bl
22k’
=@
—uﬂ

Select: Enter the starting point

0 items lsymbody  -0.250, 0.250 -5.375, -10.250 fn JA/RF [5imSchem

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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B [ ADS_FOR_CLASS ] gain_testbench * (Schematic):18 _|= il
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4
Select: Enter the starting point

lsingle_ended_to_dif Xz wire

|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
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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

[ ADS_tor_class | twoport_with_models [Schematic) 8

File Edit Select “iew Draw Component Options Tools Lewout  Simulate  Window Help

| = P S S e R = wafiEs)E] DRolOAL]
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ol 3
Select: Enter the starting paint |Ditems [wire: 7.250, 4.250 0,000, 0.000 in [&/RF [SimSchem

this is FY'1 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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w [ ADS_for_class | hybrid_pi [Schematic): 10
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Interconnects

Process cross-section

U
S
FH S

S5SNI

BCB dielectric
SizN, insulator

AN

S
3R

i

HBT Resistor MIM capacitor

M1-M2 M2-M3
Collector . N Resistor Cap Metal
metal Emitter Sl Metal3
N Base-M2
Collector _metal M2 Via Metall Cap mt_etaI-M3
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:

Shielded ground plane
BCB dielectric MIM capacitor
RF test structure . . 3.5um \
P ~a microstrip wiring
BCB dielectric i 1.7 um resistor
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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.

Interconnect models (roughly)

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

T [ ADS_for_class | wiring * (Schematic):20 s @ %
Bl Edt Select Vew [nset Options Jook Layout Spmubte Window Dynamiclink DesignGuide Help
| Aol 95 @8] =@l B o snos it mopeL =i s R =T R E AR AR =]
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H=5.2 um Ed1]=28 T4]=1 um Efij=28 TH}=1 um
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Mur=1 TanD[1}=0 LayerType[1]=ground TanD{1]=0 LayerType{1]=ground
Cond=4 1E7 TH05um  LayerTypel2|=signal THj=05um  LayerTypa[2]=blank
Hu=3 Be+034 mil Cona1]=5E10 LayerType{3j=blank Cond|1]=5€10 LayerType[3|=signal
T=0.5um Ed2=28 Layer Typef4]=blank Ef2=28 Layer Typef4}=blank
TanD=0 H{2]=17 um H[2}=17 um
Rough=0 mil Tan0[2j=0 TanD{2]=0
T[2]=0.5 um T[2}=0.5 um
Cond|2]=5E10 Cond[2]=5E10
Erf3=13 Ef3=13
H{3]=50 um H[3|=50 um
TanDf3j=0 Tan0f3j=0
T[3]=0 25 um TI3J=0 25 um
Cond|3]=5E10 Cond[3]=5E10
1
(= 1 <
P1 7 P2
Num=1 Subsi="inv_msirip_m3ground m2sig” Num=2
Length=1000.0 um
W=6 0 um
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RLGC_File=
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\ : [ ey bty ety
o N =, bt |
| ) 7 | PSS |
| TLe ; g o _| Subst="inv_ristrip_m3ground_misig]
| f.:_b;é_nu::::np_mIguu_r|9_-||3-,|g| Length=100 0 umi i |
| <2 or Sl W=40um -~
Lostogoum T Lo e
RLGE_File= |
wieuseRlGC=p0 __ __ __ __ _°
=
<

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.
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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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H{2]=17 um H[2[=17 um
TanD{2j=0 TanD{2|=0
T[2|=0.5 um T[2}=0.5 um
Cond[2]=5E10 Gond[2]=5E10
Enf3}=13 EME13
H{3]=50 um H|3}=50 um
TanDf3j=0 Tan0f3j=0
T[3]=0 25 um T[3}=025 um
Cond{3]=5E10 Cond[3]=5E10
Y el D
LT P2
HNum=1 Subst="Iny_mstrip_m3ground_m2siq” Num=2
Length=1000.0 um
W=60 um
Layer=2
RLGC_File=

ReuseRLGC=no

B —

LI
s

Length=100 0 usi™
W=40um -~ .
Layers3~
RLGE_File=

L ReuseRLGC=po

[T
-7

|
| _ |
| Subst=Tinv_instrip_m3ground_m1siq]
|
|
|

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

= /OES

File simulation Options Help

D|B|ﬁ1|§”

Cormponent
(Type LN > | 1D |mn: TLs |
—Substrate Parameters
Fhysical

1D |mstrip_m1ground_m35ig L IES'DDD Ium LI

" I o L [100.000 fum |

Er [2.800 | ! e =

hur |1.000 | I ! [
Cond |4.1E? I ’—Synthesize ’— Analyze

Hu [39e+034 il 4]

T e — —Electrical

< ! 20 [32.267300 [ohrm +]
Component Parameters———————————————— E_Eff |1_349320 |deg LI
Freg [To.000 |gH: =] | | =l
Wl [10E+30 [mil ] | | =]
Wiallz [T0E+30 [mil =] | | =l

[[= 1|
Fw

— Calculated Results

K_Eff=2.372
A_DB=0.029
SkinDepth = 0.030 mil

|Va|ues 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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Exercises

1) first, please run all the above simulations. Make sure you can make them all work.

2) transistor simulation

T [ ADS_for_class | biased_HET (Schematic):21 = X
Fe Edt Seect View [nsert Options Took Layout Spubte Window Dymamiclink  DesignGuide  Help
| Hivalg] o] Bld| s el @
Jazz siocl8 BT -MODEL - - O+ |2 el ss R el w SR
s
EAEY
EE |_DC
Al |+ SRC5
{1} @ ‘ |l 1de=12 mA
V_DC
SRCA1
Vde=05V C
L ar
2 |L1] -
L=1 mH — | < >
\ o) R= Port
< > P2
s
Port C |\A Num=2
P1 C1
Num=1 C=1F =3
HBT _scalable
X4
Emitter_length=6
;ﬁ.\t: Enter the starting point

>

0 Rems wire 0.750, 2375 5.125, 2375 N ARF  SmSchem

Using the above model and the biased HBT test bench, set up a transistor with the above
parameters, but adjust the bias to a current density of 1 mA per linear micron of emitter
length and VVcb=0.5 Volts. Simulate and plot H21 and U. Determine ft and fmax.

3) S-parameter Circuit simulation

Create a Darlington differential pair amplifier with 2 DHBTS, each having parameters as
above, except adjust the emitter length so that all transistors are biased at 1.2 mA per
linear micron of emitter length when biased at 10 mA each. The basis circuit is as below,

but you must think hard about the DC biasing. The resistors labeled Zo are 50 Ohms.
The external load is 50 Ohms
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Simulate this to determine the 4 S-parameters. Determine the gain and bandwidth of S21.
Recall that S-parameters are equivalent to gains with 50 Ohm generator and load
impedances.

4) Transient Circuit simulation.

Simulate the transient response of this circuit to a PRBS pattern with 1 mV pp input.
Adjust the data rate to that which provides reasonable performance. Recall the need for
external 50 Ohm generator and loads.

5) Mask layout

Using the available CML differential amplifier as a guide, generate an ADS mask layout
for the amplifier. Hint: a floorplan like that below will facilitate layout.
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o Vee

6) Re-simulation:
Measure the lengths of wires in your mask layout. Add models for these wires to the
circuit file and resimulate.
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