
All of the 4 y-parameters, real and imaginary part, 
versus frequency. Use a new subwindow for each 
parameter, i.e. you use 8 subwindows.

a.

Repeat the above plot with log scale frequencyb.
Real and imag S11, S21, S12 and S22 versus 
frequency.

c.

Repeat the above plot with log scale frequencyd.
S11 and S22 on Smith chart. S21 and S12 on polar 
plot. Move cursor and observe how the value of 
S11 and corresponding r and x values change with 
frequency.

e.

Real and imag of zs11 - with zs11 defined as the 
impedance corresponding to a reflection 
coefficient of S11.

f.

Mag(h21*frequency) versus frequencyg.
Real and imag of the Y21/Y11 ratio.h.
Real and imag of h21. Compare this with Y21/Y11 
ratio.

i.

Plot out the mag of all s-parameters versus linear 
frequency on the same plot.

j.

Using the verilog-a Mextram transistor model, run s-
parameter simulation to generate the following 
frequency dependence plots from 10MHz to 10GHz, 
for VBE=0.5, 0.85 and 0.9V. Set VCE=5.0V. You can do 
this with calculator or ocean script. 

1.

In "sp" analysis, set frequency to 3GHz. Sweep VBE 
between 0.75 to 0.9 in 15 steps. VCE=5V. Plot out 
mag(h21), db20(h21), ft. and mag(s21), db20(s21) as a 
function of VBE. 

2.

RF transistor mini project 1, updated 11/8 class. Save all graphs in a 
separate folder or paste them in a document.
Tuesday, November 06, 2012 6:07 PM
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function of VBE. 

Place two identical transistors in parallel. Re-run your 
frequency dependence simulation at the same VBE=
0.85V, VCE=5V. Overlay the Y-parameter plots 
obtained using a single transistor and 2 transistors. 

3.

Verify that all of your Y-parameters are exactly 
doubled.
Plot out ft-VBE for single transistor and double 
transistor.

4.

(newly added 11/8 class) for the same transistor you 
have been using, create a ADE state that simulates ft 
calculated from mag(h21)*f at 2GHz versus mult for 
IC=3mA, VCE=3V. Your multi is a design variable, and 
should be swept from 0.1 to 5 in 10 steps. Change 
your "sp" analysis to sweep frequency from 1GHz to 
3GHz using 3 steps to keep data file small. Use the 
technique we described today to hold your current 
constant as you change size. How much did your ft. 
change over this large size change? 

5.

Below is a sample result of mine, I also checked 
"noise" in "sp" analysis. Here I plot out minimum 
noise figure Nfmin at 2GHz, and ft versus mult (size) 
for a fixed IC. I also showed the actual IC measured at 
the collector - it is indeed very close to our intended 
IC, and is practically held constant as mult is swept.
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As you increase mult from 1 to 3, ft. decrease from 
8.9GHz to 8.2GHz, however, Nfmin decreases from 
2.5dB to 1.7dB, a much bigger change.

This type of plot is extremely useful in design of low-
noise amplifiers. I also plotted out Ropt - the noise 
matching source resistance, just ignore that if you 
have not come across it before in circuit classes.

Plot out 1/(2*pi*ft)-1/IC for VCE=5V. Determine the 
forward transit time tau_f.

1.

Plot out ft-Ic for single transistor and double 
transistor.

2.

(added 11/8) using the new circuit technique, sweep 
IC and produce a smooth ft.-IC curve that covers the 

3.

Required for tcad2 group students, optional for others -
this will take a bit more time
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IC and produce a smooth ft.-IC curve that covers the 
rise and fall of ft. nicely. Do this for multiple VCE=1, 3 
and 5V. Your curves should look like this:
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I have given you the LNA schematic. You can modify 
yours or use this one as is.

Use the same transistor you have been using. 

Follow the case study we went over today to design a 
2GHz LNA with 3mA current constraint. Set VCE=3V.

I just found out there is no way to construct a complex 
waveform from two real waveforms in cadence. So you 
cannot write yopt = gopt + j*bopt.

Cadence gives you gopt and bopt. You need to calculate 
ropt yourself.

What I did is define an output "bopt" as:

Then "gopt" as:

From these two, calculate "ropt" which is real part of 
zopt = 1/yopt = 1/(gopt + jbopt)

Read today's notes. You will find the 3 steps leading to a 
good design.

RF LNA design mini project 11/13/2012
Tuesday, November 13, 2012 5:34 PM
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Sweep "mult" to set ropt=50ohms 1.
Sweep "Le" to set zs11r = 1 (normalized)2.
Sweep "Lb" to set zs11i = 03.

Remember to check 'noise' for "sp" analysis.

Below is a screen shot of my "sp" analysis for sweeping 
"Le":

Go ahead and give this a try. You can in principle turn this 
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Go ahead and give this a try. You can in principle turn this 
into your final project. 
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S

Linear 2-port parameters
Saturday, October 27, 2012 9:28 PM
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We need to combine dc bias with RF excitation using bias 
tees - essentially an inductor that passes DC and blocks 
ac (RF), and a capacitor that passes RF and blocks dc.

Copy the vademo folder from /scratch/8710/cadence

To your own $HOME/cadence folder or another folder (if 
so, modify the cds.lib after copying)

Open terminal 

Then go to (cd ) that folder of yours, type "source 
cadence6"

Then type "virtuoso" on command line.

s-parameter simulation and measurement
Tuesday, October 30, 2012 9:38 AM
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Pay attention to the "PORT0" and "PORT1" - they are 
from the analogLib, under sources.

Specify the port number as "1" and "2" for the input and 
output ports. An example is shown below:
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Then you can set up "sp" analysis for s-parameters:
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You can type in or select from schematic the ports, for 
most part, we specify two ports.

A frequency sweep is basic, of course, you can sweep 
other parameters like you did before.
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You can of course use the GUI to manually do plotting. 
Problem is that Cadence does not have a nice way of 
keeping all of your plot settings so you can reuse them 
when you run a new simulation. 

Other tools like Agilent does better in this regard. 
However, verilog-a support is much better in cadence, 
also many design kits support cadence (there is ADS link 
too but that requires additional kit support you often do 
not have)

Cadence has scripting, so you can use ocean - but it is 
difficult for the average user, they are designers not 
programmers.

I experimented with it and came up with a piece of ocean 
program for teaching - you should find this useful for 
research too.

From the menu of the very first "virtuoso" window, 
"Tools-Skill IDE"

Plotting and understanding transistor s-parameters
Thursday, November 01, 2012 9:46 AM
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Then "File -> Open" to open the only plotbjtspara.ocn in 
the folder that you copied from me. 

I wrote it so it will work with both cadence ic5 and ic6. 
Also I wrote it in a way that allows you to copy these 
expressions into your "Outputs" or "calculators" - so 
some expression options may seem unnecessary if you 
just use it for ocean.

You will see that I made conversion between reflection 
coefficient and impedance in two occasions.

Look at both plots together, use cursor to move 
along data on Smith chart, observe the "r+jx" 

a.

S11 - I created "zs11" - which is the normalized 
impedance for a Gamma = S11. I plot out S11 on 
"Smith" chart , and then plot out real and imag of 
zs11. 

1.
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along data on Smith chart, observe the "r+jx" 
number the program reports. 
Compare that with what is on the real(zs11) and 
imag(zs11) vs freq curves. You will find they are 
consistent

b.

Move cursor along data on smith - watch the 
"r+jx" output, compare that with your own 
plotting of real and imag of h11, well you can 
normalize to z0 easily for exact apple-to-apple 
comparison

a.

H11 - h11 is the input impedance for an output short 
circuit termination. So I convert H11 to a reflection 
coefficient "gh11" so that you can then plot it on 
Smith chart.

2.

Try to compare S11 and H11.3.
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Current gain with output shorted and fT
Saturday, October 27, 2012 9:37 PM
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Look for a region where magh21 (mag of h21) * 
freq is frequency independent

Choose a freq point from this region, the magh21 * 
freq product is ft.

use "Y vs Y" from menu to make ft-IC plot rather 
than ft-vbe plot:

We then have ft-Ic plot:

Ft extraction from h21 - frequency curve and how to plot ft-IC
Friday, November 02, 2012 5:56 PM
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With a bit extra work in the "Outputs setup", we 
can add units and suffix to our like, e.g. using GHz 
for ft. and using mA for IC

This gives us a nice summary of our h21 and ft. 
data:
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You can also inspect db20(h21) vs log scale freq, 
and identify the 20dB/decade slope:
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We can compare the ft. obtained from h21 (sp 
analysis) with the ft. obtained from dc operational 
point analysis (remember we did that first?)

They are not exactly the same but close.

Also the way we determine ft. should be changed 
"improved" to make a more fair comparison with 
the ft. from OP.

Ft from h21 and ft from OP point (approximate)
Saturday, November 03, 2012 3:20 PM
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Ft and current density
Saturday, October 27, 2012 9:40 PM
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1/(2pi*ft) - 1/Ic
Saturday, November 03, 2012 3:23 PM
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Tauf versus phi_t/IC
Saturday, November 03, 2012 3:25 PM
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Base resistance extraction using h11 semi circles
Saturday, October 27, 2012 9:41 PM
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Example:

Simulate the h11 behavior for currents around peak 
ft. of the bjt504 device you have been using.

Plot out Imag-Real h11 as shown below.
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Of course with all the parasitics, the simulated h11 
does not precisely follow our first order derivation, 
but it shows the overall behavior nicely. It is indeed 
close to a semi circle.

In this simulation, frequency is from 1MHz to 
10GHz.
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In measurement, it is typical to go from 2GHz to 
10GHz (or 26GHz, 40GHz).

Can you explain why at seveal GHz, real(h11) is 
nearly a constant, while imag(h11) is very small?
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The real part of zs11 first. Now we add more VBE's. 
Zoom in plots to show higher freq behavior of real 
& imag h11

h11
Tuesday, October 30, 2012 8:54 AM
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Let us compare s11 and h11 by converting h11 to a 
reflection coefficient

Some papers use s11 instead of using h11 to extract 
rb - this can cause some errors.

S11, real-imag plot:

H11 and s11 comparison
Saturday, October 27, 2012 10:28 PM
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Real - Imag plot:

At 10GHz:

S11 behavior - this also helps you understand smith chart
Saturday, October 27, 2012 11:08 PM
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Note: r=0.723, x=-0.2629

We can calculate zs11 by converting s11 to normalized 
impedance, zs11 = (1+s11)/(1-s11), then looking at real and 
imaginary part. Let us look at the real part of zs11 first. I have set 
cursor to 10GHz, see lower left corner:

Now the imaginary part, again, note the lower left corner display 
of imag(zs11):
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This is indeed what is displayed as "x" value when we view smith 
chart of s11.
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Move cursor and demonstrate the meaning of s11 on 
smith chart using zs11 = (1+s11)/(1-s11)

Explain why above 2GHz, real part of zs11 - essentially 
the "r" value of s11 on smith chart is nearly constant in 
transistors.

Frequency response of s11 and h11
Saturday, October 27, 2012 9:22 PM
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Use db20() function.

Also often it is best to use "log" for freq axis.

Low-frequency, h21 is flat.

High-frequency, it drops.

The slope is -20dB per decade increase of 
frequency.

In this region, h21 * f = constant, or ft.

h21
Saturday, October 27, 2012 11:37 PM
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In IC615, see the marker I made at 100MHz and 
1GHz, and observe how the y-value differs by about 
20dB for 1 decade increase in frequency
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Recall that s21 itself is a voltage gain, so db20 is 
power gain - more accurately, power delivered to a 
z0 load divided by power available from a z0 
source.

Polar showing magnitude and phase:

It is typical to plot the original s21 number (without 
taking db) on polar plot that shows magnitude and 
phase:

Note that at very low frequency, the phase is 180 
degrees, as the amplifier is inverting (180 degree 
phase diff)

Db20

S21, polar, mag, and db20
Sunday, October 28, 2012 5:13 PM
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Db20

Use db20(s21) to show its db value.
To just show the magnitude, we can take db20, and 
use log scale for frequency axis:

Db20 with log freq axis
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Like h21, there is 20db/decade slope at high 
frequency.
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Comparing h21 and s21
Tuesday, November 06, 2012 10:24 AM
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S12 is reverse transmission coefficient - for transistors in 
forward mode, this should be small. 

To show this we plot out s21 and s12 in db20 together:

s12
Sunday, October 28, 2012 5:23 PM
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Transistor s-parameter analytical calculation and intuitive 
understanding
Sunday, November 04, 2012 2:31 PM
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Numerical example of a medium current RF transistor
Sunday, November 04, 2012 2:43 PM
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Numerical Example of Lower Current RF Transistor
Sunday, November 04, 2012 2:45 PM
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Bias dependence
Sunday, October 28, 2012 7:29 PM
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Recall frequency dependence of s11 on smith:

Now let us sweep bias (vbe) for a frequency of 2GHz - a 
useful frequency for cellular and wifi

s11
Sunday, October 28, 2012 7:29 PM
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Based on your understanding of s11 and transistor 
equivalent circuit, can you figure out which end of the 
curve is higher vbe?
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Vbe dependence of all s-parameters, see if you 
can tell what is what, and which end is low vbe 
which end is high vbe based on your 
understanding:

S11 s22 s21 and s12
Sunday, October 28, 2012 8:03 PM
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At useful biases (not too far from peak ft.), if transistor is 
not too small, the magnitude of all s-parameters vary 
with freq like shown below.

Here I'll first show the values of all s-parameters without 
taking db20, but I'll use both log scale and linear scale for 
frequency,

Your mag S21 can be easily larger than "1" at low 
frequency, and in general decreases with increasing 
frequency

Magnitude of all s-parameters vs frequency
Sunday, October 28, 2012 9:19 PM
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frequency

Your mag of s11 and s22 should in general be less than 
"1" - on smith chart, it is within the r = 0 circle.

Your mag s12 should in general be very small, much 
smaller than s21.
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s11
Sunday, October 28, 2012 10:37 PM
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Frequency dependence with bias sweep
Sunday, October 28, 2012 10:37 PM
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Gamma(h11) and s11
Sunday, October 28, 2012 10:37 PM
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db20(h21)
Sunday, October 28, 2012 10:39 PM
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S21 and db20(s21)
Sunday, October 28, 2012 10:39 PM
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For the same VBE, current density is the same.

If you put two identical transistors in parallel, for the 
same voltage, all currents are doubled.

So all conductance/admittance will be doubled (2x)  - e.g. 
all of your y-parameters.

All resistances/impedances will be halved (1/2x) - e.g. 
h11, all the your z-parameters.

If you heard of noise matching admittance Yopt and 
noise matching impedance Zopt, they also obey the same 
rule. 

All current gains remain the same, e.g. h21 which is a 
function of current density, or VBE.

For bipolar transistors, changing size typically means 
changing the emitter length and/or the number of 
emitter fingers.

Of course, it is possible to use parallel connection of 
multiple unit transistors.

Your s-parameters, however, do not have a simple 
scaling rule, simply because it involves not only voltages 

Transistor sizing - how to choose my transistor size
Tuesday, October 30, 2012 9:37 AM
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scaling rule, simply because it involves not only voltages 
and currents, but also a reference impedance Z0.

So if you have a device that is too small or too large, its 
s11 can be too close to "OPEN" circuit or "SHORT" circuit 
in comparison to Z0 (50ohm).

You always want to measure devices with "reasonable" 
size, meaning, not too far away from 50 ohms.
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Same VBE, we set the "mult" parameter of our verilog-a 
model. Mult=2 is equivalent to 2 devices in parallel, 
mult=3 means 3 in parallel.

Real(y21) imag(y21) scaling example
Sunday, November 04, 2012 10:23 PM

   RF Page 75    



   RF Page 76    



Same VBE. Mult=1,2,3, note that all three devices have 
the same h21.

h21
Sunday, November 04, 2012 10:37 PM
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We can repeat this for many other VBE's:

If we plot out ft.-VBE for the three mult values:

ft. 
Sunday, November 04, 2012 11:06 PM
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We must realize that for the same VBE, all of the currents 
increase linearly with multi.
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Now plot ft-Vbe for the 3 mult values:
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In general, for the same IC, a higher VCE leads to a higher 
ft in high injection. 

This is primarily due to suppression of high injection 
effect.

Ft-IC curve for multiple VCE
Sunday, November 04, 2012 9:58 PM
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Often you want to use current as design variable. 
How can we achieve this in circuit simulation?

What we have done is to use "YvsY" in plotting. 
This does not always work.

Say you have to fix current at 3mA, and want to 
find an optimal size that will give say lowest 
minimum noise figure.

You may / can then need to sweep this current.

The circuit below allows you to do just that.

On the left is a circuit that produces the VBE 
required for a given IC - which is specified using a 
current source (I0).

Think about how this circuit works.

Then this VBE is applied to our s-parameter 
measurement circuit's base-emitter voltage dc 
bias, via a voltage controlled voltage source (E0).

This can be a very hard to understand circuit.

A famous circuit in analog is the "Wilson" current 

How to use IC instead of VBE as design variable
Monday, November 05, 2012 9:52 PM
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A famous circuit in analog is the "Wilson" current 
source. It is a result of a competition between 
two analog designers, Gilbert (yes the same 
person in Gilbert mixer) and Wilson, in the 60s.

It was about trying to come up with a better 
current source using only 3 transistors. 

Wilson won.

Google "Wilson current source" for more info.

We cannot directly use that source as it still does 
not allow us to set VCE. 

So instead of using a real current mirror at the 
bottom, we here use just an ideal current mirror 
using CCCS - current controlled current source, 
this way, we can use "zero" voltage for our 
current "sensor". 

There are a few other ways to make the circuit 
recisely producing an IC that is the same as our 
IC input current source, but I have had a very 
hard time getting convergence. 

I once got it to converge, but then lost it quickly.

But for our purpose, this works almost perfectly. 
There is a small error of 2*IB, which means 
2/beta in percentage.

Fixing VCB and IC at the same time, however, is 
much easier.
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http://en.wikipedia.org/wiki/Wilson_current_mirror

Wilson current mirror
Wednesday, November 07, 2012 9:29 PM
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Dc solution :

Circuit that produces the right amount of IC at given VCE
Wednesday, November 07, 2012 9:15 PM
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You will find that for an input "IC" (I0 current) of 
1mA - (V4 current), and VCE of 3V,  we obtain an 
actual IC (flowing through VCE) of 986.8uA.

For voltage source, if the current shown is 
negative, it means current flows out of the "+" 
terminal.

Now add dc voltages:
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Now add dc voltages:

Now let us sweep the "IC" design variable, and 
plot out the actual collector current at the "c" 
terminal of bjt504.
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I'll present here a short version of this complex topic.

We will use a fixed biasing current optimization as an 
example and show how to do design using cadence.

Transistor noise parameters and LNA design - the short version
Monday, November 12, 2012 5:18 PM
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Noise parameters - short version
Monday, November 12, 2012 5:12 PM
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Noise matching thru transistor sizing
Monday, November 12, 2012 5:16 PM
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Adding emitter inductor's impact
Monday, November 12, 2012 5:12 PM
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Can we possibly achieve noise matching and impedance matching 
at the same time without increasing noise figure? - Yes.

Simultaneous noise and impedance matching
Monday, November 12, 2012 5:20 PM
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http://sdrv.ms/PGtOun
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A very important issue in IC design is to optimize size of 
transistors.

For instance, in RFIC design, e.g. the LNA, amplifier transistor's 
size can be optimized.

Consider 3mA, 3V VCE, for the same bjt we have been using, at 
2GHz, 

We sweep "mult" and plot out ft and ropt2g as well as 
NFmin2G 
versus Mult.

Let us find the "mult" that gives us a 50ohm ropt2G. The ft. is 
still 
7.7GHz, not too bad, NFmin2g is 1.64dB, almost near the 
minimum one can have for this current value. 

Case Study of Device Circuit Interaction - Optimal Sizing Under 
Fixed current (power consumption) for RF Low-Noise Amplifier 
Design
Sunday, November 11, 2012 1:19 PM
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So we set "mult=3.82", 

Next, we need to produce an input impedance equal to source 
impedance (source side impedance matching) for several 
reasons 
in RF LNA design. This can be achieved by placing an emitter 
degeneration inductor Le, which produces a real part (50 
Ohm), 
and modifies the imaginary part.

Then an base inductor Lb can be adjusted to make the total 
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Then an base inductor Lb can be adjusted to make the total 
imaginary part zero.

With the "mult" (size) determined above, we sweep emitter 
inductance Le from 0 to 
2nH,

We plot out S11 and see that as we sweep Le, Nfmin and Ropt 
do 
not change for all practical purposes (tiny bit),

However, the real part of zs11 (or Zin for 50ohm load) 
increases, 
of course the imaginary part increases some too,
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Better yet, we can do a transform from s11 to zs11 (see 
previous 
notes if doubts), and plot out the real and imag of zs11 
versus 
Le:

We can label the Le=0 and Le=1.136 nH points to see the 
difference - this can be proven from circuit analysis, that is, 
adding emitter inductor can produce a real part in the input 
impedance at RF.

This applies to MOSFET too, and is used in both RF SiGe, III-V 
and 
CMOS LNA designs.

Modify your Le upper limit in sweep to 1.1336nH as found 
above:
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We see from both Smith and zs11r plots that we can indeed 
produce a 50ohm real part of input impedance by adding 
proper 
amount of emitter inductance.

Next let us set Le = 1.1336nH and sweep Lb to move S11 to 
center of Smith, or to make the imaginary part of Zs11 zero.

Now sweep Lb, observe that zs11r (real part) does NOT 
change, 
while zs11i (imag prt) changes.

   RF Page 102    



The Lb value required is 1.438 nH. Now we have determined 
the size (mult), base inductance Lb and emitter inductance Le.

Now put all the values in, do a freq sweep from 0.2 to 3GHz, 
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We see that the noise figure is very close to Nfmin at 2GHz, 
and 
this is also very close to Nfmin of the transistor alone at the 
same 
transistor size and bias.

Now add S11, 

The s11 dip does not happen precisely at 2GHz, which is 
normal 
considering that we did not use optimizer. We can of course 
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considering that we did not use optimizer. We can of course 
make 
the dip center at 2Ghz in design. The L's and their changes will 
eventually make the measured S11 worse than simulated / 
designed.

Optimization in Cadence for impedance matching is not easy 
to do 
compared to say in ADS.

One thing I do is after I have found a solution using my design 
procedure, I'll run the optimizer near the solution. Without 
that, 
optimization simply fails. 

Below is an optimization done using ADE-GXL:
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noise
Thursday, September 06, 2012 2:52 PM
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Thermal noise (Johnson noise)
Wednesday, September 05, 2012 4:56 PM
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Example 1:

It is very important to keep this point in mind as we 
proceed, because it simplifies noise analysis to regular ac 
circuit analysis. 

That is, we can treat noise at a given frequency, for a 
small band width Delta f, as a sine wave as far as noise 
power is concerned.
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Example 1:

Assume that k = Boltzmann constant = 1.38066 x 
10-23 J/K. Bandwidth delta f is 1Hz. 

Apply the equivalence you just learned above to find out 
the maximum amount of thermal noise power that can 
be delivered to the noiseless load for any possible RL 
values. Then convert that number to dBm.

Is your result dependent on the value of Rs?
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tnoise = 290 #k

kb = 1.38066e-23 #k

def tnoise_floor(bw=1):

    

    kt = kb * tnoise

    power = kt * bw

    

    return dbm(power)

-173.975152593 dBm

-174*200e3=-34,800,000 
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-174+10*log10(200e3)=-120.9897000433602 
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Bipolar transistor shot noise
Wednesday, September 05, 2012 5:56 PM
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At the input of your amplifier you always have some 
noise (say from its 50ohm source), and some signal.

You amplifier has no knowledge of what is noise and 
what is signal, and will amplify both.

If the amp does not add any noise, SNR at input Sin/Nin 
will be the same as SNR at output Sout/Nout,

That is a noiseless amplifier - that does NOT exist in 
practice.

Amplifier adds some noise, so Sout/Nout will be smaller
than Sin/Nin.

Noise figure
Wednesday, September 05, 2012 5:01 PM
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than Sin/Nin.

   RF Page 119    



   RF Page 120    



   RF Page 121    



Key: Noise added 
by 1st stage will be 
amplified by the 
2nd stage!

What about 3 stages? Just combine the first 2 stages with 
a gain of G1*G2, then apply the above procedure again:
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Question:

What is the noise figure of a perfect amplifier that has no 
noise inside?
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Ftot – total equivalent Noise Factor
Fm    – Noise Factor of mth stage
Gpm    – Available power gain of mth stage

Design Example: Typical RF front end 
circuitry

Implemented with Maxim GST-3 SiGe processing, (fT)=
35GHz
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This will show the long version, with no power 
constraint.

This section also has more device relevant material.

Long and Comprehensive Version
Monday, November 12, 2012 5:17 PM
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Equivalent noise representations
Thursday, September 06, 2012 2:54 PM
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Noise parameters
Thursday, September 06, 2012 2:59 PM
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Conversion between representations
Thursday, September 06, 2012 2:56 PM
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Analytical models for noise parameters
1) express y-parameters using gm, beta, C, fT - variables one can 
associate with biasing, sizing, and device design (such as fT)

2) Calculate Svn, Sin and Sinvn* 
3) Calculate noise parameters

Transistor noise parameters expressions
Thursday, September 06, 2012 3:03 PM
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Sizing for noise match
Thursday, September 06, 2012 3:04 PM
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Can we possibly achieve noise matching and impedance matching 
at the same time without increasing noise figure? - Yes.

Simultaneous noise and impedance match
Thursday, September 06, 2012 3:06 PM
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http://sdrv.ms/PGtOun
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