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Contact information

Instructor: Dr. Wolfgang/J. R. Hoefer
Labi TA:  Huilian' Du

Office: ELW-A102,
Lab:  ELW-A107, Tel: 721-6511
Email: hdu@ece.uvic.ca

[Lab) section: ELEC4541.S02

Time: On Feb.4, Feb.25, Mar. 10, and Mar. 24; 14:30 to 17:30
LLocation:  ELW-A359

You may reachime in my: lab or office from
9r30am to 5:00pm on week days.

Brief introduction of this;lalk project

1. Injorder to reinforce the theories and technigues leannt in
an engineering course, the best way! is to put them; into
practice. The purpose of this laboratory project is to realize
a complete microstrip transistor amplifier using the design
methoeds discussed in this course as well as employing
commercial designisoftware packages.

2. We will designia two-stage low: neise amplifier working in
the freguency range of 1.4 to 1.6GHz.

3. The active devices are RF bipolar transistors which are
easier to match at these frequencies and ofifer almost the
Saime noise performance as FETS.




[Design flow: ofi this project

Input Process
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Tihe design geal In this project

Amplifier Specifications
Frequency Band 1.4t0 1.6GHz
Gain >20dB +0.5dB
Noise Figure <2dB
S, <-10dB
S,, <-16dB




Theony related to amplifier design

Stability Check

For a two-port device with a 2x2 S-parameter matrix,
the stability factor is given as

where A is the determinant of the scattering matrix.
A two-port device is unconditionally stable if K > 1 and |A|<1.

Tiheory related te amplifier design

Trhe stability circles:

Center of eutput stability circle:

Radius of eutput stability: circle:

Center of input stability circle:

Radius of input stability circle:




Theony related to amplifier design

Gain
Considering a simple network with a single two-port
device, the parameters can be defined as illustrated.

By definition, we have

Tiheory related te amplifier design

Therefore, we can solve for I, as

Similarly, the output reflection cogefficient isigiven as




Theony related to amplifier design

For single transistor amplifier:

Input Output

Matching Transistor Matching
MNetwork 8] MNetwork
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the total gain Is given by:

Tiheory related te amplifier design

In order to have the maximum power transferred, we want to
use conjugate impedance matching, therefore we have:

The maximum tetall gain resulting from this match, assuming
lessless sections, becomes:




Theony related to amplifier design

For a bilateral device we have:

Once I’ and I, are identified; the input and eutput
matching networks can be built for eptimum gain.

Tiheory related te amplifier design

For a unilateral device we have: 812 =0

In this case, the maximum total transistor gain is given by

Obviously a unilateral device has much simplified equations,
therefore even when S, is small but not exactly zero, it may
still be desirable to assume the unilateral case for initial
designs if the discrepancy is acceptable.




Theony related to amplifier design

The range of the error introduced by this assumption can be
approximated by the unilateral figure of merit:

If the requirements specified allow such error range, the
device can be assumed unilateral for a quicker design.

Tiheory related te amplifier design

Noise Figure:

Circles of constant noise figure:

Center:
Radius:

for a cascaded system with several two-port devices like the
one we have, the overall noise figure is given as




Initial design

The objective of our project is to design a two-stage amplifier operating in
the 1.4 to 1.6 GHz range. Both the minimum noise figure and maximum

transducer power gain should be achieved by the design.
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The design should employ two bipolar transistors, NE85639: the first one
should operate at V. = 10V and I, = 7mA for low noise condition, the
second one should be optimized for power amplification at V. = 10V and I
= 20mA.

Initial design

The S-parameters of the transistor for the two bias
conditions at 1.5GHz and Z, = 50 Q2 were provided by
the manufacturer. So we can proceed according to the
theory presented in the previous slides:

1. Stability Check
2. Noise Figure Check

3. Input Matching Network design
4. Inter-Stage Matching Network design
5. Output Matching Network design




Input Matching Network

Input Inter- Output
Matching mediate Matching

Metwrark Matching Netwark
Metwrark

The first stage has the deminant effect on the overall
system noise; therefore, we want it to be as small as
possible. The noise isiminimized when I's; = 1.

I, is given (0.43e-J174°) so by using|a Smith Chart, we can match
Iy, to the characteristic impedance of 50€2 te get the inputimatching
network.

» In order tomake the stub susceptance less sensitive to frequency.
changes; we change the L-section network te a T-section by replacing
theisingle shunt stulbs by twoisherter stubs.

Inter-stage IViatehing Network

Inter Output
Mlaqgﬁ}ng mediate Matcimg
N Matching
etwork Network Metwark

Tihe nter-stage matching network should ensure that
maximum power. output from transistor 1 is transmittedito
transistor 2.

= With conjugate matching), matchingI' ., to/l;, becomes eguivalent to
maiching|I", , to I's,, because/ I’ = I ., * and/ ', = I'; 7+

= Sincewe had determined I's; to/be 0143e-j174°, we can calculate I ;.
s Solving theisimultaneous equations we' can find Ifs, and It ,.

* Therefore our inter-stage: matching network shouldimateh s, = Iy 1 *

to 504 andimatch T, ; =T, ,* 16/ 500
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Output Matehing Network

Input i Output

Matching mediate Matching i
Metwork m:;;:':kg Netwaork |_)

Zy =500
» Einally we design the output matching network. In the same
way/ as we have calculated the inter-stage matching network;,

we can calculate Iy, = IF o™

» \We can designithe output matching network by matching I, ,
to the load impedance of 500,

Computer Analysis

Using the parameters we found from the Smith Charts, we
employ the “ADS” simulation software to validate and
optimize our design.

Initial check: stability circles, noise circle
Initial Results with ideall transmission lines
Initial Results withi realistic microstrip elements
Optimization

Final Parameters
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Computer Analysis

Initial design result with ideal transmission: line elements;

Initial design result from touchstone Initial design result from touchstone
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Computer Analysis
Optimized result:

Optimized result Optimized result

’fl

/

NS

S1land S22in dB
Gain and NF in dB

e

1 11 12 13 14 15 16 17 18 19 2 1 11 12 13 14 15 16 17 18 19 2
Frequency in GHz Frequency in GHz




PCB! Design

Overall Circuit Design with Bias Circuits and Matching Networks

FFC Y2 Rb22

|,

HEZ56304 NEZ5639B

PCB Design

Bias Circuit Design:

For the first stage For the second stage

Ve =10V Ic=7mA V=10V I =20mA
hee =120 V=20V hep =120 V . =20V

Using the assumptions that for both stages: Vge = 0.7V, lgg = 51,
Vg = 2V, we can calculate:

For the first stage For the second stage

Rb, = 22.3k Q Rb,=7.78k @
Rb,, = 22.84k O Rb,, = 10k Q
Rb,, = 6.85k Q Rb,, = 2.4k Q

Ry = 1.36k © R,c = 476 Q




PCB! Design

Board Layout:

You can create your layout according to your
optimized transmission line parameters and bias
circuit design.

Manufacture and Measurement

« Our amplifier board will be fabricated by an external
company and populated by the lab technician.

« When the board is ready, we will check the bias
circuits using a regular power supply and a digital
multi-meter.

» We then verify our design by measuring gain and
noise figure over the specified frequency band (1.4 to
1.6 GHz).
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Preject marking scheme

Initial Designi (using Smith Chart)

Stability circles

Noise circle

Input matching network
Inter-stage matching network
Tiransducer Power Gain

Computer Analysis (using ADS)

Stability circles
Noise circle
Analysis of thefirst design using “ideal” elements

Optimization and Einal Layoeut
Replace ideal micrestripiline with “real” microstrip elements
Optimize using ADS
Biasicircuit design
Print:layout

Proeject marking scheme (continued)

Testing
Test bias voltages ofi coampleted amplifier:
Measure gain and noise figure
Compare withjexpectations

Discussions/Conclusions

Overall' Report

Introduction
Initial design data; ebservation; discuss difificulties, problems; etc.

Tjouchstone design data, ehservation, discuss difficulties; preblems, ete.
PCB design
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Time schedule

Lab period 1= (Feh. 4, 2:30-5:30pm ELW-A359)

Using transistor data, make a preliminary design of: the amplifier at 1.5GHz
following theisteps showni en pagela-16:inlab manual.

LLab period 2: (Feh. 25, 2:30-5:30pm! ELVW-A359)
Computer analysis by usingl ADS
Bias,circuit design

Lab period 3: (Mar. 10, 2:30-5:30pm; ELLW-A359)
Optimized amplifier'design
Finish finall PCB board

LLab period 4: (Mar. 24, 2:30-5:30pm; ELLW-A359)
Tiesting of theramplifier:

L_ab report is due one week afiter the last lab.
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